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SUMMARY

Ci.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

The Pelletron charging chains have given reliable

service throughout the quarter, resulting in a significant

increase in the beam time for experiments.

Experiments running

Scheduled shutdowns

Unscheduled shutdowns

Twenty-one experiments involving 10 visiting scientists

were performed. The visiting scientists collaborated in

experiments using 49% of the beam time and their participation

averaged 32%.

A 64K solid-state memory now installed on the PDP-10

computer more than doubles the memory available to usors. Tts

reliability has been excellent.

Research Activities
-j -)

A search for a sharp level in Be, near the JHc+ 'He

threshold, the existence of which has been postulated to explain

the observed low solar neutrino flux, has been carried out usinq

the 4He(3He,n)6Be reaction. No level was detected.

A new phenomenon in the deorientation of aligned,

energetic heavy ions has been observed. The deorientation of

the ~- level in 107Cd is more pronounced when the ions recoil

into low pressure (0.3 to 2.6 KPa)He gas than when they recoil

into vacuum. A strong spin dependence has also been observed m
the vacuum deorientation of 107Cd levels; the 21 level de-

1 i 1~ -
orientation is considerably weaker than that tor the ^ levei.
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New isomeric levels in Rn, Rn, Fr, At,
2 1 0Po and 209Bi have been identified in experiments in which

heavy ion reactions were us _d to obtain half lives, magnetic

moment information, Y~Y coincidence data, and excitation

functions.

A new series of nuclei, Ge, Se, Kr and Zr,

which emit S-delayed protons is being studied using proton-

X-ray coincidence techniques.

The QD spectrometer is being used to improve the

accuracy of mass measurements. The masses of Sc, V and
50!vln have been determined by measurements of relative ( He,t)

Q-values. The mass of 2 10 has been determined by measurements

of the Q-value of the 208Pb (180, 21O)205Pb reaction.

An experiment to measure the two-photon decay following

neutron capture by hydrogen has yielded an upper limit on the

cross section for this process which is an order of magnitude

less than the value previously measured at another laboratory.

The present result is also the more consistent with fundamental

calculations of the two-photon process done concurrently with
iranroved formalism,

A conjecture from high energy physics suggests a change

of phase may occur in nuclear matter in the presence of very

high magnetic fields. It is now perceived that a long-standing

anomaly in Ar B-decay could be resolved if such fields are

actually present. Theoretical studies to further explore

implications of these ideas are in progress.

Accelerator and Applied Physics

Research Applications

- The Fast Intense Neutron Source is being prepared for

initial beam operation. The accelerating column is vacuum

tight and has been subjected to preliminary high voltage tests,

The SFg pressure vessel is installed and tested.

- The Heavy Ion Superconducting C'/rlotron development program

included the following:
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- the helium liquifier was installed and ^orranissionod,

- the open pillbox yoke design has been replaced by a

smaller-diameter octagonal design that allows less distortion

under magnetic forces and is cheaper,

- evaluation of bids for the coil superconductor is ail but

complete,

• a second 1/10 scale rf model has been tested.

Nuclear Power Applications

The beam line for the High Current Test Facility was

extended through the 45° switching magnet,and beam stops

were incorporated to absorb the molecular beam components.

The energy calibration has been established with the aid

of known (p,y) resonances. All compcnents of the rf

system needed for high-power tests a::e installed except

the crowbar and trip circuits.

Routine operation of the graded-g section of the Electron

Test Accelerator with 5 mA beam current at 1.3 MeV and

100% duty factor, and limited operation to 10 mA, are now

possible. On the basis of recently completed experiments

on the angular distribution of ions evaporated from

surfaces struck by an electron beam, new collimators have

been designed which avoid poisoning of the electron gun

by evaporated metal atoms.

Construction of the target holder and moderator tank for

spallation target studies at TRIUMF has begun. Shielding

calculations relating to target storage have been done at

Simon Fraser University.

1.3 Solid State Khysics

The determination of the neutron scattering properties

of non-superfluid liquid helium at T = 4.2 K has been completed.

High resolution measurements at low momentum transfers have shown

scattering from the entropy as well as the pressure (sound wave)
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fluctuations, and the transition from the ordinary (first)

sound type of wave propagation, where the system is always

in thermodynamic equilibrium, to the "zero sound" region

where the excitation frequency is so high that the system

cannot maintain local thermodynamic equilibrium. Studies of

the pressure dependence of the phonon dispersion in superfluid

helium are underway.

Studies of vibrational excitations in the DNA base,

1-methylthymine, have continued and a change in the crystal

structure induced by irradiation by ultraviolet light has

been observed.

Studies of magnetic excitations in PrAl2 and UN have

been continued and the observation of a multi-peaked structure

in the substitutionally disordered antiferroinagnet MnQ ?2^vo 68F2

has been observed, in agreement with some theoretical calculations

but not with others.

The temperature dependence of positron annihilation

in cadmium has been studied in order to try to understand

better the anomalous temperature dependence of the count rate

previously observed in copper. While the hypothesis of positron

induced radiation damage is attractive, detailed calculations

are unable to explain the observed results.

1.4 Detectors

The collaborative study, with Reactor Control Branch,

of the usefulness of the D(y,n) reaction for the determination

of the D/H concentration in water indicates that the standard

deviation at 200 ppm concentration level will be equivalent to

20 ppm. It is expected that a new and better type of y-ray

source will reduce this to 3 ppm.

The performance characteristics of large high-purity

germanium spectrometers with internal junctions have been studied.

The performance remained stable after several warmups.
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Studies of carrier trapping have shown a linon.'"

increase in trapping lifetimes with electric field at high

fields, a result which explains why the Y-ray resolution - ;

Ge detectors improves at high fields.

Growth of CdTe crystals for detectors is showinc

some success and studies of CdTe detectors are being carriet;

out.

Studies of high purity germanium crystals sugqest

that the surface properties, which affect their detector

characteristics, are dominated by the bulk properties of ( Me

crystal,e.g. electronicallv neutral impurities.

1.5 Mathematics and Computation

The analysis of experimental data on tritium oicknv

from Perch Lake was revised; an improvement to the model has

reduced the amount of scatter in predicted tritium densities.

Evaluation and interpretation of tests of the gas dispersii.

system for the Glace Bay Heavy Water plant continued.

The development of a model and a computer program for the

dynamic simulation of the Bruce Heavy Water Plant was

completed. The conclusions reached were that the mid-tower

D2O concentration is strongly correlated to feed water flow

rate. An unchecked departure of the flow rate can cause a

costly production loss, but at the same time the correlation

suggests a possible means of automatic flow rate control.

Investigations of a General Electric simulation program (HAWK,

have continued.

- Two new integration algorithms are being tested for possible

inclusion in FORSIM, and routines for the evaluation of third

and fourth derivatives have been added to FORSIM in order to

handle non-linear vibration problems.

- Another application of FORSIM,to obtain numerical solution of

the Dirac equation in radial coordinates, is beina studied.
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Modifications have been made to the heat transfer program

TRUMP to improve the handling of some problems for Fuel

Engineering Branch. VRUMP has also been used for temperature

transient analysis of radiated fuel shipping flasks involved

in a fire accident.

Miscellaneous programs and subroutines developed,-

extended or modified during the quarter include:

a routine for multiple linear regression to a polynomial

in more than one independent variable

programs for the analysis of stress relaxation data

a program for processing emission spectrography data

a program for forecasting the specific activity of isotope

production rods

programs and subroutines for magnetic field calculations

for the superconducting cyclotron

subroutines to facilitate the generation of semi-log and

log-log graphs and for the labelling of axes of graphs

improvements to the memory management scheme in the CDC 6600

operating system, intended to both eliminate some

inconveniences to users and to improve system efficiency,

have been designed and tested, and will be installed early

in the next quarter

the protocol for the communication between the 6600 and 3300

computers has been modified to improve the insulation of

each system against a failure of the other and to simplify

idling-down of the system.

A new feature in the remote job entry system safeguards

against the potential loss of files being printed at an

unattended terminal, and two new terminals - one at Bruce

Heavy Water Plant and one destined for use by Personnel

Branch at CRNL have been added to the communication network.
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a protocol for log-in and password submission has been

established for dial-up keyboard terminals; Commercial

Products, South March are now using Computing Centre

facilities via this route.

Computing Centre

Commercial Products

Power Projects

WNRE

Technical Information
& University Relations

Biology & Health Physics

Chemistry & Materials

Physics

Electronics, Instrumentation
& Control

Advanced Projects &
Reactor Physics

0,609 ;jobs for

distributed as

Percentage of
Number of Jobs

14.13

0.27

13.20

5.42

0.65

3.03

3.14

10.56

0.73

the 6600

follows;

Percentage
of Total
Utilization

4.69

0.50

23.69

15.73

0.30

2.57

3.03

11.72

0.47

15.89 18.66

Fuels & Materials

Administration

Medical

Finance

Operations

Maintenance & Construction

General Services

Plant Design

Special Projects

Others

17.32

1.26

0.12

3.07

5.73

0.01

0.13

1.20

4.00

0.14

10.28

0.37

0.01

1.58

3.96

0.00

0.01

0.53

1.85

0.05
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Nuclear Physics Branch

J.C.D. Milton

2.1 Staff

2.2 Tha Low Solar Neutrino Flux: A Search for a
Resonance in *>Be

2.3 Vacuum Deorientation of 107Cd

2. 4 Perturbation of Nuclear Alignment During
Recoil in Gas

210
2.5 Half-lives and g-factors in Po
2.6 The 15~ and 11+ Isomeric States in 2 1 2Fr
2.7 Half-lives and g-factors of Isomeric States

in 209Bi and 212At

2.8 Does the Cabibbo Angle Sometimes Vanish in
Nuclear Beta-decay?

2.9 A New Series of T = 1/2 Delayed Proton
Precursors

2.10 Search for 70Kr

2.11 New Measurements of the Masses of Sc, V and

2.12 The Helium Jet Skimmer System

2.13 Use of the 208Pb(18O,21O)205pb Reaction to Measure
the Mass of 21O

2.14 A New Heavy Ion Detector for the QD Spectrometer

2.15 Progress on the QD Focal Plane Counter System

2.16 Polarization Sensitivity of Ge(Li) Planar
Polarimeters

2.17 Target Preparation Laboratory

2.18 Electronics, Computers and Instrumentation

2.19 MP Tandem Operation

2.20 Measurement of Carbon Stripping Foil Lifetimes
with 60 MeV I27i ions

2.21 Monte Carlo Calculation of Neutron Production
in Spallation Targets

2.22 Approximate Formulae for Extendable Deadtimes



- 9 -
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4TTY Ion Chamber
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2.2 7 Characteristic K X-rays from Br-Br Collisions
from 4 to 100 MeV

2.28 A Search for Two Photon Decay in Thermal np
Capture

2.29 Half-lives and g-factors from Gamma-transitions
in Rn Isotopes

2.30 Superallowed 0 + -> 0 Beta-decay and Cabibbo
Universality

2.31 Publications, Reports and Lectures
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2.1 Staff
Branch Head: J.C.D. Milton
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Mrs.
Summer Visitors
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F
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Laboratory Services and 1

G.M. Boire K
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Mrs. J.R.H. Bowes (9)
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(1)
(2)
(3)
(4)
(5)

NRC Postdoctoral Fellow.
On Leave of Absence at Lawrence Berkeley Laboratories,
Arrived 2 June from Cambrian College.
Returned to the University of Waterloo April 18.
Student from Queen's University; arrived 5 May.
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(7)
(8)

(9)
(10)

Student from the University of Toronto, arrived 12 May.
Student from the University of Waterloo, arrived 2 May.
Student from the University of New Brunswick, arrived
5 May.
Joined Nuclear Physics Branch on 12 June.
Transferred to Accelerator Physics Branch on 4 June.
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2.2 The Low Solar Neutrino Flux; A Search for a Resonance in Be

A.B. McDonald, T.K. Alexander, J.R. Beene and P.D. Tonner
with H.B. Mak (Queen's University)

A search has been made in the He( He,n) Be reaction

for a level in Be near the He + He threshold whose exist-

ence has been postulated (Nature 2 38 (1972) 24, Phys. Lett.

40B (1972) 602 and Nucl. Phys. A2 39 (1975) 511) as a possible

explanation for the observed low solar neutrino flux (BAPS

r7 (1972) 527) .

Neutrons were detected at an angle of 7 at a dis-

tance of 8 meters in a 2.5 cm thick x 12.5 cm diam NE213

liquid scintillator. With neutron-gamma pulse shape dis-

crimination, neutron time-of-flight spectra were obtained

for an incident energy of 38-65 MeV. The target consisted

of 'He gas at a pressure of one atmosphere in a 10 cm long

gas cell, through which the beam passed before being stopped

at a shielded location. The background of neutrons from
4

sources other than He was measured with a H, gas target

and found to be about 1/2 of the continuum yield from
4 3
He( He,n) in the region of interest.

No sharp peaks were observed over an excitation

energy range of 2 MeV near the He + He threshold and an

upper limit of 70 yb/sr was defined for any level with a

width less than the experimental resolution which corres-

ponded to 100 keV of excitation energy in Be. This upper •

limit is a factor of 125 smaller than the observed cross

section of the first excited state of 6Be.

2.3 Vacuum Deorientation of Cd

H.R. Andrews, J.S. Geiger, R.L. Graham, 0. Hausser and
J.R. Beene

The 94Zr(16O,3n)107Cd reaction and a 56 MeV pulsed

O beam have been used to populate the 21/2+ and 11/2" isomeric
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levels in Cd. Their mean lives and g-factors are known

to be 55 ns and +0.866 for the 21/2+ and 70 ns and -0.195

for the 11/2" (Phys. Lett. 52B (1974) 329). A 700 yg/cm2

94
rolled foil of Zr was used in the recoil-distance ("plunger")

2
apparatus with a 20 mg/cm Pb-on-Al stopper. The recoi]

velocity was 0.01c. Angular distributions of delayed gamma

rays were measured as a function of vacuum recoil distance.

Because of the long lifetimes of these isomers, essentially all

decays occur in the stopper and this is therefore a true time dif-

ferential measurement of the vacuum recoil perturbation.

Previous results involving Coulomb excitation of

shorter-lived levels were consistent with an exponential

decay of the nuclear alignment and no dependence on nuclear

spin up to I = 8 or 10 (Nucl. Phys. A193 (1973) 479 and

A234 (1974) 94). This is in contrast to the present results

which give the first definitive evidence of a pronounced

weakening of the deorientation effect with increasing nuclear

spin. Preliminary analysis shows that the alignment of the

11/2 state decays to approximately zero in about 170 ps while,

in contrast, the alignment of the 21/2 level decreases only

about 20% in 400 ps. This is surprising when it is ncted

that the exponential decay model (Abragam-Pound Phys.

Rev. 92_ (1953) 943) predicts a deorientation mean life pro-

portional to g which favors the deorientation rate of the

21/2 level by a factor of 20. A detailed analysis of the

angular distributions and time differential data is in progress.

2.4 Perturbation of Nuclear Alignment During Recoil in Gas

H.R. Andrews, J.S. Geiger, R.L. Graham, O. Hausser and
J.R. Beene

The time differential measurements of the vacuum

deorientation of the 21/2+ and 11/2** states of 1 0 7Cd (cf.

Sec. 2.3) have recently been extended to include deorient-
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ation in He gas at pressures from 0.13 to 100 kPa (1 to 750

torr). The data were taken with the "plunger" apparatus

situated in a target chamber isolated from the accelerator

vacuum system by a 4.2 mg/cm Ta window capable of supporting

a pressure differential greater than one atmosphere.

A new phenomenon in the deorientation of energetic

heavy ions has been observed - the enhanced deorientation

of the 21/2+ high spin state at low gas pressure 0.30 to 2.6

kPa (2.5 to 20 torr) relative to that ocurring either in

vacuum or at higher pressures >̂  13 kPa (>_ 100 torr) . Pre-

liminary analysis shows that in the range of 0.30 to 2.6 kPa

(2.5 to 20 torr) at a recoil velocity of 0.01c the alignment

of the 21/2+ state decays by ^ 50% in 120 ps compared to A» 5%

decay for the same flight path in vacuum. The smaller atten-

uation at pressures higher than 13 kPa (100 torr) is qualit-

atively consistent with previous experience of low spin states

recoiling in gas (e.g. Nucl. Phys. A121 (1968) 592).

2.5 Half-lives and g-Factors in Po

O. Hausser, T.K. Alexander, J.R. Beene, A.B. McDonald and
E.D. Earle (Neutron and Solid State Physics Branch)

In an earlier experiment (PR-P-105: 2.4) we have

accurately measured g-factors of several isomeric states in

Po isotopes. The g-factor obtained for the 6+ isomer in

Po depends on the value for its half-life, which was

poorly determined from our previous data and also from an

earlier measurement by Funk et al. (Phys. Rev. 129 (1962) 757)

We have remeasured the half-lives of the 6+ and

4 levels in Po by the delayed gamma-gamma coincidence

technique using Ge(Li) detectors. Sources of 8.1 h 2 1 0At

were prepared by irradiating a thick 2 0 7Pb target with 44

MeV Li. The 2910 keV 5" level in 210Po is fed strongly

(-v- 72%) by K capture of 2 1 0At; it in turn populates the 6+
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and 4 states by 1436.7 keV and 1483.4 keV gamma rays, re-

spectively. Delayed coincidences between these and the 1181.4

keV 2 •> 0 de-excitation gamma rays were observed. Simul-

taneously, prompt time distributions were measured with a Co

source. The data were analyzed by a) fitting the exponential

slope of the time distribution (6+ state), b) by the centroid

shift method (4 state) and c) by the method of Newton (Phys.

Rev. 7iB (1950) 490) (4+ state).

The results are summarized in Table 2.5.1. With

the present half-lives (column 4 in Table 2.5.1) in the g-

factor analysis, a value A = g(8+) - g(6+) = 0.006 i 0.003

was obtained. We have also calculated A from the shell-model

wave functions of Ma and True (Phys. Rev. C8_ (1973) 2313)

and of Kuo and Herling (U.S. Naval Research Lab. Report 2258

(1971)). The results, A = 0.0040 and -0.0002, respectively,

are reasonably consistent with experiment.

Table 2.5 .1

Half Lives and g-Factors in Po

J.
1

11"

8+

6+

4+

JJ:
£

8 +

6+

4+

2 +

E
Y

1292.

83.

46.

245.

2

7

6

3

20

96

42

1.

T

(ns)

.411.

.011.

.611.

53+0.

0

4

0

07

Previous
best
value

25i5a)

11018a)

38+5b)

1.8+0.2

(9

b)

B(EX)

e2fm2X

.910.5)*103

84.4+1.3

223±5

335+15

gC)
(uncorrected

1.102+0.007

0.9143+0.0008

0.9084+0.0022

not measured

a) M.B. Lewis, Nuclear Data B5_ (1971) 631

b) E.G. Punk et al., Phys. Rev. 129^ (1962) 757.
c) the quoted errors do not include systematic uncertainties

of ^ 0.1 - 0.2% arising from time and magnetic field
calibrations.
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2.6 The 15~ and 11 Isomeric States in Fr

O. Hausser, T.K. Alexander, J.R. Beene, A.B. McDonald and
E.D. Earle (Neutron & Solid State Physics Branch)

We have identified new isomeric states in " Fr

which were populated by the Tl( C,4n) reaction. Spin-

pazity assignments of 15 and 11' were made for these states

on the basis of g-factor measurements, of gamma-gamma coin-

cidence data and of detailed excitation functions. Further-

more, their decay properties are remarkably similar to the

previously studied (PR-P-104: 2.13, AECL-5032) 29/2+ and 21/2"
213

isomers in Fr.

The 15~ isomer , at E = 2490.8 keV, has a half-

life T, = 0.56 ± 0.03 ys, and decays by 612.3 keV (E3) and

327.5 keV (Ml) transitions to the isomeric 11 state. The

uncorrected g-factor of the 15~ state, g = 1.032 + 0.006,

agrees reasonably well with the theoretical value g = 1.043

+ 0.005, calculated for a pure (29/2+ (proton) Pu (neutron))

state.

The 11 + isomer, at E - 1551.0 keV, has a half-life

T, = 26.7 ± 1.0 ys and decays by three stretched E2 transitions

of 162.3 keV, 847.3 keV and 541.4 keV, respectively. The

proposed structure of this state is (21/2~ (proton) p, (neutron))

with a predicted g-factor of 0.893 ± 0.005.

2.7 Half-lives and g-Factors of Isomeric States in Bi and At

J.R. Beene, 0. Hausser, T.K. Alexander, A.B. McDonald and
E.D. Earle (Neutron and Solid State Physics Branch)

209
Previously unobserved isomers, one in Bi and

2 17

one tentatively assigned to At, have been identified

through a study of delayed gamma radiation produced in the

bombardment of 2 0 8Pb by pulsed beams of 7Li. The g-factors

of both states have been measured using the spin rotation

technique in an externally applied magnetic field of 2.292 T.
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Delayed gaiMr.a-ray lines at 662 keV and 2 76 keV

have been observed. These appear, on the basis of detailed

excitation function data, to originate from transitions in
212 20R 7 21?

At, populated by Pb ( Li,3n) At. Preliminary analysis

indicates that the delayed components of both gamma rays

should be identified with a new isomer having a half-life

T, = 45 ± 1 ns and an uncorrected g-factor g = 0.556 ± 0.004.

The experimental value for g suggests a spin and parity of

15 for the isomer with a structure dominated by the (21/2~

(proton) gq/n (neutron)) component.Observation of a delayed component in several weil-
209

known gamma-ray lines of Bi suggests the existence of a

new isomer having a half-life and g-factor, based on prelimin-

ary analysis, of T, = 16 i 1 ns, and g (uncorrected) = 0.38

± 0.02. The value of the g-factor suggests that the isomer is

the 19/2 state with a wave function dominated by the {( Pb 5")

x h g, 2 (proton)} configuration.

Further experiments, including gamma-gamma coinci-

dence measurements and in-beam excitation functions, are

planned to provide confirmation of the assignments suggested

above, together with information on the level schemes in these

nuclei.

2.8 Does the Cabibbo Angle Sometimes Vanish in Nuclear Beta-Decay?

J.C. Hardy and I.S. Towner (Theoretical Physics Branch)

Recently, Suranyi and Hedinger (Phys. Lett. 56B

(1975) 151) concluded that it should not be possible to ob-

serve CP violation in nuclear beta-decay. They base their

conclusion on an earlier observation by Salam and Strathdee

(Nature 252 (1974) 569) that if CP is violated spontaneously,

then the symmetry should be restored above some critical mag-

netic field, probably 107 - 10 T. By making simple argu-
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nvents about the origins of nuclear magnetic moments the

first authors suggest that the magnetic field inside an
12

odd-even nucleus could in fact be of the order of 10 T,

which likely is above the value at which CP violations would

disappear.

However, Salam and Strathdee make a further pre-

diction: that the Cabibbo angle may vanish in fields of

about H ̂  10 1 2 T. We now point out that there may indeed

be evidence that this effect has been observed in nuclear

beta-decay. If so, it would confirm the existence of magnetic

fields within the nucleus that are sufficiently large to re-

move CP violations as well.

A detailed analysis of all relevent data on 0 •+ 0

superallowed beta-decay (see Sec. 4.6) yields a value for

the "inner" radiative correction AR = 2.37 ± 0.17%. If this

result is used in the analysis of the mixed (vector and axial

vector) decay of Ar an experimental value for the Cabibbo

angle oi sin8 = 0.03 + 0.09 is obtained. This is to be com-

pared with the value sin6v = 0.232 + 0.003 obtained from ex-

perimental data on hyperon decays.

The anomalous behaviour of Ar has been noted

before but no explanation has ever been offered. The striking

fact that the derived Cabibbo angle for Ar is consistent

with zero makes plausible the suggestion that some nuclei may

have sufficiently high magnetic fields for the Cabibbo angle

to vanish.

2.9 A New Series of T_ = 1/2 Delayed Proton Precursors

J.A. Macdonald, H. Schmeing, J.C. Hardy, H.R. Andrews,
J.S. Geiger and R.L. Graham with K.P. Jackson (University
of Toronto)

The study of Se decay (e.g. PR-P-103: 2J.3, AECL-

4931} has now been extended to include three more delayed

proton precursors: Ge, Kr and, provisionally, Zr. Of
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73these four T = 1/2 nuclei, only Kr was previously known
81

to emit beta-delayed protons, and Zr was completely un-

known .

The reactions employed were Zn( He,2n) Ge,
40Ca(32S,2Pn)

69Se, 60Ni(160,3n)73Kr and 50Cr(32S,3n)81Zr.

The targets were periodically moved by a pneumatic plunger

out of the beam to a position below the beam line between
2

a particle counter telescope and a 200 mm intrinsic Ge X-ray
spectrometer; a Ge(Li) gamma detector also viewed the target
from the side. The counter telescope was of an improved de-

2
sign in which the 11 urn thick AE counter (50 mm ) was nested

2

within the frame of the 300 ym E counter (300 mm ), the com-

bination subtending a solid angle at the target of ^ 17% of

4TT sr.

A considerably improved p-x ray coincidence spectrum

(̂  360 events) has been obtained for Se, and resulting ob-

servations of nuclear lifetimes in the region of 10 s have

been made by the technique described in PRt-P-KL-63: 2.14, AECL-

49 31. Analysis of all four decays is in progress.

2.10 Search for 70Kr

H. Schmeing, J.C. Hardy, J.A. Macdonald, H.R. Andrews,
C . S. Geiger and R.L. Graham

+ 74
In our investigation of the 3 decay of Kr,

t^ = 25 min (Nucl. Phys. A242 (1975) 232 and A2 33 (1974)

63), we employed a manual technique that separated krypton

from other beam-produced activities with nigh efficiency.

All beam-produced activities were trapped on cold (-80 C)

charcoal. Upon wanning of the charcoal, krypton was re-

leased first and could thus be collected in a second cold

charcoal trap, which was observed by two Ge(Li) counters

arranged in close geometry. Since the second trap was

frequently refilled with fresh activated charcoal, no un-

wanted daughter activity could accumulate.
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We have now built an apparatus, inspired by the

success of the manual method, which is automated and thus

allows observation of short-lived volatile activities with

high counting efficiency and reduced background (cf. PR-P-104:

2.9, AECL-5032). With this apparatus we hope to see the as

yet unobserved isotope Kr, which has an estimated half-life

of 25 + 5 ms. The superallowed 0 + (T = i) g+-emitter Kr

would be by far the heaviest of a series which now extends

from C to Co. h measurement of its $t value would pro-

vide a valuable test of the calculated charge-dependent cor-
2

rection 6 , which increases with Z .c
In the new experimental arrangement the helium

transport gas, loaded with all beam-produced activities,

first passes through a filter cooled to a temperature at

which krypton is not yet adsorbed but the bulk of all

competing activities is trapped. Then the helium passes

through a second, charcoal filled filter cooled to liquid

nitrogen temperature, where the krypton is trapped. The

second filter, containing 0.5 to 2 cm of activated charcoal,

is observed in close geometry by two large Ge(Li) counters.

It can be filled with fresh charcoal from a cryogenic reservoir

every 500 ms.
74

We tested the system with Kr (t, = 25 min) and
72

Kr (t, - 15 s ) , and it was found to perform success^

fully. During the first five minutes of observation, after

10 min of irradiation, 2.5 x 10 counts were accumulated in

a single line at 202 keV from the Kr trapped in the second

filter. This result is a factor of 10 higher than in the

hand operated system, mainly because of the improved speed

of transfer and efficiency of trapping.

The dumping of the charcoal into a remote storage

flask lowers the daughter activity observed by the counters

to about 10% of the amount seen while the charcoal is present.
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42 46 50
New Measurements of the Masses of Sc, V and Mn

W.G. Davies, J.C. Hardy, G.C. Ball, J.A. Macdonald,
H. Schmeing and K.P. Jackson (University of Toronto)

The measurements reported in PR-P-101: 2.8, AECL-

4773 have been repeated using the QD spectrometer in order

to improve the accuracy.

Composite targets of Ca- Al, Ti- Al and
50 27 1

Cr- Al were bombarded with 2 8 MeV He ions. The reaction

tritons from the ( He,t) reaction were analyzed with the QD

spectrometer at a solid angle of 2.4 msr. The resolution

varied between 15-20 keV, about 10 keV of this resulting from

uncorrected kinematic aberrations in the spectrometer and

the remainder arising from the effects of target thickness

and nonuniformity.

By a judicious choice of the angle of observation,

two triton groups, one from each target, can be brought within

a few tens of keV of one another. The energy separation of

the doublet can be measured accurately and then directly re-

lated to the Q-value difference. Our current results confirm

the earlier measurements except for V; in this case the

ground state centroid was distorted by a V contaminant peak

that could be resolved only by the spectrometer, with the

result that the Q-value must be increased by the equivalent

of several standard deviations. Ultimately, it is anticipated

that further refinements of this method will yield relative

Q-values accurate to + 1/4 keV.

The Helium Jet Skimmer System

H. Schmeing, V. Koslowsky, J.C. Hardy, J.A. Macdonald,
H.R. Andrews, J.S. Geiger and R.L. Graham

The helium jet skimmer system has now reached a

state in its development where it performs, in most respects,

beyond our original expectations. Helium loaded with aerosol
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H O droplets of appropriate diameter flows continuously

through the target chamber. Here recoils from a nuclear
25 24 3 25

reaction - e.g. Si from Mg ( He,2n) Si -

attach themselves to the aerosol droplets and are transported

through a capillary to a skimming chamber where the bulk of

the helium is separated from the recoils on their host drop-

lets. Our tes: facility allows us to vary a large number

of flow and geometrical parameters independently (PR-P-104:

2.11, AECL-5032).

In the skimming chamber the helium expands into

a wide cone whereas the recoils, attached to their heavy

host particles, remain in a very narrow cone. Consequently

most of the recoils pass through a 0.076 mm diameter skimming

orifice facing the outlet of the capillary, whereas most of

the helium does not. By scanning with the capillary across

the skimming orifice we measured <A° for the full opening

angle into which 90% of all recoils are emitted. The re-

sult varies to some degree with the geometry of the helium

input tubes, probably caused by a change of the average

droplet size. The angle was measured at a capillary-orifice

distance of 4.5 mm. Here only 2.5% of the helium flowing

through the capillary and 90% of the recoils enter into the

orifice, the total helium flow through the capillary being

about 2t torr-Jl/s.

An innovative technique has now been applied. We

introduced an additional helium flow into the skimming region.

It has the same mass flow and confinement as the main stream

but consists of pure helium and is directed roughly perpendi-

cular to it. The 'side jet1 diverts the original helium flow

without decreasing the skimming ratio. Under the conditions

already described the side jet decreases the throughput of

helium through the orifice by a factor of 17, so that only

0.15% of the helium transporting the recoils passes through

the orifice and 99.85% of the helium is pumped away.

The remaining throughput of helium is probably
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slightly lower than a separator ion source needs for stable

operation. By throttling its throughput the side jet allows

the gas feed into an ion source to be varied without any

geometrical changes.

2.13 Use of the 2 0 8pb( 1 8O, 2 1O) 2 0 5Pb Reaction to Measure the Mass

7 ^
G.C. Ball, W.G. Davies, J.S. Forster and H.R. Andrews

In our previous study of the Pb( 0, C)212Po

reaction a number of proton deficient nuclei were observed.

In order to enhance the production of these nuclei,a 9 3 MeV
18 2
0 beam was used to bombard ^200 pg/cm isotopically en-

208riched Pb targets. Reaction products were detected at

75 and 80 using the QD spectrometer operating at 11 msr

and the AE (proportional) -E (position sensitive) detector

system described previously (PR-P-105: 2.13-13). The nuclei
17 19 21 22 21
C, N, and ' O were observed. An O energy spectrum

was obtained in the vicinity (± ̂  1 MeV) of the expected
2 G fl 1 ft ? 1 9 AC

Pb( 0, 0) Pb ground state transition. Levels popu-

lated in the 2 0 8Pb( 1 8O, 2 0O) 2 0 6Pb reaction were used to pro-

vide an internal energy calibration. A preliminary analysis
9flH 1 H 21 205

of the data yielded a Q value for the z u wPbC L O0, o) Pb re-

action of -6.900 + 0.050 MeV corresponding to a mass excess

for 2 1O of 8.142 ± 0.050 MeV. This result disagrees with

the previous value 9.3 ^ ' ^ MeV measured by Artukh et al.

(Nucl. Phys. A192 (1372) 170) but is in excellent agreement

with the theoretical prediction of 8.2 MeV by Jelley et al.
(Phys. Rev. C to be published).
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2.14 A New Heavy Ion Detector for the QD Spectrometer

W.G. Davies, N.C. Bray and J.J. Hill

The limited range of the current 10 cm long heavy

ion detector (1% in momentum) for the QD spectrometer

severely limits the types of experiments that can be done

(see PR-p-105: 2.13). However the experience gained with

the present counter system has been valuable in providing

useful information for the design of a new counter which

will have a momentum range of 4.5%.

The counter, which will be 50 cm long, will con-

sist of two 1.5 cm thick, position sensitive proportional

counters followed by a 7 cm thick gridded ion chamber. The

whole counter will move on the present rack and pinion rail

system and will be positioned by a computer controlled step-

ping motor in 0.254 mm steps with an accuracy of about 0.05 mm.

The position resolution should be better than 2 mm which is

adequate for heavy ion reactions. The counter gas pressure

will be variable from 1.3 to 100 kPa (10 to 760 torr) which

will allow the detection and identification of a wide range

of heavy ions over a broad energy range.

2.15 Progress on the QD0 Focal Plane Counter System

G.C. Ball, W.G. Davies, J.J. Hill and D.J. Yaraskavitch

The modifications to the Charpak counter system

described in PR-P-105: 2.14, AECL-5121 have been completed

and a 176 wire "production" model back counter successfully

tested using the new PDP 10 Data Scanner operating in the

singles mode. A second back counter has been constructed

and a new front counter is being built.
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2.16 Polarization Sensitivity of Ge(Li) Planar Polarimeters

A.J. Ferguson and A.R. Rutledge

With the output of the CDC 6600 program for com-

puting the polarization sensitivity of Ge(Li) planar diodes

by numerical integration, it has been found that the efficiency

tensors can be represented to within an accuracy of 1% by

rational approximations (Pade" approximants) over the dimen-

sional range likely to be required in practice. The sensi-

tivity depends on five parameters: gamma-ray energy, depletion

depth, height, length and target distance. It is found that

a product of single-variable functions of these five parameters

accounts for nearly all of the functional dependence. Only

a slight interaction between energy and length is found which

can be accommodated by a simple function of these two vari-

ables.

The rational approximation should provide a concise

means of summarizing the results of the numerical integration

and predicting the sensitivities of polarimeters of this class.

:.17 Target Preparation Laboratory

J.L. Gallant

Development of High Concentration Isotopic Oxygen Targets

Normally, oxygen isotopic targets are prepared by

evaporating tungsten trioxide (WO3) on thin carbon films,

anodizing thin films of tantalum, or reacting a mounted film

of nickel in oxygen gas at elevated temperatures. However

the relative mass of oxygen in a thin target would be much

greater if a light element were used in place of tungsten.

Accordingly attempts were made to prepare the oxides of the

following three light elements; B 2O 3, A12O3 and SiO2 by re-

acting boron, aluminum and silicon with oxygen at high temper-

atures. Success was achieved only with B2O3 by this method.
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The compound B_0-. was evaporated on thin carbon films, but

as the oxide is somewhat reactive in air, degradation of

isotopically enriched oxygen targets would occur.

Alumina with enriched oxygen isotopes is available

commercially. Alumina was evaporated on thin carbon film

and mounted on suitable frames. The surface of the carbon

was exposed in air to a highly focussed light and the carbon

surface evaporated. This was confirmed by exposing the films

to 120 nA, 2 MeV 4He. It is probable that Al-O, films as

thin as 10 ug/cm can be produced by this method. Their

usefulness as stripper foils will be investigated later.

Because of its high oxygen concentration, SiO2

would be an ideal oxygen vehicle. Isotopic siJ'Con dioxide

is not available commercially, but pure SiO2 c_n be prepared

by the hydrolysis of silicon tetrachlcride. This will be

attempted at a later date.

Targets for Nuclear Physics

The following targets were prepared during chis
period: 2 0 7' 2 0 8Pb, 90,92,94,96^ 10flf 5 0 ^ a l u m i n u m , 4 2 ^

1 8O, 5 8 f 6 0Ni, 64Zn, 46Ti and natural calcium, cadmium,
42 27

chromium and lead. In addition, mixed targets of Ca + Al,
46Ti + 2 7A1, 51Cr + 27A1 were prepared. Liquid

O f\ A

targets of natural mercury and Hg were also made.

Work ior Other Branches
2

Aluminium of five ug/cm thickness was evaporated

on platinum and carbon discs for Dr. Santry of Solid State

Science Branch.

2.18 Electronics, Computers and Instrumentation

F.J. Sharp, J.P.D. O'Dacre and J.C.D. Milton

PDP 10

A new 64K memory module, installed on the PDP 10

at the very end of the previous quarter, brought the total
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fast memory to 144 K (K = 1024) words. This increase more

than doubled the memory available to the user and has im-

measurably improved the response time and the throughput.

The new memory is solid state (as opposed to magnetic core)

and is the first component of the system bought from an

outside manufacturer to be maintained by us, although for

some time we have maintained locally built peripherals.

The saving in maintenance costs is appreciable. The reli-

ability, expected to be better than that of the core memories,

has been better than expected with essentially no failures

to date, even during the "burn-in" period and even when r,.n

at a very high rate during testing.

An on-line XY display system for use on the PDP 10

with the 12 channel fast scanner has been constructed and

tested. This display system is unusual in having its own

semiconductor memory which it updates from the PDP 10 meirory

by direct access. The software is not yet operational.

The control unit and one sealer module of a digital

TAC (time-to-amplitude converter) system has been built. Ten

nanosecond resolution at 100 MHz rates has not been achieved

with the Schottky counters and therefore the controller will

likely be rebuilt with emitter coupled logic.

The first of the four modules of the Stepper/Router/

Multiscaler (PR-P-105: 2.17, AECL-5121) to be built has been

started and the stepper mode appears to be working properly.

Finally, a digital clock for use on the PDP 10 computer system

is being constructed. When completed the clock will replace

the present control room digital clock. The new clock will

have a battery to maintain operation during power shut downs.

MP Tandem

Bench tests have been completed and installation

begun on a new chain charging system for the tandem accel-

erator. The following advantages are expected over the ori-

ginal Nuclear Energy Corporation charging system: smooth
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positive control of all four power supplies from 0-50 kv by

a single ten turn potentiometer as opposed to the original

two single turn Variacs? all solid state electronic control

with almost complete insensitivity to variations of line

voltage - as opposed to no compensation on the original system;

manual or automatic control of the charging current which is

then self stabilizing as opposed to manual control, no stabil-

ization, in the original. The chain charging current can it-

self be set precisely or set to track the terminal voltage

requirements, thus moving a step closer to one-knob control

of terminal voltage. Circuit monitors interrogate the terminal

voltage and if it differs from the actual terminal voltage

by _t 0 Q kV the charging supplies are tripped and locked out

in less than a second.

A prototype nim bin, modular power supply covering

the range 0 to ±5 kV at 1.5 mA has been completed and turned

over to the Counter Development Section for evaluation. It

is a spin-off of development work on various supplies for

the ion source in recent months. The extension of the supply

to higher voltages and currents can be easily achieved. It

is electronically regulated and continuously variable over

its entire output range by a ten turn pot. The polarity

can be reversed by a front panel switch. Mains failure causes

it to drop the output voltage to zero and then raise it to

the dialed voltage again over a 10 to 15 second period on

return to power. Field experience will determine the final

design but it will include an increase in current to 5 mA

for powering photomultipliers.

2.19 MP Tandem Operation

J.C.D. Milton

The availability of the tandem improved consider-

ably in the past quarter (see Table 2.19.1) as a result of



- 29 -

reliable Pelletron operation. No serious problems were en-

countered. The two main sources of unscheduled down time

were: unexpected delays encountered while making minor changes

in the safety control wiring (5 days), and problems with the

de-ionizer in the cooling system - both for the ion source

area.

At the end of the period a week-long shutdown was

scheduled to install the new injection quadrupole lens (which

is expected to double transmission), to do a thorough inspec-

tion and routine maintenance, to install the new programmed

chain charging system (see Sec. 2.18) and make several other

minor changes.

Table 2.19.1

Beam Available

Scheduled Shutdown
1421.
271.

n 490.

2184.

9
4

7

0

hours

hours

65
12

22

100

.1%

.4

.5

.0%

During the quarter, 21 experiments were performed

involving CRNL and 10 visiting scientists. Non-CRNL scientists

collaborated on experiments occupying 49% of the beam time,

their average participation being 32%.

2.20 Measurement of Carbon Stripping Foil Lifetimes with_ ce—a
60 MeV 'i Ions

H.R. Andrews and A.3. McDonald

79
The measurements reported previously for Br ions

127
(PR-P-104: 2.18, AECL-5032) have been extended to I ions.

The beam spot was 2 mm in diameter and the foils studied were

5, 10 and 20 pg/cm2 of carbon mounted on holders with 10 and

15 mm diameter holes. Ten foils were irradiated at one time

and the number surviving as a function of integrated charge

was recorded.
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During irradiation the foils became stretched so

taut in the region of the beam that they developed a mirror-

like appearance. The principal failure mode was breakage

either at the edge of this region or at the edge of the

holder, presumably thus relieving the stresses in the foil.
2

It was found that 5 and 10 ug/cm foils survived

on the average about 100 particle microcoulombs (pyC) with

some lasting the order of 150 pyC. The size of the foil holder

and lubrication of the holder appeared to have no significant
2 2

effect on survival. Several 10 ug/cm C foils with 3 yg/cm

Al were tried. These failed very quickly after a dose of

less than 40 pyC. The best results were obtained with 20 yg/cm

foils that were mounted loosely on their holders. All of these

survived 200 pyC and two of them were still intact at the end

of the measurement (400 pyC, one hour irradiation) .

2.21 Monte Carlo Calculation of Neutron Production in Spallation
Targets

J.C.D. Milton

A considerable amount of time was spent in exten-

sively checking many combinations of all the possible options

in the program MC74 (PR-P-105: 2.21, AECL-5121). Several

errors were found, fortunately all minor, but correspondingly

difficult to diagnose. Further checks on the method of cal-

culating the statistical uncertainties were also made. There

are now no known faults in the program. Further development

of the program has been stopped although several useful modi-

fications could still be made, for example to handle mixtures

of elements such as ThO2 and UO_.
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Approximate Formulae for Extendable Deadtimes

J.G.V. Taylor

In preparing a section on deadtime corrections for a

National Council for Radiation Protection and Measurements (USA)

handbook, formulae were derived that are applicable to

extendable (paralyzable or updating) deadtimes for which

the corresponding solutions for nonextendable (nonparalyzable)

deadtimes are well known. The use of pile-up rejection cir-

cuitry in medical scanners operated at high rates with short-

lived nuclides has been responsible in part for a resurgence

of interest in extendable deadtimes. Since the equations

involved in extendable deadtime problems contain exponential

terms they cannot be solved in closed form; the aim is to

find the simplest approximate solutions consistent with the

required accuracy.

If n is the observed counting rate and 6 the dead-
2

time, (n8) << n0 for small losses and the nonextendable

deadtime formulae are adequate for extendable deadtimes as

well. If N is the true random input rate, the expected out-

put rate, n, for an extendable deadtime is

n = Ne-N6 (1)

and the approximation

N fc n/fl-ne-fne)2/^] (2)
is good to better than 0.1% for n9 £ 10%. For larger losses

or higher accuracies no simple approximation for N has been

found that gives better results than iterating the result of

Eq. 2 in the exponent of Eq.1.

For the classic two-source method of measuring

deadt-imes, if n,, n 2, and n,2 are the observed output rates

of the two sources measured singly and together, and if back-

ground can be neglected, the approximate solution for an ex-

tendable deadtime,

(n12/2n1n2)fcnj(n1+n2)/n12 , (3)
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is good to better than 0.5% for n^e £ 15% and n^ £ n2

within a factor of two. (Eq.3 is exact for n̂ ^ = n 2 and 0

background.)

For the more efficient source-pulsei method (in

which periodic pulses are substituted for one of the sources)

the analysis is complicated by the superposition of Poisson

and periodic distributions. For this superposition it has

been shown that the expected output rate for an extendable

deadtime calculated in a conventional probabilistic manner

is identical to the result derived rigorously by Miiller

(Nucl. Instr. Meth. 13^ (1973) 47) from the interval distri-

butions. In this method, if n , n and n are the observed

output rates for the source and pulser measured singly and

together, the approximate solution for an extendable deadtime,

6 % pe"p/ne

where p = (q2 + 4q-l)'5 - (q + 1) (4)

and q = np/(nsp - n g ) ,

is good to better than 0.3% for n 8 < 20% and a wide range of

pulser rates; i.e. the accuracy of the approximation in Eq.4

is essentially independent of n .

For the method of proportional sources that uses

two sources having a precisely known activity ratio, A,/A2 =

R, the approximate solution for an extendable deadtime.

9 %£n(Rn2/n1)/n2f£n(Rn2/n1) + (R-l)] (5)

is good to better than 0.5% for n26 _< 10% for a wide range of

R > 1; i.e. the accuracy of the approximation in Eq.5 depends

only on the losses for the weaker source.

The formulae given have proved convenient for use

with a hand-held calculator having "Hn" and "ex" keys. Their

accuracy is comparable to the statistical accuracy normally

attained in making deadtime measurements. If higher accuracies
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should be needed they would be obtained more conveniently

by iterative computer programs than by extending the present

approximations to higher orders.

139
2.23 International Comparison of Ce

J.G.V. Taylor, J.S. Merritt and F.H. Gibson

The BIPM has prepared a draft summary of this

intercomparison (PR-P-104:2.22, AECL-5032). The spread in
139

values for the activity concentration of the Ce solution

reported by the five participating laboratories was 0.6%;

for four of the five it was 0.2% (Table 2.23.1). There is

some evidence for a correlation between the reported activity

concentrations and efficiency function slopes that may in-

dicate a small, undiscovered, possibly instrumental, source

of bias. The results are considered satisfactory and plans

are being made for a full-scale international comparison

(20-30 participants) early in 1976.

Table 2.2 3.1

139
Ce Intercomparison, October 1974

Participating Activity Concentration Uncertainties (%)
Laboratory (s"1 mg"1, 1974-10-01) Random(lo) Systematic

BCMN (Geel) 562.3 0.13 1.4

BIPM (Sevres) 560.1 0.15 0.9

CRNL 560.0 0.013 0.2

NPL (Teddington) 558.9 0.03 1.2

PTB (Braunschweig) 559.9 0.09 0.3

2-24 Measurement of the Half-life of 1 3 9Ce with the 4iry Ion Chamber

J.S. Merritt, J.G.V. Taylor and F.H. Gibson

139
Although measurement of the half-life of Ce is

not yet complete, further data analyses have recently been
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done in order to recommend a half-life value to the BIPM,

who are planning an international intercomparison of this

radionuclide in 1976.

Preliminary values for this half-life were given in

previous progress reports (PR-P-93: 2.14, AECL-4205 and PR-P-

99: 2.23, AECL-4657). Our most recent analysis covers decay

data to date (a period of 10 half-lives) and gives 137.649

days with a standard deviation of ± 0.022 day. This agrees

well with the preliminary estimates.

No evidence for systematic error has been noticed.

Impurities are an especially serious concern for this nuclide

because the response of the 4TTY ion chamber is much lower for
139

Ce than for most radionuclides, i.e. the ion chamber re-

sponse is greater for photons of higher energies. From Ge(Li)

spectra taken throughout the measurement period of 10 half-

lives, it is estimated that gamma-ray impurities of energy

> 1 MeV were and are < 50 ppm and even smaller for lower

energy gamma-ray impurities, e.g. < 10 ppm of 0.3 MeV gamma

rays. Assuming short-lived impurities would have decayed

before the measurement period commenced, the effect of a long-

lived impurity emitting ^ 5 0 ppm of 1 MeV gamma-rays should

approximate the limit of systematic error from impurities.

It is calculated that this limit is -0.0005 day.

From calibrations of the ion chamber response done

over a period of > 15 years, any long-term drift of the re-

sponse of the ion chamber or its current integrating system

is known to be smaller than the precision of the measurements

of 0.2% (PR-P-102: 2.20, AECL-4841 and PR-P-105: 2.26, AECL-

5121). Nevertheless, even if a small drift prevails, it would
139

not result in systematic error in the Ce half-life because
all ion chamher measurements are made relative to a sealed
22 fi

Ra source, taking its half-life to be 1600 years. The
measurements are made in the following sequence: background,

139

radium reference source, Ce, radium reference source, back-

ground. An investigation of the purity of this and other 2 2 6Ra

reference sources showed they are satisfactory {PR-P-95: 2.24,

AECL-4314).
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Systematic error in computing decay constants by

the commonly used method of linear least squares has been

shown by A.H. Jaffey (Nucl. Instr. Meth. 81. (1970) 253) to

be negligible when counting rates are large. This condition
139

prevails in our determination of the Ce half-life, as do

other desirable conditions, such as accurate timing and low

background, whose effects also have been studied by Jaffey

(Nucl. Instr. Meth. 81_ (1970) 155). Thus an allowance for

systematic error arising from the data fitting seems unneces-

sary. Nevertheless, as a further check the counting data

also were analyzed using an iterative nonlinear least squares

fitting program with the requirement that successive iter-

ations of the decay constant agree to within 1 ppm before

iterations were stopped, and the results were compared with

the usual analysis using logarithmic transformation of the

counting data and linear least squares. The two calculations

agreed within 1 ppm indicating no significant difference be-

tween the methods for this case.

Examination of the deviations of the fitted values

from the observed counting data for the individual points

revealed no trend with time and indicated a normal distri-

bution. Dividing the data into two portions and analyzing

each separately gave the following results:

Data For No. of Data Half-life Standard
Points (days) Deviation

First 600 days 19 137.621 ± 0.040

After 600 days 20 137.691 ± 0.074

All 1380 days 39 137.649 ± 0.022

There being no known systematic errors, three times the

standard deviation is assigned as the overall error and our

best value to date is 137.65 +0.07 days. Continuing the
139measurements of this sample of Ce will serve to examine

further such tests for systematic error as are described

above, but it is unlikely that much gain in precision will

result because the signal/background ratio is getting small

(̂  3).
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2.25 Standardizations

J.S. Merritt and

51Cr
57Co
60Co
60Co
60Co
85Sr
94Nb

139Ce
1 9 8Au
241Am

J.G.V. Taylor

Health Physics

Medical Research

Environmental Research

R. & I.S.

Solid State Science

Health Physics

R. & I.S.

R. & I.S.

Health Physics

Medical Research

2.26 Miscellaneous Services

J.S. Merritt

Sources prepared: Co Neutron and Solid State Physics
137

Cs Nuclear Physics
137Cs + 1 5 2Eu Nuclear Physics

Eu R. & I.S.
241

Am Neutron and Solid State Physics

2.27 Characteristic K X-rays from Br-Br Collisions from 4 to 100 MeV

W.N. Lenard and I.V. Mitchell (Solid State Science Branch)
and J.S. Forster

See PR-CMa-33, Sec. 1.2.2.

2.28 A Search for Two Photon Decay in Thermal np Capture

E.D. Earle and M.A. Lone (Neutron and Solid State Physics
Branch) and A.B. McDonald and O. Hausser.

See PR-P-106: 3.13.
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2.29 Half-Lives and g-Factors from Gamma-Transitions in Rn Isotopes

E.D. Earle (Neutron & Solid State Physics Branch, T.K. Alexander,
J.R. Beene, 0. Hausser and A.B. McDonald

See PR-P-106: 3.14.

2.30 Superallowed 0 •*• 0 Nuclear Beta-Decay and Cabibbo Universality

I.S. Towner (Theoretical Physics Branch) and J.C. Hardy

See PR-P-106: 4.6.

2.31 Publications, Reports and Lectures

a) Publications

SUPERALLOWED NUCLEAR BETA DECAY
J.C. Hardy, H. Schmeing, J.S. Geiger, R.L. Graham and I.S. Towner
Bulletin of the Academy of Sciences USSR (Physical Series)
39_ (1975) 51.

RESULTS FOR LIFETIMES OF HIGH SPIN STATES IN BACKBENDING
NUCLEI AND POSSIBILITIES OF MEASURING g-FACTORS BY RECOIL
INTO VACUUM
D. Ward, H.R. Andrews, G.J. Costa, J.S.Geiger, R.L. Graham
and P. Taras
Bulletin of the Academy of Sciences USSR (Physical Series)
39_ (1975) 37.

IMPROVEMENTS IN DOPPLER BROADENED LINESHAPE ANALYSIS FOR THE
MEASUREMENT OF LIFETIMES OF HIGH SPIN STATES IN THE RARE EARTH
REGION
D. Ward, H.R. Andrews, R.L. Graham, J.S. leiger, and S.H. Sie
Bulletin of the Academy of Sciences USSR (Physical Series)
39. (1975) 51.

THE DECAY OF 74Kr
H. Schmeing, J.C. Hardy, R.L. Graham and J.S. Geiger
Nucl. Phys. A242 (1975) 232.

HIGH SPIN STATES IN 1 2 7 f l 2 9La, A TEST OF BACKBENDING IN THE
EVEN Ba AND Ce NUCLEI
D. Ward, H. Bertschat, P.A. Butler, P. Colombani, R.M. Diamond,
and F.S. Stephens
Phys. Lett. 56B (1975) 139.

FINAL STATE INTERACTIONS IN THE 2H(d,pp)nn REACTION
R.E. Warner, S.B. Di Cenzo, G.C. Ball, W.G. Davies,
A.J. Ferguson and J.S. Forster
Nucl. Phys. A243 (1975) 189.
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SYSTEMATICS OF HIGH SPIN PHENOMENA
D. Ward
Proceedings of the Conference on Reactions Between Complex
Nuclei, Vol. 2, North Holland 1974.

TRIAXIAL SHAPES IN LIGHT La NUCLEI
P.A. Butler, J. Meyer-ter-Vehn, D. Ward, H. Bertschat,
P. Colombani, R.M. Diamond and F.S. Stephens
Phys. Lett. 56B (1975) 453.

b) Reports

OPERATING EXPERIENCE WITH THE CRNL UPGRADED MP TANDEM
J.C.D. Milton
CRNL 1310

c) Lectures

OPERATING EXPERIENCE WITH THE CRNL MP TANDEM
J . C . D . M i l t o n
Seminar at Michigan State University 11 April 1975.

ALPHA DECAY IN THE LEAD ISOTOPES - FIRST EXPERIMENT WITH
THE QD3 SPECTROMETER
W.G. Davies
Seminar at the University of Alberta« 16 April 1975

The following three papers were presented at the American
Physical Society Meeting in Washington 28 April - 1 May 75.

RECOIL DISTANCE LIFETIME MEASUREMENTS OF LEVELS IN 36Ar
AND 36ci
T.K. Alexander

MAGNETIC MOMENTS OF ISOMERIC STATES IN Fr AND Po
O. Hausser

EMITTANCE MEASUREMENTS OF HEAVY ION BEAMS FROM THE CHALK
RIVER MP TANDEM
J.S. Forster

LIFETIME MEASUREMENTS USING INVERSE REACTIONS
T.K. Alexander
Seminar at Queen's University 28 May 1975

SUPERALLOWED NUCLEAR BETA DECAY: A PROBE OF WEAK INTERACTIONS
J. C. Hardy
at Centre de Recherches Nucle'aires, Strasbourg, France, 29 May 75
at Rene Bernas Laboratory, Orsay, France, 30 May 75.
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SUPERALLOWED BETA DECAY: FROM NUCLEAR MASSES TO THE Z VECTOR
BOSON
J.C. Hardy and I.S. Towner
Conference on Atomic Masses and Fundamental Constants,
Paris 1-7 June 75

The following two papers were presented at the Canadian
Association of Physicists Congress 9-12 June at York
University.

INVERSE ALPHA DECAY IN THE LEAD ISOTOPES
W.G. Davies

CONSISTENCY OF LIFETIMES MEASURED BY DSAM FOR THE FIRST
EXCITED STATE OF 38Ar
J.S. Forster

TRANS-CALCIUM ISOTOPES WITH N ^ Z
J.C. Hardy
at the Nuclear Chemistry Gordon Conference, 2 3-2 7 June 75.

FISSION AND NUCLEAR PHYSICS
J.C.D. Milton
Advisory Group Meeting on Programs of Nuclear Physics in
Developing Countries, Accra, Ghana, 30 June - 4 July 1975.
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NEUTRON AND SOLID STATE PHYSICS BRANCH

A.D.B. Woods

Staff

Neutron Scattering From Liquid Helium At 4.2 K

The Observation of Sound Waves, Entropy Fluctuations,
and the Transition From First To Zero Sound in Liquid
Helium

Phonon Dispersion in Liquid Helium Under Pressure

Phor.ons in 1-Methylthymine

Observation of Photodimerization in 1-Methylthymine
By Neutron Scattering

Calculations for Nb-Mo Alloys

Excitations in PrA&2

Multi-Peaked Structure in the Neutron Scattering From
Mn0.32Zn0.68P2

Excitations in Uranium Nitride

Thermal Effects in Positron Annihilation in Cadmium

Neutron Time-of-flight Facility

A Search For Two-Photon Decay in Thermal np Capture
Half-lives and g-factors From ^-transitions in Rn
Isotopes

D/H Measurement in Water

Resonant Elastic Scattering of Gamma Radiation From
Lead Isotopes

- + 212
The 15 and 11 Isomeric States in Fr

209
Half-lives and g-factors of Isomeric States in Bi

and 2 1 2At

Half-lives and g-factors in Po

Reactor Beam Hole Use

Supply of Semiconductor Spectrometers

Germanium Spectrometers With Internal Junctions

The Effect of Electric Field on Carrier Trapping

Hemispherical Cadmium Telluride Detectors
Surfaces of High Purity Germanium: Influence of the
Bulk Material Upon the Surface Properties of Ge
Cadmium Telluride Crystal Growth

Electronics For Detector Systems

Miscellaneous

3.29 Publications and Lectures
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3.1 Staff

BRANCH HEAD: A.D.B. Woods

Technical Staff Summer Staff

SECTION I

A.D.
W. J.

T.
S.
C.
B.
A.
E.

U.
L.
G.
M.
M.
P.
M.
J.
C.

Woods
Buyers (1)
Dolling (2
Holden
Kim
Martel
Powell
Smith (3)
Svensson

SECTION II

J.
E.
A,
M,

,w.
,D.
.M.
.A.

Knowles
Earle
Khan (4)
Lone

SECTION III

I.
R
H

.L.

.J.

.L.

Fowler
Dinger (5)
Malm

SOLID STATE PHYSICS

R.S.
) H.F.

M.M.
D.C.

Campbell
Nieman
Potter
Tennant

NEUTRON NUCLEAR PHYSICS

W.M.
R.N.
W.F.

COUNTER

M.A.
Miss

Inglis
King
Mills

DEVELOPMENT

Gulick
M.M.L. Racicot

K.P.
R.H.

Hamilton (7)
March (8)

Miss M. Bayly (9)
J. Koclas (10)

P.H. Keung (11)

W.F. Slater
R.J. Toone
W.J. Woytowich

GLASSBLOWING

J.G. Wesanko

DESIGN

W. McAlpin
K. Tait (6)

WORKSHOPS

R.R, MacLanders
H.C. Spenceley

A.H. Hewitt

SECRETARIAL STAFF

Mrs. Dianne Mitchell
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(1) On leave of absence for 2 months at Research
Establishment RisS, Roskilde, Denmark? left June 14,
1975.

(2) On leave of absence for one year at Institut Max Von
Laue - Paul Langevin, Grenoble, Prance; left
Sept. 10, 1974.

(3) On attachment from University of Edinburgh; arrived
April 1, 1975.

(4) CIDA Research Associate from Pakistan Institute of
Nuclear Science and Technology, Rawalpindi, Pakistan;
left April 18, 1975.

(5) NRC Post-doctoral Fellow from University of Basel,
Switzerland.

(6) Seconded from Design Engineering.
(7) Queen's University student; arrived April 28, 1975.
(8) Visiting summer professor from Dalhousie University;

arrived May 20, 1975.
(9) Queen's University student; arrived May 5, 1975.

(10) McGill University student; arrived May 5, 1975.
(11) Queen's University student; arrived May 2, 1975.
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3.2 Neutron Scattering From Liquid Helium At 4.2 K

P. Martel, A.D.B. Woods and E.C. Svensson

The measurements of the Van Hove scattering
A

function, S(Q,w), for liquid He at 4.2 K in the range

0.20 < Q < 2.60 A"1 (PR-P-104:3.2, AECL-5032 and

PR-P-105:3.2, AECL-5121) have been completed and, in

general, the results satisfy the requirements of the

first-moment theorem to better than 10%. The static

structure factor, S(Q), and the static susceptibility,

X(Q), have been determined and both are consistent with

the limits as Q + 0 determined from the isothermal com-

pressibility. The values of S (Q), normalized to the

X-ray value of Hallock (Phys. Rev. 5_ (1972) 320) at

Q = 0.20 A" , are in reasonable acrreement with the

X-ray values of Hallock and Gordon et al. (J. Phys.

Chem. Solids 5_ (1958) 117).

3.3 The Observation of Sound Waves, Entropy Fluctuations,

and the Transition from First to Zero Sound in Liquid

Helium

A.D.B. Woods, E.C. Svensson and P. Martel

High-resolution neutron-scattering measure-
A

ments on liquid He at 4.2 K have shown that, at

Q = 0.11 A" , S(Q,ou) consists of a Brillouin doublet

(sound waves) and a quasi-elastic Rayleigh peak (non-

propagating entropy fluctuations). A calculation based

on simple hydrodynamic theory gives a good description

of the observed S(Q,w). At 3.6 K, the Rayleigh component

is only about half as intense as at 4.2 K, and at 2.3 K

and 1.6 K it is essentially absent as expected from the

temperature dependence of the ratio of specific heats
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C /C . One expects the widths of the Brillouin and

Rayleigh components to increase as Q , and distributions

obtained at several temperatures for Q = 0.15 and 0.20

A under the same resolution conditions show, as expec-

ted, considerably less structure than observed for

Q = 0.11 A""1.

Comparison of the present results for 2.3 K

with the earlier measurements of Cowley and Woods (Can. J.

Phys. 4_9_ (1971) 177, AECL-3755) indicates that, at this

temperature, the "phonons" propagate with the character-
o-listics of ordinary or first sound for Q < 0.2 A while

for Q i 0.4 A" they propagate with the characteristics

of zero sound. In particular, for Q s 0.2 A" the

"phonon" velocity agrees with the first-sound velocity

and the widths have the Q dependence obtained by extra-

polation of ultrasonic attenuation measurements, while

for Q > 0.4 A the "phonon" velocity is higher and the

widths exhibit the linear Q dependence expected for

zero-sound propagation.

3.4 Phonon Dispersion in Liquid Helium Under Pressure

E.C. Svensson, P. Martel and A.D.B. Woods

The phonon frequencies,- us, in superfluid liquid

helium at low wave vectors Q can be expressed as

a) = cQ(l-Yft2Q2 )

where c is the velocity of sound. Earlier measurements

at 24 atm ( = 2.4 MPa) pressure (PR-P-94:3.2, AECL-4257)

gave y = (6.2 ± 0.6) x io 3 7 g"2.cm~2-s2 in marked con-

trast to the value (0 + 2) x 10 3 6 g"2.cm"2-s2 at the

normal vapour pressure (PR-P-83: 4. 2, AECL--3512) .

Measurements to determine the phonon dispersion at
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intermediate pressures have been started at the 1,3 spec-

trometer. So far, results have been obtained in the

range 0.15 < Q < 1.10 ft at pressures of IC, 20 and 22

atm at T = 1.01 K. Further measurements and analysis of

the results are in progress.

3.5 Phonons in 1-Methylthymine

B.M. Powell and P. Martel

The experimental observations of phonons in

1-MT reported previously (PR-P-105 : 3.4, AECL-5I21) have

been continued and an acoustic and an optical branch have

now been measured along the b* direction (the diad axi:?).

These branches are degenerate (by symmetry) at the zone

boundary, and the experimental, configuration in which

they were observed suggests that they are of predominantly

transverse character. At 155 K the zone boundary fre-

quency is 0.42 ± 0.02 THz, while at 296 K this has de-

creased to 0.36 ± 0.02 THz. The complete branch was

observed to soften significantly on raising the tempera-

ture from 155 K to 296 K. The long-wavelength results

are summarized in the table below assuming p =1378 kg/m

at both temperatures.

Temperature Propagation Polarization Velocity Effective Elastic
Direction (m/s) Constant

1 0 2

296

296

155

155

[102]

[010]

1102]

(010]

[1021
[102]

[102]

1102]

2770S140

800 + 80

3200 +170

1000 + 5C

1.06 + 0

0.088 +

1.41 + 0

0 . 1 4 + 0

. 10

0.017

• lb

. 02
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")bsevvat ion_ •->f Photo d_ime r izatjx>n_in 1-Methy lthymine By

Neutron Scattering

P. Martel and B.M. Powell

As discussed previously (PR-P-102 : 3.7,

AECT--484I) , thvmine is a photosensitive molecule and

various studies (e.g. R.F. Borkman and B.S, Yamanashi,

Photochemistry and Photobioloqy 1_9 (1974) 173) have

shown that the molecule is particularly sensitive to

irradiation with ultraviolet light. The formation of

a cyclobutane ring between C,- - C, carbons on adjacent

molecules can occur when these carbons are held in the

proper configuration (R.F. Stewart, Biochimica et

Biophysica Acta 7_5 (1963) 129) . The formation of a

photodimer as described above would significantly affect

the intermoiecular forces, particularly along the [102]

direction, and might be observed as changes in the fre-

quencies of phonons propagating along this direction.

Measurements of phonons of the [102]LA branch in an un-

irradiated crystal have previously been reported

(PR-P-105:3.4, AECL-5121) .
3

A single crystal (vol *0.12 cm ) of 1-MT was

irradiated for 70 hours with the Hanovia 300 watt Xenon

lamp in Physical Chemistry Branch (260 nm < X < 400 nm).

After irradiation we found that the previously strong

(.102) reflection could no longer be observed. Conse-

quently a 1 nm thick specimen (-85% transmission) of

fresh powder was then prepared and the disappearance of

the (102) reflection after 31 hours of UV irradiation was

observed on the E13 spectrometer at NRX. As little as

four hours of irradiation 3eads to a ^50% decrease in the

intensity of this reflection. Most of the other powder

peaks observed are apparently unchanged. W.A. Seddon,
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J.W. Fletcher and J. Jevcak of Physical Chemistry Branch

provided valuable assistance in making their equipment

available.

3.7 Calculations for Nb-Mo Alloys

B.M. Pov/ell, P. Martel and A.D.B. Woods

In view of the renewed interest in the phonon

properties of transition metals, calculations of several

thermodynamic properties of Nb, Mo and their alloys with

each other have been made on the basis of a 7th neighbour

Born-von Kcirma1:'. tensor force model fitted to the phonon

dispersion curves previously measured (PR-P-73:4.9,

AECL-2687). This simple model provides a good fit to the

general features of the dispersion curves, although de-

tailed features such as Kohn anomalies are not well des-

cribed. On the basis of this dynamical model the phonon

frequency distribution function was calculated as a func-

tion of alloy composition. From this function the temper-

ature dependence of the lattice specific heat and of the

Debye temperature were computed together with the mean

square atomic displacement as a function of temperature

and composition. A quantity which is of interest for

superconductivity in these systems is the "mean frequency".

This was calculated as a function of composition, and from

the known superconducting transition temperatures of the

metals and alloys the electron-phonon coupling constant

was derived. The concentration dependence of the coupling

constant is compared with that expected from an approximate

expression due to McMillan. The above calculations have

all been carried out on the assumption that the phonon

distribution function is independent of temperature. How-

ever, measurements of some phonon dispersion curves in Nb
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have been made at 700 K, 900 K and 1030 K (PR-P-94:3.5,

AECL-4257) . Although these measurements are not as com-

plete as those at room temperature, the same type of

dynamical model can be fitted to them. The specific heat,

Debye temperature and mean square displacement were then

calculated at each of these temperatures and compared

with the values projected from the room temperature models.

The values of the specific heat, Debye temperature and

mean frequency calculated from the two approaches are in

good agreement with each other. The mean square displace-

ment calculated at each temperature is found to be smaller

than the corresponding value predicted from the measure-

ments at 296 K. The discrepancy is ~5$s% at the highest

temperatures.

3.8 Excitations in PrAii,,,

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

H.-G. Purwins (University of Geneva)

Further measurements of the magnons and phonons

in PrA£2 (PR-P-104:3.5, AECL-5032 and PR-P-105:3.7,

AECL-5121) have been carried out with the C5 triple-axis

spectrometer. Phonons propagating along [00£] and [t;c;O]

directions were studied at 300 K. We have also studied

the variation with wave-vector transfer Q of the intensi-

ties of the excitations in the frequency range v < 4 THz

at 4.2 K, and the temperature dependence of the scattering

for several selected Q values. The branches whose zone-

centre frequencies are 1.54 ±0.05, 1.84 ±0.05 and

2.15+0.05 THz are found to have largely magnetic character

and are believed to correspond to transitions between the

lower member of the exchange-split ground doublet and the

lowest exchange-split triplet excited state. The lower
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two of these magnon branches interact strongly with the

[OOcJTA phonon branch. The branches whose zone-centre

frequencies are 3.08 ±0.04 and 4.01 ±0.07 THz are found

to be interacting magnon and phonon branches.

We have also studied, at several temperatures

between 20.8 and 30.0 K (Tc = 34 K ) , the excited-state

spin waves corresponding to transitions between the upper

member of the ground doublet and the lowest two members

of the triplet. At 20.8 K, the dispersion relations for

these excitations are essentially flat at 0.60 ± 0.05 and

1.1 ± 0.1 THz.

3.9 Multi-Peaked Structure in the Neutron Scattering From

^0.32^0.68*2
E.C. Svensson, T.M. Holden and W.J.L. Buyers with

D.A. Jones (University of Aberdeen)

On the basis of simple Ising theory and also as

a result of the detailed calculations of Buyers et al.

(J. Phys. C 6_ (1973) 1933) one would expect the neutron

scattering from substitutionally disordered antiferromagnets

to exhibit a multi-peaked structure because of the different

Ising energies associated with the different compositions

of the clusters of ions surrounding the magnetic ions. The

theory of Holcomb (J. Phys. C 1_ (1974) 4299), however, pre-

dicts no structure in the neutron scattering.

To resolve the question we have carried out

high-resolution measurements on a single crystal of

Mn_ ,_Znn c oF n with the C5 triple-axis crystal spectrometer.U•Jz U•bo ^

The measurements were carried out at 5 K at a reduced wave

vector £ = 0.45 in each of the [00£] and U00] directions.

For the [00^3 direction we observed peaks at 0.23 and 0.47

THz and a shoulder at "0.65 THz. For the U00] direction
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there are peaks at 0.30 and 0.50 TH2 and a shoulder at

-0.70 THz.

3.10 Excitations in Uranium Nitride

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

G.H. Lander (Argonne National Laboratory)

The measurements on uranium nitride (PR-P-105:

3.5, AECL-5121) were continued with emphasis on the weak

inelastic scattering in the frequency range 4-11 THz.

At 4.2 K, scans were carried out at equivalent magnon

wave vectors but different wave-vector transfers 0 to

test the (^-dependence of the scattering. For selected

wave vectors, scans were also carried out at several tem-

peratures between 4.2 and 3 00 K. At (3/2,3/2,1/2) peaks

were observed at 5.5 ±0.5 THz (110 counts) and 8.7±0.3

THz (260 counts) at 4.2 K. At 300 K, the upper peak has

essentially the same frequency and intensity and the lower

peak appears at 4.5+0.5 THz (120 counts). At (5/2,5/2,1/2)

the upper peak still appears at 8.7 ± 0.3 THz but with an

intensity of 130 counts at 4.2 K. This decrease in inten-

sity is consistent with the decrease expected from the

magnetic form factor. While the ^-dependence of the in-

tensity of this and several other peaks thus suggests

magnetic character, the insensitivity of the intensities

and frequencies to temperature changes seems quite anoma-

lous considering the N^el temperature of 50.5 K. Further

experimental and theoretical work is required to resolve

this problem.
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3.11 Thermal Effects in Positron Annihilation in Cadmium

S.M. Kim and W.J.L. Buyers

Accurate measurements of the positron annihil-

ation peak coincidence counts have been made in an annealed

cadmium sample of 99.999% purity between 100 K to 450 K.

A standard long slit geometry (0.8 mrad x 93 mrad) was used

and the peak coincidence counts were recorded with the

singles rates being used as a monitor. The peak coincidence

counts increased by about 13% between 100 K and 4 50 K. The

temperature dependence of the count rate increase could be

described well by three straight lines with appreciably

different slopes. The slopes were 1.0% per 100 K between

100 K and 210 K, 2.6% per 100 K between 210 K and 350 K,

and 9.8% per 100 K between 350 K and 450 K.

The count rate increase above 350 K can be

attributed to the positron trapping in thermally generated

vacancies. Since the thermal expansion of the lattice is

expected to give rise to a nearly linear increase in the

peak coincidence rate between 100 K and 350 K, the sharp

rise in slope at about 210 K seen in the present measure-

; ments as well as in previous Doppler broadening measurements

by MacKenzie (private communication) is not understood.

The effect of possible positron source induced radiation

j damage in cadmium has been investigated and found to be too

\ small to explain the results.

I 3.12 Neutron Time-of-flight Facility

•'. M.A. Lone, E.D. Earle and W.M. Inglis

•| Recommissioning of the C2 fast neutron chopper

\ facility has been completed. A three parameter, 4096

\ channels in each, related address data acquisition system

has been set up for y~Y coincidence measurements following
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thermal and resonance neutron capture.

3.13 A Search For Two-Photon Decay in Thermal np Capture

E.D. Earle and M.A. Lone with A.B, McDonald and 0. Haiisser

(Nuclear Physics Branch)

A recent publication (W.B. Dress, C. Guet,

P. Perrin and P.D. Miller, Phys. Rev. Lett. 3_4 (1975) 752)
— 3

reported a branching ratio of 10 for two-photon decay

following np radiative capture. This ratio is at least a

factor of 200 higher than current theoretical estimates.

We have searched for this decay mode using Ge(Li) detec-

tors in a configuration which prevented y-ray scattering

between the detectors and have obtained an upper limit for
-4this branching ratio of 10

The present experiment was performed with ther-

mal neutrons obtained by Bragg-reflecting a beam of neutrons

from the NRU C4 experimental hole with a Ge monochromator.

The linear signals from the Ge(Li) detectors were summed

and gated by pulses from a standard fast-slow coincidence

circuit before analysis. The fast coincidence time reso-

lution was 5.7 ns FWHM and the slow coincidence required

the y-ray energy deposited in each detector to be >0.57 MeV.

This energy discrimination was used to reject most of the

compton scattered y-rays a n^ positron annihilation photons

which crossed from one detector to the other.

The coincidence efficiency of each detector-

target configuration was measured by using the 1.17 and

1.33 MeV coincident y-rays from a Co source dissolved in

a water medium similar in dimensions to the target.

A sum peak at 2.273 MeV was observed with un-

shielded detectors. This peak was reduced by at least 98%

when 3 cm of Heavy Metal was placed between the detectors.
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From this latter measurement an upper limit of 10~" was

derived for the branching ratio for two-photon decay,

assuming an isotropic angular distribution between the

postulated y-rays.

Several measurements were also made in a 180°

configuration. Spectra were obtained with and without

6 mm thick Pb screens in an attempt to differentiate

between two-photon decay events and y-ray scattering

between the detectors. Assuming two-photon decay, the

branching ratio was (0.60 ± 0.14) x 10~ from the measure-

ment without screens and (0.3±0.2) * 10 from the

measurement with the screens. However, the experimentally

observed attenuation of coincidences per incident neutron

(4.8 + 1.6) due to the Pb screens is more consistent with y-ray

scattering between the detectors for which an attenuation

factor of 5 is expected than with two-photon decay for

which a factor of 3 is expected. Measurements are in pro-

gress with a larger detector to improve the accuracy of

this latter measurement.

3.14 Half-lives and g-factors From y-transitions in Rn Isotopes

E.D. Earle with T.K. Alexander, J.R, Beener 0= Hausser and

A.B. McDonald (Nuclear Physics Branch)

Isomeric states in the isotopes ^Rn and Rn

have been populated by the Hg( C,xn)Rn reaction. Two
212

transitions have previously been assigned to Rn and

from these we get a T, of 920 + 20 ns and an unconverted

g-factor of 0.888 ±0.004 for the 8 isomeric state at

1700 KeV. The latter is in aqreement with and more accurate

than the value previously reported (W. Witthuhn et al.,

Nucl. Phys. A 2_3_8 (1975) 141), The isotopic identification

and lifetime of six other states and g-factors of several
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of these will be available following y~Y coincidence

measurements to determine the y-ray decay schemes.

3.15 D/K Measurement in Water

M.A. Lone and I.L. Fowler with J.G. Bayly (Electronics,

Instrumentation and Control Division)

Measurements have been carried out with a
2280.31 Ci ThO_ source and two ten-litre water samples

filled with known D/H concentrations varying from 150 ppm

to 1000 ppm using four He counters (PR-HWP-GS-3:8.3).

Based on these data it is projected that for a 10 Ci
TOO

Th0o source and 10 min counting interval the standard

deviation at 200 ppm concentration level will be equivalent

to 20 ppm (for each of six sample streams). The limiting
factor is found to be the -10 MeV neutron background from

22 8
the present T ^ 2 s o u r c e which is of the order of -500
neutrons/mCi•s.

228

A new type of Th source with a neutron back-

ground of <10 neutrons/mCi•s is commercially available.

For a 10 Ci source of this type the equivalent standard

deviation for a 10 min counting interval at 200 ppm con-

centration level will be 3 ppm.

Various attempts have been made to reduce the
228

fast neutron background from the T n 02 s°urce. A 12 cm

thick wax block wrapped in Cd is found to be optimum for

neutron and y-ray attenuation from the source. Measurements

are currently in progress with eight He counters and two

10 litre water samples placed outside 12 cm radius cylindri-
cal wax and Cd neutron shield surrounding the ThO,

source.
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3.16 Resonant Elastic Scattering of Gamma Radiation From

Lead Isotopes

J.W. Knowles, W.F. Mills and A.M. Khan

A detailed analysis of data on the scattering

of gamma radiation from three different isotopic mixtures
7 0R 007

of lead, natural lead (52.3% Pb, 22.6% Pb and 23.6%
2 0 6 P b ) , radio-lead (3% 2 0 8Pb, 9% 2 0 7Pb and 88% 206Pb) and

lead enriched in 2 0 8Pb (72.5% 2 0 8Pb, 1.6% 207Pb and 25.9%

Pb) is nearly complete. The measurements were made

with the variable energy Compton spectrometer with energies

in the range 4.8 to 8.0 MeV and with 17 5 keV energy reso-

lution. Some of these measurements were reported previously

(PR-P-69:4.14, AECL-2610; PR-P-70:4.16, AECL-2611;

PR-P-72:4.14, AECL-2659). The elastically scattered radi-

ation was detected with 12.5 cm diameter, 12.5 cm long

Nal(TJl) and with 27 aid 49 cm Ge(Li) detectors located at

scattering angles of 135° and 90° respectively. Measure-

ments of resonant scattering and resonant self-absorption

of the more intense scattered radiations provide infor-

mation on level widths. Prominent peaks, associated with

transitions in *uoPb, were observed at 7333.5 ±1.2,

7087.1±4.6, 7063.813.5, 6720.0±2.3, 5919.1+4.2,

5507.4 ±2.9, 5287.9 ± 4.3 and 4840.9 ± 6.8 keV. If these

transitions are from excited states, with spin and parity

JTT = 1±, to the ground state, JTT = 0+, and the branching

ratios are unity, then we estimate their total widths to

be 36±4, 9 ± 3, 15±6, 22±6, 1.8±1, 28±4, 2.0+0.5 and

1.5 ± 0.5 eV respectively.

- + 71 2
3.17 The 15 and 11 Isomeric States in Fr

E.D. Earle et al.

See PR-P-106-.2.6.
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209
3.18 Half-lives and g-factors of Isomeric States in Bi

and 212At

E.D. Earle et al.

See PR-P-106:2.7.

3.19 Half-lives and g-factors in °Po

E.D. Earle et al.

See PR-P-106:2.5.

3.20 Reactor Beam Hole Use

A.D.B. Woods

The fast neutron chopper at hole C2 has been

recommissioned and work is progressing on the y^ay mono-

chromator at Cl, the McGill University ultra-cold neutron

experiment at T3 and the Mci'aster neutron spectrometer at

E3. The neutron spectrometers at E2 (McMaster), C4, C5,

L3 and N5 have been in essentially continuous operation.

The following table summarizes the utilization

of beam hole faci l i t ies :

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

CRNL non-CRNL reactor operating
scientists scientists time used)

E2(McMaster)

C4

C5

L3

N5

1

2

4

3

3

0

6

3

3

3

2

0

3

0

3

90%

95%

90%

80%

Total reactor operating time was 71 days.
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3.2.1 Supply of Semiconductor Spectrometers

I.L. Fowler, H.L. Malm and R.J. Toone

A high purity Ge detector of 15 mm depleted

width was mounted in a dipstick cryostat for electron

spectroscopy at the University of Toronto Linac

(J.W. Knowles). An entrance window of 25 ym Kapton and

10 um Al at 4 5° to the incident beam absorbed 12 kev from
137the 625 keV conversion electrons of Cs, giving an

electron resolution of 5.5 keV (FWHM). A second diode of

5 mm width was mounted in a cryostat modified for direct

mounting onto the magnetic spectrometer at the University

of Toronto for "windowless" electron spectroscopy.

The portable detector cryostat system described

in PR-P-105:3.18, AECL-5121, was delivered to the Reactor

Control Branch and subsequently to the Pickering Generating

Station. A high purity Ge spectrometer of volume 4 cm0

was replaced by a less sensitive 1 cm device for the

Reactor Control Branch.

A 7 mm Si(Li) detector was mounted for Health

Physics for use as a Compton spectrometer.

3.22 Germanium Spectrometers With Internal Junctions

H.L. Malm

A spectrometer diode 3.1 cm in width was made

with a high purity crystal having a junction and a
9 —4

gradient of 5 x10 cm in the net ionized impurity con-

centration. With the crystal junction about 0.4 cm from

the diffused Li contact,the depletion voltage was only

2100 V. Variations in charge collection efficiency in the

volume due to the relatively poor collection of holes

limited the Y~raY resolution of this 30 cm planar spec-

trometer to about 0.4% FWHM, After several cryostat
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wam-ups the leakage current and hence the surface of this

large diode were stable.

3.23 The Effect of Electric Field on Carrier Trapping

:I,L. Malm

By creating the electron-hole pairs near one or

the other contact with a slit collimated y-ray beam, the

collection of electrons and holes can be studied separate-

ly. The induced charge, in terms of a channel number on a

pulse height analyser, is related to the carrier trapping.
137By determining Cs 7-ray peak positions with the use of

the gaussian or modified gaussian fit of the program

JAGSPOT it was possible to calculate trapping lifetimes T

with relative accuracies of about 20%. For both electrons

and holes T increases almost linearly with electric field

F above 1 kV/cm. Below 0.3 kV/cm, T for electrons becomes

constant while T for holes rises as F between 0.2 kV/cm

and 0.8 kV/cm. The behavior at high fields appears to be

consistent with a reduction in the trap cross section for

hot carriers. The increase of trapping lifetimes with

electric field explains why the Y~ray resolution of Ge

detectors improves even at electric fields above that for

which the carrier velocity approaches a constant value.

3.24 Hemispherical Cadmium Telluride Detectors

H.L. Malm

With only single carrier collection it has been

shown (PR-P-104:3.26, AECL-5032) that with a hemispherical

contact configuration good y-ray resolution is possible.

The calculations also predicted that the resolution may be

optimized by the correct choice of contact radii and
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applied voltage. From a crystal for v.'hich the electron

and hole trapping lifetimes T were measured to be
— 6 —8

1.2 x 10 s ana 2.5 x 10 s respectively, a hemispherical

device was fabricated. In agreement with calculations

the resolution was best at 700 V and the peak position

was little affected by changes in voltage. The best ob-

served resolution of 7% (PWHM) was poorer than that calcu-

lated with constant trapping lifetime (3%) because of the

variations in T observed in the crystal. For a crystal

in which the trapping lifetimes were more nearly equal

(-5 * 10 s) and with a negative space charge density of
11 3about 10 /cm no improvement was observed in the y-

spectrum in the hemispherical configuration compared to

the planar configuration. This again agrees with calcu-

lated results for equal trapping lifetimes.

3.25 Surfaces of High Purity Germanium; Influence of the

Bulk Material Upon the Surface Properties of Ge

R.J. Dinger

From practical experience dating back to the

Ge(Li) detector technology it is well known that detectors

made from certain crystals are very difficult to process

so as to obtain a sufficiently good reverse current charac-

teristic. Since in a Ge(Li) device both contacts are

usually very good (the n-contact is a 0.5 mm thick diffused

contact and the p-contact is the remaining part of the

p-doped crystal) these difficulties in processing can only

be attributed to differences in the surface properties of

the detectors due to the different bulk properties of the

crystals used.

Similar observations were made more recently

with de ictors made from high purity Ge, thus eliminating
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the possibility of any influence from the Li drift

process.

A systematic study of the surface condition

just after the usual surface treatment was undertaken

with the M-I-S field-effect transistor technique described

in PR-P-103:3 .19, AECL-4931. The results are summarized

in the table below.

P-Type Crystals

Crys ta l
Mo,

ORF 139-1

ORF 139-2

ORF 139-3

GE 206

GE 1011

Number of
toperiments

10

7

7

2

7

N-Type Crystals

Crys ta l
No.

ORF 135

ORF 145-1

ORF 145-2

GE 1419

Number of
Experiments

2

8

5

p-typss or

strong

0

0

1

1

0

p-type or

strong

0

6

5

0

SURFACE CONDITION
intrinsic

weak

0

1

2

1

0

weak

5

6

2

0

7

SURFACE CONDITION
intrinsic

weak

0

1

0

0

weak

0

1

0

0

n-type

strong

5

0

2

0

0

n-type

strong

2

0

0

•5

ORF: Crystals manufactured at Ontario Research Foundation

GE: Crystals manufactured by General Electric

1,2,3: different slices from the same crystal
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The results of these experiments show that

certain samples produce n-type surfaces after the etch

treatment (e.g. ORF 139-1, ORF 139-2, GE 1011, probably

GE 1419); other samples produce p-type surfaces (ORF 145-1,

ORF 145-2), and a few samples can have either surface con-

dition (e.g. ORF 139-3). It should be mentioned that

ORF 145-1 and ORF 145-2 were adjacent slices; ORF 139-1

and ORF 139-2 were adjacent slices taken at 44% of the

crystal length from the seed L id, and ORF 139-3 was taken

at the relative position of 66% from the same crystal.

These results suggest that the surface condi-

tion observed after the etch treatment is dominated by the

bulk properties of the crystal. There seems to be no

systematic difference between crystals from the two manu-

facturers. The results obtained with different slices

from crystal ORF 139 show that there are considerable

differences between the slices from the center and the

slice taken near the tail end of the crystal. It is

thought that +he electrorically neutral impurities in the

crystals (which are present at the ppm-level) become

electronically active at the surface because of the inter-

action with the etching solution or with the ambient atmosphere,

3.26 Cadmium Telluride Crystal Growth

I.L. Fowler, H.L. Malm, W.J. Woytowich and R.J. Toone

Eight boules of CdTe were grown following the

method described in PR-P-105:3.23, AECL-5121. Excessive

tellurium enrichment of the crystals due to constitutional

supercooling was observed and reduced by increasing the

cooling at one point on the ampoule. Under infrared

microscopic examination the density of tellurium precipi-

tates in the recent crystals was observed to be comparable



with that in crystals grown at Hughes by a similar tech-

nique. Crystal sizes up to 1 cm have been grown but the

crystallinity of the boule is not yet under good control.

To increase the resistivity 6 ppm of In in the

form of a 1 part In to 1000 part Te alloy was added to the

components for the last 4 boules. As a result of this

doping, some regions of the boule were high resistivity

(>10 ohm cm) p type or n type. A portion on one crystal

which was p type was operated as a surface barrier and

particle detector. A peak was observed with a charge

collection efficiency of about 60% for 5.48 MeV a-particles.

3.27 Electronics For Detector Systems

P.H. Keung, W.F. Slater, R.J. Dinger and H.L. Malm

A reed relay and electromagnet switching system,

which enables the operation in a single cryostat of two Ge

spectrometers of different sensitive volumes with a single

charge sensitive preamplifier, was tested. This arrange-

ment avoids long-term precise gain matching problems of

two independent preamplifiers. With encouraging prelimin-

ary tests the design of a cryostat assembly is proceeding.

Work is proceeding on improving the design of

the charge loop of a charge sensitive preamplifier. It is

hoped to develop a simplified circuit which will be suit-

able for cooled field effect transistor systems, and a

smaller volume preamplifier for radiation shielded systems.

A small lightweight high voltage power supply

was developed for portable Ge spectrometer systems. Ad-

vantages include the elimination of ground loop pick-up,

long life, and the use of low cost 15 V batteries.
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3.28 Miscellaneous

R.J. Toone, M.A. Gulick and J.G, Wesanko

Further assistance with the calibration of the

Ge(Li) spectrometer system was given to the Radiation and

Industrial Safety Branch.

Several resistors deposited on alumina were

sectioned for the Accelerator Physics Branch.

Six glassware systems were supplied to General

Chemistry, Physical Chemistry and Chemical Engineering

Branches,

3.29 Publications and Lectures

Publications

TEMPERATURE DEPENDENCE OF THE q =k Q MODE IN RARE-EARTH
METALS UNDERGOING SPIRAL TO CONE MAGNETIC PHASE TRANSITIONS
T.M. Holden, 3.M. Powell and A..D.B. Woods
Proc. Int. Conf. of Magnetism, Vol. V (1973) p. 9

MAGNETIC EXCITATIONS IN Mnn _BZn. -,0F0, Mnn ,,Zn. ,QF
AND Mn 0 > 2 5Zn 0 > ? 5F 2

E.C. Svensson, T.M. Holden, W.J.L. Buyers, R.A. Cowley,
G.J. Coombs and D.A. Jones
Proc. Int. Conf. of Magnetism, Vol. V (1973) p. 567

CORRELATED THERMAL DISPLACEMENTS IN BCC METALS
D.P. Jackson, B.M. Powell and G. Dolling
Phys. Lett. 51A (1975) 87
Atomic Energy of Canada Limited publication AECL-5044

TEMPERATURE DEPENDENCE OF MAGNETIC EXCITATIONS IN Pd3Fe
T.M. Holden
AIP Conf. Proc. No. 24 "Magnetism and Magnetic Materials
- 1975", eds. C D . Graham, G.H. Lander and J.J. Rhyne
(1975) p. 159
Atomic Energy of Canada Limited publication AECL-5153



- 64 -

MAGNETIC EXCITATIONS IN Mn-DOPED CoF2

E.C. Svensson.- S,M. Kim, W.J.L, Buyers, S. Rolandson,
R.A. Cowley and D.A. Jones
AIP Conf, Proc. No. 24 "Magnetism and Magnetic Materials
- 1975", eds. C D . Graham, G.H. Lander and J.J. Rhyne
(1975) p. 161
Atomic Energy of Canada Limited publication AECL-5154

q 1QQ ?ni

RESONANCE NEUTRON CAPTURE IN ' ' Hg
M.A. Lone, E.D. Earle and G.A. Bartholomew
Nucl. Phys. A 2£3 (1975) 413
Atomic Energy of Canada Limited publication AECL-5084

GAMMA-RAY SPECTROSCOPY WITH SINGLE CARRIER COLLECTION
IN HIGH RESISTIVITY SEMICONDUCTORS
H.L. Malm, C. Canali, J.W. Mayer, M.-A. Nicolet,
Z.R. Zanio and W. Akutagawa
Appl. Phys. Lett. 26 (1975) 344

Lectures

LATTICE DYNAMICS OF TELLURIUM
P. Martel and B.M. Powell
A.P.S. Meeting in Denver, Colorado
31 March - 3 April, 1975

MAGNETIC PHASE TRANSITIONS AND SOFT MODES
W.J.L. Buyers
Argonne National Laboratory, Argonne, Illinois
April 24, 1975

POSITRONIUM-SURFACE BINDING IN THE PORES OF VYCOR GLASS
S.M. Kim, W.J.L. Buyers and V. Novotny
A.P.S. Spring Meeting, Washington, D.C.
28 April - 1 May, 1975

PHONONS IN DEUTERATED BENZENE
B.M. Powell, G. Dolling and H, Bonadeo
NSF Symposium on Neutron Scattering in Chemistry, Boston
May 26-28, 1975
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The following papers were presented at the C.A.P. Congress
in Toronto, June 9-12, 1975:

DYNAMIC STRUCTURE FACTOR OF LIQUID HELIUM I
A.D.B. Woods, E.C. Svensson and P. Martel

SPIN WAVES IN RbCoF3
W.J.L. Buyers, E.C. Svensson and T.M. Holden

MAGNETIC PHASE TRANSITIONS IN SINGLET GROUND
STATE SYSTEMS (invited talk)
T.M. Holden

ANNEALING OF DEFORMED COPPER BY POSITRON
ANNIHILATION
S.M. Kim, W.J.L. Buyers and B.T.A. McKee

HIGH PURITY GERMANIUM DETECTORS WITH INTERNAL
JUNCTIONS
H.L. Malm

Four invited talks on "Neutron Scattering and Molecular
Crystals" were presented by G. Dolling:

- at KFA, Jlilich (October 1974)

- at AERE, Harxvell (January 1975)

- at I.L.L., Grenoble (January 1975)

- at Istituto di Chimica delle Macromolecole
del C.N.R., Milan (May 1975)

EFFECT OF EVAPORATED DIELECTRIC MATERIALS ON THE SURFACE
OF HIGH PURITY GERMANIUM
R.J. Dinger
147th Meeting of Electrochemical Society, Toronto
May 11-16, 1975
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THEORETICAL PHYSICS BRANCH

G.E. Lee-Whiting

4.1 Staff

4.2 Time Behaviour of the Response of Fluoride Electrodes

4.3 Slow-Neutron Scattering in Liquid He

4.4 Penetration of Heavy Ions in Solids

4.5 Collective Renormalization in the Spherical Shell Model

4.6 Superallowed 0 + •* 0+ Nuclear 3-decays and Cabibbo
Universality

4.7 Does the Cabibbo Angle Sometimes Vanish in Nuclear
S-decay?

4.8 Doubly Radiative np Capture

4.9 Monte Carlo Calculations of Multiple-Compton-Scattering
between Two Nal Detectors

4.10 Extraction of Nuclear Form Factors in Inelastic
Electron Scattering

4.11 Exact Electron Kernel in Inelastic Electron Scattering

4.12 The Dynamic Susceptibility of Liquid 3He

4.13 Diffusion of Hydrogen in a Stressed Cracked Medium

4.14 Publications, Reports, and Lectures
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4.1 Staff

Branch Head: G.E. Lee-Whiting

M. Harvey
F.C. Khanna
S.A. Kushneriuk
H.C. Lee
V.F. Sears
I.S. Towner
K.B. Winterbon

Summer Staff

D. Bernard 1)

Secretarial Staff

M.E. Carey

1) Summer Student; joined branch on May 12,
University of Saskatchewan.

1975 from
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4 .2 Tirr.e. Behavlour of the Response of Fluoride Electrodes

S.A. Kushncriuk

Commercial fluoride electrodes are used to

measure fluoride concentrations in solutions. The measure-

ments are. reasonably reliable and rapid in a limited range

of fluoride concentrations. As the concentration is

decreased tne time required for the detector to reach an

equilibrium response increases, becoming of the order of

hours at very low concentrations. At the low concentra-

tions the accuracy of the determination of the concentration

is also uncertain.

With the hope of extending the useful detector

range R.C. Hawkings of the General Chemistry Branch has

made measurements of the detailed time-dependence of the

electrode response for a variety of conditions of the

solutions. At his instigation and with his cooperation

attempts are being made to develop a model which simulates

the measured responses. Models which involve diffusion

type mechanisms for the migration of fluoride ions are

currently being investigated.

4.3 Slow-Neutron Scattering in Liquid He

V.F. Sears

The absorption correction that must be applied

to slow-neutron scattering data in strongly absorbing media

such as liquid "He has been calculated. Some properties of

the scattering cross section arising from the presence of

absorption (and of spin correlations in liquid 3He below

0.5 K) have been investigated. These properties include

detailed balance, the static structure factor and the f-sum

rule. An account of this work has been submitted to J. Phys. C.
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4.4 Penetration of Heavy Ions in Solids

K.B. Winterbon

The manuscript of the book of distributions

(see PR-P-103:4.6 (AECL-4931)) has been sent to the

publisher.

Equations have been derived for the depth

distribution of recoiling atoms in a cascade, as a func-

tion of their starting point: F(x,y,E) is the probability

of finding at a depth y+x an atom which started at x, as

a result of an incident particle which started at the

surface with energy E. Such a distribution is of interest

in secondary ion mass spectroraetry, in implantation

through masking layers, and in implantation into compounds,

where stoichiometry may vary with depth as a result of the

implantation. Existing programs are being modified to

calculate this distribution. This work is being done in

collaboration with P. Sigmund, University of Copenhagen.

4.5 Collective Renormalization in the Spherical Shell Model

M. Harvey and I.S. Towner

Work continues on the project of setting up

a computer program to determine (consistently) the collec-

tive renormalization of every operator in a spherical shell

model calculation (PR-P-105:4.5 (AECL-5121)). We have

demonstrated to our satisfaction that the Chalk River com-

putational facilities are adequate to carry out the proposed

program. Preliminary results indicate that the iteration

scheme built into the program may be unstable. If this is

verified by further checks, some modification of the funda-

mental principles (PR-P-104:4.5 (AECL-5032)) will have to

be made.
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4.6 Superallowed 0 * 0* Nuclear 3-decays and Cabibbo Universality

I.S. Towner and J.C. Hardy (Nuclear Physics Branch)

Experimental data for fifteen superallowed

0+ - 0 nuclear B-decays have been shown after the applica-

tion of theoretical electromagnetic corrections, to be

consistent with each other to within 2 parts in 3000. This

constitutes an exacting experimental confirmation of the

CVC hypothesis. The value of the vector coupling constant

established from these data has been compared with muon and

hyperon 3-decays as a test of Cabibbo universality. It has

been shown that universality is possible for certain values

of the mass of the neutral vector boson.

4.7 Does the Cabibbo Angle Sometimes Vanish in Nuclear S-decay?

J.C. Hardy (Nucl. Phys. Branch) and I.S. Towner

See PR-P-106:2.8 (AECL-5226) .

4.8 Doubly Radiative np Capture

H.C. Lee and F.C. Khanna

A letter with this title has been submitted

to Physical Review Letters. The estimated doubly radiative

cross sections for several possible processes are somewhat

different from those previously reported (PR-P~105:4.7 (AECL-

5121)), For the A2 term (A is the vector potential of the

photon field) the upper limit for a is 2 ub; for the
f •* 2 —2

(D*A) term it is 5 * 10 pb when two Ml photons are
emitted, and 10 ub when two El photons are emitted.
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4.9 Monte Carlo Calculations of Multiple-Compton-Scattoring

between Two Nal Detectors

H.C. Lee

In an attempt to find an alternative explana-

tion for the large number of coincident events recorded in

a measurement (W.B. Dress et al., PRL 3^(1975)752) of the

n+p *d+2y (2.22 Mev) cross section, "cross-talk" resulting from

multiple Compton scattering of a single 2.22 Mev photon

was considered. Compton scattering was chosen because it

is responsible for more than 90% of the attenuation of a

2 Mev photon in Nal. A fast Monte Carlo program was

specially written for these calculations. Preliminary

results for one of the geometries used by Dress et al.

suggest that Compton scattering can explain only a few

percent of the reported coincidence rate, but this conclu-

sion is uncertain because of lack of details about the

Dress et al. experiment. Calculations are now being carried

out for the geometries used in recent measurements made

at CRNL - see PR-P-106:3.13 (AECL-5226).

4.10 Extraction of Nuclear Form Factors in Inelastic Electron

Scattering

H.C. Lee, G.E. Lee-Whiting, and F.C. Khanna

This work (portions of which were reported in

PR-P-103:4.9 (AECL-4931), PR-P-104:4.7, 4.8 (AECL-5032) and

PR-P-105:4.8 (AECL-5121)) has reached a satisfactory conclu-

sion; a comprehensive paper is being written. It has been

demonstrated that nuclear form factors can be extracted

from the (e,ef) cross section when the electron kernel is

computed in the second Born approximation. Since more accur-

ate electron kernels differ only quantitatively not
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qualitatively from the second Born approximation, there

is no reason to believe that our extraction algorithm will

not be applicable.

4.11 Exact Electron Kernel in Inelastic Electron Scattering

[i.e. Loe and D. Bernard

A perturbation expansion of the electron

kernel in powers of Zot becomes very difficult to calculate

beyond the Za (or second Born) term. The only feasible

method is a phase-shift analysis. Formally the electron

kernel is expressible in terms of a series of well-known

functions, and this leads to a straightforward method of

calculation. In practise, however, there are difficulties

related to possible slowness of converqence. A computer

program is being written for the calculation of electron

kernels for (e,e'J scattering ; special attention is being

paid to the reduction of sources of slow convergence.

4.12 The Dynamic Susceptibility of Liquid '̂ He

F.C. Khanna and H.R. Glyde (University of Ottawa)

A closed-form expression for the dynamic

susceptibility, X(Q,tu), of a gas of non-interacting

fermions at finite temperature has been derived. Computer

programs have been written to evaluate this expression;

results have been calculated for several temperatures. As

a check on the calculation the real part of X,(Q,w) was evalu-

ated from the Kramers-Kronig relation for the imaginary part

of ,\(Q,u;); the two sets of numbers agree fairly well.

Computer programs are being written to compute

the t-matrix needed for the calculation of the dynamic
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susceptibility of interacting He atoms (see PR-iJ-10r>: 4 . 9

(AECL-5121); programs for calculating the ^xritation spec

trum of liquid He are also being prepared.

4.13 Diffusion of Hydrogen in a Stressed Cracked Medium

G.E. Lee-Whiting (with D.G. Stewart, Math. & Compt. Branch)

As a first step in acquiring some feeling for

the rate of diffusion of hydrogen toward the head of a crack

(in, for example, a CANDU pressure tube) an exceedingly

simplified model has been considered. The crack occupies

the half plane (x < 0, y = 0, ~°° < z •• •*•) in an infinite

(in all three directions) elastic medium stressed parallel

to the y-axis at infinity. Analytic solutions to the differ-

ential equation governing steady-state diffusion in this

simple field of stress have been given by H.W. Liu (J. of

Basic Engineering, Sept. 1970, page 633). The problem is

to find linear combinations of these analytic solutions

which satisfy the boundary conditions. Liu's solutions con

tain two complete sets. By taking combinations three at a

time we have constructed a set of solutions which satisfies

the condition for no flow across the crack. A least squares

fitting computer program has been written for finding

linear combinations of these new solutions which put the

hydrogen concentration into equilibrium with suitably

stressed zirconium hydride on two cylinders (radii R-̂  and R~)

centred' on the z-axis. The inner cylinder represents a

zirconium hydride platelet growing at the head of the crack,

the outer an artificial boundary at which the hydrogen con-

centration may be assumed to be determined by neighbouring

hydride platelets. The computer program is still being

tested.
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Dome effort is being devoted to an attempt

to use the elegant methods of Muskhelishvili (Some basic

piolieirs of the mathematical theory of elasticity, 1953,

Groningen, P. Noordhoff Ltd.) to find the stress field for

a crack of finite depth from a surface of the body

( i.e. -a i x < 0).

4.14 Publications, Reports, and Lectures

Publications

A COMMENT ON BAND SPLITTING IN 2 **Mg
P. Amiot, M. Harvey and H.C. Lee
Phys. Lett. B56(1975)26

THE INCOHERENT NEUTRON SCATTERING LENGTH OF 3He
V.F. Sears and F.C. Khanna
Phys. Lett. 56B(1975)1

THE DISCRETE EIGENVALUE OF THE ANGULAR NEUTRON DENSITY
WITH ANISOTROPIC SCATTERING
E.A. Attia, A.A. Harms, Dept. of Engineering Physics,
McMaster University and S.A. Kushneriuk
Can. J. Phys. 53J1975)825

EXTRACTION OF NUCLEAR FORM FACTOR FROM (e,e') CROSS SECTIONS
H.C. Lee and F.C. Khanna
Contribution to VI Int. Conf. on High Energy Physics and
Nuclear Structure (1975). Eds. R. Mischke, C. Hargrove,
and C. Hoffman, p.2>33

NUCLEAR TRANSITION FORM FACTOR AND TRANSITION DENSITY IN
INELASTIC ELECTRON SCATTERING
H.C. Lee and F.C. Khanna
Contribution to VI Int. Conf. on High Energy Physics and
Nuclear Structure (1975). Eds. R. Mischeke, C. Hargrove,
and C. Hoffman, p.283

Reports

NUCLEAR CHARGE, CONVECTION CURRENT AND MAGNETIZATION
CURRENT DENSITIES
H.C. Lee
AECL-4839, Feb. 1975
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Lectures

DOUBLY RADIATIVE np CAPTURE
H.C. Lee
University of California, L.A., June 15, 1975

EXTRACTION OF NUCLEAR FORM FACTORS IN INELASTIC ELECTRON
SCATTERING
H.C. Lee, F.C. Khanna, and G.E. Lee-Whiting
American Physical Society, Washington, D.C., 28 April-1 May,

MANY NUCLEON CORRELATIONS IN LIGHT NUCLEI
M. Harvey
Invited Talk, Maryland Conference on Cluster Correlations
in Nuclei, April 21-25, 1975

EQUIVALENCE OF DEFORMED HARTREE-FOCK (HF) AND THE RENORMA-
LISED SPHERICAL SHELL MODEL (SSM) IN THE INTRINSIC FRAME
FOR A SCHEMATIC HAMILTONIAN (I)
M. Harvey

EQUIVALENCE OF DEFORMED HARTREE-FOCK (HF) AND THE RENORMA-
LISED SPHERICAL SHELL MODEL (SSM) IN THE PROJECTED FRAME
FOR 20Ne (II)
M. Harvey and II. C. Lee

RENORMALISATION FOR COLLECTIVE MOTION IN THE SPHERICAL SHELL
MODEL (SSM) (III)
M. Harvey

APPLICATION OF COLLECTIVE RENORMALISATION IN THE SPHERICAL
SHELL MODEL (SSM) (IV)
M. Harvey and I.S. Towner

(I) - (IV) - Contributions to the International Topical
Conference on Effective Interactions and Operators in Nuclei
Tucson, Arizona, June 2-6, 1975
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MATHEMATICS AND COMPUTATION BRANCH

D. McPherson

5. I Staff

.2 Operating Systems and Programming Languages
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5. 4 Simulation Programs
r < . 5 The TRUMP Heat Transmission Program

5.6 Review of Gas Dispersal System

5.7 The Wigner Solid

5.M TIDY
r>.9 Data Reduction Programs

5.1.0 Miscellaneous Programs

5.11 Operations
r>-12 wii fusion o\ ilvdrouen in a Stressed Cracked Medium

••: Publications, Reports and Lectures
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5.1 Staff

Branch Head:

Section I: Systems

Head:
D. McPherson

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

Programmer:
Mrs. E.A. Okazaki

Computer Operator:
Miss M.D. Howard

Section I I : Operations

Head:
G.N. Williams

Programmer/Analyst:
B.B. Ostrom

Programmer:
CD. Price

Operator Supervisor:
Mrs. V.L. Tomlinson

D. McPherson

Computer
Miss K
Mrs. L
Mrs. L
Miss M
Miss K
Mrs. C
Mrs. A
Mrs. B
Mrs. T
Mi ss M
Mrs. N
Miss J

Operators:
.M. Bjarbo
.E. Caissie
.P.L. Cybulski
.E. Edwards
.M. Farnsworth (1)
.M. Hepburn
.A. Laroche
.A. Payette
. Spear
.S.L. Walsh (2)
.M. Ward
.P. Wong (3)

Section III: Mathematical
Services and Applications

Head:
J.M. Blair

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

Pr -rammer/Analysts:
M.B. Carver
Mrs. L.E. Evans
P.Y. Wong

Programmers:
K.R. ChaDlin
Miss C.A. Edwards (4)
E.G. Long
Miss J.E. Mulvihill ir>)
B.V. Riff
D.E. Smith (6)
D.G. Stewart
J. Wendorf (7)
Mrs. L. Yamazaki (8)

Secretarial Staff

Mrs. K.F. Barnard
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(1) Transferred to Electronics- Instrumentation & Control
Division, 2 June 1975.

(2) Summer student from Fellows High School, Pembroke,
joined branch 9 June 1975.

(3) Summer student from University of Toronto; joined
branch 15 May 1975.

(4) Waterloo student, terminated 25 April 1975.
(5) Summer student from Carleton University; joined

branch 5 May 19 75.
(6) Summer student from University of British Columbia;

joined branch 5 May 19 75.
(7) Waterloo student; joined branch 28 April 1975.
(8) Terminated 25 April 1975.
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Operating Systems and Programming Languages

(i) CDC 6600 System

(a) Field Length Management

L.D. Hansen

Field length management (i.e. dynamic control of

the amount of memory assigned to an executing program) in

the current system was investigated and modifications

designed to alleviate inconveniences and inconsistencies.

The implementation, which involves code changes and addi-

tions in many parts of the system, is currently beina ti-stod

(b) Job Recovery after Errors

C.J. Tanner

CDC corrections have been incorporated into the

system to eliminate a long-standing fault in the error

recovery provided by an EXIT control card or the use of the

system routine RECOVR. If an error occurs in a program and

an EXIT card is encountered or RECOVR has been called, the

CP and 10 time limits will be increased, if necessary, to

allow the program a reasonable amount of time to complete

error processing. Each time limit will be increased only

once.

(c) Investigation of FORTRAN
List-Directed Input and Output

J.W. Wendorf

"List-directed I/O" is a type of format-free

input (or output) where decoding/encoding and number con-

version is controlled implicitly by the data itself and

the type of variables appearing in the I/O list of an in-

put or output statement rather than the rules specified by

a rigidly defined format statement.
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An investigation of problems in CDC's FORTRAN

Extended list-directed I/O routines was made and a report

describing the problems prepared. The report also includes

suggestions for avoiding the difficulties, and a better

explanation of the use of the routines than is given in the

FORTRAN Extended Reference Manual.

(d) FORTRAN Library

(1) PLOT

C.J. Tanner

The subroutine PLOT has been re-written in SYMPL

(an ALGOL-like language). The new version produces a more

efficient file than the old version, and the use of a high-

level language instead of the COMPASS assembly language per-

mits easier maintenance and modification.

A new call to PLOT, allowing for the specification

of the coordinates of the start of a line of text in inches

rather than scaled units, was added.

A version of PLOT which can be used on a CDC 7600

was prepared for Power Projects.

(2) Plotting Routines

J.W. Wendorf and L.E. Evans

A set of routines providing general log-log and

semi-log plotting capabilitiy have been written for inclu-

sion in the FORTRAN library. These routines are analogous

to PLOT and are called with the same argument list. The

programmer now can specify the type of plot wanted by cal-

ling the appropriate plotting routine as defined in the

following table:
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Routine

PLOT

PLOGY

PLOGX

PLOGXY

x-Axis

linear

linear

log

log

y-Axis

linear

log

linear

log

Logarithms of data are calculated as required

before plotting is done and calibration marks on rhe- axrs ,uc

tailored.to the type of plot.

Also, a set of axis-labelling routines has been

written, one such routine for each of the above types of plots.

Axis titles and numeric labels For calibration marks aro pro-
vided via formats specified in the calls to the routines.

(3) DUBLINT

K.R. Chaplin

A new version of this double integration sub-

routine which runs more quickly was written and is now in

the system library. The logic was reorganized so that one

test case required only one-third the time used in the original

routine.

(4) Library Additions and Deletions

L. Yamazaki and L.E. Evans

The non-linear least squares fitting routine,

FUNLSQQ, and the polynomial fitting program, FITS, have

been removed from the system since they were rendered

obsolete by the routines LSQQ (PR-P-101, 5.10(iii), AECL-

4773), and POLFIT (PR-P-103, 5.2 (i) (a) (1) , AECL-4931)

respectively.

Revision B to "FORTRAN Library Routines for the

CDC 6600 Computer at CRNL", CRNL-486, was prepared to docu-

ment changes made to the library ever the past six months.
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(e) IMSL Subroutine Library Usage

L.E. Evans and J.M. Blair

Six more library manuals have been obtained and

distributed to terminal supervisors and other users, and

a short report describing the library and its contents has

been issued. The library usage is increasing, from an

average of 12 times per day in May to 21 times per day in

the first half of June. The most heavily used routine is

RLSTEP, for multiple regression, but other routines for

numerical integration, data smoothing, statistical functions,

and linear equations are also hfing used.

(f) PASCAL

B.V. Riff

Updates to the PASCAL compiler received from the

University of Colorado have been tested and installed.

(ii) CDC 3300

(a) Revised 6600-3300 Communication System

E.A. Okazaki and D. McPherson

Extensions to the protocol governinq the exchanges

between the 6600 and the 3300 have been made to improve the

insulation of each system against catastrophic failure of

the other. At the same time an "idle-down" mode has been

added to the 3300 to allow for a graceful dis-engagement of

the two systems. Revisions to both the basic communication

routines and the modules which use them have been made to

provide automatic re-start of tasks interrupted by a 6600

failure, with a variety of methods of re-starting available

for different types of tasks.
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(h) Revised Job Card for 3 300 Utility Programs

E.A. Okazaki

The format of the job card required to run one

of the 3300 utility programs (listing, card-duplicating,

scanning of magnetic tapes, etc.) has been changed to con-

form with the style of job card used for 6600 programs.

Until now the utility programs continued to require the now-

obsolete G-20 form.

(c) Remote Job Entry System

J.F. Steljes and E.A. Okazaki

A new feature added to the RJE terminal system

allows a terminal operator to notify the system that the

terminal is "unattended", and during unattended operation

print files are not evicted at the conclusion of output,

but retained so that they may be re-transmitted in the event

that a printer mal-function has occurred.

Two new RJE terminals have begun operation: A

CDC 200 User Terminal (formerly at WNRE) is currently being

used in Bldg. 508 and will move to Personnel Branch after

the printer has been re-furbished by CDC, and a Datapoint

2200 system is being operated by Finance Branch.

(d) Keyboard Terminal System

(1) Log-In Protocol

J.F. Steljes

The protocol for dial-up access has now been

developed. When the telephone connection is made, the

system requests entry of a password, which, if valid, per-

mits the assignment of a terminal identifier and allows

the user access to the system. An accidental disconnect
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during a terminal session can occur; if the same password

is entered after re-connection, the session continues fiom

the point at which it was interrupted. If a different

password is entered - indicating a different user has

dialed in - complete files belonging to the first user

are closed, incomplete files are erased, and the new user

can proceed.

(2) Commercial Products Terminal

G.N. Williams

A Texas Instruments Silent 700 Keyboard Terminal

is being used by Commercial Products, South March, for

dial-in access to the Computing Centre.

(iii) DECsystem-10 (PDP-10)

J.A. Edgecombe

(a) Monitor

Work was done on the inter-job communications

facility (IPCF) in the monitor to get it functioning

adequately in our environment. Extra capabilities were

added and errors in Digital's release were removed.

(b) Local Hardware Drivers

The local hardware drivers are being modified

to use IPCF, as this method is much faster than the

method previously used to pass data between jobs.
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5.3 Perch Lake Study

W.N. Selander

This work has been revised to include the

assumption of an aerodynamically smooth lake surface,

using the equation for the velocity profile

u(z) = £*• S,n{9u*z/v)

where uA is the "friction velocity", k is Karman's constant,

and v is the kinematic viscosity of air. The use of this

formula has improved the correlation of u* with the one-

meter wind speed, and has reduced the amount of scatter in

the predicted tritium densities.

A final report has been issued as part of the

Perch Lake Evaporation Study Workshop/Symposium Proceedings,

AECL-5041.

5.4 Simulation Programs

(i) BHWP Dynamic Simulation

P.Y. Wong and W.A. Wolfe (Special Projects
Division)

This task has now been completed. A final report

is given in unpublished report HWP-GS-R-73. We concluded:

(a) The BHWP first-stage tower extraction, as well as the

D_-profile, are sensitive to feed water perturbations.

This sensitivity may be characterized by a major res-

ponse time (MRT), defined as the time required for the

D2-concentration to complete a major response to a

perturbation. For small (2%) and large (15%) perturba-

tions, the MRT are approximately one and two hours

respectively.
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(b) A production loss, approximately 2.4 2 kg D_0 per

eight-hour period per enriching unit, may be account-

able if a 2% feed water perturbation is allowed un-

checked; a large part of this loss may be recovered

if adequate flow adjustment is made. For large per-

turbation (15%), a loss of 30% may be experienced.

(c) For flow control, the practice of sampling mid-column

concentrations (MCR) every eight hours is quite inade-

quate. MCR is a sensitive indicator for flow varia-

tions but to use MCR effectively, samples should be

taken every hour or better so that flow adjustment,

if necessary, can be made to minimize production loss.

(d) A system of on-line automatic control of feed water

flow rate should be developed. Such a control scheme

may be driven by the mid-column concentration differ-

ances, sampled by on-line analysers.

The computer code, STAGE/2, for studying the

dynamic performance of a two-stage GS enriching unit has

been documented (unpublished report HWP-GS-R-75). This

code should provide a base for studying other GS units

with a different flowsheet.

(ii) General Electric Fluid Dynamic
Simulation Program (HAWK)

P.Y. Wong and W.A. Wolfe {Special Projects Division)

Further tests on this program (unpublished report

PR-HWP-GS-3; 1.2.2) have been made to check the fluid

dynamics between HAWK and the CRNL code STAGE/2 •. Under a

non-foaming situation, the two codes agreed reasonably

well in tray heads and downcomer heads. . Water entrainment

and dumping are not treated in STAGE/2 but the HAWK result

indicated that these two terms are not significant, approx-

imately 1% and 0.04% respectively. The transient time con-

stant for the water flow could not be established from HAWK
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because the program failed to work from one steady state to

another under a non-foaming situation, but a separate analysi

using HAWK's equations showed that the apparent time to chan>.:

from one steady state to another for the first 26 trays was

about two minutes. This is somewhat lower than the STAGE/2

result which gave approximately 15 minutes for a similar

transition from the top of cold tower to the bottom of hot

tower.

(iii) Simulation and Related Numerical Analysis

(a) Integration Algorithms

M.B. Carver and D.G. Stewart

Two further highly recommended integration

algorithms, the extrapolation method of Bulirsch-Stoer

and the fully implicit method of Sloate, have been in-

corporated in FORSIM and are currently undergoing per-

formance tests.

(b) Differentiation

M.B. Carver

Routines to directly evaluate third and fourth

derivatives of a tabular function have been written to

permit more accurate simulation of fourth order PDE's.

(c) IMSL Subroutine DREBS

D.G. Stewart

The IMSL Library subroutine DREBS, a differential

equation solver using the Bulirsch-Stoer method, was in-

corporated into FORSIM for testing and comparison. Of the

several examples tested, it was found that although the

answers were similar, DREBS seemed slower than most of the-

me thods already in FORSIM.



- 88 -

(iv) FORSIM Applications

M.B. Carver

New projects involving FORSIM include the fol-

lowing simulations:

(a) ODE's to obtain the numerical solution of the Dirac

equation in radial coordinates (with P. Lee, Theoretical

Physics Branch).

(b) PDE's describing non-linear vibration programs (with

M.J. Pettigrew, Engineering Research Branch, and

D. Gorman, University of Ottawa).

5.5 The TRUMP Heat Transmission Program

D.G. Stewart and M.B. Carver

Several modifications were made to TRUMP as sug-

gested in a memo from A.W.L. Segel (Fuel Engineering Branch).

The number of nodes were increased from 300 to 500 with an

increase in the external connections from 700 to 1300. The

code for chemical reaction or flow was removed. A correc-

tion was made to prevent termination by a false steady-state

condition close to initial time.

A special version of TRUMP was made for L.R. Bourque

(Fuel Materials Branch) which included the above changes plus

a special output section and punched cards of the final

temperatures.

TRUMP also was used for further analysis of fuel

shipping casks involved in a fire accident (with W.R. Taylor,

Civil and Mechanical Design Branch).

5.6 Review of Gas Dispersal System

W.N. Selander

See unpublished report FR-KWP-GS-4; 3.3.
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5.7 The Wigner Solid

G.H. Keech an'"' H. Glyde (University of Ottawa)

The work described in PR-P-104, 5.7, AECL-5121

is continuing. A new calculation of the self-consistent

harmonic force constants is in progress. The radial

numerical integrations are now written in q-space. The

model is being verified by considering a limiting case

of the Kugler approximation. Work is being done on

improving the stability of the two-dimensional numerical

integrations.

5.8 TIDY

G.H. Keech

Some extensions have been made to the SNOBOL

program TIDY described in PR-P-103, 5.8, AECL-4931. TIDY

now left-adjusts all statements, except COMMON and DATA

statements and their continuation cards, before creating

its indented structured output. This clears out previous

partly indented structures. Further, TIDY is careful now

not to break any alphanumeric strings "in the middle" when

proceeding onto continuation cards. This mid-word break

in column 72 rarely occurred in practice and caused no

problem with the FORTRAN rmpiler, but the improved neatness

is in line with TIDY philosophy.

An option has been added to permit users to col-

lect FORMAT statements at the end of routines.

5.9 Data Reduction Programs

(i) Multiple Linear Regression to a Polynomial
in Several Independent Variables

L.E. Evans and D.E. Smith

The use of the IMSL stepwise regression routine,

RLSTEP, to solve the general problem of multiple linear

regression to a polynomial in more than one independent
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variable discussed previously (PR-P-105, 5.11(i), AECL-5121)

has been continued and expanded.

The direct use of RLSTEP is rather awkward for

this general problem since:

(a) The data to be fitted must be presented to RLSTEP in

the form of a corrected sums of squares and cross

products matrix.

(b) The calculation of the constant term in the fit and

the fitted values of the dependent variable are left

to the user.

(c) Often the polynomial required for fitting is most

easily described by specifying its highest degree.

A set of routines has been written, designed to

facilitate the use of RLSTEP for fitting to a polynomial.

The most general of these routines requires the user to

specify only the data values for the dependent and inde~

pendent variables and the highest degree of the polynomial

to be used for the fit. Another routine, POLREG, fits to

an arbitrary polynomial specified by the user. Other low-

level utility routines are also available for users who

wish to call RLSTEP directly. All of these routines will

be installed in the FORTRAN library at some future date.

Using the above routines, some fits have been

done, for J.F. Atherley of Chemical Engineering Branch,

to find a polynomial expression in temperature and pres-

sure for che overall distribution constant of deuterium

hydrogen exchange. Until this time, a polynomial of

highest degree 8, containing 25 terms, was being used in a

general property routine for heavy water simulations. The

stepwise regression algorithm of RLSTEP has produced a

better fit to the data (in terms of percent error in fitted

values) with a polynomial of only 6 terms with highest

degree 3. Similar work on other properties is now being

done by J.P. Atherley.



- 91 -

(ii) Analysis of Stress Relaxation Data

J.M. Blair and B.V. Riff

As noted in PR-P-105, 5.11(iv), AECL-5121, the

analysis requires numerical derivatives of a table of stress-

time data. Several methods of numerical differentiation o.:

inexact data are being investigated, since no reliable gen-

eral method appears to exist. The methods, which involve

fitting a smooth curve to the data and differentiating the

smoothed curve, are (i) Reinsch's algorithm, which fits

natural cubic splines and minimizes the total curvature,

(ii) an algorithm of de Boor and Rice which fits a variable

number of cubic splines by least squares, (iii) polynomial

stepwise regression. The methods have been applied to e x

for x = 0.00, .01, .02, 0.03, ..., 1.00, and to e for

x = -1.00, -0.99, -.98, -.97, ..., 1.00, where at each

argument a normally distributed random number with variance

a has been added to the function. Values of .05 and .005

were used for a.

The tests are not yet complete so a definite con-

clusion cannot be drawn, but it appears that method (iii)

is the most reliable.

(iii) Automation of Emission Spectrography Calculations

E.G. Long and J.M. Blair

The program now uses the (photographic) emulsion

calibrations (see PR-P-105, 5.11(vi), AECL-5121) and con-

trol samples, in which the concentrations of a particular

element in each is known to produce "Analytical Working

Curves" that express concentration as a function of inten-

sity. The concentration of an element within a sample sub-

mitted for analysis can then be determined by the program.
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(iv) Forecast Plots of Specific Activity
of Isotope Production Rods

B.V. Riff and L.C. Ault (Nuclear Materials Control
Branch)

A program has been written to read the current

specific activity of a radioactive isotope production rod,

the monthly change in the activity and the target value,

to plot an eight-monthly forecast of specific activity

and predict an expected removal date from the reactor. The

program will be run monthly to produce a plot for each

isotope production rod.

(v) Charged Particle Activation Analysis Program

B.V. Riff and D. Santry (Solid State Science
Branch)

An IBM FORTRAN program to perform charged particle

activation analysis has been obtained from Dr. H. Mvinzel, Inst.

f. Radiochemie, Karlsruhe, Germany, and adapted to run on the

CDC 6600. Given measured excitation functions, half-lives of

products, and branching ratios as data, the program computes

the optimum time and energy range for experimental observations,

and the tolerable limits of impurities.

The program is not reproducing exactly the results of

a test case, and the difference is currently being investigated.

(vi) Analysis of Bent-Beam Type
Stress Relaxation Specimens

B.V. Riff, J.M. Blair and K. Askey (Design and
Technical Services Branch)

The data acquisition system described in unpub-

lished report CRNL-1306 measures the coordinates of points

on stress relaxation specimens and records them on paper

tape. A FORTRAN program has been written to read the paper

taps and compute the radius of curvature by fitting a least

squares circle to the data points. A method of detecting

outliers in the data is also being developed. The computed
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radius of curvature is used to calculate the residual stress

in the specimen, and hence to predict the creep rate.

5.10 Miscellaneous Programs

(i) Magnetic Field Due to Saturated Iron

K.R. Chaplin

A program for Accelerator Physics Branch was

written to help in the design of iron poles for the Super-

conducting Cyclotron. The Gaussian Quadrature method for

double integrals is used to integrate over the pole surfaces

which contain magnetic charge as determined by the elec-

trostatic approximation. This program was written to replace

the program MAGHILL which runs slower in all situations and

cannot easily handle complicated iron pole shapes.

Work is continuing upon subroutines that will

determine how to create the necessary field in the midplane

of the Superconducting Cyclotron by manipulating coil cur-

rents and trim rods. When completed, this program will

determine the currents necessary and the heights of the

trim rods.

(ii) GFUN Magnet Design Program

J.W. Wendorf

The graphical output statements in the GFUN

magnet design program, obtained from CERN by E. Heighway

of Accelerator Physics, were replaced by calls of the

CRNL plot routines.

(iii) Regression Analysis

M.B. Carver and D.G. Stewart

The REGAL program which performs least squares

fit and regression analysis between a dependent and several

independent variables has been translated from APEX into

FORTRAN.
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(iv) UNDWCK

G.H, Keech and R. Kozub (Queen's University)

Modifications required to enable the nuclear

physics code UNDWCK to run on the CDC 6600 have been

completed and test cases correctly executed,

5.11 Operations

(i) User's Guide

L.E. Evans

A new brochure, "A Quick Guide to CRNL's Computing

Centre" was compiled to provide a convenient document for

introducing new users to the Computing Centre. Topics dis-

cussed include the hardware, programming languages, programs

and subroutine libraries, job submission and retrieval and

Computing Centre services.

(ii) Manual Updating

L.D. Hansen

The CDC SCOPE Reference Manual was updated to

reflect local system modifications. Footnotes were added

to existing pages where applicable and the PDP-10 editor

and text justification programs were used to produce much

of the update.

5-12 Diffusion of Hydrogen in a Stressed Cracked Medium

D.G. Stewart and G.E. Lee-Whiting (Theoretical Physics Branch)

See PR-P-106, 4.13; AECL-5226.
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(iii) Computer Use by Division

The following table is an analysis of the 70,609

jobs processed during the quarter.
Utilization,

Number of Jobs System Seconds

Computing Centre 9,978 (14.13%) 84,968.03 (4.69%)

Commercial Products 191 (0.27%) 8,990.13 (0.50%)

Power Projects 9,321 (13.20%) 429,610.31 (23.69%)

WNRE 3,825 (5.42%) 285,286.72 (15.73%)

Technical Information 462 (0.65%) 5,424.2?, (0.30%)
& University Relations

Biology & Health Physics 2,138 (3.03%) 46,518.92 (2.57%)

Chemistry & Materials 2,217 (3.14%) 54,997.20 (3.03%)

Physics 7,453 (10.56%) 212,522.58 (11.72%)

Electronics, Instrument- 517 (G.73%) 8,451.14 (0.47%)
ation & Control

Advanced Projects & 11,219 (15.89%) 338,323.08 (18.66%)
Reactor Physics

Fuels & Materials

Administration

Medical

Finance

Operations

Maintenance &
Construction

General Services

Plant Design

Special Projects

Others

12

2

4

2

,230

891

88

,16 7

,047

9

92

846

,821

97

(17.32%)

(1.26%)

(0.12%)

(3.07%)

(5.73%)

(0.01%)

(0.13%)

(1.20%)

(4.00%)

(0.14%)

186,361.37

6,773.66

210.28

28,654.77

71,818.66

14.23

188.07

9,5^8.61

33,546.73

947.41

1,813,206.14

(10.28%)

(0.37%)

(0.01%)

(1.58%)

(3.96%)

(0.00%)

(0.01%)

(0.53%)

(1.85%)

(0.05%)
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5.13 Publications, Reports and LectUi.es

Publications

COMPUTING CENTRE NEWSLETTER, Vol. 2, Nos. 4, 5, 6
Editor: L.E. Evans

THEORETICAL MODELLING OF PERCH LAKE WIND AND TIRITIUM PROFILES
W.N. Selander
Perch Lake Evaporation Study Symposium/Workshop, CRNL
9-1.1. December 1974; Proceedings published as AECL-5041,

SOLUTION OF REACTOR KINETICS PROBLEMS USING SPARSE MATRIX
TECHNIQUES IN FORSIM: PART 1: INTEGRATION OF LARGE SETS OF
STIFF ORDINARY DIFFERENTIAL EQUATIONS
M.B. Carver
1975 Simulation Symposium on Reactor Dymamics and Plant
Control, CRNL, 26-27 May 1975.
Also published as AECL-5177.

METHOD OF LINES SOLUTION OF THE CONSERVATION EQUATIONS
M.B. Carver
1975 Simulation Symposium on Reactor Dynamics and Plant
Control, CRNL, 26-27 May 1975.
Also published as AECL-5177.

Unpublished internal Reports

Revision Package B to FORTRAN LIBRARY ROUTINES FOR THE CDC
6600 COMPUTER AT CRNL
L. Yamazaki
CRNL-486, June 1975.

THE IMSL MATHEMATICAL AND STATISTIC"!, T'OPTRAN SUBROUTINE
LIBRARY
J.M. Blair
CRNL-1313, May 1975

Lectures

THE FORSIM SYSTEM FOR AUTOMATED SOLUTION OF SETS OF IMPLICITLY
COUPLED PARTIAL DIFFERENTIAL EQUATIONS
M.B. Carver
Invited Paper at International Association for Analog
Computation Symposium on Computer Methods for Partial
Differential Equations, Lenigh University, Bethlehem,
Pennsylvania, June 1975; presented by A.P. Baudouin
(Applied Mathematics Branch).



- 97 -

THE SOLUTION OF ID REACTOR KINETICS PROBLEMS BY THE METHOD
OF LINES COMBINED WITH AN ODE INTEGRATOR FOR STIFF EQUATIONS
A.P. Baudouin (Applied Mathematics Branch) and M.B. Carver
Presented by A.P. Baudouin at International Association
for Analog Computation Symposium on Computer Methods for
Partial Differential Equations, Lehigh University, Bethlehem,
Pennsylvania, June 1975. Also presented by M.B. Carver
at Simulation '75, Zurich, Switzerland, 23-26 June 1375.

SIMULATION PACKAGES FOR THE SOLUTION OF PARTIAL DIFFERENTIAL
EQUATION SYSTEMS
M.B. Carver
Invited Lecture, Short Course, Simulation '75
Zurich, Switzerland, 23-26 June 1975.

THE CHOICE OF DISCRETIZATION FORMULAE IN AUTOMATED METHOD
OF LINES SOLUTION OF PARTIAL DIFFERENTIAL EQUATIONS
M.B. CArver
Presented at Simulation '75, Zurich, Switzerland
23-26 June 1975.

FORTRAN IV FOR THE CDC 6600
J.M. Blair
Algonquin College Continuing Adult Education Course
February to June 19 75, CRNL

COBOL
C D . Price
Algonquin College Continuing Adult Education Course
11 March to 24 June 1975, CRNL

SPECIAL INTEREST LECUTRE ON COMPUTING CENTRE HARDWARE
AND OPERATING SYSTEMS
D. McPherson
17 and 24 June 1975, CRNL
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P.R. Tunnicliffe
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6.2.2 Electron Test Accelerator
6.2.3 Fertile-to-fissile conversion Experiments

at TRIUMF

6.3 Research Applications

6.3.1 Fast intense Neutron Source (FINS)
6.3.2 Heavy-ion superconducting Cyclotron
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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 and Lectures
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Staff

BRANCH HEAD: P.R. Tunnicliffe

Professional Staff Technical Staff

C.B. Bigham
J.C. Brown
B.G. Chidley
*W.T. Diamond
J.S. Praser
L.W. Funk
E.A• He ighway
J.D. Hepburn
S.B. Hodge
C.R.J. Hoffmann
J.A. Hulbert
R.M. Hutcheon

J. McKeown
G.E- McMichael
L.D. Molson (1)
J.H. Ormrod
H.R. Schneider
S.O. Schriber
*M.R. Shubaly

J. Ungrin

Mechanical

J.E. Anderchek
R.J. Bakewell
R.J. Kelly

Laboratory Services

J.H. Hewitt
J.J. Murphy

Secretarial Staff

Mrs. J.R.H. Bowes (6)
Mrs. M.A. Trecartin (7)

B.
R.
L.
H.
M.
K.
L.
B.
K.
A.
J.
S.
M.
P.
W.
G.
R.
A.

Laboratory

N.I.G.

J. Ardiel (2)
T.F. Bird
F. Birney
F. Campbell
R. Cox
A. Dobbs
E. Geoffrey
A. Gillies ;3)
J. Hohban
B. Hood
C. Jones
H. Kidner
J. Kropar (4)
J. Metivier
L. Michel
S. Poirier
A. Vokes
E. Weeden

, Labrie
D.W. Warren
J.F. Weaver

Summer visitor

D. Diehl (5)

Summer Students

D
P
J
R
R

.M.F. Chapman (8)

.D. Lefebvre (9)

.T. Mowchenko (10)

.J. Rahn (11)

.J. Tront (12)
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* NRC Post Doctorate Fellow
(1) Attached from commercial Products, South March.
(2) Joined Branch 2 June 197 5.
(3) Joined Branch 2 June 197 5.
(4) Waterloo student, arrived 12 May 1975.
(5) Summer Visitor from McMaster University, arrived

5 May 197 5,
(6) Transferred to Nuclear physics Branch, 12 June 1975.
(7) Transferred from Nuclear Physics Branch, 4 June 197 5,
(8) Joined Branch 5 May 197 5.
(9) joined Branch 5 May 1975.

(10) Joined Branch 28 April 197 5.
(11) joined Branch 1 May 1975.
(12) Joined Branch 5 May 1975.
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6.2 NUCLFAR POWER APPLICATIONS

6.2.1 High current Test Facility

B.G. Chidley

This experimental 3 Mev 100% duty factor proton

accelerator is intended to study problems which may be

encountered in the initial section of a spallation neutron

factory based on a linear accelerator.

a) injector

j. Ungrin and M. Shubaly

The 45 switching magnet and all components of

the 45 beam line have been installed and a 5 mA proton

beam has been successfully transported to the low current

beam dump located at the entrance to the second bending

magnet vacuum chamber.

,« ~ -. ». — * - - During initial operation the high-power-density

beam sweeping across the vacuum chamber during the

switching time (0.1 - 0.5 s) punctured the vacuum

chamber at a weld. A molybdenum-faced water-cooled copper

beam dump was installed inside the magnet chamber to

prevent the beam from striking the welds during switching

and to absorb the power deposited in the chamber by the

+H- and + H , molecular beam components which comprise 30 50%

of the total input beam intensity. Beam currents that can

be transported are presently limit*..! bv spill at the entrance

to the bending magnet chamber so a new magnet chamber

which incorporates water-cooled entrance and exit

apertures has been designed.
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The cockcroft-Walton terminal voltage is deter-

mined from an internal resistor network which had been

calibrated by the manufacturer using a precision resistor.

The bending magnet now provides a means to check this cali-
2*7 ?8

bration by the measurement of the AKp.y) Si resonances

without confusion from the molecular beam components. An

aluminum target was produced in the low current beam dump

by evaporating a piece of aluminum foil. It had a thick-

ness of several kev for the 505 kev resonance. The (p,y)

resonance measurements together with measurements of the

magnetic field required to bend the beam through 45 indi-

cated that the beam energy was -v- 9% lower than indicated by

the resistor network. Extrapolation of measurements made

by applying low voltage (up to 7 5 kv) to the equipment

dome from external power supplies and measurements of the

drain currents through the column bleeder chain supported

the (p.y) results. The voltage measuring network was

adjusted to give correct readings and the Cockcroft-Walton

reference supplies were altered to obtain the additional

9% voltage required. The supply has been successfully

operated up to 795 kv.

A (p»7) resonance at 703 kev proton energy

has been found on both the main and low current beam

dumps apparently from material evaporated when the beam

struck the wall of the vacuum chamber. It is a sharp,

easily measured resonance and is being used to provide

periodic checks on the beam energy calibration.

The 9% increase in operating voltage has provided

no major problems in operation of the accelerator but the

mean time between arcdowns at 750 kv 10 ttiA is 20-25% shorter
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than at the previous "750 kV" (actually 688 kV).

Experiments aimed at improving accelerator

reliability continue. The large improvement at low beam

current reported last quarter as a result of the application

of Cr.Q, to the insulating posts supporting the extraction

electrode has not continued at higher beam currents. The

longest arcdown-free running period to date for beam

currents £ 10 mA has been 5 hours.

A computer code which calculates space-charge

fields in elliptically symmetric continuous beams of charged

particles with non-uniform current density distributions has

been written. This code is being use,d to calculate emittance

growth of beam passing through quadrupoles and bending

magnets.

b) Alvarez Linac

B.G. Chidley and J.C. Brown

Preparations for the acceptance tests of the

A15039 triode amplifier continued.

Two triode tuning and metering panels were

assembled and installed. Four rf power monitors salvaged

from an obsolete test stand were modified for use with

these panels. The changes include replacement of the

thermoelectric detector elements with more stable versions

used in current commercial models and the installation of

dual amplifiers to provide independent outputs for both

metering circuits and computer logging.

The high power rf dummy load was modified to

provide for expansion of the central resistor support tube

by water absorption. Repairs were made to the resistor
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column water sheath to reduce leakage and a purging air

line was installed to prevent the accumulation of water

vapour in the high field region where rf breakdown might

occur.

Almost all of the cabinet and intercabinet wiring

for the control and interlocking circuits necessary for

high power rf testing has now been completed. Major sub-

systems ready for commissioning include the triode tuning

and metering system and the high voltage dc control for the

modular dc power supplies in Bldg. 467. Also, the analogue

signal wiring from the accelerator beam line and the rf

system sensing points to the signal conditioning amplifiers,

has been installed. The cables from these amplifiers to

the computer multiplexer are now being fabricated.

Modifications are now being made to the two beam

line gamma monitors to provide remote metering, warning

lights and bells, and computer interfacing facilities.

Detailed design of the high power beam stop is

now in progress. The beam stop is intended to accept a

3 MeV 100 niA proton beam. To reduce the average power

dissipation requirement of a cylindrical stopping surface,

the beam is to be swept circularly at an angular frequency

of 60 Hz. Constraints of floor space and cooling capability

have limited the design to a tube diameter of 11.4 cm, a

tube length of 1.2 m and beam deflections of 30-33 mrad.
2

The peak heat flux is about 180 w/cm .

Aluminum was selected as the beam stopping
27 27

material because the threshold for the Al(p.n) si

reaction is above 3 MeV. impurity reactions however will
g

produce an estimated source strength of 1.2 x 10 n/s with
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a peak energy of 2 MeV and an average energy of 1.5 Mev.

The neutron flux at the exclusion area boundary about 1 m

away is 640 n/cm /s. A close fitting water shield 20 cm

thick will attentuate the dose rate to less than tolerance

level.

6.2.2 Electron Test Accelerator

J.S. Fraser

This 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.

a) Accelerator Studies

W.T. Diamond, J.S. Fraser, J. McKeown and G.E. McMichael

Experimental studies of high power operation of

the graded-p section of the accelerator were continued.

Many of the limitations to high power operation were

identified and modified to allow routine operation at beam

currents of 5 mA and limited operation at currents up to

10 mA.

Problems of secondary electron emission reported

in PR-p-105, 6.2.2 (a) (AECL-5121) were studied in some

detail during this quarter. A beam scanner was installed

under the bridge coupler for beam diagnostics, and the

vacuum characteristics of the accelerator were studied using

a residual gas analyser. The beam quality and background

electron current after the gun was switched off were both

strongly correlated with accelerator vacuum. Operation at

beam currents of 2 mA increased the pressure from the 10

torr base pressure, to about 2 x 10 torr (as measured by
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the ion pump current) . The gas load was mainly hydrogen

evolved from the OFHC copper. A titanium sublimation pump

was installed to supplement the ion pump during accelerator

operation; typical operating pressures were reduced to

2 x 10~ torr at beam currants of 2 mA and a bass pressure
-9

of 10 torr was obtained after a conditioning period of

1 week.

The minimum beam diameter measured at the bridge

by the beam scanner was reduced from about 1.5 cm (FWHM) to

less than 0.5 cm after the vacuum system improvement.

However, accelerator operation with no chopper and large

phase acceptance still required significant beam scraping

at the bridge (« 5% of the transmitted beam power) . This

necessitated replacement of the four-quadrant apertures

under the bridge coupler and at the exit of the pre-accelerator

(Figure 3 of PR-P-105, 6.6.2 (a); AECL-5121) with water-

cooled tapered apertures. The new "uniapertures" have been

operated continuously at 500 watts and will be modified to

operate at 1 kw - sufficient for beam currents up to 15 mA.

Experiments on beam transmission as a function of

ths relative phase angle between the buncher and accelerator

have been attempted. The transmitted beam current was compared

with currents deduced from calorimetric measurements. However,

there has been poor reproducibility in these measurements

which cannot be interpreted until the momentum analyzer has

been installed to measure the energy spectrum of the trans-

mitted beam at each phase angle.
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b) Rf Power Supplies

J. McKeown

The 50 W buncher power amplifier was successfully

repaired at CRNL and brought into service. The electro-

magnet used by the existing VA853M 100 kw klystron developed

an electrical short in one of its five coils. The machine

will be shut down until this magnet is repaired at CRNL.

The arrival of the first of two VA853M klystrons

on order from Varian is scheduled for 28th June and the

second during the first week in August. preliminary tests

on the two U.S.A.F. surplus klystrons at full filament

power show that both klystron electron guns are func-

tional. High power testing awaits delivery of a suitable

electromagnet from Varian. Mechanical design of the klystron

test stand in Bldg. 467 is complete and pipe fitting is in

progress. Electrical design work is still in progress but

it is expected that the stand will be commissioned in

August.

c) Accelerator control Systems

J. McKeown

Resonance control of the graded-g structure is

presently achieved with a water temperature control loop and

an automatic frequency controller (AFC) (Frequency Control

of High Q cavities by J.G. Bayly and C.k. , or-, unpublished) .

The temperature control loop keeps the inlet water at

constant temperature and the AFC keeps the frequency of the

oscillator tuned to the resonant frequency of the tank.

During turn-on with constant inlet water temperature, the

tank resonant frequency changes by 200 kHz between zero
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power and design power of 33 kw. This is due to distortion

of the accelerator cavity profile by rf heating. The AFC

has a capture range of about 60 kHz which is twice the tank

bandwidth. Operator intervention is therefore required to

keep the oscillator within the AFC capture range.

There is an approximately linear relationship

between rf power level and the equilibrium tank resonant

frequency. The tank temperature changes are measured with

an embedded resistance temperature device (RTD) in the cell

nose and an RTD which determines the difference between the

inlet and outlet cooling water. This information has been

used to design an open-loop temperature graft to the AFC

resonance closed loop. A voltage proportional to tank

temperature is summed with the AFC error signal and

together with the wobble frequency it is sent to the

frequency modulation input of the oscillator. The desired

objective is to demand the full design power (or any other

power chosen manually by the operator or the computer)

by pushing a button.

Measurements have been made of the tank thermal

transfer functions and the tank cooling system to design a

suitable temperature algorithm. These measurements are of

particular interest in view of the long-term thermal

instabilities recently observed in the LAMPF structures.

The response of tank resonant frequency to modulation of

the rf power level is shown in Figure 6.2.2.1. This shows

that for a disturbance of 9 kw the response falls off at

0.002 Hz with a roll-off of 20 db/decade; the phase

information looks anomalous and has yet to be explained.

It can be anticipated from these experiments that temperature
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control of resonance must be supplemented by mechanical

tuning in a multi-tank accelerator if long-term stability

problems are to be avoided.

d) Beam Diagnostics

W.T. Diamond, J.S. Fraser, J. McKeown and G.E. McMichael

It has been established that severe cathode

poisoning of the dispenser cathodes used in the electron

gun (PR-P-105, 6.2.2 (d) ; AECL-5121) was correlated with

the angle of incidence of the electron beam on any metallic

surface near the gun. An experiment to measure the angular

correlation of either copper atoms or ions about the impact

point of the electron beam is being performed using the

electron gun test stand. 80 keV electrons are focused to

pass through an aperture with an 8 taper, and are incident

on an OFHC copper target oriented at 30 with respect to

the beam, A cooled, high-purity aluminum catcher foil

positioned near the target intercepts copper atoms

evaporated from the target. The distribution of copper

atoms is determined by neutron activation analysis. The
+ 64

511 keV line in the p decay of 12.8 hr Cu is detected.

The first results from this experiment are shown in Figure

6.2.2.2. The observed copper distribution is peaked near

the normal to the target suface and the yield drops rapidly

as a function of angle on either side of the normal. The

solid line shows a cosine distribution for comparison. The

experiment is being refined to measure yield over a greater

angular range and to allow the targat and catcher foils to

be maintained at different voltages to permit some

discrimination between positive ions and neutral atoms.
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-60' -40' -20e 20c 40' 60'

ANGLE OF CATCHER FOIL WITH RESPECT TO
NORMAL FROM TARGET

Figure 6 2.2.2 The measured angular distribution of copper
atoms emitted from a metallic target bom-
barded by 80 keV electrons. The solid
curve is a cosine curve for comparison.

Experiments have continued with the shamrock-shaped

deflection cavity. The shape constrains the cavity to

become resonant with the orthogonal modes shown in Figure

6.2.2.3. The mode excited by a loop at position No. 1 may

be detected by a magnetic pick-up loop in position No. 3 and

the mode excited by a loop at position No. 4 may be detected

by magnetic pick-up loop in position No. 2. The two modes

can either be selectively excited or information from a

beam interacting with the modes can be selectively obtained.

Measurements have been performed on the cavity at a fixed

frequency of 866 MHz. A simplified diagram of the test

equipment and lay-out is shown in Figure 6.2.2.4.

The aim of the experiments is to show that the

phase and amplitude of the modes could be excited independently

This is clearly demonstrated by Figures 6.2.2.5 and 6.2.2.6.

Figure 6.2.2.5 shows the phase difference between the two
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Figure 6.2«2.3
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modes as measured by the magnetic pick-up loops in positions

2 and 3 when the relative phase between the drive points is

varied. Figure 6.2.2.6 shows the relative amplitude of the

signals picked up from loops 2 and 3 when the relative

amplitude of the power delivered to the drive points is

varied. The isolation between the modes in the test cavity

is shown to be at least 30 db. The range of measurements

was limited by the electronic test equipment and not the

cavity.

Besides measuring longitudinal beam emittance it

is anticipated that the cavity can act as a phase selective

steering element, a beam chopper or a non-intercepting
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beam position monitor.

e) Digital Data Acquisition and control System (ETACON)

J.S. Fraser and G.E. McMichael

Hardware•

System availability for data acquisition and

control was 100% during the past quarter with the exception

of several momentary failures of the beam transport control.

These did not hinder accelerator operations since they

occurred after accelerator trips,but are being investigated.

Program development was delayed for several days, however,

due to failures of the card reader and a teletype.

Assembly of two 100 channel transport control

modules is 50% completed. Assembly, calibration and testing

of the fast analog multiplexer module has been completed

and assembly of the interface board has started.

The line printer order was cancelled When the

supplier was unable to guarantee delivery, and new

quotations are being obtained.

Three of the five channels of the optical link

controller for the gun high voltage deck have been installed

and are undergoing tests. This system uses voltage-to-fre-

quency (V to F) and frequency-to-voltage transducers to

provide control and indication of the gun filament currjent

and voltage and the grid voltage. Fibre-optic light pipes

provide the required 100 kv isolation. The present

mechanical servo system has a response time of about 20

milliseconds (for 10% to 90% of full-scale changes in grid

voltage) using 10 kHz full-scale V to F transducers. An

order of magnitude improvement in response time should be
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achieved when the 100 kHz units recently put on the market

are substituted.

As a preliminary to implementing emission control

of the gun, the cathode time constant was measured using an

infra-red detector calibrated against an optical pyrometer.

This showed that the cathode temperature has a time constant

of about 5 seconds for ± 10% changes from the normal

operating temperatures of 1100°C.

The computer system is equipped with a reed-relay

analog multiplexer system. Applications such as the reading

of beam scanner currents and transfer function analysis

require dedicated fast ADC's, A multiplexer is being con-

structed to transfer up to four digitized current or voltage

signals at rates up to 10,000 readings per second.

Software:

A program *•" control the gun high voltage is now

in use. This prog^ \11 adjust the high voltage to an

operator-selected value, checking gun vacuum limits in the

process. The task will then either continuously maintain

the voltage of the demand value or suspend itself until

re-initiated by the operator from a control panel switch.

Several programs to enhance the data logging and

plotting of analog data have been added to the system.

A number of improvements to the main plot package have been

made.
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6.2.3 Fertile-to-fissile Conversion Experiments at TRIUMF

B.P. Pate, I.M. Thorson and F.M. Kiely (Simon Praser

University) with J.S. Fraser

This work is intended to provide experimental

checks of neutron production and fissile material production

in spallation targets for a neutron factory. The results can be

correlated with in-house calculations.

Most of the effort during this reporting period

has gone into the detailed design, specification and

procurement of the necessary components to mount the

experiments in the Proton-area of TRIUMF by mid-summer

of this year.

a) Irradiation Facility

A contract has been let with Harjim Machine Works

for construction of the support frame assembly for the

irradiation tank. Bids have been received for construction

of the tank itself and two target cans. The motor drive

with associated reductor and couplings has also been ordered.

The details of the plexiglass plates and supports

have now been finalized and drawings forwarded to CRNL.

construction will begin imminently of the plate to hold

neutron monitor foils.

The monitor box is currently under construction

in the SFU and U. Victoria machine shops.

The vacuum pump has been purchased and delivered

on site.

A set of lead targets has been received from

CRNL for the first experiments.
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b) Handling and Storage Facility

A conceptual design of this unit has been pre-

pared. Basically, the design is of the "glove-box" type.

Estimates of anticipated activity levels indicate that no

extra shielding should be necessary.

The target can will be raised from the irradiation

tank by means of an overhead crane and lowered into a cradle

on a floor dolly which is then rolled into position under

the storage facility. A small hoist inside the facility

will then lift the target (in its cradle) through a door in

the floor of the facility. The target can will then be

raised to a vertical position using the cradle. Target

rods can then be easily removed (and inserted).

c) Trailer

A 10' x 24" trailer is on order from ATCO

Structures. The trailer will be attached to one of the

existing SFU trailers on the TRIUMF site and will provide

office space for contract personnel as well as housing for the

detection systems to be used for the conversion experiments.

d) Shielding Calculations

A program written by W.J. Wiesehahn of TRIUMF was

employed to estimate the shielding requirements for the

experiment. The program is based on Silberberg and Tsao's

(Astrophys. J. ^5 (220) 315-368 (1973)) empirical formulation

of the production cross sections for residual products from

high energy nucleon-nucleus reaction. Output includes danger

parameters, dose rates and gamma spectra as a function of

cooling time for the target configuration and beam intensity
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specified. The program has been extended to include

fission products from fast and/or thermal neutron fission

using the compiled experimental data of Meek and Ridar

(NEDO-12154-1 (1974) unpublished General Electric Co.

report) , This component, which is a major source of

residual activity for uranium, has been normalized to 2 fast

fissions per incident 500 MeV proton on a 10 cm diameter

15 cm long uranium target based on Garvey's (memo to

J.S. Praser dated 10 February 197 5) estimate.

The integrated proton current used was 10 nA/h

and the length of irradiation was varied between 0.1 and 1

hour. Some of the results are listed in Table 6.2.3.1.

Table 6.2.3.1

•y-dose rates (in mrad/h ) at 1 metre distance. Data are

for a 0.1 h irradiation and a beam current of 100 nA.

Target

U

Th

Pb

0 h

4926.

5542.

380.

1 h

311

286

15

.7

.1

.4

1

6

3

1

d

.0

.0

.3

1 week

0.9

0.6

0.1

1

0

0

0

mo

.2

.1

.03

For thorium targets, the same effective cross section for

fission was used as for uranium (probably an overestimate) .

For lead, no low energy fission data were added to the

program's library. These data indicate that, given a 24

hour cooling period, the targets can be handled safely
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without undue personnel exposure. It is estimated that the

total target inventory will produce a residual radiation

field of "u 20 mrad/hr at 1 metre distance one day after the

last irradiation, consequently, it should not be necessary

to provide additional shielding around the storage facility.

e) Self-powered Neutron Detector

J.S. Fraser

Three vanadium-core detectors, each 15 m long,

have been received from the manufacturer. After mounting

on a plexiglass plate, the assembly will be sent to TRIUMF.

6.3 RESEARCH APPLICATIONS

6.3.1 Fast intense Neutron Source (FINS)

J.D. Hepburn and B.G. Chidley

12 -1
Construction of the 4 x 10 s 14 MeV neutron

source for use by the Biology Division is continuing

satisfactorily. Assembly of the accelerator proceeded

quickly once the baseplate was received in late April; it

is now complete as far as the exit of the bending magnet box.

The ion source can, extraction electrode, column, high

voltage cable, high voltage corona shield, SFC pressure
D

vessel, vacuum manifold - magnet box, vacuum valve, and

ion pump are all operational. A temporary beam stop, which

will allow operation of small beams without the bending

magnet, is in place.

Alignment and final assembly of the beam

diagnostics devices (collimator, quadrant aperture, and

Faraday cup) is nearly complete. Fabrication of the target

assembly awaits delivery of a seal and a positioning motor
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before final fitting can proceed. Both components are due

in late June.

Fabrication of two extra target drums is com-

plete. The target drum sent to an outside manufacturer for

tritiation is due to be returned at the end of June.

The high voltage power supply control panel has

been incorporated into the main control console. Much of

the control system, including the closed circuit television

monitoring the auxiliary power supplies and the digital

panel meter monitoring the high voltage, is in use.

The accelerating column has been conditioned to

27 5 kv, with an insulating gas (SFJ pressure of 40 psig in
-8

the pressure vessel and a vacuum of 1.5 x 10 torr in the

accelerator. During this procedure, the ion source can and

extraction electrode were installed, with no ion source.

problems with the high voltage power supply

persist. Small sparks and corona are observed in the power

supply itself. Two manufacturer's representatives spent

two days at CRNL investigating these sparks with the con-

clusions that;

- the sparks are not destructive.

- the supply is not designed to be free of corona.

- sludge formation makes the quality of the insulating

oil suspect.

- some geometry changes (such as larger corona shields

and more baffles) would help.

A chemical analysis of the oil and the suggested hardware

modifications are in progress. It is not known whether the

sparking and corona will cause problems in the stability of

the accelerated ion beam.
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The auxiliary power supply box has been operated

to 290 kV in one trial and 27 5 kv in another. Both times

the filament supply and solid state regulated coil supply

have survived high voltage arcdowns, but the arc regulator

has failed. Additional protection (diodes, varistors and

ferrites) is being installed.

Construction of the addition to Building 513 t_o

house the accelerator is progressing on schedule.

6.3.2 Heavy-ion Superconducting cyclotron

J.H. Ormrod

Work on development and design of a supercon-

ducting cyclotron for post-tandem acceleration of all ion

species to at least 10 MeV/nucleon continues.

a) Building for Experiments

D.D. Graham (Civil and Mechanical Design Branch)

The preliminary design of the structural steel

and foundations for the enclosed pad for housing the

cyclotron model was submitted to the consultants. Their

comments have been received and detailed drawings of the

structural steel have been completed. A work order has

been issued to relocate the overhead electrical lines from

the pad vicinity.

b) code Development

E.A. Heighway

A code MFLD has been written to calculate the

field from uniformly saturated materials using the charge

sheet representation. It is 50% faster than MAGHILL

(current sheet) for flat surface poles and three times
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faster for non-flat poles.

GFUN (three dimensional magnetostatic code) has

been received from CERN. It compiles and loads successfully

at CRNL but test data is required. The CERN graphics are

being translated by Mathematics and computation Branch.

Anisochronism due to gap curvature can be shown

to be negligible for two identical gaps in a flat field,

but calculations with eight gaps of two curvatures in a

statically isochronous azimuthally flat field have shown

anisochronisms that are significant. A routine has been

added to TRIUMF to correct the field for these effects.

The routine ISOC (PR-P-105, 6.3.2; AECL-5121) has

been modified to calculate the trim-rod axial displacements

using the data calculated by TRIM (see section (d) below).

ISOC has been added to TRIUMF.

The dee voltage dependence on frequency and

radius, and the gap width (and hence transit time)

dependence on radius have been added to GOBLIN.

c) Cryogenic System

J.A. Hulbert

The installation of the helium liquefier is com-

plete. Province of Ontario compressed gas plant regulations

have been satisfied and the liquefier system commissioned

by the vendor's field engineer.

The components of the insulation test cryostat

have been delivered from main workshop and are being vacuum

tested and the test system assembled.

The magnet cryostat design is progressing. Details

of the coil suspension system are under study. A 1/5 scale
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diameter, full-scale section model seal for the

cryostat/yoke rough vacuum joint has been manufactured

and tested. Modifications are being made to the seal

section to improve assembly clearances.

d) Magnet

(i) Isochronism

E.A. Heighway

Progress has been slow. A flutter pole shape

which provides isochronism for 10 MeV/u Uranium 33 can be

found but with weak axial focusing (v % 0.12 at 500 mm
z

radius). To reach isochronism at small radii the poles

have been azimuthally widened. Raising the height of the

valley did not improve v significantly. Reduction of the
z

pole gap and magnet skirt enlargement are being considered.

The field "dimples" produced by the trim rods have

been modelled by TRIM. The field shape is a function of the

rod diameter and its axial displacement but is essentially

independent of average field between 3 and 5 tesla. A

suitable function to represent the "dimples" has not been

found and the rods will be represented in TRIUMF in tables,

(ii) Yoke

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

The original design for the magnet yoke called

for a 4.3 metre diameter structure of cast steel segments.

Castings were chosen on the basis of ease of producing the

required shape and they produce a 'dead' structural mass.

The cost penalty of castings (90 cents/lb) over plate

(•u 50 cents/lb) is excessive and a yoke constructed of

welded plate segments is now proposed.
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A second factor which has dictated a change of

yoke design is the estimate of deflection due to magnetic

loading. To reduce this deflection without mid-plane

support, the yoke has been reduced to 3.3 metres diameter

with a 500 mm wall and to allow plate construction it is

octagonal in shape, just clearing the cryostat.

Discussions with a steel supplier and fabricator

suggest that the required plate thickness can be obtained

in grade ASA 1010 carbon steel and can be flame cut and

machined. The specification for the pole material is

more critical than for the yoke; specifications and

inspection procedures have yet to be worked out. Samples

of steel are being sent to CRNL for evaluation of saturation

magnetization and chemical analysis. Drawings and specifi-

cations for the octagonal yoke are being prepared to issue

for quotation.

(iii) Trim Rod Design

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

Quotations have been received for drive motors and

ball screws. None of the motors appear to be suitable from

a physical size and/or torque point of view. The cost of

the ball screws (which would permit smaller motors) plus

design problems associated with their relatively coarse

pitch make them an unattractive alternative.

A quotation requisition has been issued for a new

type of ball screw with a fine pitch which may permit the

use of a small motor directly driving the screw.

Preliminary design work is being done to test a

stepping motor - harmonic drive combination to determine the
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positioning accuracy that can be obtained and the repeat-

ability of the results.

(iv) Superconducting coils

H.R. Schneider

1) Superconductor

The basic specifications for the superconductor

are given in Table 6.3.2.1.

Table 6.3.2.1

Basic Superconductor Specifications

Critical Current at 4.2 K with a

4 T Transverse Magnetic Field 3400 A

Cross-section Dimensions 17 mm x 4 mm

Maximum NbTi Filament Diameter 0.25 mm

Minimum Resistance Ratio of Stabilizing

Copper (R293K/R4.2K) 180

NbTi Filament Twist pitch 50 mm

Nine replies were received in response to a

request for quotations to supply 15,640 metres of conductor.

Most manufacturers proposed a two component conductor con-

sisting of a multifilament superconductor with a relatively

small cross section soft soldered into a channel in a

copper backing strip. This construction method reduces the

material that must be processed through many stages,

(extrusion, drawing, heat treating) to produce superconductor,

and hence reduces the cost. Review of the superconductor

quotations continues; the conductor order has not yet been

placed.
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2) coil Winding Equipment

A winding table and conductor tensioner for

winding pancake coils have been designed and are now being

built by WE&P. 1500 ft. of copper conductor with the same

cross section as the required superconductor has been

received. This will be used to wind a test coil to develop

winding procedures.

e) Accelerating structure

C.B. Bigham

A second 1/10 scale model with wider accelerating

gaps and hence lower capacitance has been constructed for

frequency range and shunt impedance measurements. The

structure frequencies are higher than for the previous

model and will require the operation of the cyclotron at

harmonic number six for the lower energies. Frequency and

energy ranges are listed in Table 6.3.2.2.

Table 6.3.2.2

Energy and Frequency Ranges

Harmonic No.

6

4

2

Mode

ir

0

Frequency

35 -

32 -

31 -

Range (MHz)

48

62

47

Energy

3

5.6

21

Range(MeV/u)

- 5.6

- 21

- 50

The shunt impedance was measured by the resistance

variation method (PR-P-105, 6.3.2? AECL-5121) and tha power

requirements for the full-size structure estimated by

scaling. At 100 kv peak voltage, power requirements are

118 kw at 33 MHz and 98 kw at 65 MHz. Reducing the tuning
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line central conductor diameter from 190 mm to 180 mm will

reduce the power required at the low frequency end to match

that at the high frequency end. At 180 mm diameter, the

linear current density at the shorting plunger is 135 A/inch

- within the capabilities of sliding spring finger contacts.

A clamping type short will not be required.

The design of the full-size rf structure

corresponding to this 1/10 scale model is underway. The

surplus Collins 205G-1 20 kW transmitter is being installed

in Bldg. 467 for high power component tests.

f) injection

J.H. Ormrod

The injection of Li, C, Cl, Br, I, Ta and U has

been studied over the entire proposed energy range. The

charge states (before and after the stripper foil) were

chosen to maximize the current from the cyclotron. Detailed

orbit dynamics studies using GOBLIN have shown that the

cyclotron can be operated with a single injector line

passing through a common point at the outside edge of the

cryostat with steering ± 61 mrad. The stripper foil must

traverse a radial range of 150 to 220 mm but operates at a

fixed azimuth (9 = 23° in Figure 6.3.2.1).

The beam spot size at the foil has been chosen

to be 2 mm wide by 8 mm high. This choice was based on

the calculated axial betatron frequencies, the measured

emittance for Cl (J.S. Forster et al., BAPS II, 20 (1975)

563) and the emittance increase from the small angle

scattering within the foil (Sigmund and Winterbon, Nucl.

instr. Meth. 119 (1974) 541). The positioning tolerances
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OUTSIDE OF
CRYOSTAT INJECTION ORBITS

200 mm

Figure 6 .3 .2 .1 Cyclotron Injector Orbits
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for the foil have been calculated and should not be

difficult to attain.

g) Extraction

C.R.J- Hoffmann

A magnetic channel similar to that outlined by

Carbonel, Danilov, lanovici and Polferov (Nucl. Instr.

Meth. 84 (1970) 144) is being studied for controlling radial

defocusing of extracted cyclotron beams. It appears this

type of channel can generate the required midplane field

gradients using surface current densities of <* 10 kA/cm.

Preliminary calculations, which take into account curvature

and end effects, show that except near the entrance and

exit the midplane gradient can be made uniform across the

channel width to better than 10%. A radial aperture of

^ 2 cm appears practical.

A computer program EXMAP is being developed to

optimize channel parameters and produce a magnetic field

map which can be used in extracted orbit calculations.

The program GOBLIN is being modified to use the map.

6.4 MECHANICAL LABORATORY

J.E. Anderchek

The Mechanical Laboratory operates the machine

shop and furnaces in Bldg. 145 and carries out mechanical

construction, assembly, repairs an<? vacuum testing for the

Accelerator Physics Branch and the Reactor Physics Branch.
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Total laboratory time breakdown in the quarter

LS as follows:

Accelerator Physics Branch 98.4%

Reactor Physics Branch 1.6%

6.4.1 High current Test Facility

Two new ion source intermediate electrodes were

manufactured and changes were made to an anode.
o

Vacuum leaks were repaired in the 45 bending

magnet chamber, a molybdenum faced water-cooled beam dump

was manufactured and added to the chamber.

Small hardware for a beam profile monitor, the

emittance unit and a te»st SF,, vessel were made.
o

Several components and tools were fabricated for

repairs and modifications to three sub-systems of the CW

Proton Linac.
6.4.2 Electron Test Accelerator

The vacuum manifolds on models 3 and 4 were

opened and modified to accept titanium sublimation pumps.

The new diode stacks for the gun power supply

were assembled and are now ready for installation.

Cooling coils were added to a magnetic gap lens

to permit higher power operation and several pieces of beam

line and vacuum plumbing components were made.

6.4.3 Fast intense Neutron Source

Most of the work performed on this project in

the quarter involved modifications of existing components
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to aid assembly of the accelerator including the ion source

anode and source can, source alignment jig, gas feed com-

ponents, a column support bar, and the high voltage spinning.

Lucite baffles were cut and installed in the

high voltage power supply and a test probe for the auxiliary

power supply was made.

Several components and an alignment jig were made

for the beam diagnostic assembly.

6.4.4 Heavy-ion Superconducting cyclotron

A 1/10 scale cyclotron rf structure model with

non-uniform accelerating gaps and two X./4 calibration

cavities was built for frequency range and shunt impedance

measurements.

In support of the superconducting magnet develop-

ment a low-temperature tensile test rig was made as well

as a number of prototype soldered conductor models and

coil clamping fixtures.

A full-section, quarter-scale diameter model of

the cryostat-yoke elastomer vacuum seal was constructed for

design tests and a 1/10 scale cryostat space model for

planning suspension and gas line routes was also made.

Various special flanges and pipeline components

for the helium liquefier system and an insulation test

cryostat were manufactured.

6.4.5 Reactor Physics

ZED-11 Reactor

Several Bruce fuel elements were cleaned up

dimensionally, new zirconium end caps were made for reactor
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experiments and two control rods were repaired.

Counting Room

Components for a boron detector were made

together with a quantity of aluminum foils and spacers.
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