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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

The reliability of the tandem was increased over

the previous quarter with a significant reduction of

unscheduled down time. Attention is being given to

improving performance of ion sources and to incroasinq th.-

variety and intensity of ion beams available.

Experiments running 1191.4 hoars 57.1%

Scheduled shutdowns 4 57.3 21.9ri

Unscheduled shutdowns 439.3 21.0%
2088.0 hours 100.0%

Twenty-one experiments were performed involving

11 visiting scientists. The visiting scientists were

involved in experiments occupying 70% of the beam time and

their participation averaged 23%.

Research Activities

The study of cluster structure in nuclei has been
19 27extended to F and A8-. In the special reaction conditions

used to explore this phenomenon, cross sections for a-particle

ejection exceeded those of mass-3 particles.

In conjunction with scientists from Queen's

University,studies are being made of the types and intensities

of particles evaporated from the compound nuclei formed by
-jo 04 2 R

fusing O with Mg and with Si.

A team including scientists from Queen's University

and Neils Bohr Institute has been studying high-spin products

of heavy ion fusion reactions in heavy elements. High-spin

isomers have been detected by a technique exploiting the

multiplicity of the Y-ray cascade. Evidence for high anu'.ji.ir

TnorppntuTP. limits in these reactions is found.



- 2 -

In conjunction with scientists from the University

of Toronto the sy^tematics of superallowed positron emitters

is being extended to heavier nuclei.

The systematic study of beta-delayed proton

precursors has been extended. Properties of the proton

spectra are being studied by a statistical model approach.

Magnetic moment studies in heavy elements continue.

A new parametrization of heavy ion stopping powers

has greatly improved the precision of predicting stopping

powers over a wide range of stopping materials.

An experiment carried out in collaboration with

scientists at the University of Illinois using a CRNL multi-

wire fission chamber and the Illinois microtron has resolvsd

much previously unobserved structure in the photof ission
232

cross section of Th.

Studies of neutron capture in hydrogen followed

by photon decay have lowered the upper limit on the cross

section for this process to 4 yb, n factor of about 100 lower

than the originally reported Institut Laue-Langevin measure-

ment. This upper limit is still, however, about two orders

of magnitude larger than current theoretical estimates.

Preliminary experiments to determine the corresponding cross

section in deuterium have been carried out.

1.2 Accelerator and Applied Physics

Research Applications

Commissioning of the Fast Intense Neutron Source

continues. Reliable operation of the 300 kV power supply

and the ion source auxiliary power supplies has been achieved

but high voltage breakdown of the accelerating column it beam

currents above 6 mA remains too frequent. Modifications to

the column geometry and the ion source gas system to attempt

to solve this problem are in progress.
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The Heavy Ion Superconducting Cyclotron modelling

program included the following:

The iron yoke has been ordered.

The 20 kW rf source to be used in initial tests is

in operation.

The superconductor for the main coil is on schedule

with the supplier; the NdTi rods are loaded into

their copper billets in preparation for extrusion.

Problems in soldering the superconductor to the

copper backing strip are believed to be understood

and tractable.

Changes to the shape of the hills at small radii

have improved isochronism and aided extraction.

Detailed investigations of field imperfections

on orbit dynamics confirm that the cyclotron as

designed is stable.

A design of the beam transport system between the

MP Tandem and the cyclotron has been found which

appears to satisfy injection requirements for U
12

and C ions of required energies.

Extensive studies of computer control systems for

accelerators at other labor-'-ories have crystalized

opinions on the best system for the CRNL tandem-

cyclotron combination.

Nuclear Power Applications

Emittance measurements on the 7 50 keV beam of the

High Current Test Facility continue but have been delayed by

commissioning of the computer system and a malfunction of the

high voltage generator "bouncer". Commissioning of the 400 kW

rf system for the Alvarez section continues.
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The graded-ft section of the Electron Test

Accelerator has been operated successfully with beam

currents up to 20 mA. Calibration of thu analog data

lines into the computer system has been completed and the

facilities for monitoring more rf variables have been

installed. Measurements on beam loading phenomena continue.

The first irradiations of lead targets have been

made as a preliminary exercise in the fertile-to-fissilo

conversion experiments at TRIUMF.

As a first step toward acquiring the capability

to evaluate fuel-breeding properties of fusion-fission

blankets a neutronic calculation is being made of a "bench

mark" blanket.

1. 3 Solid State Physics

Measurements of neutron scattering at small wave
4

vectors in nonsuperfluid He at T = 4.2 K and P = 2.5 MPa

show that both the positions and the widths of the scattered-

neutron groups are characteristic of those of ordinary (first)

sound for wave vectors up to 6.0 nm . This is in contrast

to results at lower temperature and pressure where the

transitior

at 3±1 nm

transition from "first" to "zero" sound was shown to occur
-1

The changes in the structure in the DNA base

1-methylthymine caused by irradiation with ultraviolet light

have been extensively studied by neutron scattering. In

addition to the expected intensity changes based on measure-

ments of the number of dimers produced by the irradiation,

significant unexpected changes in the structure were observed.

Despite intensive efforts to measure the inelastic

magnetic scattering of neutrons from a single crystal of

uranium nitride it has not been possible to identify any

features ielated to magnetic excitations, although measure-

ments of the elastic scattering do confirm that it is

magnetic. The apparent absence of inelastic magnetic

scattering is, as yet, unexplained.



Calculations of the mean square atomic displacenents

and of the intensities of Mossbauer lines in tellurium,

based on models fitted to the measured phonon dispersion curv>,

show significant discrepancies from simple theoretical

expectations and from the few available experimental results.

More complex models have been proposed in order to try to

remove the discrepancies.

Experiments to study the lattice dynamics of sulphur

hexafluoride in its plastic phase and the semiconducting

layer compound, tin diselenide, have been started and some

preliminary results obtained. Preliminary results have been

obtained in an experiment designed to study the critical

scattering near the antiferroelectric phase transition in

strontium titanate.

1.4 Detectors

Studies of charge collection properties in high

purity germanium detectors show that carriers attracted

towards the surface by the electric field distribution

inside the detector are lost through processes such as

recombination. As a result the detector loses its spectrometer

qualities in the surface region.

Significant progress has been made in attempts to

grow large single crystals of cadmium telluride for use

as detectors. Some crystals with volumes ^1 cm have been

grown.

1.5 Applied Studies and Computation

Calculations of the diffusion of hydrogen in a

stressed cracked medium now underway are based jn an improved

formulation of the problem.

An evaluation of a new technique for solvinq partial

differential equations (PDE's), prepared by G. Dubois of

Ecole Polytechnique, has been made. The technique appears

promising for particular cases of very large systems, but
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could not replace FORSIM as a general, automatic method.

The FORSIM system has been extended to two-dimensional

pnp'c 3r"d 2 ruirJoer of irr.Toveinents have been rnade includino

a memory-management scheme and extensions to handle the beam

vibration equation.

Work on an extension to the CRNL personnel records

system to a company-wide system has begun (in cooperation

with Head Office staff).

A program was developed to analyze the results of

the retirement planning survey, and a program for tabulating

and correlating salary dat? n~as re-written.

In cooperation with Electronics Branch, assistance

was provided to Technical Information's feasibility study

for an on-line enquiry system for a nuclear science and

engineering bibliography.

Miscellaneous programs developed or modified during

the quarter included:

a program to derive plastic strain rates from

measurement of stress and strain as functions of

time,

special versions of least-squares fitting routines

developed for the scanning system mini-computer,

a program to analyze U-2 loop data to determine the

effectiveness of coolant filters,

a F^gram to perform most of the convers:.on from

CDC FORTRAN to ANSI FORTRAN,

- a new version of PERT

During the quarter, approximately twenty routines

were added to the subroutine library in the categories of

Bessel function evaluation, solution of linear and non-linear

systems of equations, sparse matrix utilities, and log-log

and semi-log plotting routines. The 6600-3300 interface routines

were extended to prepare for access to the 5600 permanent

file system from on-line keyboard terminals.
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The total workload of 71,408 jobs for the 6600 computer

during the quarter was distributed as follows:

Computing Centre

Commercial Products

Power Projects

Whiteshell

Technical Information &
University Relations

Biology & Health Physics

Chemistry & Materials

Physics

Electronics, Instrumentation
& Control

Advanced Projects &
Reactor Physics

Fuels & Materials

Administration

Medical

Finance

Operations

Maintenance & Construction

General Services

Plant Design

Special Projects

Others

Percentage of
Number of Jobs

17.4 2

0.01

14.37

3,66

0.93

2.25

2.26

11.25

Percentage
of Total
Utilization

7.14

0.01

32.01

5.64

0.42

2.20

0.57

14.14

0.56

13.17

0.23

21.80

17

1

0

2

5

0

0

1

4

0

.78

.77

.13

.24

.49

.01

.12

.53

.99

.06

8.
0.

0.

1.

2.

0.

0.

0.

2.

0.

85
32

01

01

87

00

01

54

21

02
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Nuclear Physics Branch

T.Ki Alexander

2.1 Staff

2.2 A Search tor High Energy Deuterons in the He + He
Reaction

2.3 Cluster Structure in 2s-ld Shell Nuclei

2.4 Parity Violating Alpha-Decay in 0: There is no 0
Level Underlying the 8.87 MeV 2" Level

2 5 Production of 19N and 22O with the 8Pb + O Reaction

2 6 Charged Particle Evaporation Studies

2 7 Production of the Superallowed Positron Emitter? Ga
and 6 6AS

2.8 T = 1/2 Beta-Delayed Proton Precursors
z 77 77 69

2 S Beta-Delayed Gamma Rays from Sr, Rb and Se
2 10 Search for Ultra High Spin Isomers Using the Lotus

Goniometer
2 11 Evidence for Angular Momentum Limits in Heavy-Ion

Induced Fusion Reactions

2.12 An 80 ns j" = 5+ Isomer in Tl and the Magnetic
Moment of the h,,/0 Proton Orbital

' + 212
2.13 Magnetic Moment of the 11 Isomer in Fr
2 14 Statistical Model Calculations of Beta-Delayed

Proton Spectra

2 15 Heavy-Ion Stopping Power

2 16 The New Position Sensitive Heavy Ion Detector for the
QD3 Spectrometer

2 17 A Gas Pressure Servo for the QD Focal Plane Detectors

2 18 On-line Electromagnetic Isotope Separator

2 19 Isotope Separator Tape Transport System

2 20 High Speed Data Channel for PDP 10 Input

2.21 Target Preparation Laboratory

2.22 Electronics, Computers and Instrumentation

2 2 3 MP Tandem Operation

2.24 Beam Development - The General Ionex LCE Negative
Ion Source

2.25 Beam Development - Unis Source

2.26 Progress on the Beam Transport System for the Super-
conducting Heavy Ion Cyclotron
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2.27 Computer Control of the MP Tandem and Superconducting
Cyclotron

2.28 Intercoraparison of High-Counting-Rate Sources

2.29 The Half-Lives of 85Sr and 113Sn
241

2.30 Corrosion of a Am Source

2.31 Standardizations

2.32 Miscellaneous Services

2.33 The np Double Photon Decay Investigation

2.34 Publications and Lectures
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2.1 Staff

Branch Head: J.C.D. Milton

Acting Branch Head: T.K. Alexander

Professional, staff Technical Staff

SECTION I Accelerator

J.
T.
G.
J.
W.

A.
J.
J.

K.
A.

C.
K.
C.
R.
G.
T.
J.
S.
C.
0.
.p.
.B.
W.
H.
D.

D. Milton (1)
Alexander
Ball
Beene (2)
Davies
Faestermann (2)
Ferguson
Forster
Hardy
Hausser
Jackson (3)
McDonald
McLatchie (4)
Schmeing
Ward

SECTION II Beta Ray

R
H
J

.L.

. R.

.S.

Graham
. Andrews
. Geiger

Group

A.
J,

Group

J.
N.
R.
L.
J.
J.
R.
.S.
.P.
A,
F.
R.
R.
E.
M.
D.

W,
L
R

A.
C.
L.
H.
L.
J.
E.
C.
.D.
.R.
, J.
, A.
,B.
.C.
.N.
.J.

.L.

.V.

.B.

SECTION III Radioisotope Standardization

J• G..V. Taylor

Laboratory Services and

G.M. Boire
M. Desrochers

C.
K.T.

F
J
.H.
.S.

Barsczewski
Bray
Brown
Bucholtz
Gallant
Hill
Howard
Hyde
O'Dacre
Rutledge
Sharp
Surette
Tomlinson
Waito
Wightman (5)
Yaraskavitch

Perry
Smith
Walker

Group

Gibson
Merritt

Workshop

Johnson
McKee

Secretarial Staff

J.R.H.
S.M.

Bowes
Carlos
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(1) On leave of absence for a period of one year.

(2) NRC postdoctoral fellow.

(3) Visiting research associate from University of
To ronto.

(4) Visiting professor from Queen's University.

(5) Student from University of Waterloo.
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2.2 A Search for High Energy Deuterons in the He + He Reaction

W.G. DdvieS, G.C. Belli, A.J. Feiyusuii, J.5. Forster and
R.E. Warner (Oberlin College)

Recently Slocodrian et al. (Phys. Rev. Lett. _3J>. (1975)

19) reported a cross section of 3.4 nb/MeV sr for tae production

of deuterons from the reaction He + He -* a + 2p; 2p -+• d + e + \.

Since this cross section is too large, by about 10 (ibid) to be

a conventional weak interaction process we felt that it was import-

ant to verify the result in an independent experiment. A 25 MeV
JHe bear.i was used to bombard a JHe gas target cell (PR-P-94: 2.9,

AECL-4257) operating at a pressure of 23 cm of Hg. Reaction pro-

ducts were detected in a counter telescope consisting of three

silicon detectors, AE1 (1000 ym), AE2 (70 pm) and E (2000 pm),

positioned at forward angles near 30 . The data were recorded

event by event on magnetic tape for later analysis. On playback,

two independent identifications were obtained for each particle

i.e. MASS1 = R(AE1+ AE2 + E) - R( AE2 + E) and MASS2 = R(AE2 + E)

- R(E) . No events were observed in the two-dimensional plot of

MASS1 vs MASS2 which could be identified as high energy deuterons

(31 to 3 3.5 MeV) from this reaction. An upper limit for the

cross section of < 0.2 nb/MeV sr was obtained.

3 Cluster Structure in 2s-ld Shell Nuclei

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

As an extension of the cluster studies of Li (PR-I -

103: 2.2, AECL-4931), the cluster structures of 1 9F and 27Al

have been investigated through bombardment of LiF, NaF and Al

targets (400 ug/cm2) by 3He (36 MeV and 38.5 MeV) and 4He (36

MeV) beams. Two independent counter-telescopes were used in

geometries chosen to observe coincidence events from reactions

including: l9F(?He,3He d)17O, 19F(3He,3He t)160, 19F(3He,3He x)15N,
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2 7Al( 3He, 3He a)23Na, 1 9F (a, 2a) 1 5N, 1 9F(u,at) 1 6O and 2 7A1 (<x , 2a) 23Na

and chosen to ensure that the heavy reaction product can be left

at rest in the laboratory. For a given projectile the reaction

X(x,xy)Y was stronger when y was an alpha-particle, but the

strongest cross section was always observed when both x and y

were alpha-particles.

2.4 Parity Violating Alpha-Decay in 0: There is No 0 Level

Underlying the 8.87 MeV 2~ Level

A.B. McDonald, T.K. Alexander , J.R. Beene, J.C. Hardy,
K.P. Jackson and H.B. Mak (Queen's University)

The search for a narrow, J11 = 0+ level, near the 8.87 MeV
- 4

2 level (see PR-P-107:2.3) has been repeated using the He

( C, He) C reaction with improved energy resolution and statis-

tical accuracy. No evidence was found for the narrow resonance

observed by Ignatochkin et al. (Kruchatov Institute preprint).

An excitation energy region from 8.842 to 8.907 MeV was surveyed

in 0.5 keV (cm) steps with detectors at angles 6 = 55 , 90 ,

125°. Combined beam-target energy resolution was determined tobe less than 1 keV (cm) by observing the r ^ 1 keV resonance
v . c m •, 6

corresponding to the 9.847 MeV, J' = 2 level of 0. The data

were again normalized to the observed Rutherford scattering from

a 2% admixture of Ki in the differentially pumped gas target.

Overall statistical accuracies per datum of 3%, 1.5% and 1.1%

were obtained at the three angles respectively.

Analysis is in progress to set an upper limit on the

width of any possible resonance in the observed energy region.

In any case, the lack of evidence for a resonance in our data,

obtained with similar energy resolution, but with a factor of

^ 3 times better statistical accuracy than Ignatochkin et al.

strongly suggests that the resonance observed by them does not

correspond to a 0 level in 0.
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2 . 5 Production of 19N and 2 2O with the Pb + 0 Reaction

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

An experiment to measure the masses of N and "0

via the 2 0 8Pb( 1 8O, 2 2O) 2 0 4Pb and 2 0 8Pb( 1 80, 1 9N) 2 0 7Bi reactions,
18

respectively has been done. A 93 MeV 0 beam was used to bom-
2 208

bard ^ 200 ug/cm isotopically enriched Pb targets. Reaction

products were detected at 80°, 85° and 90° with the QD spectro-

meter operating at 11 msr and with the new heavy ion focal plane

counter (PR-P-108:2.16 , AECL-5315). i 9N and 22O energy spectra

were obtained in the vicinity (± ̂  2 MeV) of the expected ground

state transitions. A preliminary analysis indicates that the

cross sections for producing these nuclei are at least an order
208 18 21 205

of magnitude smaller than that for the reaction Pb ( 0, 0) Pb.
Analysis is in progress.

2.6 Charged Particle Evaporation Studies

W. McLatchie, J.S. Forster and B.E. Cooke, J.R. Leslie,
R.L. Kozub and B.C. Robertson (Queen's University)

Fusion evaporation channels in the decay of the com-

pound nuclei Ca and Ti have been investigated by the O
2 9 A 2 ft

bombardment of 50 yg/cm isotopically enriched Mg and Si
2

targets evaporated onto 50 mg/cm tantalum backings. A counter

telescope (AE: 50 ym, Si surface barrier; E: 5 mm, intrinsic Ge)

placed at 0° and two Ge(Li) detectors at 9 = 90° and 125° were

used to observe reaction products and gamma rays respectively.

Events collected included gamma rays from either detector in

coincidence with either or both telescope elements, and Y-Y coin-

cidences. The charged-particie detection system was sensitive to

reaction protons of energy 2 -t, E -£ 40 MeV and alpha-particles of

energy 12 ^ E ^ 40 MeV. On-line and off-line range table
look-up procedures were used to generate mass spectra. For the
2 4
Mg target the excitation function was examined in 5 MeV steps

over the range 35 ^ Eiec ^ 70 MeV and for the
 28Si target, in 10

MeV steps over the range 30 < E.. ft < 70 MeV.
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Analysis of the data, in progress at Queen's Univer-

sity, indicates that the evaporation of alpha-particles is an

important decay mode, increasingly so as the excitation energy

of the compound nucleus increases. However over the energy range

studied the evaporation of a single alpha-particle is not a strong
38 18

channel. Gamma rays from Ar, observed during 0 bombardment
24

of the Mg target, were associated not with alpha evaporation,
as suggested by Kolata et al. (Phys. Rev. C9_ (1974) 953), but

with the four particle.. 2p2n, evaporation channel.

|2.7 Production of the Superallowed Positron Emitters Ga and A;

I K.P. Jackson, R.E. Azuma and I. Berka (University of Toronto),
| T. Faestermann, J.C. Hardy and H. Schmeing

.85

Experiments using heavy-ion induced reactions to study

| the decay of new members of the series of nuclei characterized

I by A = 4n + 2, T = 0 have been initiated. As the result of
I z 3
i intensive investigation, primarily with the (p,n) and ( He,t)
i + + +
if reactions, the 0 •> 0 (T = 1) superallowed 3 -decays of seven
I members of this series have already provided a critical test of
i
| the C7C hypothesis of weak interactions (J.C. Hardy and I.S.
I Towne:, Nucl. Phys. A in press) . All the members of this series
I ' +
I with A > 58 are predicted to have 0 (T = 1) ground states andare of interest both as extensions of the study of Fermi beta

decay and as possible sources of a 0 (T = 0) •> 0 (T = 1) iso-

meric transition. As outlined previously (PR-P-107:2.5 & 2.6,

AECL-5256) such a transition could be of crucial importance to the

study of the weak neutral current interaction.
58Several studies of Cu were used to evaluate

the merits of different reactions and were of critical

importance in assessing the problem of competing reactions. The
CO

decay of Cu, characterized both by its half life (3.204 + 0.007 s)

and by the emission of energetic positrons (Q = 8.57 MeV),

was observed following each of the reactions 4bTi( O,p 3n),
42Ca(19F,3n), 28Si(32S,pn) and 32S(32S,apn). In all cases the
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positrons were observed as a function of time in the interval

between successive beam pulses using a 5.1 cm diam. by 5.1 cm

thick NE102 plastic scintillator mounted on an RCA 6342 photo-

multiplier tube.

Following the systematic study of the production of
58

Cu, brief surveys were conducted using the same reactions on

heavier targets. Preliminary analysis of these data indicates

the population of 6 2Ga(t 1 / 0 = 115 ± 10 ms) in the Ti( F,3n)
SO 1 fi 66

and Cr( O,p3n) reactions and As(t1/2 = 9 3 + 5 ms) in the
40Ca(J2S,apn) and ^Cr C^F, 3n) reactions. Further analysis cf

these results is in progress and future experiments are planned

to improve the quality of the data, to assess the possible

systematic errors and to extend the measurements to heavier nuclei.

2.8 T, = 1/2 Beta-Delayed Proton Precursors

J.C. Hardy, H. Schmeing, T. Faestermann, K.P. Jackson,
H.R. Andrews, J.S. Geiger and R.L. Graham

Our systematic investigation into the new series of

beta-delayed proton precursors with T = 1/2 has progressed

since the last report (PR-P-107: 2.7, AECL-5256). We have now
77

made the first observation of Sr (t, ,„ = 9.0 ± 1.0 s), pro-
40 40 77duced in the reaction Ca( Ca,2pn)''Sr at a bombarding energy

of 130 MeV; and we have also obtained p-x-ray coincidence data

fo
65
for the decay of Ge by producing it in the reaction Ca( Si,2pr)

Ge at 90 MeV.

With these additions, the members of the series already

observed include 6 5Ge, 69Se, 73Kr, 7?Sr, 81Zr and provisionally

Mo. Data on the lifetimes of axcited states in the daughter

nuclei (in the region of t 1 / 2 ^ 10~
1 6 s) have been obtained

through p-x-ray coincidences for A = 65, 69, 73 and 77.
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77,... 77... 69_
t>e

H. Schmeing, T. Faestermann, J.C. Hardy, R.L. Graham,
J.S. Geiger, H.R. Andrews and K.P. Jackson

In our study of beta-delayed proton emitters with

T = 1/2 we have observed gamma rays following the beta-decay

of a number of nuclei. We here give a list of gamma rays from

nuclei for which our experiments yield more detailed information

than reported elsewhere.

77
Sr: We identified three gamma rays from 'Sr, at 14 4.7 5 ke7,

146.87 keV and 159.80 keV (+ 0.10 keV) with the relative inten-

sities 1 1 + 2 , 100 and 7 ± 2. The identification is based on

the obser\ation that the half-life measured for these gamma rays,

9.1 + 0.7 s, agrees well with the half-life we observed for the

proton decay of Sr.

77 77
Rb: Six gamma rays from the decay of Rb were known prior

to our measurements. We confirm the previous results and of for

the following list of gamma rays (all energies, preliminary, ± 3

keV, all intensities + 20%):

ergy (keV)

66.6

150

179

254

362

394

433

469

546

608

626

648

714

782

Intensity (%)

100

7

41

10

10

23

22

37

23

12

11

10

3

9

Energy (keV)

792

805

853

910

971

988

1012

1038

1066

1099

1052

1267

1328

Intensity (%)

1.7

6

3

4

11

8

15

9

3

5

3

4

16
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On the basis of £n£rgy sums, yaimua— rsy

a:.d coincidence measurements, we tentatively suggest levels in
7 Kr at 66.6 keV, 149.5, 245.4, 500.0, 714.3, 791, 872, 959,

1038, 1099 and 1267 keV (all ± 2 keV}.

6'Se: The only previous detailed information on the decay of

Se was obtained in a series of experiments we reported earlier

(PR-P-103: 2.13, AECL-4931). More data have been gathered and

suggest an extended level scheme with states in As at 98.0,

164.4, 497.1, 7S3.5, 1076.2, 1427.7, 1691.4, 1865.5, 2150.4

and 2 347.5 keV (all + 1 keV).

2.10 Search for Ultra High Spin Isomers Using the Lotus Goniometer

D. Ward, 0. Hausser, H.R. Andrews, M.A. Lone (Neutron and Solid
State Physics Branch), A.J. Ferguson, J.R. Beene, C. Broude
(Queen's University) and B. Herskind(Niels Bohr Institute)

A search for ultra high spin isomers on the time scale

greater than 1 ns has been made. The reactions used were

Ni( S,evap) and Mo( S,evap), where "evap" means evaporated

neutrons and/or charged particles, at 165 MeV incident energy.

A Ge(Li) detector was positioned at 30° to the target foils and

the direct line of sight was blocked by ^ 7.6 cm heavy-met

shielding. Recoils from fusion products were allowed to travel

to a stopping plate positioned ^ 3.8 cm downstream of the target.

The geometry was such that gamma rays emitted from recoils having

travelled more than ^ 3 mm from the target should be detected

without interference from the shielding. The six Nal(Tl) detectors

comprising the Lotus goniometer were arranged in close geometry

and were in multifold coincidence with the Ge(Li) detector.

It was expected that gamma rays in paths of high multi-

plicity should be greatly enhanced in the 3-fold and higher-fold

coincidence spectra. From the Ni target we observed the well-
— 9 2

known 11 isomer in Mo with clear evidence from the multiplicity

that an isomer of considerable higher spin must precede it. In

the same spectra we found evidence for a new isomer in Mo (ground
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state spin +9/2) which has a multiplicity of ^ 6 indicating a

probable spin of 31/2.

In the case of the Mo target, we found only an

isomeric cascade of very low multiplicity.

The technique appears to be very promising and it is

planned to study reactions leading to deformed rare-earth nuclei,

2.11 Evidence for Angular Momentum Limits in Heavy-Ion Induced

Fusion Reactions

O. Hausser, B. Herskind (Niels Bohr Institute), H.R. Andrews,
J.R. Beene, C. Broude (Queen's University), A.J. Ferguson and
M.A. Lone (Neutron and Solid State Physics Branch).

We are studying complete fusion reactions induced by

beams of ' 0 and S leading to Er compound nuclei. The

gamma-ray multiplicity measurements reported previously (PR-P-107:

2.10, AECL-5256) have been augmented by two experiments populating

the compound nucleus 166Er by 16O + 150Nd and 1 80 + 148Nd reactioni

at identical excitation energies. Furthermore, we have measured

absolute cross sections for complete fusion of the systems
1 6O + 150Nd, 1 6O + 146Nd and 32S + 130Te at a variety of bom-

barding energies.

Although data analysis is only partially complete it

has become apparent that for all systems studied, limiting angular

momenta exist which become effective well below the highest bom-

barding energies used:

a) the 0 + Nd total fusion cross sections do not increase

significantly above E (16O) ^ 95 MeV. At E(16O) = 116 MeV the

observed cross section is about 30% lower than calculated by the

fusion model of Bass (Nucl. Phys. A231 (1974) 45) which reproduces

very well the data at lower energies.

b) the gamma-ray multiplicity averaged over all observed (HI,xn)

channels increases monotonically with bombarding energy at lower

energies but remains constant at the highest energies. From the

r.easured upper limits of the multiplicity the limiting angular
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momentum for fusion has been determined to be ^cr::t ^ 60 n.

The multiplicity data provide direct evidence that angular

momenta I > £ . d o not contribute to fusion, probably due to

the onse'- of frictional forces.

Other aspects of the data analysis include the cal-

culation of gamma-ray angular correlations and the study of

gamma-ray continua in the Ge(Li) spectra. An unfolding pro-

cedure has been developed by one of us (CB) using experimental

gamma-ray lineshapes to calculate the 'true1 gamma-ray spectra,

2.12 An 80 ns / = 5+ Isomor in Tl and the Magnetic Moment of

the h,, ,„ Proton Orbital

0. Hausser, J.R. Beene, A.B. McDonald and T.K. Alexander

209
The magnetic moment of the Bi ground state is hijhly

anomalous and cannot be explained theoretically unless rather

large meson exchange contributions are invoked. A measurement

of the magnetic moment of the h,, ,? proton hole orbital would

be extremely valuable to clarify the reasons for this anomaly.

Unfortunately, the h,, ,_ hole state in Tl has a very long

lifetime and cannot be populated conveniently.
? 0 6

We have searched for isomeric states in 'i'l, which

might have a strong h,./0 (proton) component in their wavefunctions.
il/i '206 il/i 204 7

The states in Tl were populated by the Hg( Li,an) reaction

using pulsed Li beams and a liquid Hg target. On the basis

of excitation functions and y~Y coincidence data, an isomeric

state has been found at E = 1406 keV with a half-life t,/2 =

80.3 ±1.0 ns. The state decays by a 453.6 keV, El transition to

the known 4~ state at 953 keV (T = 60 ps, Donahue et al. Phys.

Rev. C12 (1975) 1547.

The g-factor of the new isomer measured by the spin

precession method is g(5+) =0.84 with a statistical error of

0.01, and a total error of 0.014 which includes the uncertainty

of the combined diamagnetic and Knight shift corrections.
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The (h-iwo PT/2 ^ structure of the isomeric state

is supported by the g-factor measurement and by I = 5 population

ol the state in the Pb(t,a) Tl reaction (Barnes et al., Phys.

Rev. Cl (1970) 228) (BA). Furthermore calculations by Kuo and

Herling (NRL report 2258) (KH) and by Ma and True (Phys. Rev. C8̂

(1973) 2313)(MT) predicted a 5+ state at 1.48 and 1.69 MeV

respectively.

We have estimated the magnetic moment of the h,, .-

orbital from the measured g-factor using the above wavefunctions

and experimental Ml matrix elements. The contributions from the

admixtures to the 5 g-factor tend to cancel and therefore the

result depends sensitively on the amplitude of the '

component, which is estimated to be 0.877 (KH), 0.818 (MT) and

0.87 (BA)(by a comparison of Pb(t,a) and Pb(t,a) cross

sections). The derived h,./o moments are 5.8 and 6.6 u , using
11/i n

the KH and MT wavefunctions, respectively. Both values are

significantly smaller than the Schmidt value, 7.79 \i , and in-

dicate a small meson exchange contribution.

A careful comparison of Pb(d, He) and Pb(d,'He)

cross sections would be valuable to establish the amplitude of

the (h,, ,2 Pi/2 ) 5 component.

+ 212
!.13 Magnetic Moment of the 11 Isomer in Fr

O. Hausser, J.R. Beene, A.B. McDonald and T.K. Alexander

In a previous study (PR-P-106: 2.6, AECL-5226) a 27

ys isomer was found in Fr. The excitation energy of 1551 keV

and the decay mode of the isomer suggested a (21/2 (proton)

p, ,j (neutron); 11 ) assignment for the isomeric state.

•m We have now measured thti magnetic moment of this state

I in an external magnetic field by stroboscopic observation of the

Larmor precession frequency. The isomer was populated by the

1 203Tl(13C,4n) reaction at 74 MeV using a liquid 203Tl target. At

a beam repetition period of 800 ns the n = 2 resonance was ob-

served at a field of 0.1843 T. After applying corrections for

diamagnetic shift (-1.97%) and Knight shift (1.1 ± 0.2%, sea
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PR-P-107: 2.12, AECL-5256) a g-factor g (11+) = 0.898 + 0.004
expis obtained. Using the g-factors of the 21/2 state in Fr

(g = 0.886 + 0.005, see PR-P-107: 2.12, AECL-5256) and of the

1/2" g.s. of 207Pb (g = 1.187 ± 0.002) we calculate gth(ll
+) =

0.900 ± 0.005 in excellent agreement with experiment.

The estimated static quadrupole moment for this state

is nearly vanishing and the Knight shift, K, can therefore be

deduced from a measurement of the spin relaxation t Line using the

Korringa relation (Magnetic Interactions in Solids, Zeiger and

Pratt, Clarendon Press, Oxford 1973, p.356). The vidth of the

observed stroboscopic resonance allows us to place a lower limit

on the spin relaxation time, T - > 40 us corresponding to K < 1.4%,

This small upper limit of K is consistent with the value K = (1.1

+ 0.2)% derived previously (PR-P-107:2.12, AECL-5256) by a

different method.

2.14 Statistical Model Calculations of Beta-Delayed Proton Spectra

J.C. Hardy

The general properties of a beta-delayed proton energy

spectrum are determined by two factors: (i) the intensity of

beta-decay branches (including electron capture) from the "pre-

cursor" to energy levels in the "emitter", IQ(Q -E ), where Q
p ec x ec

is the total decay energy and E is the latter's excitation energy;

and (ii) the branching ratios for subsequent particle emission

in the "daughter". Thus, for example, the shape of the energy

spectrum is given by VV a L "V VQ«rVif

where

Here r is the partial width for proton emission from state "i"

in the emitter to state "f" in the daughter, r1 is the gamma-

decay width of state i, and the sum extends over all states, if

f between which protons of energy E can be emitted.
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| A computer program has been written to calculate many

*> of the observable properties of a beta-delayed proton decay that

f occurs in a mass region where the density of states populated i-;

I the emitter is high. This is applicable to the T = 1/2 series
^ z
I of precursors recently discovered here. The calculation is per-
I formed using eqn. (1) and includes all levels in the emitter
1 populated by allowed beta-decay. The density of levels is cal-
if
1 culated using a Fermi gas model (e.g. Bohr and Mottelson, Nuclear
t
I Structure, vol. 1, p. 155) with Porter-Thomas distributed T

values determined using Coulomb penetrabilities and strength

I functions derived from optical-model transmission coefficients.

| The particle gamma-decay widths, r , were calculated by assuming

I El radiation with a normalization (or average B(E1) value) taken

I from the "global" prescription of Cameron (Can. J. Phys. 35^ (1957)
M

I 666). When using a beta-decay strength function proportional to

| level density, good agreement with experimental data could be

I acnieved with (Q -B ) treated as a free parameter.
| ec p
I The program is currently being used to examine the
I effects of different functional forms for the beta strength function
i
I on the comparison with experimental data.

!.15 Heavy-Ion Stopping Power
I D. Ward, J.S. Forster, H.R. Andrews, I.V. Mitchell (Solid State
1 Science Branch), G.C. Ball and W.G. Davies

i From analysis of the heavy-ion stopping powers shown

in Table 2.15.1, a new parameterization of the heavy-ion effec-
i. 4
1 t i v e charge, y, has been der ived on a bas i s of r e a l i s t i c He

1 measurements (D. Ward e t a l . , AECL report-4914 (1975)).
I 0.65

I Defining a reduced v e l o c i t y : vR = V/V Q Z^

9 we find

I Y = 1 " A(Z,) exp (-0.379 vR)

| where
I A(Z.) = 1.035 - 0.4 exp (-0.16 Z^)
$
3!
fflt
i
III
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Certain other conclusions have been made. The Ẑ ^ oscillations

(P. Hvelplund and B. Fastrup, Phys. Rev. 165 (1968) 408) become

negligible above energies of 0.1 MeV/N. The Z2~oscillations

(J.F. Zeigler and Y.K. Chu, Atomic and Nuclear Data ^3 (1974) 463)

persist to 1.5 MeV/N; however the Z2-effects appear to scale

with all ions. The so-called Z1 effect is much smaller than

predicted by the jackson and McCarthy theory (J.D. Jackson and

R.L. McCarthy, Phys. Rev. B£ (1972) 4131) as evidenced by the

constancy of stopping power ratios e.g. ( Cl/ He) and ( 0/ He)

in a variety of stopping media.

It is now believed that the new heavy-ion effective
4

charge parameterization together with the realistic He stopping-

power table make it possible to predict the electronic part of

heavy-ion stopping powers in the 21 materials contained in the
4He table. The uncertainty is believed to be better than 10% in

the energy range 0.1 - 10 MeV/N.
Table 2.15.1

c,
He

0,

F,
Ca

Br

Beams

N,

, o,
Cl

Mg,

, I,

0, Ne

Cl

Al, S,

U

Cl,

Al,

Ni,

Al,

Ti,
Au

Be,

Materials

Ni,

Ge,

Ni,

Fe,

Al,

Ag

Y,

Ag

Ni

Ni

, Au

Ag,

, Au

, Cu

, Ag

Au

# Ag,

, Au

Porat

Ward,

Booth

Ward

Brown

Reference

a\
and Ramavatararn

Geiger, Graham3

and Grant0'

et al. d )

and Moake)

a) D.I. Porat and K. Ramavataram, Proc. Roy. Soc. (London) A252
(1959) 394, Proc. Phys. Soc. (London) 77 (1961) 97 and 78~7T961)
1135. —

b) D. Ward, R.L. Graham and J.S. Geiger, Can. J. Phys. 5£ (1972) 2302

c) D.W. Booth and I.S. Grant, Nucl. Phys. 65_ (1965) 481

d) D. Ward, J.S. Forster, H.R. Andrews, I.V. Mitchell, G.C. Ball,
W.G. Davies and G.J. Costa to be published (1975)

e) M.D. Brown and C D . Moak, Phys. Rev. B_6 (1972) 90. We are indebted
to Dr. Moak for providing us with the raw stopping powers from this
work.
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The New Position Sensitive Heavy Ion Detector for the QD"

Spectrometer

W.G. Davies, N.C. Bray, G.C. Ball, J.S. Forster, J.J. Hill
and W. McLatchie

The new heavy-ion detector described in PR-P-106:

2.14, AECL-5226 has been constructed, tested, and used in an
19 22experiment to measure the masses of N and O. The counter

consists of two 50 cm long by 1-5 cm thick. AE proportional counters,

the first of which is position sensitive, followed by a 7 cm deep,

gridded ion chamber. The position signal is obtained by charge

division on the 0.01 mm diameter high resistance (164 fi/cm) anode

wire. As described in rore detailed earlier (ibid) the counter

can be moved along the focal surface by a computer-controlled

stepping motor. The counter operates between 1.3 and 100 kj3a of

isobutane.

The counter was "bench tested" at atmospheric pressure

and at 132 kPa (100 Torr) with 5.486 MeV alpha particles from a
241

Am source. After determining that the counter operated satis-

factorily it was tested in the QD spectrometer by scattering 76

MeV 0 ions from 100 yg/cm Au and 200 \iq/cm Pb targets.

The El and E2 counters each have an energy resolution

of about 5% while the ion chamber has a resolution of about 1%,

yielding a total energy resolution (AE1 + AE2 + AEI) of 2%. This

resolution is sufficient to provide adequate particle identification;

the counter easily separated O from a large ~ 0 background which
21

comes at the same position on the focal plane as the O ground
state peak.

The position resolution was ^ 1 cm for alpha particles
241from Am which lose 3 MeV or less in the position-sensitive

counter. Position resolution in the heavy ion tests (1.9 cm FVJHMf

could be attributed to target thickness and kinematic effects.

Further tests of the position resolution are planned.

*Full wave at half maximum
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2.17 A Gas Pressure Servo for the QD Focal Plane Detectors

W.G. Davies and D.J. Yaraskavitch

A simple gas pressure controller has been built for

use with the counters used on the focal plane of the QD spectro-

meter. The device employs a Bell and Howell type 4-312 pressure

transducer, a high gain operational amplifier, driver circuit

and motor-driven needle valve. The servo can control the pres-

sure within ± 0.5 Torr or 5/10000 of full scale over periods of

one day or more. The major limitation in the stability appears

to be the temperature dependence of the pressure transducer.

Coarse pressure is set with a Matheson vacuum regulator with

the fine adjustment made by the servo system. Good results

have been obtained in recent experiments on the QD spectro-

meter where the counter was operated for extended periods at

pressures of 132 kPa (100 Torr), 264 kPa (200 Torr) and 408 kPa

(310 Torr).

2 .18 On-line Electromagnetic Isotope Separator

J.C. Hardy, H. Schmeing and W.L. Perry

The on-line isotope separator (PR-P-98: 2.14, AECL-

4595), which has been delayed by the bankrupcy of the original

supplier, is now being completed with the assistance of Dr. J.

Camplan from the Laboratoire Rene Bernas, Orsay. The magnet

and various components already completed are in transit to CRNL,

and individual orders for the vacuum chambers, valves and several

power supplies are now being placed. Assembly at CRNL is scheduled

to commence in late spring.
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2.9 Isotope Separator Tape Transport System

M. Wightman, W. Perry and J.C. Hardy

Tests of the fast tape transport system for the

isotope separator (PR-P-101: 2.20, AECL-4773; PR-P-102; 2.17,

AECL-4841; PR-P-103: 2.17, AECL-4931) are proceeding under

expected operating conditions.

The tape drive mechanism, when tested at both low

speed (280 cm s ) and high speed ( 560 cm s ), had a positioning

reproducibility of 1 mm for distances of up to 70 cm. However

w ien advancing the tape more than 50 cm at the high speed, the

tape did not always remain seated properly on the guide rollers.

A minor change to the rollers has been designed and is being

made to rectify this problem.

: Measurements were taken to determine the pressure

i attained in the interlock chamber (volume ^ 30 ml) now that

| the high volume (70 1 s ) roughing pump is in operation. A
E pumping time of 300 ms is required to reduce the pressure to
i !4 Torr. To improve this performance the vacuum interlock

' systein is being modified to increase the conductance of the

outle4- to the roughing pump.

; After operating the tape transport for an extended time,

the solenoid gate valves showed a tendency to stick as a result

of overheating. The installation of an air cooling line to the

solenoid jackets solved this problem.

Initial trials of the safety isolation shutter indicate

that it cannot be operated rapidly enough to match the capabilities

of the other components of the tape transport (cycle time < 1 s).

In order to upgrade the shutter operation several improvements

to the shutter drive mechanism are in progress.
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2.2 0 High Speed Data Channel for PDP 10 Input

A.J. Ferguson and F.J. Sharp

The high speed data channel for transmitting on-line

related address data to the PDP 10 is now fully operative. It

can be used either with the general sorting program ALLRUN

(PR-P-104:2.17, AECL-5032) alone, or with this program in con-

junction with a magnetic tape writing module written by R.B.

Tomlinson (PR-P-105:2.17, AECL-5121). In the latter case all

information is preserved for possible future re-analysis, while

in the former only the sorted information is preserved. Input

rates of approximately 4000 words/s with losses of approximately

2-3% have been observed when writing on magnetic tape. Since

this is near the maximum writing speed of the tape, it is an

effective upper limit for operation in this mode. It was ob-

served that the losses arose principally from delays incurred

when the monitor was unable to obtain buffer space due to time-

sharing operations. The losses will therefore be dependent on

the time-shared load on the computer. It may be possible to

improve this situation by granting the on-line program a higher

swapping priority.

2 . 21 Target Preparation Laboratory

J.L. Gallant

The laboratory is now equipped with a high vacuum

target storage facility to provide clean, long-term storage

of reactive targets. The chamber consists of a three-compartment

stainless steel box evacuated by an ion-pump.

A method was developed for the preparation of low

oxygen content, self-supporting silicon films. Basically it

consists of vacuum evaporating pure silicon onto a heated (400°C)

tungstan substrate on which the releasing agent barium chloride,

has been sublimed.
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Targets for Nuclear Physics

The following targets were prepared for Nuclear Physics

experiments carried out during this period: Pb, Cr, natural
42sulfur as antimony trisulfide and lead sulfide, Ca, natural

calcium, gold, ' Nd, Si, natural silicon, Mg, Ge and
82 1 ~i

Se. Several natural carbon and C films were prepared for

foil lifetime tests.

A total of one hundred and twenty 2 Mg/cm carbon films

were prepared for beam stripping foils in the tandem terminal.

Work for other branches and outside organizations

Several self-supporting natural silicon targets were

prepared for Dr. Litherland of the Department of Physics, Uni-

versity of Toronto. These foils aro used in electro-fission

experiments.

Electronics, Computers and Instrumentation

F.J. Sharp, R.B. Tomlinson, J.P.D. O'Dacre, R.L. Brown and
R. E. Howard

PDP 1

The electronic interface to enable a LA36 Decwriter

to replace the Soroban typewriter is complete and the Decwriter

delivered. Tests on the new system are proceeding.

PDP 10

Further tests on the Charpak address computer for the

QD under control of the PDP 10 high speed data channel have

been carried out. The 53 "blind" sealers for the data scanner

have been tested and placed into service. These sealers will

monitor gates and related data during an experiment. The PDP 10

FPP display system, which uses semiconductor memory, has been

completed. The display user can manipulate, by a key board

located at the display, data being displayed.

The tandem data logging program has been improved as

a result of feed back from Operations staff. After a monitor
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failure, the program is automatically logged in and started,

thus minimizing loss of data during the down time of the PDP 10.

The program that displays short-term, e.g. 2 h, history of the

tandem can now display any two parameters. This permits time

correlations between parameters to be observed and related.

Two new modules have been added to the "Master" data

analysis program. PLTEXT allows inserted text to be plotted

with data. CONST adds a positive or negative constant to all

channels of a spectrum.

MP Tandem

A new solid-state ESAG lens supply has been installed

on the MP accelerator negative-ion injector to replace the ori-

ginal HVEC unit. The replacement supply allows swift, smooth,

backlash-free adjustment of the lens1 strength and steering with

a reproducibility of settings of 0.1% and with adequate long-

term stability. The time required to optimize the beam from

the source has been reduced considerably. In addition, all

relevent voltages are logged by the PDP 10 computer and can be

easily recalled for reference or for source operation in similar

circumstances since the precision of the controls allow return

to former settings.

A new probe supply with lower ripple voltage has been

installed in the ion source cage to replace an earlier unit.

There are now four fibre-optic controlled chassis in the injector.

A new beam transport controller is now in service with

the power supply systems for the switching and quadrupole lens

magnets. This unit replaces the decimal-to-binary system used

to call up the required magnetic fields. The old system was

becoming unreliable after almost ten years of service. The new

unit is faster and more convenient to use because switches replace

program plugs for changing from manual to PDP 1 computer operation.

Provision has been made for eventual PDP 10 control of the unit.

Four Simtec amplifiers have been restored to service

after ultrasonic cleaning of relatively inaccessible switch con-

tacts. These units were unstable and repeated application of

contact cleaner failed to cure the problem. The ultrasonic probe



- 31 -

was made available through the assistance of N. Gentner of the

Biology Branch.

2.23 MP Tandem Operation

T.K. Alexander

The availability of the tandem showed improvement over

the previous quarter (see Table 2.23.1). The main sources of

unscheduled down time were: failure of the 9^ analyzing magnet

power supply caused by lack of cooling water to its transistor

bank, a one-week shutdown of the PDP 1 computer making it

necessary to reschedule experiments, and problems with ion-

source power supplies.

Shutdowns were scheduled for installation of the new

electrostatic alternating gradient lens (ESAG) power supplies

(PR-P-108:2.22 ,AECL-5315), routine stripper foil replacement,

inspection of the charging chains and maintenance.

Table 2.2 3.1

Beam available 1191.4 hours

Scheduled shutdown 4 57.3

Unscheduled shutdown 439.3

2088.0 hours 100.0%

During the quarter, 21 experiments were performed

involving CRNL and 11 visiting scientists. Non-CBNL scientists

collaborated on experiments occupying 70% of the beam time, their

average participation being 2 3%.

2.24 Beam Development - The General Ionex LCE Negative Ion Source

Y. Imahori (Operations Division), H.R. Andrews and J.s. Gciqer

This ion source, which is a duoplasmatron coupled to

a Li vapour charge exchange canal, has in the past been used

primarily for He, Li and C beams. Recently the source has pro-

duced O and S beams using 2% mixture of C O~ in H9 and H
34
S and He respectively. Because of the low concentrations rr»-

57 .
2 1 .

2 1 .

1%

9

0
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quired, this method is economical for generating beams of

enriched isotopes. The source has also been used to

produce beams of 1 1 B using 5% B F 3 in He and Si using 2% SiH 4

in H . Table 2.24.1 presents the maximum intensity of the

negative ion beams obtained.

Experiments on the ion source test bench are planned

to determine the optimum operating conditions of the duoplas-

matron for the production of positive ions of various species

for injection into the charge exchange canal.

Table 2.2 4.1

Beams from General Ionex LCE Negative Ion Source

ION

3He

4He

7Li

1J-B

12c
13c
15o
18o
28Si

32s
34s
40Ca

GAS

3He

4He

Li +

BF3 +

1 2CH 4

1 3CH 4

c 1 6o 2

c 1 8o 2

SiH4

H2
32S

H 3 4 S

Ca +

He

He

+ He

+ He

+ H2

+ H2

+ H2

+ He

+ He

He

CURRENT THROUGH L.E
APERTURE

(MA)

4.0

10.0

1.8

3.4

8.0

11.0

8.0

8.0

3.0

76.0

19.0

0.7
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Beam Development - Unis Source

Y. Imahori, V. Koslowsky (Operations Branch) and H.R. Andrews
and J.S. Geiger

Studies with this source have been hampered by problems

attributable to leaky seals. While solutions have been found

which are effective in a 'laboratory' environment, further work

is required to insure that satisfactory routine operation can

be realized. The seizing of the ionizer in the ionizer heater,

a proolem which frequently leads to heater breakage on disassembly,

seems to have been eliminated by simply increasing the clearance

between the heater and ionizer tube. In addition, modifications

have been made to the worm gear drive for the cone wheel. Re-

positioning of the ionizer (PR-P-107:2.18, AECL-5256) has resulted

in a Cs spot size of the cone of ^ 1 mm. The focal spot is not

always on-axis and we have not yet identified the critical para-

meters governing this. No improvement in transmission was ob-

tained by biasing of the extraction electrode (PR-P-107:2.18,

AECL-5256).

An analyzed Si beam of 1 yA has been obtained from a

'cone' made up of stacked Si disks, in contrast with one unsuc-

cessful search for a Si beam from a Si powder cone. An analyzed

beam of 20 nA of Mg was obtained extracting HgO from the

source. In both cases the Cs beam was off-axis in a direction

which could not be compensated by a rotation of the cone wheel.

Backsputtering, the process of sputtering the external

portion of the target cone directly visible to the extraction

electrode, has been shown not to be the principal limitation on

the emittance of this source. Identical transmissions were ob-

served for Cu beams from a copper cone and from a stainless steel

clad copper cone which prevented backsputtering of Cu.
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2.26 Progress on the Beam Transport System for the Superconducting

Heavy Ion Cyclotron

W.G. Davies and A.R. Rutledge

Considerable progress has been made on the design of

the injection line to the proposed Superconducting Heavy Ion

Cyclotron (see PR-P-107:2.19, AECL-5256).

Three different designs have been studied using the

exact first-order injection transfer matrix required for 10
2 38

MeV/A U ions from the cyclotron rather than the crude model

used in the preliminary design calculations. Both systems 1

and 2 (ibid) were studied as well as a new design (designated D3)

which allows the cyclotron to be moved to a more convenient

position in the vault. This design was based on the analyzing

magnet of System 2 (ibid) which has a vertical cross-over in

the center of the analyzing magnet.

It now appears that D3 is satisfactory, so work on the

first two designs has been discontinued. The new design D3

contains three bending magnets instead of four and a total of

11 quadrupole singlets. It should be easier to set up than the

earlier designs. Acceptable solutions have been obtained for
2 38

10 MeV/A U which was used in optimizing the basic design

since it was felt that this would be the most difficult case.

Calculations are now under way to see if this design

is compatible with the injection requirements of the other

beams over the complete energy range. So far only two other

cases have been studied, these are: 3 MeV/A 2 3 8U (238U-3) and

15 MeV/A C. The results to date are shown in Table 2.26.1.

The beam emittance used in the calculation is based on measure-

ments of Forster, Alexander and Burn for 35C1 ions (PR-P-105:

2.15, AECL-5121). When the design is optimized for all beams

over the entire energy range, second-order corrections will be

made if necessary. it should be noted that ^ 3 8U - 10 MeV/A
12

and c - 15 MeV/A should be near the extremes. Since accept-

able solutions for both cases have been found, all intermediate

energies and ion species should work.
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X

e
Y

<f>
AX,

(mm)

(mr)

(mm

(mr)

(mm)

Beam

Design

1 ±

<

4 ±

<

<0.1 ±

Emittance at

Goal 2 3 8U

0.

4

1

3

0.

.1

.1

Table 2.26.1

the Stripper Foil of the

- 10 +

0.90

2.01

2.24

3.09

0.21

2 3 8U - 3

0.88

2.06

2.67

2.87

0.23

Cyc

12c

lotro

- 15

0.69

2.60

3.93

3.00

0.25

t The emittance assumed for these calculations was

x6 = 1.05 mm-mr and y<J> = 2.76 mm-mr, Ap/p = 0.01%

Computer Control of the MP Tandem and Superconducting Cyclotron

R.L. Graham, J.S. Geiger, J.C.D. Milton, N. Burn (NRX Operations
Branch), P. Hurley (NRX Operations Branch) and L.D. Hansen
(Mathematics and Computation Branch)

In addition to the assessments of the accelerator

control systems reported earlier (PR-P-105: 2.18, AECL-5121)

Graham attended the particle accelerator conference in March,

visited Oak Ridge National Laboratory in October. Milton attended

the Zurich accelerator conference in August and the Brussels

CAMAC symposium in October. Graham and Hansen also attended

the CAMAC symposium and visited laboratories at Zurich (SIN)

Geneva (CERN), Berlin (VICKSI), Winfrith (UKAEA) and Daresbury

(NSF). These visits have provided first hand information on the

current status of eleven control systems for particle accelerators.

Two of these laboratories (ORNL and VICKSI) will be controlling

a combination of a Van de Graaff injecting into a cyclotron and

a third (Daresbury NSF), a 30 MV tandem accelerator. Of these

three control systems only the VICKSI system represents an inte-

grated approach to dual accelerator control. Moreover they have

close liaison with CERN and are incorporating the latest CERN

hardware developments and software concepts. We believe that

the VICKSI control system represents the most appropriate model

for a CRNL system for the MP tandem accelerator and supercon-

ducting cyclotron.



- 36 -

2.28 Intercomparison of High-Counting-Rate Sources

J.G.V. Taylor, J.S. Merritt and F.H. Gib?on

(a) CRNL sources (PR-P-107:2.21, AECL-5256): Further

tests have confirmed that of the available formulations for the

rate-dependent corrections in 4TTB-Y coincidence counting, Bryant's

is the most appropriate. It is not yet clear from these data

how much of the residual rate-dependent effects observed {< 0.1%

for activities < 10 s ) should be attributed to approximations

in the formulae or to deviations of the instrumentation frovi the

assumed performance. It has been shown that errors in measuring

dead times and resolving times are too small to account for the

observed effects but that errors in monitoring and correcting

for small mismatches in the relative channel delays ("Gandy

effect") may be more important. There is also some evidence at

high rates for a small efficiency dependence of the residual rate-

dependent effects in addition to the rate-independent efficiency

factor already included in the formulae. More experiments are

planned.

Since all rate-dependent terms approach zero as counting

rates approach zero, the large amount of data obtained has been

used to determine a more accurate value for the activity concen-

tration of the Co stock solution by extrapolating the calculated

activity concentration as a function of source mass to zero mass

for each of the independent data sets using a non-linear least-

squares fitting program. The fractional standard error for the

mean activity concentration from five runs taken with optimum

time constants and calculated with formulae based on Bryant

is + 8 x 10 . From other runs taken with longer time constants,

runs deliberately calculated with incorrect values for the time

constants, and runs calculated with formulae based on Gandy,

the maximum fractional systematic error in the mean activity

concentration is estimated to be < ± 3 x 10 . The fractional

uncertainties in the masses of the individual sources range

from < i 1 x 10~4 to £ ± 4 x 10~4(PR-P-107: 2.21, AECL-5256).

Thus, taking the random error to be three times the s :andard

error, the sums of the random and systematic uncertainties

for the activities of these sources lie in the range
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-4 -4

± 5 x 10 to t 9 x 10 making this the best-determined sot

of sources we have measured.

(b) Intercomparison sources: Two sets of eight sources

each have been received from the NPL, measured several times,

and returned. In addition to 4TTB-Y coincidence counting, the

six most active of the intercomparison sources were compared

with the most active of the CRNL sources in the two-inch ion

chamber (PR-P-107:2.22, AECL-5256). Data analysis is incomplete

but the agreement with the NPL preliminary estimates of the

source activities is in the range <0.1 to ^ 0.4% for all sources.

2.29 The Half-Lives of Sr and 1 1 3Sn

J.S. Merritt and F.H. Gibson

8 5Among gamma-ray standards issued in 1973 were Sr and

Sn for which gamma-ray emission rates were determined from

measurements made with the 4TT-y ion chamber. Since then, monthly

measurements of these two standards have been made with the ion
226chamber using a sealed Ra needle as reference standard and

2261600 years for the Ra half-life. By least squares fits to

the data, values of 64.84 ± 0.03 days for the half-life of 3r

and 115.12 + 0.20 days for the half-life of Sn have been cal-

culated; these should improve the usefulness of future gamma-

ray standards of these nuclides (see Table 2.29.1).
O c

The Sr sample was followed for approximately 15 haif-
lives. Initially no impurities were detected, but at the end

85
of this period when the ion chamber response from the Sr was

about 0.5 of background, small impurities (< 1%) of Co and

Ba were detected by Ge(Li) spectrometry. Appropriate cor-

rections were calculated for the individual data poirts but vivre

smaller than the statistical errors, even for the most recent

data; the c<

half-lives.

data; the corrections were % 10~ % initially and 0.9% af^er 1
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The effect on the half-life value of applying this

size of correction far longer-lived impurities is only 0.001

day or about 1:10 . Thus the only known source of error is

statistical and the quoted error is three times the siandard

deviation.

Similarly the Sn decay was followed for <fc 9 half-

lives, but the sample contained significant impurities. Al-

though these did not hinder the use of the Sn as 39 3-keV

gamma-ray standards, they did impair the half-life measurement.

Substantial effort has been spent in assessing this result.

Sb and Inm were detected at the beginning of the measure-

ment period by Ge(Li) spectrometry and were estimated to be

0.7% of the initial ion-chamber response from the Sn sample.
125

After 9 half-lives the remaining Sb contributed about half

of the observed response. In assigning errors to the individual

data points for least-squares fitting, 10% of the correction for

impurities was added to the statistical error. This somewhat

arbitrary allowance was based on (1) uncertainties in the Sb

gamma-ray abundances and (2) error in estimating the actual

impurity content; it is deliberately a slightly generous allowance

to avoid overweighting the later data when impurities were large

To estimate the bias in the half-life value resulting from bias

in the correction for impurities, the size of the correction

was varied and the effect on the half-life value noted. A

change in the correction of about 5%, an amount just sufficient

to distort significantly the distribution of the residuals,

corresponded to a change in half-life value of 0.10 day. This

was adopted as the systematic uncertainty which was added to

three times the standard deviation of + 0.032 day to obtain

the overall uncertainty of ± 0.20 day.

Impurities are the most important source of error in

precise half-life determinations; from this study on Sn we

conclude that high-accuracy half-life measurements require

purer samples.

These results are in good agreement with, but more

precise than, the accepted half-life values for thes< nuclides

(Table 2.29.1).
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Table 2.29.1

p c 1 1 "5

Sr half-life Sn half-life
(days) (days)

This work 64.84 ± 0.03 115.12 ± 0.20

Nuclear Data Tables ( 1 ) 64.5 ± 0 . 5 115.0 ± 1 . 0

Lagoutine et a l . ( 2 ) 64.68 ± 0.23 115.07 ± 0.30

Gleason(3) 64.93 + 0.22 115.2 ± 0.8

(1) Nuclear Data Tables A£ (1970) 150

(2) F. Lagoutine, J. Legrand, C. Perrot, J.P. Brethon,
J. Morel, Int. J. Appl. Radiation & Isotopes 5_ (19 72) 22 5.

i3) G.I. Gleason, private communication to Nuclear Data Tables
(1967).

241
30 Corrosion of a Am Source

J.G.V. Taylor

From correspondence with the manufacturer it is con-

eluded that the most probable reason for the unexpected corrosion
241

of a gold-alloy-coated Am alpha foil (PR-P-107-.2.23, AECL-

5256) is attack of the underlying silver matrix by traces of

H_S greatly accelerated by the high activity loading (350 yCi
-2cm ) of tiis source.

2.31 Standardizations

J.S. Merritt and J.G.V. Taylor

Co - Solid State Science

Cs - Medical Research

2 • 32 Miscellaneous Services

J.S. Merritt and F.H. Gibson

Sources of Co and Nb were prepared for the Nuclear

Physics Branch, one of 6 0Co for the Neutron and Solid State Physics
152

Branch, and five of Eu for the Solid State Science Branch.
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Four gas-cell windows made of laminated layers of VYNS plastic

film were made for the Nuclear Physics Branch.

2.33 The r.p Double Photon Decay Investigation

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

See PR-P-108:3.15

2.34 Publications and Lectures

(a) Publications

INVERSE ALPHA DECAY VIA THE Pbr°O, C) Po REACTION
R.M. DeVries, D. Shapiro, W.G. Davies, G.C. Ball, J.S. Forster
and W. McLatchie
Phys. Rev. Lett. 3![ (1975) 835.

DOES THE CABIBBO ANGLE SOMETIMES VANISH IN NUCLEAR BETA DECAY
J.C. Hardy and I.S. Towner
Phys. Lett. 5_8B (1975) 261.

SEARCH FOR TWO PHOTON DECAY IN THERMAL np CAPTURE
E.D. Earle, A.B. McDonald, 0. Hausser and M.A. Lone
Phys. Rev. Lett. 35_ (1975) 908.

DOPPLER SHIFT ATTENUATION MEASUREMENTS OF LIFETIMES
FOR (2s,Id) SHELL NUCLEI EXCITED BY HEAVY ION BOMBARDMENT
OF 2 H

E.K. Warburton, J.W. Olness, G.A.P. Engelbertink and
T.K. Alexander
Phys. Rev. C7 (1973) 1120
NUCLEAR STRUCTURE OF LOW LYING 0 + STATES IN Ge AND Se
ISOTOPES
K.E.G. Lobner, D. Dannhauser, D.J. Donahue, O. Hfiusser,
R.L. Hershberger, R. Lutter, W. Klinger and W. Witthuhn
Z. Physik A274 (1975) 251

TRANSITION RATES BETWEEN TWO BODY STATES IN 2 0 6Tl, 2 0 8Bi
AND 210Bi
D.J. Donahue, 0. Hausser, R.L. Hershberger, R. Lutter and
F. Riess
Phys. Rev. C12 (1975) 1547

THE RADIATIVE DECAY OF THE SECOND EXCITED STATE OF 1 2C
H.B. Mak, H.C. Evans, G.T. Ewan, A.B. McDonald and
T.K. Alexander
Phys. Rev. C12 (1975) 1158
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(b) Lectures

QUEST FOR rfIGH SPIN STATES PY Xe COULOMB EXCITATION
D. Ward
At Michigan State University on 28 August 1975

NUCLEAR STRUCTURE AT HIGH ANGULAR MOMENTUM
D. Ward
at Purdue University 30 October 1975

GAMMA RAY, LIFETIME AND COINCIDENCE TECHNIQUES
D. Ward
Workshop on Heavy Ion Instrumentation
at Oak Ridge National Laboratories, 1-3 October 1975

THE LOW SOLAR NEUTRINO FLUX: SEARCH FOR A RESONANCE IN Be
A.B. McDonald
APS meeting, Austin, Texas, 30 October - 1 November 1975

2 n p
BASIC MAGNETIC PROPERTIES OF NUCLEI NEAR Pb
0 Hausser
a- SUNY, Stony Brook, N.Y. on 2 December 197 5

The following papers were presented by D. Ward at
tiie SuperH^LAC Users Meeting, Berkeley, California
1' -17 December 1975

(:) STOPPING POWERS FOR HEAVY IONS
(:i) DOPPLER BROADENED LINESHAPE ANALYSIS IN COULOMB EXCITATION
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NEUTRON AND SOLID STATE PHYSICS BRANCH

A.D.B. Woods
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BRANCH HEAD: A.D.B. Woods
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A.D.B. Woods
W.J.L. Buyers
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B.M. Powell
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(2) NRC Post-doctoral Fellow from University of British
Columbia, Vancouver, B.C.

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

(4) Seconded from Design Engineering.
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3.2 Neutron Scattering from Nonsuperf luid Liquid ''He under

Pressure at Small Wave Vectors

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

Measurements of the rrequencies and widths of

phonons in liquid "He at T = 4.2 K, P = 2 . 5 MPa

(1 M^a = 9.87 atm) for wave vectors, Q, in the range

1.0 nra"1 < Q < 6.0 rm"1 (1 run"1 = 0.1 A"1) have been con-

tinued (PR-P-107:3.4, AECL-5256) at the L3 triple axis

spectrometer. The phonon dispersion relation is remarkably

linear over this range, with a slope determined by ultra-

sonic velocity experiments at much lower frequencies, and

the phonon widths are in excellent agreement with the

extrapolation of ultrasonic attenuation measurements at

13.6 MHz. These results therefore suggest that the trans-

ition fron the first sound region (where the density

fluctuations are in thermodynamic equilibrium) to the zero

sound (collisionless) region takes place at Q > 6 nit"1.

For T = 2 . 3 K , P - 0 this transition occurs (PR-P-1J6:3.3,

AECL-5226) at Q - 3 ± 1 nm"1.

3.3 Mean Square Atomic Displacement Tensor in Tellurium

B.M. Powell and P. Martel with K. Hamilton (Queen's University)

The mean square atomic displacement (MSD) tensor

for Te has not been completely determined experimentally,

and there is no experimental information about its tempera-

ture dependence. The complete MSD tensor and its tempera-

ture dependence have, however, been calculated by Powell

and Martel from a lattice dynamical model (J. Phys. Chem.

Solids 3£ (1975) 1287, AECL-5166). At 298 K, where some

comparison can be made with X-ray measurements, the agree-

ment between the calculations and experiment is not good.

In an effort to resolve this discrepancy the elastic
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neutron scattering spectrum of polycrystallinc Te was

measured at the E13 spectrometer at the NRX reactor. The

measurement was made at 298 K, using a Ge(113) reflection

as monochromator, and 15 powder peaks were observed.

Preliminary analysis of the intensities of these peaks

leads to a very small value for <y2> (the mean square

displacement along [110]) and a large value for <z2>

(the mean square displacement along [001]), in disagree-

ment with the calculated values. Improved measurements

of the intensities of the elastic scattering are planned.

3.4 Electric Jield Gradient in Tellurium

B.M. Powell and P. Martel with K. Hamilton (Oueen's University

The relative intensity of the T, ,O components of

the Mossbauer doublet in tellurium depends on the orienta-

t.on (B) and the asymmetry parameter (n) of the elec :ric

field gradient tensor and on the Mossbauer fraction. The

Mossbauer fraction was calculated at 4 K and SO K from

the lattice dynamical models for Te developed by Powell

and Martel (J. Phys. Chem. Solids 3i£ (1975) 1287,

AECL-5166), The experimentally observed ratios of the * ,o

components were then analysed to give values for B and n

at 4 F and 80 K. When both n and B are varied, their re-

sulting values differ significantly from those suggested

by simple theoretical calculations. We have proposed a

simple "point charge" model of the electric charge distri-

bution which enables the effects due to inclusion of inter-

chain charge to be studied, and have calculated rwB as a

function of the ratio of the interchain to "he intrachain

charge. The value of B calculated from thi.; nodel tends

towards the fitted value as this charge ratio increases,

but n. shows lxttle corresponding change.
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3.5 Normal Modes of Solid Deuterated Benzene

P.M. ^owell and G. Dollinq with H. Bonadeo (Comici6n

Nacional de Energia Atomica)

The analysis of the measurements of the normal

modes of solid deuterated benzene previously reported

(PR-P-104:3.3, AECL-5032) has continued. All six distinct

intermolecular mode frequencies at the high symmetry points

R, U have been measured .md unambiguously assigned. The

results (THz) are R ^ 3.LB+0.04, 2.30+0.03, 1.80 ±0.05;

R2: 2.73+0.04, 1.6310.15, 1.23+0.03; U: 3.06+0.06,

2.62+0.05, 2.43+0.05, 2.02+0,04, 1.40+0.06, 0.96+0.06.

At the symmetry point S, 5 of the 6 distinct frequencies

have been measured, but the mode identification is rathe;r

less certain in this case.

The acoustic and two low frequency optical A,

branches have been outlined, but corresponding measurements

for the [101] direction have proved more difficult to in-

terpret. The measured frequencies are in good agreement

with the lattice dynamical model for solid benzene developed

by H. Bonadeo and G. Taddei (J. Chem. Phys. 5B_ (1973) 979).

3.6 Phonons in SF,.
—6

B.M. Powell

Sulphur hexafluoride (SP1,) has a plastic crystal-

line phase between its melting point (~223 K) and its

transition temperature Tfc (=94 K). In this high temperature

phase it has a bcc structure and at T transforms into a

lower symmetry (possibly orthorhombic) structure. A sir.gle

crystal of SFg in the plastic phase was grown and coolec

to 108 K, and neutron inelastic scattering measurements

were made with the C5 triple axis spectrometer.

Some broad, but nevertheless well-defined, groups were
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observed for several modes, e.g. [110] TA and [100] LA

modes close to the zone boundary. With improved experi-

mental resolution several of these groups were partially

resolved into two peaks, the lower frequency one being at

-0.7 THz. A lattice dynamical model, including only

non-bonded F-F interactions up to 5 A long, was developed

in order to help interpret the observed phonon frequen-

cies. With the fluorine atoms assumed to lie on the cubic

axes many of the calculated frequencies were imaginary

when either Lennard-Jones or 6-exponential potentials were

used to describe the F-F interactions. If, as suggested

by other considerations, the fluorine atoms are displaced

from the cubic axes by 15° and then cubically disordered,

the frequencies calculated from either potential, at least

for modes propagating along the major symmetry directions,

are real. Further measurements are in progress.

7 Lattice Dynamics of ^

B.M. Powell with S. Jandl (Universite de Sherbrooke) and

J.L. Brebner (Universite de Montreal)

Tin diselenide (SnSe.,) is a semiconducting layer

compound with the Cdl_ structure. It crystallizes in a

hexagonal lattice (space group D_ , ) , with one formula unit

in the unit cell. Neutron scattering measurements have

been mace at the C5 spectrometer of some of the acoustic

phonons propagating along the [001] and [110] directions

in a single crystal of SnSe2- The monochromator and

analyser were Ge(113) and Cu(002) reflections respe-tively,

and the measurements were made at 298 K with an energy

resolution (vanadium width) of 0.24 THz. Along [001] the

LA and TA dispersion curves were determined as far as the

zone boundary, where the measured frequencies are 1.09 ± 0.04

md 0.71 ±0.03 THz respectively. These dispersion curves
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have a simple shape, and preliminary analysis indicates

that interlayer forces extend only as far as adjacent

layers. Along [110] the LA and one of the TA dispersion

curves were measured up to £ = 0.1 and £ = 0.20 respectively

(£ = reduced wave vector). No dispersion in either of

these curves was observed.

3 . 8 Central Mode Scattering in SrTiO.,

W.J.L. Buyers, G. Dolling and B.M. Powell

Measurements have been made of the critical scat-

tering near the antiferroelectric transition in SrTiO, in

order to assess the feasibility of an experimental stud' of

the nature of the central mode. Constant momentum transfer

and constant energy transfer (elastic scattering) runs were

carried out on the N5 triple axis spectrometer with fixed

scattered neutron energy, E, . Higher order contaminants

were reduced by means of a pyrolytic graphite filter at

E1 = 3.55 THz and a beryllium filter at E, = 1.20 THz.

Scans to examine the central mode and phonon mode were

carried out in the temperature range 100.0 K < T < 135.0 K.

The results show that a detailed measurement of the form of

the critical scattering from the central mode as a function

of wave vector should be possible for T > 120.0 K when

E1 = 3.55 THz and for T > 110.0 K when S. = 1.20 THz. With

conventional Soller slit collimators (0.59° before and

0.63° after the specimen), small angle scattering experi-

ments were possible down to a wav; vector of 0.05 (2ir/a)

without gross contamination from .he incident baam. No

temperature dependent scattering was observed in this

region, but further precautions to reduce stray scattering

need to be taken in order to set an upper limit on the for-

ward critical scattering. The results at the highest

tempexatures near the reciprocal lattice position
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(1/2,3/2,1/2) suggest a non-Lorentzian lineshape f~r the

critical scattering, and further measurements to establish

this are planned with a redesigned crystal mount which will

minimize contaminant scattering from the mounting bracket.

3.9 Ultraviolet Radiation Damage of 1-Methylthyroine

B.M. Powell and P. Martel

We have continued (PR-P-10f.: 3.6, AECL-522fi) the

investigation of ultraviolet radiation damage in

1-methylthymine (1-MT) by studying the elapcic neutron

scattering spectrum from irradiated polycrystdlline sanies.

The samples were irradiated with 254 nm UV radiation from n

bank of 15 watt germicidal lamps producing a flux of ~1016

photons cm~2-s-1 at the irradiation position. Irradiation

times of \\ hours and 80 hours were utilized and care was

taken to ensure uniform irradiation. The neutron elastic

scattering spectrum of the polycrystalline specimens was

measured on the C5 spectrometer at the NRU reactor using a

Ge(lll) reflection as monochromator and a nyrolitic granhite

(002) reflection as analyser.

The primary photoproduct of the UV irradiation of

1-MT in the solid state is expected to be dimerized l-*vr

(PR-P-106-.3.6, AECL-5226) . Simple models of how photodimers

may be formed suggest that their production will destroy the

pronounced planar stacking of the 1-MT molecules in the

solid, and lead to a significant decrease in the intensity

of the (102) powder peak compared with its value in the un-

irradiated sample. With assistance from the staff of

Biology Branch we have determined the number of dimers

formed for the V--2 and 80 hour irradiations by spectrophoto-

metric biochemical methods (R.F. Stewart, Riochim. Bionhys.

Acta. 7_5 (1963) 129). The numbers are 8% and 45% respec-

tively. The corresponding decreases in the integrated
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intensity of the (102) powder peak are 10? and 55%, in

qovi agreement with the simple picture of photodimeriza-

tior.. There are, however, several other significant

Jifferences between the powder spectra of the heavily

irradiated specimen and of an unirradiated specimen,

suyqesting that significant structure changes, in addition

to dimerizatinn, have taken place. Measurements on speci-

mens with intermediate levels of UV irradiation are in

oroqress in an attempt to elucidate the relation between

the development of the damage and the number of dimers

produced.

3.10 Resonant Perturbation of KMnF-, Spin Waves by Non-Magnetic
Mg and Zn Impurities

E.G. Svensson and T.M. Holden with R.H. March (Dalhousie

University) and R. Stedman (AB Atomenergi, Studsvik, Sweden)

Further analysis o _ue results of earlier

measurements (cR-P-100:3.4, AECL-4708 and PR-P-107:3.5 ,

AECL-5256) o.i specimens of KMnF doped with non-magnetic

impurities has been carried out. Chemical analyses have

also been completed and give compositions different from

those reported previously. The specimen reported

(PF.-P-107:3.5, AECL-5256) to have 6% of KZnF3 actually has

about 4% while the specimen reported (PR-^-lOO:3.4 ,

*FCL-470S) to have 5? of XZnF3 has, instead, about 1% of

3

The Mg and Zn impurities have a relatively small

effect on the spin-wave frequencies but cause a large ai.d

sharp maximum in the width of the spin-wave peak.

For KMno.96
Zno.O4F3' t h e Positi°ns of the maxima in the

[00?;] , [r,cO] and [r,c,c,] directions correspond respectively

to resonance frequencies of 1.87, 1.88 and 1.86 THz. For
KMnO.99Mg0.0lF3' w h e r e the maxima are not as sharply
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defined, the corresponding values are 1.79, 1.92 and 1.86

THz. The Ising theory prediction of 1.91 THz for the

resonance frequency associated with the one-impurity

clusters is in surprisingly good agreement with experi-

ment. For each direction in KMnn Q,-Znn n.F^ we also ob-

serve a weaker maximum at a lower wave vector than the

main maximum. These correspond to frequencies of 1.40,

1.36 and 1.42 THz for the [00r] , [r;r,O] and U?£] directions

and are probably attributable to the two-impurity resonance

predicted by [sing theory to occur at 1.53 THz. The proba-

bilities of occurrence of the one- and two-impurity clusters

are 0.20 and 0.02, and the heights of the corresponding

maxima are in approximately the same ratio. The maximum

impurity-induced widths for the two specimens (0.10., ± 0. 01-

and 0.35. ±0.01 THz) scale with impurity concentration to

within the accuracy (about 20%) to which the concentrations

are known. This result, together with the good agreement

of the resonance frequencies, indicates that Zn and Mg

impurities have essentially identical effects on the spin

waves as expected.

3.11 Magnetism in Uranium Mitride

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

G.H. Lander (Argonne National Laboratory)

Measurements have been made at the N5 spectrometer

of the neutron scattering from a large (~1 cm3) crystal of

uranium nitride in order to assess the reliability of the

anomalous peaks observed previously in a smaller specimen

(PR-P-105:3.5, AECL-5121 and PR-P-106:3.10, AECL-5226).

The measurements show that any magnetic inelastic scatter-

ing must be extremely weak in the range 0 to 16 THz. The

weak peaks observed previously were not confirmed. Since

the ground state of the uranium ion is unknown it is



- 52 -

unclear whether damping by itinerant electrons or unusually

small inelastic matrix elements are responsible for the

absence of observable scattering.

The only evidence that uranium nitride is magnetic

is the presence of antiferromagnetic Bragg peaks below T^

and the observation of magnetic critical scattering around

(110). No magnetic scattering with a temperature dependence

characteristic of c itical scattering was observed around

(001). This sugges s that the transverse correlations are

only weakly temperature dependent near T (50 K for this

specimen). The elastic scattering around (110) extends

further along the [00^3 direction than along the [£t;0]

direction, the widths (FWHM) being 0.29+0.06 k~ and

0.15 ± 0.04 A respectively at 68 K.

3.12 Magnetic Excitations in Pd- _5Ni_ _

A.J. Smith and T.M. Holden

The previous measurements on Pd- ^Nin 75

(PR-P-107:3.9, AECL-5256) have been extended to 13 THz in

the [00c,] direction. The C5 triple-axis crystal spectro-

meter was used in the constant-E mode for the experiments.

The spin-wave energies show no sign of departing from

quadratic behaviour but the spin-wave intensities appear

to fall as the energy increases.

3.13 Positron Annihilation Measurements in Cu

S.M. Kim

The increase of the positron annihilation peak

coincidence rate in Cu with time of irradiation, reported

previously (PR-P-104:3.9, AECL-5032), has again been

studied at 100 K and 473 K. The positron source strength

as well as the vacuum level of the sample chamber ha^e
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been varied. The excess peak coincidence rate increase it

100 K, observi.-d previously to be about 1% in 9 hours of

irradiation, was found to be due to the low vacuum level
_2

of the sample chamber (-10 Pa before cooling down and
-4

10 Pa at 100 K). When the vacuum was improved by a

factor of ten the increase in the peak coincidence rate

became identical at 100 K and 47 3 K. The variation of the

positron source strength had little effect on the peak

coincidence rate increase. The electronic system is being

improved vpon to reduce further the dead time effects on

the measured peak coincidence rate at high counting rates.

3.14 Measurement of the Photofission Spectrum of 232Th near

Threshold with a Multiwire Fission Counter

J.W. Knowles with T.E. Drake and B.O. Pich (University of

Toronto) and P. Axel and R. Starr (University of Illinois)

The 5000 wire fission chamber, described in

TR-P-107:3.17, AECL-5256, was used at the University of

Illinois with a bremsstrahlung monochromator and a CW

(4 0% duty factor) microtron to measure the photofission

spectrum of 232Th between 5.5 and 7.4 MeV. The resolution

of these measurements was 75 keV and was set by the

Illinois monochromator. Well-resolved structure in the

ohotofission spectrum was observed at 5.60, 5.95 and 6.3 0

4eV and partly resolved structure at 6.50, 6.65 and 6.85

MeV. Previous measurements made on 2 3 2Th, by A.M. Khan

and J.W. Knowles (Nucl. Phys. A r79. (1972) 333, AECL-4050)

with the variable energy Compton spectrometer at the NRU

reactor with a resolution of =200 keV, showed only a broad

peak at about 6.4 MeV. Photofission cross sections, ob-

tained by averaging present results over 300 keV intervals,

agree within statistical error with previous measurements.
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3.15 The np Double Photon Decay Investigation

E.D. Earle and V*.A. Lone with A.B. McDonald (Nuclear

Physics Branch)

The background in this experiment due to neutron

capture in material other than hydrogen was significantly

reduced (PR-P-107:3.14, AECL-5256). Following a series of

runs in the improved configuration, Iecorded over a period

of 45 days, an upper limit on the double photon cross sec-

tion of 4 ub has been determined. This limit is about a

factor of 10 lower than our earlier published limit

(Phys. Rev. Lett. 3_5 (1975) 908, AECL-5224) and a factor

of 100 lower than the Grenoble measurement. It is a factor

of 30 to 500 greater than current theoretical predictions.

Since most of the remaining background is due to

random summing of the Compton tails of two 2.223 MeV y-rays

from the H(n,y)D reaction, a further significant improve-

ment can only be obtained by reducing these random events.

Measuring a cross section in the range of the theoretical

predictions would require an extensive redesign of the ex-

periment, e.g. improved electronics, a Nal anti- Compton

assembly, a 6LiD flight tube, larger Ge(Li) detectors and

a more intense neutron beam.

3.16 Investigation of the D(n,yy)T Cross Section

M.A. Lone and E.D. Earle with A.B. McDonald (Nuclear

Physics Branch)

The two-photon cross section following neutron

capture in deuterium, while not as straightforward to

cai-nla*-? as the H(n,yy)D cross section, is expected to be

about a factor of 30 larger, i.e. in the range 0.2 - 1.0 ub

(F.C. Khanna, private communication). At present there is

no published experimental information on the upper limit
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of this cross section. Experiments to measure an urper

limit for thi.3 cross section and to assess the problems

to be overcome in order to measure it with an accuracy of

0.2 yb are in progress.

3. 7 The Neutron Strength Functions and Radiative Widths of

-1° 6Tg. Resonances
E.D. Earle with F.R. Winters (Denison University),

J.A. Harvey and r. Macklin (Oak Ridge National Laboratory)

The parameters of 206T(!. resonances from 2 to

102 keV have been determined from neutron total cross-

section measurements (PR-P-105:3.10f AECL-5121) and neutron

capture measurements (PR-P-102:3.16, AECL-4841).

The neutron strength function EgT /AE for known
A A

s-wave resonances is 0.2 x 1O~ below 5 0 keV and 1.1 x 10
above 50 keV. The strength function EgF /AE for known

-4 n -4

p-wave resonances is 0.5 x 10 below 65 keV and 1.5 * 10

above. The contribution to these strength functions of

unidentified resonances is too small to modify the con-

clusion that both exhibit a pronounced change of slope at

about 60 keV. This effect could be interpreted as evidence

for intermediate structure (as has previously been seen for

s-wave resonances in the Pb isotopes); however the fact that

it is seen for both s and p wave resonances at about the

same energy is an unexpected coincidence.

The radiative widths fall into two groups depend-

ing on the parity of the resonances. The s-wave resonances

have r in the range 0.8 to 6 eV while the p-wave resonances

have r in the range 0.04 to 0.2 eV. It is suggested that

this unusual separation of radiative widths into two

families is due to the nature of the low-lying states.

Since all known states below 2 MeV have high spin or nega-

tive parity there can be no nigh energy El primaries from
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s-wave resonance are possible.

3.1? Search for I'ltra High Spin Isoiners using the Lotus

Goniometer

M.A. Lone et al.

See PR-P-108:2.10 .

3.19 Evidence for Angular Momentum Limits in Heavy-Ion Induced

Fusion Reactions

M.A. Lone et a l .

See PR-P-108:2.11 .

3.2 0 Reactor Beam Hole Use

A.D.3. V/oods

The McMaster University spectrometer at the

neutron beam hole E3 has been commissioned and some ex-

perimental work has been done with it. Significant pro-

gress on the construction of in-pile equipment and the

Guelph spectrometer for hole D3 has been made. Hole C4

in combination with the C2 data handling system was again

(PR-P-107:3.14, 3.20, AECL-5256) mainly utilized for np

double photon decay experiments.

The following table summarizes utilization of

the CRNL beam hole spectrometers:



- 57 -

Beam Hole Mo. of No. of No. of Efficiency
Experiments Participating Participating (° of available

CRNL non-CRNL reactor operating
scientists scientists time used for

experiments)

C4

CJ

L3

N5

C l

1

6

2

3

1

3

A

3

5

2

0

5

0

2

*-»

100

99 .7

99

97

80

Total reactor operating time wa^ 74 days.

3.21 Charge Collection in Surface Channels on High Purity

Ge Detectors

R.J. Dinger with H.L. Malm (Aptec F.ngineerinq Ltd.)

The charge collection properties in surface

channels on planar high ourity Ge detectors were investi-

gated using a beam of 2ltlAm Y~raYs (59.6 keV) collimatec

through a small hole and directed perpendicular to the

surface (oarallel to the contacts). It wa? found that

the thicknesses of the "dead layers" were often greater

than 1 mm which agrees with the results obtained with

Li-drifted devices. Because of the disturbed charge col-

lection near the surface, only a small fraction of the

pulses reach full amplitude. Most of the pulses show a

pulse height at a fraction of full amplitude thus forming

a "secondary peak" in the spectrum. This "secondary neak"

contains the pulses from interactions of y-rays near the

surface and in the surface channel. The relative mean

pulse height E /E of the "secondary neak" as a function
s y

of the position of the collimator x is givon by E /^ ~ x A-;
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.;-,, -j :-tyt.o ~ur"' icc-channe 1 and E /E = 1 - x/w for an
S "Y

r.-tvne surface channel where w is the contact separation

\t::e detector width).

For t'.io planar contact conf iqurat ion used, this

'rel.ivior is consistent with single carrier collection

since the chnrqr induced on the contacts by the carriers

is »roriortio:i31 to the distance travelled towards the

electrode. The effect of the surface channel is to pro-

duce a stronn transverse electric field sufficient to

af<:ect carriers produced near the surface. The majority

carriers produced near the surface are attracted towards

the surface and are forced to move in the surface channel

to reach the apnropriate contact while the minority

carriers are rejected from the surface and move in the

^ulk material.

Since the spectra show that the majority carriers

do not contribute to the pulse height, the distance trav-

elled in the surface channel, which is qiven by the product

of y•T -E (mobility * lifetime x electric field), must be

smaller than 1 mm at the surface-

Measurements of the carrier mobility and lifetime

were carried out by makinq use of a field-effect technique

in a metal-insulator-semiconductor transistor structure

made from detector grade high-purity He. These measurements

show that the product of JJ-T+-E in the surface channel is

of the order of 0.1 mm which is lower than the upper limit

set by the collimated beam snectra. In conclusion, carriers

attracted towards the surface bv the electric field distri-

bution inside the detector are lost by recombination, etc.

as soon as they reach the surface and do not contribute any

further to the charge pulse. The detector has therefore

lost its spectrometer qualities in this surface region.
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3.22 Cadmium Telluride Crystal Growth

I.L. Powler, V.'.J. Woytowich end P.J. Dinner

Five more crystals (Nos. 12-] 6) wore nrown in

this period with the growth-from-solution techninue anil

the crystal growth parameters were varied to obtain lavopr

crystals. A stirring arrangement consisting of a syn-

chronous motor and reduction gear with a vertical shaft

at which the ampoule is suspended was assembled on tor. >f

the furnace. The ampoule turns at 12P rrv;, chanqing its

direction every 30 seconds. This stirring arrangement

was installed to ensure proper mixing of the CJTe and *'•.•••

Te solvent before cooling down. In addition one crypto:

growing experiment (Mo. 13) was carried out running thi-

stirring action during the growth. This boulp showed a

much more polycrystalline CdTe content and it was felt

that this is due to the lack of thermal gradient in the

ampoule while the stirring is taking place. Consequently

the following boules were cooled without stirring and the

thermal gradient in the melt was increased. This result;".

in significantly larger crystals. The thermal gradient is

introduced by an air-cooled cold -.'late in the center of

the furnace (cf PR-P-107 : 3 . 23 , AECL-5256) and the ampoule-

temperature is roughly the average of the furnace and c<>]':

plate temperatures. The temperature of the cold platr-

. therefore influences the ampoule temperature significant^'

and, in order to avoid fluctuations due to varyina amount?

of cooling air, a thermostatically controlled preheating

arrangement of the cooling air was installed to maintain

a constant temperature differential between the cold r-,1 ite

and the furnace. These modifications have led to cr'/s1 >i:

of about 1 cm3 in size.
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^ _ ; ••••r;'Kiniuv- v t ^ r t c v S e r v i c i n g

••:. >T. ' : ' o o n e

one He(Li) coaxial detector was redrifted after

i '-.'arm-up. "hi0- detector was originally encapsulated but

,ifter redrift the characteristics were not satisfactory

.-.nj the cai sulo had to be removed for surface treatment.

T'_ was remounted without the capsule.

One high nurity .̂e detector system was repumoed

after a vacuum failure. This detector has now survived

several vacuum failures without any diode treatment.

One nlanar He(Li) detector system was serviced

by modifyinn the hiqh voltage connector on the cryostat;

it had been causinq intermittent noise. This system has

been in ooeration for six years and the' problem was caused

by extensive use in a difficult location.

3.24 Travelling Heater Crystal Growth

R.J. Toone, H.C. Spenceley and P.J. Dinger

A CdTe crystal grower, designed after a

C . P . "3. S . -P.R.E.N. Strasbourg concept, has been constructed

and tests have been made to determine the characteristics

of the air bearings and the rotary motion air turbine.

Vibration of the vertical main shaft in the air bearings

was reduced by increasing the shaft-to-bearing gap, after

discussions with the manufacturer. The boiler system for

the controlled evaporation of water to give the rate of

vertical travel is now in a satisfactory form. A heater

for the crystal growth has been constructed and tested.
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3.25 Double High Purity Ge Detector System

W.F. Slater, R.J. Toone and R.J. Dinger

The double detector system descrihed in

PR-P-106:3.27, AECL-5226 and PR-P-107:3.22, AECL-5256,

was further investigated. Scanning the double detector

with y-ray beams perpendicular to the contact surfaces

showed that a "dead" region exists in the detector when

both parts are connected to the preamplifier. This

"dead" region is located in the gap between the two de-

tectors in the Ge crystal. The effect is not fully

understood and further experiments will be done.

3.26 Electronics

W.F. Slater

The thermostatic control unit for the NIM

chassis has been tested and found to have a slow long-term

temperature drift. The silicon diode used as the tempera-

ture sensor is thought to be at fault and was replaced

with a platinum resistor. The time lag of the platinum

resistor was found to be about 20 seconds 'which is too

long for our purpose. A copper wire resistor has been

wound which shows a quicker response, but testing of the

unit is not yet complete.

3.27 CdTe Crystal Quality

M.M.L. Racicot and R.J. Dinger

The crystal testing procedure outlined in

PR-P-107:3.25, AECL-5256 was used to determine the

px-products and N -N for the crystals grown in this

period. It was found that the results are strongly de-

pendent upon the contacts used. In general evaporated
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metal contacts lead to devices showing no electron

collection while carbon contacts (Aquadag) on the same

device allow both carriers to be collected. Since the

carriers are produced by a-particles incident through

one of the contacts, it is thought that this effect is

due to the electric field created by the bending of the

energy bands near the contact surface which keeps one

tyne of carrier at the surface.

3.28 Publications and Lectures

Publications

THE LATTICE DYNAMICS OF TELLURIUM
B.M. Powell and P. Martel
J. Phys. Chem. Solids ^6 (1975) 1287
Atomic Energy of Canada Limited publication AECL-5166

SEARCH FOR TWO-PHOTON DECAY IN THERMAL np CAPTURE
E.D. Earle, A.B. McDonald, 0. Hausser and M.A. Lone
Phys. Rev. Lett. 3_5_ (1975) 908
Atomic Energy of Canada Limited publication AECL-5224

Lectures

LATTICE DYNAMICS AND MOSSEAUER SPECTROSCOPY OF TELLURIUM
B.M. Powell
Research Establishment Ris0, Denmark
September 15, 1975

GAMMA RAY STRENGTH FUNCTIONS
M.A. Lone
Physics Department, McMaster University, Hamilton, Ontario
October 15, 1S7 5 " •

PHASE TRANSITIONS AND CENTRAL MODES IN MAGNETIC SYSTEMS
W.J.L. Buyers
National Research Council, Ottawa, Ontario
October 21, 1975
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DOUBLY RADIATIVE NEUTRON-PROTON CAPTURE
E.D. Earle
American Physical Society Meeting of the Division of
Nuclear Physics, Austin, Texas
October 30 - November 1, 1975

NEUTRON SCATTERING AND LIQUID HELIUM
A.D.B. Woods
University of Toronto, Toronto, Ontario
November 6, 1975

NEUTRON SCATTERING STUDIES OF MAGNETISM IN METALS
T.M. Holden
University of Toronto, Toronto, Ontario
November 17, 1975

CHARGE COLLECTION IN SURFACE CHANNELS ON HIGH PURITY
Ge DETECTORS
H.L. Malm and R.J. Dinger
Nuclear Science Symposium, San Francisco, California
November 19-21, 1975

UPPER LIMIT ON THE n + p -»• d + YY CROSS SECTION
E.D. Earle
University of Victoria, Victoria, B.C.
November 25, 1975

NEUTRON SCATTERING, ANHARMONICITY, AND PLASTIC CRYSTALS
G. Dolling
Purdue University, Lafayette, Indiana
December 5, 1975

THE OBSERVATION OF STRUCTURE IN THE NEUTRON SCATTERING
FROM ANTIFERROMAGNETIC Mno_32Zno ggF2
E.C. Svensson, W.J.L. Buyers, T.M. Holden and D.A. Jones
21st Annual Conference on Magnetism and Magnetic Materials,
Philadelphia, Pa.
December 9-12, 1975
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GROUND- AND FIXCITED-STATE SPIN WAVES IN PrA«,2
H.-o. Purwins, W.J.L. Buyers, T.M. Holden and E.C. Svensson
21st Annual Conference on Magnetism and Magnetic Materials,
Philadelphia, Pa.
December 9-12, 1975

RESONANT PERTURBATION OF SPIN WAVES IN KMnn qqMgn n-F.
AND KMno.9€Zno.O4F3
R.H. March, E.C. Svensson, T.M. Holden, R. Stedman and
D.A. Jones
21st Annual Conference on Magnetism and Magnetic Materials,
Philadelphia, Pa.
^.•cember 9-12, 1975

THE H(n,YY)D INVESTIGATION
E.D. Earle
University of Toronto, Toronto, Ontario
December 16, 1975
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4.2 Neutronic Calculations for a Fusion Reactor Blanket

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

As a first step toward acquiring the capa-

bility of evaluating the fuel-breeding properties of

blankets surrounding fusion chambers in fusion-fission

energy systems (PR-P-107), a neutronic calculation is

being made for a standard blanket described in CONF-710624,

Proceedings of the International Working Sessions on Fusion

Reactor Technology, June 28 - July 2, 1971. The geometry

is cylindrical and the blarket materials are layers of

Nb metal, Nb and Li mixtures and graphite for a total

thickness of 1 m.

The main purpose of the calculation is to

set up calculational procedures and to verify them by

comparing our results with those obtained by others.

We plan to use the ANISN multi-group neutron transport

code in the S4-P3 approximation (K-1693, A Users Manual

for ANISN, Ward W. Engle, Jr., 1967). We had also

planned to obtain the group cross sections from an RSIC

data file (Radiation Shielding Information Center, Oak

Ridge Laboratory, 100 Group Neutron Cross-Section Data

based on ENDF/B) but discovered that the cross sections

for Li on the RSIC data tape available at CRNL were

garbled. A program ETOG-I is now being used to generate

the required cross sections (WCAP-3845, ETOG-I, a Fortran

IV Program to Process Data from the ENDF/B File to the

MUFT, GAM and ANISN Formats; R.A. Dannels, D.E. Kusner,

and S. Kalman). There are some severe limitations on the

type of data the CRNL version of ETOG can process and,

for purposes of future applications, investigations are

being made as to the existence and availability of other,

more general versions of ETOG.
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4.3 Secondary Extinction in Neutron Diffraction

V.F. Soars

The work described in PR-P-107 has been

extended in a number of directions. An exact solution

of the Darwin equations has been obtained for a plane

slab with zero absorption and with the Bragg planes

arbitrarily inclined to the slab surface. An approximate

expression for the extinction factor has been developed

which is applicable to a crystal of arbitrary shape.

This expression has been evaluated numerically and the

results compared with the exact results for a plane slab,

with Hamilton's (numerical) calculations (Acta Cryst.

1^(1963)609) for a cylinder and with Becker and Coppens1

calculations (Acta Cryst. A30^1974)129) for a sphere.

In all cases the agreement is within about 3% as long as

the extinction is less than 50%. For more severe extinc-

tion our approximate expression overestimates the extinc-

tion by an amount which increases as the size of the

crystal increases. The exact plane-slab solution is

now being programmed for the purpose of investigating

properties of neutron monochromator crystals in use at

CRNL.

4.4 Penetration of Heavy Ions in Solids

K.B. Winterbon

The spline program (PR-P-107:4.5 (AECL-5256))

for calculating moments of distributions has been extended

to allow calculation of moments of damage and ionization

distributions in polyatomic materials.

The study of third-and fourth-order trans-

verse moments (see PR-P-107:4.5 (AECL-5256)) has been
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completed. Careful examination of the moments as functions

of energy and projectile-to-target-atom mass ratio has

given lurther insight into the three-dimensional develop-

ment of the collision cascade. A paper has been pre-

pared for publication.

An attempt has been made to study the

effect on the collision cascade of assuming an interatomic

potential which cuts off rac^c sharply than the Thomas-

Fermi potential usually assumed. The existing programs

were found to be inadequate. A program has been con-

:tructed to calculate central moments directly; in this

case t*".e demands of numerical accuracy are less stringent,

because there is less subtracting of large numbers to

obtain a comparatively small result. The equations are

more complicated; indeed, the forms of the equations for

third and fourth moments were calculated using SCHOONSCHIP,

a program for algebraic formula manipulation. (H. Strubbe,

Computer Physics Communications 13(1974)1.) The new pro-

gram has now been made to calculate moments up to fourth

order, and preliminary indications are that it is indeed

more stable and more accurate than the simpler version.

:. 5 Shape-Consistent Cranked Oscillator

M. Harvey

In some recent lectures Ripka et al. (Extended

Seminar on Nuclear Physics, International Centre for Theore-

tical Physics, Trieste, Italy, Sept. 17 -Dec. 21, 1973) have

discussed the exact solution of a cranked, deformed oscilla-

tor for a system which has an axia?.ly symmetric, prolate,

configuration-deformation. They consider cranking about an

axis perpendicular to the prolate symmetry axis. It was

found that, although over-all prolate symmetry exists when

the cranking is zero - i.e. corresponding to the st.it>' n!
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ancular momentum J--0 - tor hiqhcr and higher J the axial

symmetry 1 .••• \- rogress ivo ly destroyed, and the system

ehan-ies shape, through non-axial symmetry to oblate

symmetry about the cranking axis. At this point the

system can no longer be quantum mechanically cranked,

and there is a natural, rotational-band cut-off. This

cut-off appears for the same value of J as that in

the spherical shell model (SSM) - however states with

J J have larger quadrupole deformations than the
max

SSM-states, which is closer to the situation observed

in the rotational spectra of light nuclei.

We have generalized the cranked oscillator

model for non-axially symmetric configuration-deformation

with a cranking axis that can be in any spatial direction.

In particular, we wished to see whether the subsequent

non-axial symmetry, of a system which initially had

prolate symmetry, could introduce any additional degrees

of freedom which might be experimentally observable.

Our preliminary results show that even for non-axial

symmetry the system will rotate about the cranked axis

only if this too happens to be a principal axis of the

inertial ellipsoid - i.e. there appear to be no addi-

tional effects over those noted by Ripka et al.

4 . 6 Collective Renormalization in the Spherical Shell Model

M. Harvey and I.S. Towner

The principle of self-consistent renormali-

zation with realistic interactions in the spherical

nuclear shell model (PR-P-107:4.6 (AECL-5256)) has been

extended to allow each LS-component within each multi-

pole-J decomposition of the single particle field to

renormalizc separately. We find that there can be a
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considerable difference in the renormalization to the

separate parts, and hence our previous concept of an

average renormalization for each multipole, J, is not

appropriate. We find that with realistic spin-dependent

forces the renormalization of a given LS-component

arises from all the other L'S'-components of the same

multipole J. However, the iterative procedure used in

the calculation of the renormalization does appear to

be completely stable - a feature not found in the

average J renormalization.

The complexity introduced by the LS-

decomposition is considerable. To carry out the calcu-
24lation on a complex nucleus like Mg, for example,

would involve an enormous computational effort. We have

reservations about whether such a calculation would

yield any additional insight into the physical interpre-

tation of renormalization in the spherical shell model

over and above what we have already learnt.

4.7 Magnetic Moments for N = 126 Isotones

I.S. Towner

The core-polarization calculations (PR-P-

107:4.6 (AECL-5256)) for magnetic moments have been

extended to include the correction from the RPA series,

summed to all orders. We find that with central forces

it is impossible to reconcile the following data: the

Ml radiative widths of 1 + states in Pb, the magnetic

moment of Bi, and the magnetic moments of high-spin

states in the N =126 isotones with proton configuration

predominantly hg,". Calculations are under way to

investigate the influence of vector spin-orbit and tensor

forces. In order to carry out these calculations a
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considerable improvement in the efficiency of the computer

program that evaluates matrix elements for non-central

forces had to be effected.

4.8 Magnetic Fields in the Nucleus and Spontaneous Symmetry

Breaking

H.C. Lee and F.C. Khanna

In order to estimate the effect of the

nuclear magnetic field on spontaneous symmetry breaking

in the weak interaction of nucleons in the nucleus

(PR-P-107:4.8 (AECL-5256)) the magnetic field in the rest

frame of a nucleon in a nucleus was calculated classically

and microscopically. It has now been shown that to a

very good approximation, the magnetic field is given by

H = 2.5S, x io15 gauss,

where I is the orbital angular momentum of the nucleon.

With this result it can be seen that the theory of

Salam and Strathdee (Nucl. Phys. B9£(1975)203) cannot

explain the anomalies in the Fermi coupling constant in
35Ar (Hardy and Towner, Phys. Lett. 58B(1975)261).

4 . 9 Doubly Radiative np Capture

H.C. Lee and F.C. Khanna

The (El,El) doubly radiative np capture

cross section has been recalculated using explicit wave

functions for the initial, final and intermediate states

for the purpose of comparing the results obtained with

the two commonly used operators: ev«e (gradient) and

e[H,r«e] (dipole). Previously, PR-P-106:4.8 (AECL-5226),

the cross section was obtained with the aid of dimensional



arguments only. Although for processes involving only

one photon (e.g. •yd • np) the two operators .iivr veri-

similar results, in the present case the qradient

operator overestimates the cross section by more than

an order of magnitude. The discrepancies between the

results obtained using the correct dipole operator and

the approximation eve. have been analysed critically.

4.10 Diffusion of Hydrogen in a Stressed Cracked Medium

G.E. Lee-Whiting and D.G. Stewart (Math, and Computation Branch)

When the program mentioned in PR-P-107:4.10

(AECL-5256) was used to obtain numerical solutions to

the problem defined in PR-P-106:4.11 (AECL-5226), con-

vergence difficulties were experienced for larger values

of the ratio (R^/R ) of the radii of the two cylinders.

These difficulties were traced to an "inconsistency"

between the boundary conditions imposed on the cylinders

and on the crack. As a result the particle current

derived from the tr'1'" ^.:liition must be discontinuous at

certain points on the boundary. Explicitly discontinuous

solutions of the differential equation were constructed

and incorporated in the procram, which now gives reason-

able convergence for an adequate range of the ratio of

radii. Numerical calculations are now underway. The

new version of the program also gives a more reliable

picture of the distribution of radial particle current

over the surface of the inner cylinder.
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"t s , Publ icat ions^ and Lectures

P u L_L_ i o a_l _

IXU'̂  THE CABIBBO ANGLE SOMETIMES VANISH IN NUCLEAR B-DECAY?
J. L. Hardy and I.S. Towner
Physics Letters 5£B(1975)261

MANY-Nl'CLEON CORRELATIONS IN LIGHT NUCLEI
M. Harvey
Proci'odinqs of the Second International Conference on
Clustering Phenomena in Nuclei - Maryland, 1975.
(National Technical Information Service, U.S. Department
of Commerce, Springfield, Virginia, U.S.A.)
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(1) Formerly Miss M.D. Howard.
(2) Transferred to Plant Design Division, 14 October 19 75
(3) Transferred from Electronics, Instrumentation s.

Control Division, 27 October 197 5.
(4) Joined branch, 2 September 1975.
(5) Waterloo student, terminated 19 December 1975.
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5.2 Operating Systems and Programming Languages

(i) CDC 6600 System

(a) Extensions to 3300 Interface Programs

D. McPherson

Additions to the 3300 interface handler to allow

for the execution of permanent file commands have been designed

and are currently being tested. The extensions are intended

primarily to give keyboard terminals access to 6600 permanent

files - until now the keyboard terminal user has had access

only to 6600 input and output queues. (See also 5.2, ii(a)

below.)

A utility program which will convert any coded 6600

SCOPE file into the format required by the 3300 Editor has also

been added to the system.

(b) Revisions to PLOT

C.J. Tanner

(1) Argument Checking

PLOT has been modified to test most of the parameters

passed to it for legality. Infinite or indefinite variables are

detected, and program execution halted after a diagnostic message

is issued.

(2) Plotting Time Estimates

The increase in the volume of plotting over the

past few months has made it important to be able to avoid having

all plotters tied up on very long plot files. To enable the

plotting system to decide on a suitable mix of plot jobs, PLOT

now produces an estimate of plotting time required, and this

" estimate is used to determine the priority assigned in the plot

file queue. (This is analoqous to the use of print file size

to determine priorities in the print queue.)
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(3) Metric Plots

Since conversion to the metric system is seen as a

future requirement, an option to allow the specification of

plot dimensions in centimetres rather than inches is being

developed.

(c) FORTRAN Compiler

M.B. Carver

Work on Version 4. 4 of C D C s Fortran Extended co^i-ilet

has been abandoned because of the larqc number of errors it

contained, and Version -1.5 is being tested as a possible-

replacement for Version 4.3 now used at CRNL. Modifications

have been introduced to make some features, developed at CR\M,

for the 4.3 compiler, upward compatible with analogous features

developed by CDC at levels 4.4 and 4.5. There are two known

errors in the 4.5 version, but most of the known problems with

the 4.3 version have been corrected, and conversion to the

new compiler will probably be made during the next quarter.

(d) FORTRAN Library

L.E. Evans

On 15 December 1975 some new routines and new

version of existing routines were installed in CRNL's sub-

routine library for the 6600. Preliminary copies of write-

ups of all affected routines were made available to users.

The routines installed were:

(1) Bessel Functions

B.E. Purcell and J.M. Blair

AIOBES, AI1EES, AKOBES, AK1BES , routines to

calculate I Q ( X ) , I-^X) and K1(x) respectively (see PR-P-107:

5.2(i)(j)(7), AECL-5256).

CBESYO, CBESYl, routines to calculate tho Vo(?.)

and Y,(z) respectively (see PR-P-107" 5.2 (i)(i)(H), M'.Cl.-r>'/r^>)

JBESCPX, an existing routine to calculate the romp] <•:•:

Bessel functions Jp(z) was modified to give the correct.

answer of l+o. for " 'n4-OJ .
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(2) Convolution Integral of Gaussian and Lorentzian
and Lorentzian Functions

W.N. Selander and B.E. Furcell

(see 5.6 below)

(3) Linear and Nonlinear Systems and Matrix Utilities

D.E. Smith and M.B. Carver

PDSPARL (see PR-P-107I 5.2 ( i) (j) (5) (b) , AECL-5256) .

NLSPAR (See PR-P-107; 5.2 (i) (j) (6) , AECL-5256).

JACOB, an existing routine to evaluate and store

a sparse Jacobian matrix was modified to be compatible with

NLSPAR.

(4) Ordinary Differential Equations

STIFFS (see PR-P-107: 5 . 2 ( i) (j ) (4) , AECL-5256).

(5) Plotting

a) Revisions to PLOT

C.J. Tanner

(see (i)(b) above)

b) Logarithmic Plotting and Axis Labelling Routines

J.W. Wendorf and L.E. Evans

PLOGX, PLOGY, PLOGXY and the axis labelling

AXLIN, AXLGY, AXLGY, AXLGXY (see PR-P-106; 5.2(

5.2(i)(d)(2); AECL-5226).

(6) Field Length Management

L.D. Hansen and E.G. Long

The routine CHNGSCM, which allows a programmer to

request the system to alter the amount of memory assigned

to a program, has been modified to check the validity of

parameters provided to it.
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(7) ECS Addressing

M.B. Carver

A routine MOVLUV, analogous to CDC" s MOVLKV vlm-li

called to move data between central memory and extended core

storage was developed. MOVLUV is necessary i f ECS array

subscripts>2 are to be used.

(e) IMSL Subroutine Library

J.M. Blair

The lease of the IMSL FORTRAN Subroutine Library has

been renewed for a further year. The library is currently

being used an. average of twenty times per day. A new edition

of the library, due for release in December 1975, contains a

number of new and potentially useful subroutines for inter-

polation and smoothinq, numerical integration and differentiation,

calculation of matrix eigenvalues, special function evaluation,

regression analysis and function minimization.

(f) MARC Stress Analysis Code

B.V. Riff

The MARC programs for thermal stress analysis (see

PR-P-107: (i)(g), AECL-5256) is being used extensively - an

average of sixteen runs per day durina the cuarter.

A program has been developed to access and/or modify

data written by MARC to a "restart" file, adding some more

flexibility to the system.

(g) PASCAL

B.V. Riff

An update set received from the PASCAL distributor,

the University of Colorado, has been installed and tested. An

incompatibility with the user manual was identified and report'^!

to users through the Newsletter.
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(h) PERT

P.Y. Wong

A new version of PERT (PR-P-107: 5.2(h), AECL-5256)

has been written. Attempts to develop a better algorithm for

producing better plots for large PERT networks are continuing.

(i) ANSI FORTRAN

G.H. Keech

The CDC FORTRAN Extended language contains many

useful features that do not conform to ANSI standards. In

many instances, these features must be removed from CDC

FORTRAN programs to make them acceptable to FORTRAN compilers

on other computer systems.

A SMOBOL program ANSI has been written to assist

with the translation of such FORTRAN codes.

(ii) CDC 3300 System

(a) 6600 Interface

S.A. Okazaki

Until now, exchanges between the 6600 and the 3300

have always been completed immediately. To provide for

exchanges which cannot be completed immediately - e.g. the

execution of permanent file operations, which require at a

minimum a few seconds and which could take many minutes if an

archived file has to be reloaded from tape - extensions to

the exchange protocol were required. The extensions provide

for a "short delay" response from the 6600, in which case the

request will be placed in a special queue by the interface

program and repeated periodically until the required action

is completed. A "long delay" response indicates that some

considerable time may elapse before the action is completed;

in this case the interface program does not queue the request,
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but returns an appropriate status code to the request i ;in

program module. This latter provision is used, for example ,

to avoid k e e p i n g a te r m i n a l i n o p e r a t i v e w h i l e reloading an

archived file-

(b) Diagnostic Dump to Tape

E.A. Okazaki

Following system faults, it is usually necessary

to obtain a memory dump that can be used in investigation nn.l

correction of the problem. Dumps of the 3 300 memory have

always been direct to printer, but increase in memory size,

coupled with the requirement for minimizing the interruption

to terminal operations, has made the time required for a

direct printer dump unacceptably long. Accordingly, a rode

to allow selection of a dump to tape has been developed, and

a 6600 program to print selected portions of the dump tape

later during normal operation has been written.

(c) Keyboard Terminal System

J.F. Steljes

The text editing instruction set has been reviewed

and some inconsistencies have been removed. A "copy"

instruction has been developed to allow portions of a file

to be copied to new positions in the file. One use of this

instruction will be to copy COMMON decks from one subroutine

to another.

A number of commands will soon become available for

cataloguing edit files as permanent files instead of leaving

them in the output queue.

(iii) Miscellaneous Systems

(a) Stress Analysis Data Handling

L.D. Hansen

Discussions were held with S. MacEwcn regarding

procedures for maiipulating data gathered by an ALPHAlh mini-

computer associated with stress analysis oriented hardware.

As a result, the appropriate "link" to the eomputina centre
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and procedures for sending the data to the centre were

recommended. Procedures to implement the "link" were

in it iated.

(b) Plotting on the 7600

G.N. Williams and C.J. Tanner

Power Projects personnel have been running computer

programs on the CDC 7600 at the Department of the Environment

(D.O.E.) in Montreal. Most programs that run on the CRNL

CDC 6600 will run on the 7600 with little or no modification.

However, programs using the CRNL PLOT subroutine could not be

run on the 7 600 because of differences in the handling of plotted

output.

This restriction has been removed by

1) The installation, by Mathematics & Computation Branch,

of a specially modified version of the CRNL PLOT sub-

routine on the CDC 7600.

2) Preparation, by Power Projects personnel, of a set of

programs which will read a plot file produced by a job

run on the 7 600, and transmit the file to the CRNL 6600

via the Power Projects remote job entry terminal,- and

reconstitute it as a normal plot file.

Once the file is on the 6600 it is disposed of to

the plotters just as if it had been produced by a program

run on the 6600.

(c) Superconducting Cyclotron Computer-Aided Control

L.D. Hansen

Much time during the quarter was spent surveying

the literature associated with CAMAC, the PDP-11 RSX11-D

operating system,and software available from the Hahn-Meitner

Institute in Berlin. This continues work begun in July

regarding software to support a proposed computer-aided control

system for the Tandem accelerator and proposed superconducting

cyclotron.
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(d) L3M0DES Program for PDP-11

L.D. Hansen and G.H. Keech

The program L3MODES was converted from CDC FORTRAN

to FORTRAN for the PDP-11/45 under the RSXll-D operating systen:

with the aid of the program ANSI (5.2, (i) (i) above). This

exercise was part of a response to a request for assistance

in determining the proper configuration for a mini-computer

system for control of a mass spectrograph.

5.3 The Wigner Solid

G.H. Keech and H.R. Glyde (University of Ottawa)

The work described in PR-P-106; 5.7, AECL-5227 on

locating the solid-fluid nhase transitions of the Wiqnor

solid is continuing. Specifically, an analysis of the

accuracy of numerical integrations and tests of previous

approximations discussed earlier have been successfully

completed.

Two cases, distinguished by the statistics of

the particles making up the solid, now seem important.

In the Fermi case (the electron or proton solid) the Pauli

exclusion principle prevents the wave functions of a pair of

particles from overlapping. In the self-consistent harmonic

approximation, the mechanical instability of the solid (which

leads to melting) depends explicitly on this overlap. Thus,

we find the Fermi solid mechanically stable at all volumes.

In the Bose case, to which previous stability studies

(Kugler, Ann. Phys. 5_3 (1969) 133) correspond, the solid is

mechanically unstable at rs ^ 0 K.

Further work on the stability and on determining

the free energy of the solid in the Fermi and Bose cases for

comparison with the liquid free energy is in progress.
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5.4 Numerical Solution of Partial Differential Equations

M.B. Carver

A new method of solving PDE's has been proposed

by G. Dubois of Ecole Polytechnique and investigated further

by D. Chung of that institute. Results from this method,

the TCNR method, have been compared in some detail with results

from FORSIM. The TCNR method is aimed specifically at reducing

the number of mesh points required to obtain a given accuracy,

and in general requires about half as many points as does

FORSIM. However, in the test cases tried, FORSIM completed

in about half the CP time that TCNR took. TCNR is a promising

method, but needs a great deal of set-up time as the solution

is intricately bound into the particular equation being solved.

It has no future as a general method comparable to FORSIM, but

may be useful in solution of very large particular PDE systems.

5.5 Simulation Programs

(i) Two-Dimensional PDE Routines

M.B. Carver and D.G. Stewart

A pair of routines PARTWO and PARTOF were added

to FORSIM to handle two-dimensional PDE's in a manner

analogous to that used for one-dimensional equations.

This involves treating a two-dimensional problem as a special

set of one-dimensional equations linked in both x- and y-

directions. The equations are handled normally on the x-

direction and the matrices are then transposed to handle the

y-direction. Control is then returned to the user to define

the equations, and a final call to PARTOF deactivates.the •

necessary boundary equations. PARTWO and PARTOF merely

handle the logistics of the two-dimensional case, and use

existing FORSIM routines for the mathematics.
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(ii) Simplified One-Dimensional PDE Routines

M.B. Carver and D.G- Stewart

Simple PDE routines suitable for use with proqranus

other than FORSIM have been prepared for inclusion in the

mathematical subroutine library. They may be used in

conjunction with the integration routines CORK or STIFFS.

(iii) Integration Algorithms

M.B. Carver

The original Gear algorothm has been dropped as

the Hindmarsh version with a sparse matrix option has proved

reliable. The Fowler-Warten routine has also been dropped.

(iv) Memory Management

M.B. Carver

FORSIM has been rearranged to operate in a memory

of 25,000 words for up to 1000 equations with the Runge-Kutta

algorithm. If the Gear algorithm is requested, FORSIM now

assesses available memory, and requests a suitable size for

each option. If insufficient memory for the requested option

is available, the next best option which will fit in available

core is used. This means that no jobs will withhold execution

because of insufficient memory, as there will always be enouoh

to execute Runge-Kutta integration.

(v) Upwind Differencing

M.B. Carver

For more accurate solution of hyperbolic PDE's, an

upwind differencing routine has been written. This ensures

"that wave" propagation will be simulated more faithfully. Terms

such as u(dv/dx) calculate (dv/dx) by backward differences if

u>0 and forward differences if u<0. Formulae up to fourth

order coupling are included.
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(vi) Fourth Order Vibration Routines

The beam vibration equation

is fourth order in space, and requires two imposed restraints

at each boundary. The general case in which neighbouring

order derivatives are restrained was not previously so.1uable

in FORSIM. Through the previously reported work in vibration

of beams with nonlinear boundary conditions, new routines for

the imposition of fully general boundary conditions were

developed. FORSIM may now be used for single and multispan

beam vibration problems.

5.6 Numerical Evaluation of an Integral

W.N. Selander and B.E. Purcell

A new subroutine GLINT has been written to evalu-

ate the Gauss-Lorentz convolution integral (PR-P-107: 5.8,

AECL-5256). The "trapezoidal" formula previous reported

was abandoned in favour of an analytical method because it

failed to give satisfactory results in a certain range of

the variables. The analytical method uses a transformation

to express the convolution integral as the Fourier integral.

^ / ; e - < b y y 2 / 4 , c o s a y d y

where a and b are related to the parameters of the convolu-

tion integral. The above integral is evaluated in terms of

the error functions of the complex arguments (b + ia), for

which a formula is available that gives accuracy of 1 in 1017.

An asymptotic formula was developed to evaluate I for large

I a I a n d I b I .
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5.7 Personal Records System

(i) C.J. Tanner

In cooperation with Head Office staff the CRNL

Personnel Records System is being expanded to handle all of

AECL. New fields are being added to the record to satisfy

requirements of other sites. It is hoped to have the system

design done shortly and the system in operation in about six

months.

The computerized leave system is progressi mi

satisfactorily.

(ii) ENDF/B Data Library

P.Y. Wong

The library has been updated to include Revision 2

for ENDF/B 402, 404, 407 to 410, 414 to 417, and 419 as -iv.jn

by Brookhaven National Laboratory.

(iii) Analysis of Retirement Survey Data for Personnel
Branch

L.E. Evans

Based on the questionnaire "'Planning for a Secure

Future", a punched card layout was designed for the codinq of

survey returns by Personnel Branch. A special purpose FORTRAN

program was written to reformat this data to make it suitable

for input to FREAK, a general purpose frequency distribution

program, described in AECL-4702. This latter program was then

used to provide the survey results in the form of frequency

distribution tables analyzing ages of respondents, their

priorities and interests.

(iv) Salary Tabulation Program

D. McPherson

SALTAB, a program for tabulating and clotting mean

and median salaries for various groupings of employees, has

been modified to make it both more flexible and easier t-o use.
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Formerly, selection of the various employee groups was

proqrammed, necessitating modification or extensions for

each new grouping desired. The new version contains an

"interpreter", which accepts conditional expressions referring to

the various fields of the central personnel records system, and

allows these expressions to be combined in an arbitrary way

with logical operations to generate the desired employee

selection.

A companion program for calculating fractional

changes in mean and median salaries was also written.

(v) INIS Database

G.N. Williams

AECL has been assigned the responsibility for

providing national support for the International Nuclear

Indexing System (INIS) which is a bibliographic data base

which will replace Nuclear Science Abstracts when the latter

is discontinued.

The Technical Information Branch is presently

assessing the feasibility of mounting the INIS data base on

a computer system providing on-line search and retrieval

capability, and has asked the Mathematics and Computation

and Electronics Branches for assistance with their assessment.

The Mathematics and Computation Branch's contribution

is to provide an estimate of the additional mass storage

hardware that would be required to store the INIS data base,

and an estimate of the effort that would be required to

implement the retrieval capability offered by the CAN/OLE

information retrieval system available at the Canadian

Institute for Scientific and Technical Information in Ottawa.

A final report is in preparation.
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5.8 Data Reduction Programs

(i) Analysis of Stress Relaxation Data

B.V. Riff and J.M. Blair

(see PR-P-107: 5.12(ii), AECL-5256.) Given data

values of stress a and strain r as functions of time, the

problem is to compute ft = do/dt and L = d>/dt. From those

values can be derived the plastic strain rate " . = ,' - (l/i;)

where E is Young's modulus. The required result is a plot

of £nc as a function of a. Tf the data values were exact,

the resulting curve would show whether P.n'p varies linearly <.>r

quadratically with o. However, the errors in the oriair.nl

data values render the numerical derivatives suff icier.' ly

inaccurate that it is not clear whether the result inn

values of ?ncp support the hypotheses of a quadratic v tr i at. inn

with a. One method being used involves passing a smooth curve

through the data points by means of the IMSL subroutine TOHERU,

thereby implicitly assuming the data to be error-free.

Attempts will be made to improve the fit by taking

account of the errors, but it may turn out that the available

data do not define the curve well enough to resolve the question.

(ii) Analysis of Data from Fuel Materials' Combined Fuel
Rod Scanner and Sample Assembly System

L.E. Evans and B.E. Purcell for A.T. Jeffs
(Fuel Materials Branch)

Two types of data curves were chosen and representative

functional forms chosen. For (a) scans of a section or of an

entire sample rod, the function

2 2-(p2x +p3s+p4)
Y = Pie

was selected and for (b) scans of the end of a sample fuel

rod, the function
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y = p1(sin(p,x+p3) + l.) - n/2 < p2x + p3 < n/2

0 p9x + p3 < -n/2

2p1 P2x + p 3 > IT/2

was chosen.

Using AELIB's general purpose nonlinear least

squares fitting routine, LSOQ, these functions were then

fitted to the samples provided. To economize on memory and

execution time requirements, a special purpose FORTRAN

version of LSOO was written to fit these two functions.

This new routine is to be incorporated into the on-line

processing of the experimental data by a mini-computer.

A FORTRAN version of the AELIB Simpsons integration

routine was also supplied.

(iii) NPD heat Transport System

E.G. Long and W.T. Bourns (System Materials Branch)

This program (PR-P-105: 5.11(ii), AECL-5121) has

been altered to comply with a request for greater flexibility

in the structure of input data.

(iv) Statistical Analysis of Data Collected in the U-2
Loop

C.A, Edwards (for W.T. Bourns, Systems Materials Branch)

A statistical analysis is being carried out on data

collected in the U-2 loop of the NRU reactor. Tests are being

made to determine the effectiveness of a filter in the loop,

and on various coolant sampling methods.

5 . 9 Miscellaneous Programs

(i) PDPCODE

R.V. Riff

The code conversion program for the PDPll/4 0 has

been modified to accept card images without a line feed or

carriaye teturn character terminator. More informative error

messages are now issued tor file label input errors.
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(ii) SAPIV

E.G. Long and W.H. Pettipas (Process Systems Design)

This stress analysis program has been modified to

produce an additional output file containinq pipe forces and

moments, and a program written to read this file and calculate

the stresses at each node.

(iii) Fission-Fusion Hybrid Energy System

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

See PR-P-108:4.2 (AECL-5315).

5.10 Operations

(i) Magnetic Tape Pamphlet

G.N. Williams

A pamphlet entitled "Magnetic Tape Formats

Handled by the CRNL Computing Centre" has been prepared

to provide information on tape handling capability in an

easily understood form.
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( i i) Computer Use by Division

The following table is an analysis of the

jobs processed during the quarter.
Utilization,

Number of Jobs System Seconds

Computing Centre

Commercial Products

Power Projects

WNRE

Technical Information
& University Relations

Biology & Health Physics

Chemistry & Materials

Physics 8,036 (11.25%) 267,905.79 (14.14%)

Electronics, Instrument- 4 0 3 (0.56%) 4,423.66 (0.23%)
ation & Control

Advanced Projects & 9,406 (13.17%) 413,022.66 (21.80%)
Reactor Physics

12

10

2

1

1

,438

10

,259

,611

664

,607

,614

(17.42%)

(0.01%)

(14.37%)

(3.66%)

(0.93%)

(2.25%)

(2.26%)

135,231.07

178.11

606,519.94

106,865.73

7,933.80

41,686.03

10,863.71

(7.14%)

(0.01%)

(32.01%)

(5.64%)

(0.42%)

(2.20%)

(0.57%)

Fuels & Materials

Administration

Medical

Finance

Operations

Maintenance &
Construction

General Services

Plant Design

Special Projects

Others

12,693

1,265

95

1,601

3,917

5

84

1,093

3,561

46

(17.78%)

(1.77%)

(0.13%)

(2.24%)

(5.49%)

(0.01%)

(0.12%)

(1.53%)

(4.99%)

(0.06%)

167,750.66

6,097.06

251.52

19,075.07

54,449.65

0.95

199.59

10,285.97

41,915.94

317.32

1,894,974.20

(8.85%)

(0.32%)

(0.01%)

(1.01%)

(2.87%)

(0.00%)

(0.01%)

(0.54%)

(2.21%)

(0.02%)
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5.11 Publications, Reports and Lectures

Publications

THEORETICAL MODELLING OF PERCH LAKE WIND AND TRITIUM PROFILES
W.N. Selander
Published in "International Hydrological Decade, 1965-1974,
Hydrological Studies on a Small Basin on the Canadian Shield"
Vol. 1, Edited by P. J. Barry, ISSN 0067-0367. Atomic Energy
of Canada Limited, Report AECL-5041/I. September 1975.

THE CHOICE OF ALGORITHMS IN AUTOMATED METHOD OF LINES SOLUTION
OF PARTIAL DIFFERENTIAL EQUATIONS
M.B. Carver
Proceedings of American Institute of Chemical Engineers 8 0th
National Meeting, Boston, Massachusetts, 7-10 September 1975.

COMPUTING CENTRE NEWSLETTER, Vol. 2, Nos. 10, 11, 12
Editor: L.E. Evans

Lectures

CALCULUS
M.B. Carver
Algonquin College Continuing Adult Education Course
September 1975 to January 1976.

FORTRAN IV FOR THE CDC 6600
J.M. Blair
Algonquin College Continuing Education Course
September 1975 to January 1976.

CAREERS IN COMPUTER PROGRAMMING
D.G. Stewart
Catholic High School, Pembroke, Ontario
10 December 1975
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ACCELERATOR PHYSICS BRANCH

p.R. Tunnicliffe

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 High current Teat Faci l i ty
6.2.2 Electron Test Accelerator
6.2.3 Fer t i le - to-Fiss i le conversion Experiments

at TRIUMF (FERFICON)

6.3 Research Applications

6.3.1 Fast intense Neutron Source (FINS)
6.3.2 Heavy-ion superconducting Cyclotron

6.4 Mechanical Laboratory

6.4.1 High current Test Fac i l i ty
6.4.2 Electron Test Accelerator
6.4.3 TRIUMF Experiments
6.4 4 Fast intense Neutron Source
6.4.5 Heavy-ion superconducting Cyclotron
6.4.6 Reactor Physics

6.5 publications, Reports and Lectures
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6.1 Staff

BRANCH HEAD: P.R. Tunnicliffe

Professional Staff

C.B.
J.C.
B.G.
W.T.
J.S.
L.W.
E.A.
J.D.
S.B.
C.R.
J.A.
R.M.
P.W.
J.

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

J.

Bigham
Brown
Chidley
Diamond (1)
Fraser
Funk
He ighway
Hepburn
Hodge

j. Hoffmann
Hulbert
Hutcheon
James (2)
McKeown
McMichael
Molson (3)
Ormrod
Schneider
Schriber
Shubaly
Ungr in

Mechanical Laboratory

J.E. Anderchek
R.J. Bakewell
R.J. Kelly
N.I.G. Labrie
D.W. Warren
J.F. Weaver

Technical Staff

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

R.A.
A.E.

Ardiel
F. Bird
Dirney
Campbell
Cox
Dobbs
Geoffrey
Gillies
Hohban
Hood
Jones
Kidner
Metivier
Michel
Moore (4)
Vokes
Weeden

Laboratory Services

J.H. Hewitt
J.J. Murphy

Secretarial Staff

Mrs. M.A. Trecartin

(1) NRC Post Doctorate Fellow, resigned 8 October, 197 5.
(2) NRC Post Doctorate Fellow, arrived 2 October, 197 5.
(3) Attached from Commercial Products, South March.
(4) Waterloo student, resigned 24 December, 197 5.
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6.2 NUCLEAR 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.R. Shubaly

Only limited operation of the 7 50 keV injector

was possible until mid-November due to commissioning problems

with the SUCCESS II computer control system for the injector

and linac. The computer system has now been declared

in-service.

Regulation of the Cockcroft-Walton output voltage

is achieved by means of a 150 kv dc "bouncer" supply

(AECL-42?4). Failure of one of the two triodes (Machlett

LPT-32) occurred early during the quarter. Operation during

the 6 week period required to procure a replacement tube,

was severely hampered by the large.ripple (^ 5 kv under

10 mA load) and was restricted to voltages < 700 kv at this

beam current due to unbalanced currents into the transformers

feeding the cockcroft-Walton supply.

The potential of the extraction electrode in the

accelerating column Mist be adjusted to optimize transmission

of the beam current through the column, A new ion source arc

current regulator has been installed to reduce the turn-on

time of the beam current and to eliminate the need to vary

the extraction electrode potential during this transient.
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b) Etnittance Measuring Unit (EMU)

M.R. Shubaly

Measurements of beam emittance were started this

quarter. Proton currents of up to 5 mA (limited by the ion

source presently installed) of energies from 6 50 kev to

750 keV have been studied. A pulsed magnet directs the beam

onto a multi-aperture "pepper-pot" plate (R.R. Stevens, Jr.,

et al, LA-4961-MS, May 197 2) for 300 microseconds. The beam

emittance is determined from the position and size of the

resulting beamlets at a scintillator screen 52 cm downstream

of the plate. A typical photograph of the EMU screen is

shown in Figure 6.2.1.1. A computer program which runs on

the SUCCESS II system is used to calculate the emittance

from measurements taken from such photographs. The plots

shown in the figure are for emittance in the horizontal

plane. Neglecting the "tails" on the dots gives the phase

space plot shown by the solid line, and an emittance

invariant of 2.0 TT mm-mrad, whereas including the "tails"

(dotted line) gives a emittance invariant of 4.2 tr mm-mrad.

The effect causing the "tails" is being investigated.

c) Alvarez Linac

B.G. Chidley and J.C. Brown

Preparations are now almost complete for commis-

sioning the rf source into a resistive load.

Commissioning of the remote controls for operat-ing

the modular dc power supplies in Bldg. 467 as plate sources

for the tetrode and triode amplifiers was completed. some

changes to the conditioning and indication circuits of the

main power supply control units were required to satisfy

the remote operation of two supplies in parallel.
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Figure 6.2.1.1 EMU photograph and phase space diagram
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Construction of the fast shutdown system for the

tetrode and triode amplifiers continued. The trigger system

electronics which uses current digital switching techniques

was completed and tested. The photo arc sensors for the

output transmission lines were rebuilt. To obtain increased

sensitivity and to avoid temperature instability, the

original photo-cells were replaced with photo-transistors.

An LED lamp driven by a single pulse generator was added for

in-situ testing. The crowbar switches were assembled and

the high voltage wiring was completed. System commissioning

is now in progress.

installation of the drive and output rf power

monitors was completed. The transmission line couplers were

checked and adjusted and the system was calibrated.

Some modifications were required to the triode

cooling water circuits to obtain adequate flow in the grid

seal and cavity wall cooling circuits. The drive motors

for the triode plate cavity tuning drives were changed to a

larger sizt to overcome excessive friction which occurs

after long idle periods.

A low power beam stop was designed for initial

operation of the linac. Detailing of the design is now in

progress.

To satisfy the load current requirements of the

triode amplifier, two modular power supply units must be

operated in parallel but they do not share the load equally

due to differences in voltage regulator response to adjust-

ments of the voltage demand potentiometers. A tracking

servo was constructed to drive the voltage regulator of one

unit to maintain equal current sharing and to follow manual
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changes in voltage demand of the othur. Two high power

water resistors are being constructed to provide a load

adjustable from about 25 to 100 percent capacity of two

parallel units. When this is available, the tracking

system will be tested.

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

There was a shutdown lasting several weeks during

the quarter to calibrate and complete the installation of a

number of analog data lines for machine parameters.

Operation resumed in November with experiments to investigate

the effects of beam loading on the rf systems.

Stable accelerated beam currents up to 20 mA have

been achieved, although recently instabilities in the beam

transport system have limited currents to 15 mA. These have now

been identified and corrected, permitting operation to resume.

Early in the quarter, further investigations were

made of the transmission of the graded-3 structure (for

different structure powers) as a function of relative buncher

phase. The experimental results for three levels of the

structure power are shown in Figure 6.2.2.1, where I is the

total accelerated beam current through a 2 -cm aperture at the

exit of the graded-p structure and I Q i s t h e i n j e c t e d ^ b e a r o
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current. The origin on the phase axis is arbitrarily chosen

to centre the 20 kw structure-power transmission curve at 0

degrees relative phase. Also shown for comparison is the

transmission predicted by the LINGUN program (seu Section

6.2.2^c)) . The broad features of the transmission-phase

characteristics are insensitive to the structure power and

the measurements are in fair agreement with the prediction.

A study of beam loading effects in the accelerator

and buncher has begun. The ETA accelerator is currently

designed to accommodate beam currents up to 15 mA. During

the tuning of the pre-accelerator che coupling iris was cut

to give an overcoupled match between the klystron and the

load. The expected effect of the beam was to change this

match from over-to under-coupling. The size of the iris was

initially chosen for experimental tests so that the reverse

power at design current should reach the same value as at the

zero beam current (it should be zero at design current for

optimum efficiency). Recent operation at high power gave the

results shown in Figure 6.2.2.2 which show that this is so.

The smooth curve is the theoretically predicted vcltage

standing wave ratio (VSWR) plotted as a function of beam

power. The data points were taken from the waveguide

directional coupler during accelerator operation. As the

forward power increases from 33 kw to 55 kw the ratio of both

forward and reverse signals must be used to compute the VSWA,

As expected the match initially improves with an increase in

beam current until it reaches a minimum of 1.04 at 13.5 kw

(9.G rnA) . At the minimum where the VSWR should be 1.0, the

nominal reverse power is 14 watts or 0.03% of the forward power

of 46.5 kw indicating an excellent directional-coupler

directivity of 35 db.
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The reactive effects of beam loading are under

study and experiments to investigate the phase shifts

arising from the beam-cavity interaction are underway.

b) Digital Data Acquisition and Control System (ETACON)

J.S. Fraser, j. McKeown and G.E. McMichael

(i) Hardware

The i ̂ placement disk drive has been installed and

checked out. No problems were encountered and with no incom-

patibility found between the old and new drives, data recorded

with the old drive could be read with the new one. To date,

power failures with the new drive have caused no problems.

The magnetic tape was out of service for one day

due to an integrated-circuit failure. No other down time

was attributable to hardware faults.

(ii) Software

The data logging programs have been modified to

handle up to 256 analog lines (formerly 128). in addition,

these programs were modified to multiplex the 36 rf field

signals onto 6 analog input lines by providing control

coding for the 6 rf signal selector relays.

The digital and analog i/o drivers were rewritten.

For digital reads under interrupt control, the data is now

stored by the driver in task common, eliminating the require-

ment for the task reading the data to be core-resident when

the interrupt occurs. The analog driver now has a built-in

watchdog timer to ensure that spurious interrupts (which

occasionally occurred during crowbars) will not disrupt

system operation.

The PLTPTS task which is used for plotting analog

scanner data versus elapsed time has been modified to plot
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any variable (or function of two variables) against another

variable (or function). Several simple functional relations

involving two variables and two constants are available for

the abscissa and for two dependent variables,

(iii) Analog input Calibrations

Precise calibrations were made of the analog input

channels. This will permit detailed correlations and analysis

of the 130 analog variables presently scanned.

The most difficult measurements were associated

with the output of the high power radiofrequency source.

The forward and reverse power flow in the WR97 5 waveguide

are measured by a waveguide directional coupler and a power

meter. These power measurements are made with the directional

coupler calibrated at low power but the calibration did not

agree with high power measurements. The high power measure-

ments are made calorimetrically with resistance temperature

devices (RTD) and turbine flow meters.

It was decided to use an electric water heater as

our absolute standard of power. The ac current was measured

to a precision of ± 2% and the voltage to ± 0.5%. A 2.2 kw

electric water heater was installed in the cooling circuits

of section A. section B and the bridge of the graded-p

accelerating structure. To reduce radiation and conduction

losses to a minimum the water-temperature control loop was

run for a period of a few hours at room temperature. The

measured heat power was in disagreement with the calorimetric

power by + 2.6%, + 2.3% and + 2.8% respectively. This is

acceptable for our present experiments.

To relate the calorimetry to rf power from the

klystron the forward power meter was calibrated by dissipating

the klystron power in a wide-band water load. This has a VSWR
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of less than 1.1 hence reverse power can be neglected. By

inverting the directional coupler, the reverse power meter

could be similarly calibrated. However when subsequently

feeding power to the accelerating structure its cooling-system

calorimetry gave agreement within 5% for the forward power

meter but the reverse power meter reading was almost double

that which could be expected from low power measurements of

the structure impedance.

This could only be resolved by an independent

measurement of the load impedance at the structure design

power of 33 kw. This was done with the aid of a waveguide

slotted line. The structure is overcoupled with a voltage

standing wave ratio (VSWR) of 1.36. High power measurements

showed that this value is the same as derived from low power

measurements and hence independent of power. The slotted

line results were therefore considered reliable and used to

recalibrate the reflected power meter; the factor of two

discrepancy above remains unresolved.

The computer now collects data from non-linear

sensors and transforms the signals to engineering units.

Presently we have 14 thermistors in the system which are

used for absolute temperature measurement, A good fit was

obtained to the common calibration curve with a fourth-order

polynomial. The rf response from crystals monitoring the

power level in different parts of the structure can be fitted

with a third order polynomial. The appropriate constants

for each term must be fed to the RFLOG and the PLTPTS tasks

to permit the transformation to engineering units.

c) Beam Dynamics Calculations

J.S. Fraser

The program LINGUN has been in use at CRNL for
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several years to trace the trajectories of a set of particles

through a proton linear accelerator structure. The program

has now been modified to be more suitable for the ETA

structure in which solenoid magnetic lenses are used rather

than quadrupoles. Other modifications include a routine for

launching a group of particles filling the 6-dimensional

phase space in random order and provision for combining the

x-x' and y-y1 transverse phase spaces into an r-r! phase

space for plotting. The latter is more convenient when

dealing with magnetic lenses which couple the x-x' and

y-y1 phase spaces.

Some of the results obtained have been quoted in

Section 6.2.2(a). The calculated admittance in the energy-

phase plane of the graded-p tank is shown in Figure 6.2.2.3.

In contrast to a conventional proton linear accelerator, the

admittance curve is not closed at high energies. For

energies above 150 kev, as the injected particles £

approaches unity, the acceptance phase range increases from

slightly in excess of 240 to 360 .

The effect of the buncher cavity on the effective

emittance of the beam is shown in Figure 6.2.2.4. The

injected beam has an energy of 80 kev, and transverse

emittances 0.3 w mm-mrad in the x-x1 and y-y' planes. The

radial forces in the buncher accelerating gap acting on

off-axis particles produce large defocussing effects. The

injected beam, represented by the small solid ellipse,

is blown up into the sparsely populated cross-hatched region,

presumably without an increase in the real emittance. The

effective emittance, however, is represented by the circum-

scribed ellipse of minimum area. This is the emittance that

has to be matched to the acceptance of the accelerator. The
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increase in effective emittance in the calculated case is by

a factor of 35. The emittance of the injector beam will be

measured with and without the buncher operating.

6.2.3 Fertile-to-Fissile conversion Experiments at TRIUMF (FERFICON)

B.D. Pate. I.M. Thorson and F.M. Kiely (Simon Fraser

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.

a) irradiation Facilities

The moderator tank system for the neutron leakage

measurements is now fully operational. Two target cans are

on hand and are currently in use with the two lead targets

available, A multiwire beam monitor was constructed and

installed in the monitor box upstream of the tank. The wires

are spaced 3 mm apart, providing sufficient resolution for

measurement of the beam profile employed in the irradiations.

This monitor system is used on-line to "fine tune" the beam

at the start of an irradiation, while the adjacent aluminum

foil is used to obtain the absolute (integrated) beam

intensity via the Al(p.3pn) 2 Na reaction. Results from

the first few runs indicate that a roughly circular beam

spot size of 1 cm (FWHM) is routinely obtainable.

The self-powered detector assembly was received

from CRNL and installed in the tank. The detector was

connected to a Keithley 620 electrometer by means of a

100 ft length of coaxial cable.

Detailed design of the target storage facility

has been completed. Fabrication of some of the components
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has begun. Bids have been requested for construction of

the main frame. The AECB has been contacted concerning the

acquisition of a license for the uranium and thorium targets.

b) Detector Systems

The solid state |3-detector systems on loan from

Simon Fraser University have been in continuous use since

the irradiations commenced. Some problems were encountered

with two of the preamplifiers, with the result that they

are inoperative until the input FET's are replaced. The

remaining two units are providing good service.

The possibility of acquiring a computer-based

multichannel analyzer system is currently being investi-

gated. Specifically, a system is favoured that consists of

a Nova 3 CPU, typewriter and magnetic tape unit linked to a

second Nova 3 CPU carrying additional peripheral I/O devices

such as a disk and CRT display. The second computer system

is being purchased by the SFU/TRIUMF group for on-line

experimental data acquisition and reduction. The cost of

the Nova 3-typewriter-magnetic tape system appears to be

very similar to that for a dedicated hardwire system and

has obvious advantages of flexibility and future expansion

capability.

c) Irradiations and Results

Several beam periods were devoted to tuning the

cyclotron and the various elements in Beam Line IVa to

provide a properly centered beam spot of minimum size at

the FERFICON tank for each of the two incident beam energies

to be employed.
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Subsequently two irradiations for data-taking were

performed at 500 MeV: one employed a large single-element

lead target 5.08 cm radius, 30.48 cm long, and the other

used a 7-element lead close-packed array of the same mass,

each element being 1.918 cm radius by 30.48 cm long. Since

the self-powered detector had not yet arrived, only gold

foils were used to measure the neutron flux. The data are

currently being analyzed. Preliminary maps of the relative
198

neutron flux (given by the disintegration rates of AU at

the end of bombardment) are illustrated in Figure 6.2.3.1.

The data from the 7-element target irradiation were nor-

malized relative to the single element data using the

disintegration rates of the monitor foils.

These data will shortly be placed on an absolute

basis and integration will provide the absolute neutron

source strength; comparison with prior data obtained at the

same energy with the BNL Cosmotron will then be made.

Since the installation of the self-powered

detector, one irradiation was performed at 500 MeV using

the large lead target. The measured voltage as a function

of time is displayed in Figure 6.2.3.2. The voltages

observed were measurable only on the scale of highest

sensitivity of the voltmeter. To increase the accuracy of

the electrometer readings the resistors in the self-powered

detector circuit will have to be increased by about one order

of magnitude; the alternative of increasing the proton beam

current above the 20 to 30 nA level used now is not indicated

by the gold foil and general activity levels, both of which

are satisfactory. No problems are foreseen from this

resistor change.
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Figure 6.2.3.1 Isoactivity contours of gold foils in the water bath
surrounding lead targets bombarded by 500 Mev protons
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surrounding a lead target bombarded by 500 MeV protons.
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6.3.1 Fast intense Neutron source (FINS)

J.D. Hepburn, B.G. Chidley and J. Ungrin

12 -1
The 4 x 10 n s 14 MeV neutron source is being

commissioned in Bldg. 610 prior to installation in Bldg. 513

for the Biology Division. An isometric view of the source

in a conceptual room layout is shown in Figure 6.3.1.1.

Several systems of the accelerator have been tested

with beams up to 10 mA. Control of the beam optics by the

position of the analyzing magnet has been demonstrated, the

beam-defining apertures work well, the moveable Faraday cup

has been operated, and beam has been put onto a bare copper

rotating target. Acceleration of beams above 10 mA total

(43 mA are required) is hampered by frequent arc-downs.

When an arc-down occurs in the system, transients

and secondary sparks occur at various places and it is

frequently difficult to determine where the initial break-

down took place or what caused it. To confirm that the

observed arc-downs originated in the accelerator and were

not due to a current dependent effect in the high voltage

supply, the supply was operated into a resistive load. No

arc-down occurred in 1 hour at 21 mA, 300 kv.

The results in Table 6.3.1.1 illustrate the current

dependence of the arc-down rate. Extensive conditioning with

a 4 mA, 250 kv beam did not improve operation, nor did

enlarging the holes in the accelerating electrodes. Experi-

ments with a lower accelerating gradient are in progress.
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Table 6.3.1.1

Arc-Down Times for Various Beam Conditions

Voltage

(kv)
300

285

250

250

250

250

Total Current

(mA)

8

8

8

4

8

12

Average Time
between
Are-Downs
(min)

6

8

30

—

30

5

Maximum Time
between

Arc-Downs
(min)

13

12

49

117

49

8

Recent unsatisfactory operation of the ion source

has been traced to contamination by organic compounds and

by the leakage of the SF,_ insulating gas into the H_ gas
6 2

source feed system. The ion source and accelerating column

have been thoroughly cleaned and degreased and the hydrogen

gas system is being replaced with an all metal system which

should eliminate SF, leakage and contamination from 0-rings.
o

The extent to which the contamination has influenced the

arc-down rates is not known.

The coaxial high voltage cable required some

repairs to both ion-source control wiring and to the lucite

pressure window. While the cable is operating satisfactorily,

further improvements will be made later.

Problems in the auxiliary power supplies caused by

ai:c -down transients appear to have been solved by installation
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of the mechanically regulated arc power supply and by

addition of transient protection at the ion-source coil.

The tritiated target drum has been received from

the outside supplier and will be stored until the final phase

of commissioning. The rotating target assembly was tested,

then installed on the beam line where a 5 mA H beam was put

onto a bare copper drum. The assembly was removed from the

beam line in order to repair a leaking water-to-air seal,

improve some design problems in a teflon bushing, and to

replace certain bearings with longer-lived ones.

Some effort has been spent in assisting Health

physics Branch personnel in preparing their facility for

the installation of FINS. installation of the power supply

oil handling system, water system, cable trays, electrical

services, and control wiring is proceeding well. Plans for

moving the accelerator are complete.

6.3.2 Heavy-ion superconducting cyclotron

J.H. Ormrod

Design and development work on a superconducting

cyclorron for a post-tandem accelerator continues. The

scheduled date for field mapping on the full—scale model

remains unchanged at mid-summer 1977 .

a) Building for Experiments

D.D. Graham (civil and Mechanical Design Branch)

The design of the structural steel and foundations

has been checked by the consultant and some minor revisions

are being made. The Department of Labour has approved this

design. Detailed design of the mechanical and electrical
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services is in progress. The work order for the building

construction has beer, approved.

b) code Development

E.A. Heighway

TRIUMF: A procedure for creating multiple but

consistent field maps on varying r,5 lattices has been

added; getting agreement between the separate maps used for

injection, acceleration and extraction has previously been

a problem.

The error fields (generated by ERROR) now include

a B component as well as B , B^ and dB /dz and are read in

over one degree intervals instead of four to improve accuracy.

This has forced use of extended core storage (ECS) which will

be necessary in any event for use when measured field maps

from the magnet become the data source.

GOBLIN: The trim rod fields now have profiles,

based on TRIM calculations, compatible with TRIUMF.

Previously a Gaussian profile was assumed to allow

preliminary resonant-extraction calculations.

POISSON: The force calculated between uniformly

magnetized hemispheres disagrees with analytical calculations

(G.E. Lee-Whiting) and will have to be corrected.

GFUN3D: There is now consistency to within 10%

with other magnetostatic codes for cylindrical geometry.

For the small number of elements used this is considered

indicative of satisfactory operation of the code. To

handle large numbers of elements the code is beinq modified

to use both ECS and mass storage.
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c) cryogenic Systems

J.A. Kulbert

The helium liquefier has been operated five times

in this report period to provide precooling for the short

sample test facility and to maintain liquid helium stocks

at the 500 litre level.

Gas sampling lines have been installed for gas

purity monitoring during liquefier operation. it is hoped

thereby to avoid breakdowns due to heat exchanger blocking.

At present the reasons for minute quantities of water

impurity in the helium are under investigation.

The cylinder manifold is now complete, with all

valves installed. The vacuum-insulated liquid nitrogen

line is installed and operating with the 1000 litre liquid

nitrogen source tank moved to its proper location out of

the way of the cyclotron test building construction site.

The flow-rate equipment for the insulation-test

cryostat is constructed and undergoing calibration before

insulation tests can start, some circuit problems with the

commercial parts of the data acquisition system have been

overcome and the basic software junction package tested and

optimized, A complete set of user software for carbon

resistor thermometer calibration and application nas been

written and tested.

As an exercise in testing the operation and

utility of the data acquisition system and the linearity

and repeatability of sensors for insulation testing, a

study of free convection heat transfer in helium gas in the

range between the normal boiling point and the critical

temperature has been carried out. This information on heat
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transfer coefficients in this region, which is necessary to

understand the details of the operation of thermal liquid

•" partially immersed stabilized super-

conducting magnets, does not appear to be available in the

literature. Some of the raw data is shown in Figure 6.3.2.1,

which depicts the power loss from a 10 mm high carbon bar,

as a function of temperature, while immersed in liquid

helium and in helium gas at temperatures between 4.4 K and

6.4 K. The apparent insensitivity of the heat transfer

coefficient (proportional to the slope of the power loss

curve) to fluid temperature is remarkable in a range in

which density, Prandtl number and expansivity show marked

temperature variation. Figure 6.3.2.2 compares experimental

data on a 2 mm carbon cube with a correlation due to Eckert

which is quoted in standard texts as applicable to laminar

free convective heat transfer. The temperature insensitivity

of the data may be related to Kapitza resistance and

further study is indicated.

Design work on the magnet cryostat for the

cyclotron continues. It is now proposed to use aluminum

alloy for the walls of the helium vessel utilizing the high

thermal contraction of the aluminum to maintain the axial

mechanical loading on the magnet coils while cooling. This

will necessitate twelve aluminum/stainless steel tubular

transition joints operating near 4.2 K. Samples of these

joints, explosively bonded, have been ordered for vacuum

and mechanical testing. A modified cryostat/yoke vacuum

seal model luis been fabricated for tests and a prototype

hanger assembly for the helium can suspension is under

construction.
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T deq K

Figure 6.3.2.1 Power loss (microwatts) from a vertical
carbon bar 10 mm x 1.8 mm x 1.8 mm as a
function of bar temperature for temperatures
of surrounding helium fluid from 4.2 K to
6.4 K. There appears to be some marked
variation of heat transfer rate near the
critical temperature (5r2 K ) .
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Figure 6 . 3 . 2 . 2

T deq K

An attempt to correlate the temperature
dependence of the heat transfer coefficient
for laminar free convection in helium gas near
the normal boiling point. Data taken on a
2 mm cube sample. The experimental points
represent values of W/(AT) ' where W is the
power loss in microwatts and AT the temperature
difference between the sample and the back-
ground gas. The smooth curve is a plot of F,
a function of the thermodynamic properties of
helium which by Squire's correlation should
have the same temperature dependence as
W/(fflT)5//4. The ordinates of these plots are
arbitrarily normalized at 6 K for a AT of 0.2 K
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The detailed cryopanel design for the midplane

vacuum pumping was completed but is undergoing some

modification to the cooling water channel routing before

being sent for prototype construction.

d) Magnet

(i) Orbit Dynamics

E . A. He ighway

Isochronous field maps for any ion can now be

generated routinely. The trim rods introduce oscillations

in O<B >,'dr whicl. produce corresponding oscillations in v
Z z

(Figure 6.3.2.3). There are corresponding oscillations in

', which in the case of uranium 21 3 MeV/u bring v close

to unity (Figure 6.3.2.4). This reduces the tolerance to

field imperfections at these locations. Figure 6.3.2.5

shows the x,p stability diagram for uranium 21 3 MeV/u for

the region where v drops to ̂  1.001. The central linear

region is still large, the unstable fixed-points being at

approximately 40 mm. Figure 6.3.2.6 shows the same stability

diagram for a 1 mT first harmonic field error. The

equilibrium orbit has been displaced by 13.5 mm but the

linear region has only shrunk slightly. If the region where

v was 1.001 were not local, a shift of the equilibrium orbit

by -w 80 mm would be expected but the orbit shift is being

limited by the neighbouring regions where v rises to 1.01

and 1.017 (Figure 6.3.2.4). For a 5 mT first harmonic field

error the equilibrium orbit fixed point has broken through

to the nearest unstable fixed point leaving no stable

linear region (Figure 6.3.2.7). Accelerated orbit studies

are continuing to determine the tolerance of these (v -1)

'holes' to field imperfections.
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Figure 6.3.2.3 Axial betatron frequencies for several
fields isochronized using the trim-rod
optimization code.
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Radial betatron frequency for U238 3 MeV/u
where the field has been isochronized by the
trim-rod optimization code. The (vr-l)'hole'
at ^ 200 mm radius is caused by the innermost
trim rod in the region where the hill field
starts to decrease with decreasing radius.
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Figure 6.3.2.5 Radial stability diagram for the energy
corresponding to the static equilibrium
orbit at location "A1 of Figure 6.3.2.4
where vr is only 1.0008. The stable
region is still large. (The units of
momentum have been converted to cm by
multiplication by r/p_.)

9
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Radial momentum displacement

px(cm)

Figure 6.3.2.6 Radial stabil i ty diagram as for
Figure 6.3.2.5 but with a f i rs t harmonic
field error added of amplitude 1 mT.
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-6

Figure 6.3.2.7 As for Figure 6.3.2.6 but with a
5 mT first harmonic amplitude.



- 132 -

A second iteration to find a hill profile to give

an isochronous field for uranium 33 10 MeV/u has begun.

The hill gap is being reduced at inside radii to move the

imaginary region further towards the inside and iron is

being added in the cryostat wall to increase v in the

extraction region.

(i i) Yoke

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

The steel structure of the yoke excluding the

flutter poles has been ordered. The structure has not

changed from the previous report but an updated specification

(12483-SP-2 issue 2) has been issued that includes more

detail.

A structure to guide the upper pole into position

has been detailed. The jacking system for the lower pole

has been modified to use available components.

(iii) Superconducting Coils

H.R. Schneider

li Superconductor

A number of soldering runs to test the soldering

line for the conductor have been made by the vendor during

the past two months. A consistently good solder bond

between the superconducting insert and the grooved copper

backing strip has not yet been achieved. It is, however,

believed that the problems being encountered are understood

and with improvements now being made to the soldering line,

an acceptable solder bond will be possible.

Work is proceeding on the manufacture of the

conductor insert, copper billets have been loaded with
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niobium-titanium rods and will be extruded in mid-December.

This work is on schedule and delivery of the conductor in

March 1976 is still expected.

2) Short Sample Test Apparatus

The superconducting magnet for the short sample

test apparatus (see PR-P-105: 6.3.2 d) , (v), AECL-5121) has

been successfully tested. It was charged twice. Each time

it quenched at a field of approximately 4.9 Tesla. It

operates stably at 4.8 T in persistent mode, i.e. with the

power supply turned off and a superconducting short circuit

(persistence switch) placed across the coil terminals. The

superconducting switch, an integral part of the magnet,

allows the use of the same power supply to charge the

magnet and the short sample superconducting transformer.

Mechanical design of the superconducting transformer

and sample holder is complete and has been sent to the shop

for fabrication.

3) Fiberglass Clamps

Tne magnet coil will be constructed as a stacked

series of pancake coils. Following the practice with other

large superconducting coils, the pancake coils will be

separated from each other by sets of thin radial spacers

that cover approximately 50% of the pancake coil surface.

We have found that it is practical to mold a T-head on these

spacers so they may also be used for radial clamping of the

coil winding.

The clamps will be made of an epoxy-fiberglass

composite. Some preliminary measurements on some composite

specimens made with an epoxy formulation specifically designed
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for cryogenic service together with a multilayer glass cloth

reinforcing have shown that the thermal contraction of the

composite can be made to match that of copper by adjusting

glass-resin ratio thus maintaining the clamping force on the

coil as it is cooled down. The relatively low Young's

modulus together with an elongation to failure of > 1% for

the composite allows the clamp to be designed using a

material with a contraction slightly greater than copper

without danger of over stressing.

e) Accelerating Structure

C.B. B igham

Detailed design of the full-size rf structure model

is in progress. The bulk of the copper required for the

model has been purchased, A coned (Bellville) washer is

being investigated for the mid-plane pole-to-cryostat

combination rf plus vacuum seal.

The Collins 205G-1 20 KW amplifier has been

commissioned and will now be used to drive a high-power

quarter wave resonator. Th= resonator has been fitted with

a motor drive on the tuning short and an automatic frequency

control circuit actuated by a phase comparator. The sliding

short spring finger contacts will be tested to current

density levels approaching those required in the cyclotron

and high power tuning by moving the sliding short under

power will be investigated.
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f) injection

(i) injection Orbits

E.A. He ighway

Isochronous injection field maps have been

generated for the ion carbon 5 lb MeV/u, uranium 33 10 MeV/u

and uranium 21 3 MeV/u and the appropriate injection

trajectory traced back from a tangent to an equilibrium orbit

at the stripper to the centre of the inflection magnet.

(There is a unique trajectory for each ion.) The transport

matrix for these trajectories was then found by tracing the

motion of particles displaced from the design trajectory.

The matrices for the three ions do not differ very markedly

and exhibit the strong focussing properties expected from

the field edge region. The matrices are being used in the

design of the beam transport between the tandem and cyclotron.

(ii) Foil Changer

D.L. Beaulieu (Civil and Mechanical Design Branch)

The foil locating system has been simplified. it

no longer requires an external drive. Detailed design for

this part of the foil changer is almost complete. The next

step will consist of prototype testing in the dee model.

The magazine and feeder system is being designed.

Circular magazines of a capacity of roughly 350 foils are

being considered.
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g) Extraction

C.R.J- Hoffmann

various modifications to the hill ends and the

cryostat inner wall have been studied to improve the radial

focussing between the electrostatic deflector and the

magnetic channel entrance. The following changes seem to

give the desired improvements:

1. Make the entire cryostat inner wall of iron

in the axial region from the bottom of the

valley skirts to the top of the hills.

2. Add iron segments to the hill ends. The

segments extend azimuthally the hill width,

axially from the hill face to the valley

skirts, and radially from the hill face to

the outer radius of the cryostat inner wall.

Code modifications have been added to GOBLINEX

to generate the first harmonic field bump for resonant

extraction by adjusting the amplitudes of the outermost set

of trim rods. As in GOBLIN the TRIM trim rod field profiles

are used instead of Gaussian profiles used in previous

calculations (see PR-P-107: 6.3.2 g) , AECL-5256).

h) internal Beam probes

P.W. James

A search of the literature on the various types of

current and phase probes used at existing isochronous

cyclotron facilities is near completion.

Preliminary work has begun on the basic design of

the probes. Two probe ports are to be included to permit

flexibility in data collection and to allow measurements to
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be continued without interruption if either probe mal-

functions. The probes are being designed so that they can

be completely removed without breaking the vacuum.

integral and differential current probes will

stop the ion beam and the deposited charge will be

measured. Calculations indicate that, except for the

h
7
highest-energy highest-intensity beams (50 Mev u c and

Li), the probes can be radiation cooled if they are made

of a material such as tungsten or tantalum.

6.4 MECHANICAL LABORATORY

J.E. Anderchek

The Msehanical Laboratory operates the machine

shop and furnaces in Bldg. 145 and carries out mechanical

construction, assembly, repairs and vacuum testing for the

Accelerator Physics Branch and the Reactor Physics Branch.

Total laboratory time breakdown in the quarter

was as follows:

Accelerator physics Branch 97.6%

Reactor Physics Branch 2.4%

6.4.1 High current Test Facility

improved entrance and exit apertures were manu-

factured and installed on the first 45 bending magnet

chamber. The bellows section of the flange assembly for

emittance measuring unit was repaired.

A mild steel ion source container was nickel

plated and several Crumflat gaskets were manufactured for

the injection beam line.

Components were made for the Alvarez linac rf

system. These included polyamide insulation for the crowbar
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current limiting reactors, crowbar chassis components and

thermometer wells for the triode amplifier cooling system.

Several pieces of hardware were manufactured for

modifications to the modular tic power supplies to accommodate

safety requirements and for the construction of high power

water resistors to test the parallel operation of two

supplies which are required for triode operation.

6.4.2 Electron Test Accelerator

Three water-cooled tapered apertures and two

inclined beam stops were fabricated and six quad-apertures

were modified.

New pole tips and field clamps were made for the

30 magnetic spectrometer and mountings were fabricated for

optical limit switches on the beam scanners.

6.4.3 TRIUMF Experiments

Lucite retaining strips were made for mounting a

self-powered neutron detector onto a lucite plate.

6.4.4 Fast Intense Neutron Source

in support of this program several minor modi-

fications and repairs were carried out. These included:

- Repairing the lucite window for the high voltage cable

and fabricating a new spacer for the cable inner con-

ductor .

- A series of small modifications to the rotating target

assembly being made as the unit was developed.

- Modifications to several components and fabrication of a

new accelerating electrode to assist in the commissioning

of the accelerator.
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6.4.5 Heavy-ion Superconducting Cyclotron

Various fixtures were built for fabrication and

testing of epoxy-fiberglass clamps for the magnet coils

together with tooling for bending and soldering the super-

conductor .

A motor drive and new finger stock were installed

on the tuning plunger of the high power resonant load.

Spur gear and harmonic drive mechanisms were

fabricated, mounted and tested on the trim rod drive test

stand.

Miscellaneous small bits of hardware were

fabricated for magnetic force modelling experiment and for

the cryostat.

6.4.6 Reactor Physics

ZED-11 Reactor

Special copper, brass and stainless steel fittings

and adapters were fabricated for the Seven-site Hot

Pressurized Loop now being installed.

Counting Room

Hangers, enclosures and mounts were fabricated

for two scintillation counters.

6.5 Publications, Reports and Lectures

Lectures

THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
J . H . Ormrod
Colloquium presented at Q m's University, Kingston, Ontario,
November 13, 1975.
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ACCELERATOR RESEARCH AND DEVELOPMENT AT CRNL
S.O. Schriber
Talk given at the University of Saskatchewan
December 19, 197 5.
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