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SUMMARY

G. A. Bar tholonew

1.1 Nuclear Physics Research

MF Tandem Operation

The accelerator gave reliable service during

operation- Interruptions for equipment installation

at the low energy end of the machine contributed to reduce-;

running time.

Experiments runnina
Scheduled shutdown

Unscheduled shutdown

1218.4
423.9

565.7
2208.0

hours

hours

c c

19.

25.
100.

2*
2%

6%
0%

Eighteen experiments were performed involving

10 visiting scientists. The visiting scientists were involved

in experiments occupying 81% of the beam time and their

participation averaged 30%.

Efforts are being made to improve both the intensity

and variety of beams available from the tandem.

h design study for the beam transport system between

the MP tandem and the proposed superconducting cyclotron is

in progress.

Research Activities

The validity of evidence for parity-violating alpha

decay of the 2~, 8.872 MeV level in 16O has come under

question following reports by another laboratory of a narrow,

0+ resonance in the 12C(a,a)12C reaction sufficiently close

in energy to the 2~ level to be mistaken for it. An
4 12

experiment using a differentially pumped He target and a C
beam to look for a possible 0+ resonance has been started.
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Experiments, in collaboration with University of

Toronto scientists, have begun to search for a suitable

example of a 0~ •> 0+ transition, which could be used to

investigate the nature of the neutral current in weak

interactions.

The strong nuclear spin dependence of the deorientation

of 107Cd ions recoiling in vacuum previously reported has been

confirmed. Analysis of the data suggest that the deorientation

is caused by static or quasi-static hyperfine interactions.

The time-dependent perturbed angular correlation method

has been used to measure the Kniqht shift of the 29/2+ isomer

of 213pr in a T I host. The method should be applicable to

other cases.

Gamma-ray multiplicities following (HI,xn) reactions

are being studied using tba Lotus array of Nal(Tl) detectors

in coincidence with a Ge(Li) detector. The multiplicities,

angular correlations and mean energies of the continuum ganana-

rays have been measured as a function of bombarding energy

for four projectile-target combinations.

Inverse alpha decay studies in the lead reqion have

continued using the QD spectrometer. A target wobbler has

been developed to allow higher beam currents to be used for
lfi 12the study of these low-cross-section ( 0 , C) reactions.

Second-order polarization corrections bring calculated

g-factors of the N = 126 isotopes into much better agreement

with experiment.

A direct measurement of the resolution of the

bremsstrahlung monochromator at the University of Toronto

was carried out and shown to be consistent: with expectations*

1.2 Accelerator and Applied Physics

Research Applications

The Fast Intense Neutron Source has been operated

with low current proton beams. Reliability of the auxiliary

power supplies (for the ion source) in withstanding spark downs

in the column has been a problem.
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The Heavy Ion Superconducting Cyclotron development

program included the following:

- Codes have been modified to permit calculations

on trim-rod geometrical errors

- The helium liquifier has operated well including

two runs producing 400 litres each

- T|ie preliminary layout of the cyclotron cryostat

is complete and detailed desiqn beaun

- Bids on the iron for the magnet yoke are being

evaluated

- The superconductor is on order

- A conceptual design for the stripper foil changinc

mechanism is under study

- Calculations of increased turn separation from the

integral radial resonance combined with electrostatic

deflection give adequate control to quide both

10 MeV/y uranium and 50 MeV/y carbon ions into the

magnetic extraction channel.

Nuclear Power Applications

Operation of the High Current Test Facility was

interrupted to allow installation and testing of the SUCCESS II

computer control. The beam line emittance measurina unit is

installed and preliminary measurements have been made. Design

of the 3 MeV bean stop is complete.

The addition of a field monitor probe in the buncher

cavity of the electron test accelerator has resulted in

reproducible measurements of beam energy transmission and from

the graded-B structure. The beam energy, measured both

calorimetrically and by magnetic deflection is 1.5 MeV for

the design input structure power of 32 kW. The maximum

transmission of an 80 keV injected beam is 70% with the buncher

operating and 45% without the buncher. A new metal-bonded

ceramic electron gun has been commissioned. Much improved

stability of operation has been achieved with one trouble-free

period of operating lasting one hour with an accelerated beam

between 10 and 12 roA (15 to 18 kW beam power) .
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A program of calculations has been initiated for

the evaluation of blanket-configuration proposals for fusion-

fission energy systems.

1.3 Solid State physics

Neutron scattering experiments on the pressure

dependence of the properties of the elementary excitations

in liquid helium have confirmed the existence of anomalous

dispersion at small wave vectors {long wave-lengths), and have

shown that the energies of phonons of large wave vector

exceed the value permitted by current theories.

A series of experiments on ferromagnetic alloys

consisting of palladium and either iron or nickel have yielded

spin-wave dispersion curves, the interpretation of which is

directly relevant to the understanding of their electronic

properties.

The puzzling temperature dependence of the positron

annihilation peak coincidence rate in cadmium has been studied

in detail and it appears that the hypothesis of positron self-

hrapping in regions where the electron density is relatively

low can account for the observations.

An exact method for calculating the shapes of Bragg

peaks in X-ray and neutron diffraction has been developed

within the kinematical theory.

1.4 Detectors

The semi-conductor cadmium telluride shows promise as

a radiation detector operating at room temperature* A program

designed to grow these crystals and test their performance

continues. Small single crystals (about 0.5 crô  in volume)

have been grown so far and the results of efforts to determine

the parameters relevant to their performance as detectors is

encouraging.
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1.5 Mathematics and Computation

Extensions made to the simulation pronram FORSIM

include a sparse matrix form of Gear's algorithm, a routine to

automate the solution of two-dimensional elliptic or parabolic

differential equations, and routines to handle partial

differential equations of fourth order.

A program was written to obtain solutions for time-

independent elliptic partial differential equations, and

applied to the problem of hydrooen diffusion in a stressed,

cracked medium.

A program was developed to apply a spectral test of a

random number generator, and two Generators now in use were

tested. With the aid of the test, several other qenerators

were investigated, and an improved generator was developed.

A SNOBOL program has been written to perform

arithmetic with extended precision (greater than 18 diait)

integers and applied to a problem involvina the manipulation

of functions of rational fractions.

The heat transfer program TRUMP was modified to handle

prpblems with a larger number of nodes than could be handled in

earlier versions, and some improvements were made to th»

graphical output section.

TRUMP was used \.n the analysis of temperature

distributions which would result from a fire accident involving

the Commercial Products therapy head flask.

A program, FORM, for calculating the geometric factors

involved in radiative heat transfer amongst elements in a fuel

bundle, was revised and its capabilities were extended.

Miscellaneous programs and subroutines developed or

modified during the quarter include:

" a program to evaluate the folding of a Gaussian

and a Lorentzian

- a set of routines for estimating standard deviations

and correlation coefficients of fitted parameters in

the linear regression to a polynomial in several

independent variables



- procedures for the analysis of stress relaxation

data

- subroutines for solvina sets of nonlinear equations

- subroutines for evaluation of the Bessel functions

IQ(x}, I1(X), K0Cx) and K^Cx), and for the functions

YQ{z) and Y^Cz) with complex argument.

New versions of the FORTRAN and COBOL compilers have

been received from CDC, and are currently being tested. QUERY

UPDATE, a special purpose programming language for file

manipulation and information retrieval, has been added to the

system.

A stress analysis code, MARC, has been leased and

made available on the 6600 to AECL staff; it is beina used

for a variety of structural mechanical problems.

The output portion of the remote job entry system

has been rewritten, with a considerable increase in proaram

efficiency-

The permanent file back-up system for the CDC 6600

was modified (a) to provide more security against accidental

loss of data through either system or programmer error, and

(b) to provide, via a tape archival system, longer-term "on-

line" storage of data without a corresponding increase in disc

capacity .

During the quarter, 70,129 jobs were processed, usage

distributed as follows:
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Percentaae of
Number of Jobs

Percentaae of
Total Utilization

Computing Centre

Commercial Products

Power Projects

WNRE

Technical Information
& University Relations

Biology S 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

15.22

0.23

9.52

5.21

0.67

2.73

2.58

13.94

0.82

16.00

16.21

1.28

0.17

3.03

5.54

0.01

0.13

1.89

4.73

0.12

3.2 0

0.04

12.29

7.^2

0.24

3.22

2.68

24.68

0.23

• 23.90

8.95

0.32

0.01

1.37

3.55

0.00

0.01

0.90

1.42

0.02
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Nuclear Physics Branch

T.K. Alexander

2.1 Staff

2.2 A Study of Highly Excited States in Li

2.3 Parity Violating Alpha-decay in 0: Is there a
0+ Level Underlying the 8.87 MeV, 2" Level?

2.4 Doppler Broadened Particle Lineshapes in Heavy
Ion Reactions

2.5 In Search of a Neutral Current Experiment A) The
46Ti(3He,t)46V Reaction

Neutral Currents B) The Search for a 0" Isomer in V

The New T = 1/2 Delayed Proton Precursors
z 71 70

The Search for Kr and Kr

Nuclear Spin Dependent Effects in the Vacuum
Deorientation of States in !07Cd

Study of Gamma-ray Multiplicities in (HI,xn) Reactions

Inverse Alpha Decay in the Lead Region

Measurements of Knight Shifts for Ions with Z > 83.
3

A Target "Wobbler" for the QD Spectrometer
On Optimal Methods for the Analysis of Nuclear
Lifetime Data

Target Preparation Laboratory

Electronics, Computers and Instrumentation

MP Tandem

Beam Development - Unis Source

Progress on the Beam Transport System for the
Superconducting Heavy Ion Cyclotron

Beam-pulse Transit-time Variations in the MP Tandem

Intercomparison of High Counting Rate Sources

Response Flattening in the Two-inch Ion Chamber
241

Aggregate Recoils from Am Sources

Standardizations

Miscellaneous Services

Publications/ Lectures and Reports

2,
2,

2,
2,

2

2

2

2

2

2
2
2
2

2

2

2

2

2

2

2

2

.6

.7

.8

.9

.10

. 1 1

.12

. 1 3

.14

. 1 5

.16

. 1 7

. 1 8

.19

.20

. 2 1

. 2 2

. 2 3

. 2 4

. 2 5

.26
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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 Group

J.
T.
G.
J.
W.

A.
J.
J.

K.
J.
A.

C
K
C
R
G
T
J
S
C
0
,P
A
B
W
H
D

,D, Milton (1)
. Alexander
. Ball
. Beene C2>
. Davies
. Faestermann {3}
. Ferguson
. Forster
. Hardy
. Hausser
. Jackson (4)
. Macdonald (5}
. McDonald
. McLatchie (6)
. Schine ing
. Ward (7)

SECTION II Beta

R.L.
H.R,
J.S.

•

p

m

Graham
Andrews
Geiger

SECTION III Radioisotope

J.G .V'. Taylor

A
J

Miss

Ray Group

J.
N.
R.
L.
J.
J.
R.
.S.
.P.
A.
F.
R.

A.
C.
L.
H.
L.
J.
E.
C.
D.
R.
J.
A.

R.B.
E.C.
M.N.
D.

W.
L.
R.

Standardization

Mrs

Summer Visitors

D.L. Charlesworth
R.M> De Vries (10)
B. Herskind (11)
R.K. Mably (12)

Laboratory

( 9) Miss L.

P.
R.

Services and

F,
i.J.

M.
P.
D.
E.

J.

L.
V.
,B.

Barsczewski
Bray
Brown
Buchoitz
Gallant
Hill
Howard
Hyde
O'Dacre
Rutledge
Sharp
Surette
Tomlinson
Wai to
Wightman IS)
Yaraskavitch

Perry
Smith
Walker

Group

.H.
,S.

Gibson
Merritt

MacEwan (13)
Taras (14)
Tonner {IS)
Warner (16)

Workshop

G.M. Boire K.T. McKee
M. Desrochers Mrs.J.A. Warren
C. Johnson

Secretarial Staff

Mrs. J.R.H. Bowes
Mrs. S.M. Carlos

(17)
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(1) On leave of absence for a period of one year in France.
(2) NRC postdoctoral fellow.
(3) NRC postdoctoral fellow from University of Munich;

arrived 7 August.
(4) Visiting professor from University of Toronto? arrived

1 August 1975,
(5) NRC postdoctoral fellow; left 8 September for the

University of Victoria, B.C.
(6) Visiting professor from Queen's University, Kingston;

arrived 18 August.
(7) Returned from Lawrence Berkeley Laboratories on 2

September.
(8) Student from University of Waterloo; arrived 2 September.
(9) Student from Queen's University; left September 8.
(10) Visiting professor from University of Rochester;

arrived 2 July and left 7 September.
(11) Visiting professor from Neils Bohr Institute; arrived

2 July and left 5 September.
(12) Student from the University of Toronto; left 29 August.
(13) Student from the University of Waterloo; left 15 August.
(14) Visiting professor from Universite de Montreal; arrived

1 August and left 26 August.
(15) Student from the University of New Brunswick; left

2 September.
(16) Visiting professor from Oberlin College; arrived

2 July and left 27 August.
(17) Attached to Physics Division from Design Engineering.



- 11 -

2.2 A Study of Highly Excited States in 5Li

W,G. Davies, G.C. Ball, A.J. Ferguson, K. Ramavataram
(Laval University) and R.E. Warner

The experiment reported in PR-P-104: 2.2; AECL 50 32,,

has been repeated in order to extend the study of the levels

of Li into the region of excitation between 20 and 2 5 MeV.

As before,a 36 MeV He beam was used to bombard a 0.5 ing/cm*

thick target of enriched Li; the experimental setup was

identical to that of the previous experiment. Data were col-

lected at ten geometries chosen so as to populate levels in

the region of 20, 22.5 and 25 MeV of excitation in 5Li. The

requirement that the unobserved alpha particle be emitted in

the forward direction was relaxed to provide more favourable

conditions fqr the observation of the exchange reaction

Li( He, Li*)a, Thus we are more easily able to produce 2p-lh

levels with spins and parities of l/2+, 3/2+ and 5/2+. Two

geometries were selected to emphasize the d, He decay mode

of Li in the excitation region of 22 MeV. Analysis of the

data is in progress.

2.3 Parity Violating Alpha-decay in O: Is There a 0 Level
Underlying the 8,87 MeVf 2~ Level? ~"~~ ~

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

We have begun a search for a narrow, j71 = 0 resonance

in Oj which was recently reported to be observed in the elas-
12

tic scattering of alpha particles on C {Ignatochkin et al.,

Kurchatov Institute preprint). Such a resonance, corresponding

to an excitation energy of 8.890 ± 0.003 MeV is sufficiently

near the 8.872 MeV, 2~ level of O that it might contribute

to the yield of beta-delayed alpha particles which was ob-

served by Hattig et al. (Phys. Rev. Lett. 25 (1970) 941) and
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attributed to the parity-violating alpha-decay of the 2 level.

In order to reduce possible contributions from target

contaminants we have chosen to study the He( C, He) C reaction,

using a differentially pumped He target. In a preliminary ran,

excitation functions were obtained at angles 6CM = 55°, 90°,

125° for the excitation energy range from 8.857 to 8.707 MeV

in 0.5 keV (CM) steps. The data vere normalized to the observed

Rutherford scattering from a 1% admixture of Kr in the target

gas. Combined beam-target energy resolution was determined to

be less than 2 keV (CM) from the resonance observed for the

9.847 MeV, J* = 2 + level of 16O for which FCM £ 1 keV (CM.

Jones et al., Nucl. Phys. 3J_ (1962) 1). Statistical accuracy

is not yet sufficient to confirm or deny the existence of the

resonance observed by Ignatochkin et al. Further measurements

are planned.

2.4 Doppler Broadened Particle Lineshapes in Heavy Ion Reactions

J.R. Beene, T.K. Alexander, G.C. Ball, W.G. Davies, J.S. Forster
and R.M. DeVries

Heavy ion reactions often produce outgoing excited

nuclei which gamma decay in flight before being detected in

a particle detector system. If the detector has

sufficient resolution a Doppler broadened line will be observed.

The shape of this line will depend on the angular distribution

of emitted gamma rays with respect to the momentum vector of

the ion and hence on the spin orientation of the ensemble of

excited nuclei resulting from the nuclear reaction process.

It is easy to show that in the favorable case of an excited

state which decays to the ground state by a single unique

gamma ray, the parameters which describe the nuclear orient-

ation can be obtained in a straightforward way from the line-

shape .
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If the reaction products are not fully ionized,

vacuum deorientation can occur due to the effects of the

hyperfine interaction (HFI). Since magnetic spectrometers

automatically separate reaction products according to ionic

charge as well as energy, they are the ideal tool for studying

these effects.

Preliminary experiments have been carried out with

the QD spectrometer and heavy-ion detector systems (PR-P-105:

2.13} to investigate the feasibility of particle lineshape

analysis as a tool for reaction mechanisir. studies and for

studies of the HFI induced deorientation process as a function
1 ? I f i 1 R * I P

of ionic charge state. The reactions C( 0, 0 } C and
58Ni(I8O,i8O*)58Ni were studied at i 80 energies of 33 MeV and

60 MeV, respectively. Doppler-broadened lineshapes have been
+ 18

observed for the 1.98 MeV 2 level of O. The full widths

at half maximum of unbroadened lines was observed to be less

than 1/8 of that for the Doppler broadened line. This is more

than adequate for our purposes.

2.5 In Search of a Neutral Current Experiment A) The 46Ti(3He,t)46v
Reaction

K.P. Jackson, R.E- Azuma (University of Toronto), G.C. Ball,
W.G. Davies, T. Faestermann, J.C. Hardy and H. Schmeing

Isgur (Nucl. Phys. B in press) has oointed out

that the investigation of a nuclear 0~*-* 0 isomeric transi-

tion could be of fundamental importance in elucidating the

nature of the neutral current in weak interactions. There is

no known example of a transition of this kind. The ideal con-

ditions for such a study would result from the existence of a

nucleus with a 0 , T = 1 ground state and a 0*", T = 0 long-

lived isomer. Although examination of the systematics of

nuclear levels suggests the possibility of such a level sequence

occurring in a given self-conjugate nucleus is remote, the pot-
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ential consequences justify a critical investigation. Experi-

mentally 0 , T = 1 ground states are known for several odd-

odd, self-conjugate nuclei and in some eases reasonable speetro-

scopic properties of a postulated 0 , T = 0 level would not

make its existence as an isomer inconsistent with existing data.

For several reasons V has been chosen as the first candidate

in the search for the desired isooer.

Becchetti et «1.(Nucl. Phys. A190 (1972J 437) have

performed the most detailed investigation with charged particles

of the low-lying levels of V. They used a split-pole mag-

netic spectrometer to study the Ti( He,t) V reaction. In

addition to strong population of the known 0 , T = 1 ground

state and the 3+, T » 0 level at 0.801 MeV, they observed a

weak triton group which they could not attribute to any known

contaminant in the target and which would correspond to a level

at 0.337 MeV in V. In the absence of corroborative evidence,

however, the level could not be definitely assigned fco that

nucleus. In view of the significance of the possible existence

of a 0 level at this excitation, a detailed investigation was

initiated using the same C3He,t} reaction but utilizing the

much larger solid angle available with the QD3 magnetic spectro-

meter recently installed at CSNL.

Initially targets of '•> 50 ug/cm2 46Ti (enriched to

81%}, *Ti (99%) and natural titanium were bombarded with

He at 30.0 MeV. Tritons emitted at ©laJ> = 16° within a solid

angle of 11 rasr were identified on the focal plane of the

spectrometer in one of two position'sensitive semi-cofidttetor

detectors each 5 cm long x 1 cm wide. The energy resolution

obtained during the experiment for 22.8 MeV tritons was 0.05%

(PWHM) and 0.09% (PHTM) while the solid angle subtended cor-

responded to an uncompensated kinematic spread of 0.42t. *8Ti

was the principal contaminant (15%J in the 46Ti target and its

contribution was subtracted using the spectrum obtained with

the pure Ti target normalizing to either the prominent

3.022 MeV (0+, T = 2) or the 3.310 MeV states of 48V. The
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same normalization procedure applied to the natural t:tar. :ur-

target was used to assess the contribution of the other titar:.^

isotopes in the Ti target. The yield of a possible G.2-7 MeV

state in V was measured relative to that of the V ground

state.

Careful analysis of the spectra obtained at a bom-

barding energy of 30.0 MeV yielded an upper limit on the ratio

of these cross sections of 0.015, whereas in the spectrum cf

Becchetti et al. (Uucl. Phys. A190 U972) 437) this ratio

appears to be roughly 0.025. The experiment was then repeated

at the same bombarding energy {24.6 MeV) and angle {*.-, ̂  = IS

used in the earlier work. Under these conditions the upper

limit obtained on the relative yield of the states in question

was 0.008. In the present experiments the major obstacle to

obtaining more stringent limits was the near degeneracy of
AC.

tritons populating a possible 0.337 MeV state in V and those
48resulting from the Ti i»purity populating the 3.400 MeV state

in 48V.

In conclusion, the present experiment negates the one
46

positive indication of the existence of a level in V which

could be a candidate for the desired o" isomer. in order to

place significantly lower limits on the population of previously

unknown levels at low excitation in V it would be necessary

to obtain a target of substantially higher enrichment and

desirable to utilize the longer Charpak detectors being developed

for the focal plane of the QD . This investigation has de-

mnstrated the role the spectrometer can play in future searches

for the desired 0** level 3nd has revealed some of the limiting

features of such investigations.

Neutral Currents B) The Search for a 0" Isomer in 6v

K,P. Jackson, R,E* A*u*a (University of Toronto), T. Faestermann,
J.S. Geiger, J.C. Hardy and H. Schmeing

As outlined above, the existence of a 0~ isomeric level
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in 46V would be of fundamental significance to the study of

weak interactions. Despite its negative result, the Ti ( He,t)
46V experiment did not rule out this possibility and as a alter-

native means of investigation a search was made for delayed

positron and gamma-ray activities following the Ti(p,n) V

reaction.

The estimates (N. Isgur, Nucl. Phys. B in press)

suggest that S -decay and two photon emission are the most

probable decay modes for a 0~ level located below the 3 , T = 0

state at 0.801 MeV in V. The former decay mode would almost

certainly be characterized by some high energy positrons C

6 MeV) and delayed gamma rays including the 889.3 keV transition

between the lowest two states in Ti, The simultaneous emission

of two photons would be followed by superallowed B decay of

the 46V ground state (E =6*02 MeV* T = 0.614 s). If the7 max
isomer exists its decay should produce high energy positrons

and possibly delayed gamma rays exhibiting a lifetime probably

within one order of magnitude of 10 s.

Protons of 8 to 11 MeV were used to bombard titanium

targets 1.5 rag/cm thick, enriched to 81% Ti. The beam was

cycled repeatedly, each cycle starting with an irradiation

period following which the beam was deflected and spectra of

the delayed activity were recorded for a number of equal time

intervals. Initially positrons from a fixed target were detected

in a 2.5 cm diam. x 3.5 cm thick NE102 plastic scintillator

mounted on an RCA 6342 photomultiplier tube. The beam cycling

times were first chosen to obtain a reference spectrum of the

superallowed decay of the V ground state. The search for

longer-delayed positrons was made, irradiating for 400 s every

2000 s. During each cycle of the second phase of the experi-

ment r Ge(Li) spectra were recorded following the transfer of

the activated target to a counting position 25 cm below the

beam. In this phase the cycle times were varied to suit a

range of possible isomeric lifetimes. Finally, a target was

bombarded continuously for 4 h after which both the 0+ and

gamma activities were monitored over another 4 h period.
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The final analysis of this experiment is not complete

but there appears to be no evidence for the existence of a 0~

isomer. If for example one analyzes the data in terms of the

ratio of the cross sections for the production of high energy

positron activities with lifetimes of 0.6 s and 1000 s, the

limit for the longer lifetime is less than 1 part in 10 at

a bombarding energy of 9.3 MeV. In the case of V, the results

of this search for delayed activities are more conclusive than

those of the ( Heft) experiment outlined above. The experience

gained will be useful in extending the search for the desired

isomeric transition to other nuclei.

2•7 The New T = 1/2 Delayed Proton Precursors

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

The systematic investigation into new delayed proton

precursors ofSthe T = 1/2 series has been continued. In

previous experiments (e.g. PR-P-103: 2.13, AECL 4931j PR-P-106,

2.9, AECL 5226) 65Ge, 69Se, 73Kr and provisionally 81Zr had

been identified as proton emitters. Employing the same tech-

nique - moving the target pneumatically into a counting posi-

tion and observing it there with a Ge(Li) gamma-ray counter, a

germanium X-ray counter and a particle identifier telescope in

coincidence - we have now re-examined Kr, improving the

proton X-ray coincidence data considerably. We also confirmed
81our identification of Zr and succeeded in adding a new

proton precursor to the T = 1/2 series. The new precursor

has a half life of t, ,, * 5.6 s; we tentatively identify it as

"No. It was produced in the reaction Pe( S,3n) at 120 MeV.

This nucleus had previously not been observed. Data evaluat: j

is in progress.
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2.8 The Search for 71Kr and °Kr

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

The apparatus designed to observe gamma-rays from

the beta-decay of krypton isotopes (PR-P-106: 2.10, AECL-5225)

has proved to be a powerful tool in obtaining clean spectra

from 75Kr, /4Kr and 72Kr. In order to estimate the feasibility

of observing the much shorter-lived isotopes Kr and Kr with

this apparatus, we measured yield curves for the production of

" ° Kr with oxygen beams on ' Ni targets at many energies.

We also studied the time response of the apparatus by observing
72the decay of the 17 s activity Kr at cycle times of 0.5 s.

71As a result we expect to be able to observe Kr, while the

production rate of 70Kr via 58Ni(16O,4n)70Kr is likely to be

so low that even this highly refined technique might not allow

us to identify it.

2.9 Nuclear Spin Dependent Effects in the Vacuum Deorientation
of States in i-

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

107
The analysis of the Cd vacuum recoil data described

previously (PR-F-106: 2.3) has been completed. The strong

nuclear spin dependence of the vacuum deorientation has been

confirmed. The alignment of the 21/2+ level (g•« +0.866) de-

cayed by 25% within 50 ps to a "hard core" value (G, « 0.75)

which remained constant for 400-500 ps, the limit of our

measurements, in contrast, G2 (t) for the 11/2"* level (g =* -0.195)

decayed to ^0.4 in aboiit 200 ps, after which there is some

evidence of hard core behaviour as well. The presence of hard

core limiting values suggests that we are dealing with a static

or quasi-static situation. In the static limit, the hard core

value is a known function of the nuclear and atomic spins, I

and J. For a 21/2 nuclear level a hard core value of 0.75

implies a mean atomic spin of 3.5. to 4. This range of <.3> then
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predicts a hard core value of 0.35 to 0.4 for the ll/2~ level

which is consistent with the evidence cited above.

If it is assumed that the recoiling ions reach their

ground states in a few picoseconds, it is possible to make a

simple prediction for <J> and the hard core values. Using the

calculated charge state distributions for 5 MeV Cd ions

(v/c =• 0.01) leaving a foil and assuming the ionic ground

state configurations to be the same as the isoelectronic

neutral atoms, we find <J> = 2.7, G2 (hard core, 21/2) = 0.836

and G_ (hard core, 11/2) = 0.573. Our experimental hard core

values are comparable but somewhat smaller. This implies that ex-

cited states of higher atomic spin play a role in the deorier.tation

process. Batter data for short recoil times will be required

to accurately compare the rates of approach to the hard core

values for the two states. These rates should be a function

of the nuclear g-factors as well as of I and J.

Study of Gansaa-ray Multiplicities in (HI,xn) Reactions

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

Multiplicity measurements have been made on the gamma

sequences following the reactions: O + Nd from 47 to 116

MeV, 18O + 150Nd at 100 and 116 MeV, 32S + 130Te at 132, 145

and 163 MeV, and l€0 + 146Nd at 87, 98 and 114.5 MeV. Coin-

cidences were registered between a Ge(Li) detector and up to

six 12.7 cm diam by 15.2 cm long Nal detectors in the Lotus

goniometer. The data were recorded as related addresses on

magnetic tape with all relevant pulse heights encoded. Analysis

is in progress to determine the moments of the multiplicity dis-

tribution and the angular correlations and mean energies of the

continuum gamma rays.
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2.11 Inverse Alpha Decay in the Lead Region

R.M. DeVries, W.G. Davies, G.C. Ball, J.S. Forster
W. McLatchie and R.E. Warner

The (16O,12C) reaction study described in PR-P-105:2.2,

AECL-5121 has been continued. Ground-state peak cross sections
i. J * 4-u 207^. .16- 12_. 211- 204_.,16rt 12_.208o
have been measured for the Pb{ 0, C) Po, Pb( O, C) Po

and 209Bi(16O,12C)213At reactions using the QD spectrometer.

The experimental method was identical to that described pre-

viously for the 208Pb(16O,12C)212Po reaction. The target

wobbler described in PR-P-107:2.13, AECL-5256 was used in order

to run at higher beam currents for these low-cross-section re-
2

actions. The Bi targets consisted of ̂  150 yg/cm Bi_O_
2evaporated on 40 yg/cm Al backings.

Absolute alpha widths were calculated in a consistent

manner for both the transfer and previously measured decay

data using R-matrix theory. The nuclear potentials of Barnett

and Lilley (Phys. Rev. C9[ (1974) 2010) were used to generate

both the penetrabilities and the resonant state wave functions

for the Pb + and Bi + systems. Spectroscopic factors were

obtained from the transfer data using the DWBA code LOLA.

Although the observed peak cross sections range from i> 0.04 to

1.8 yb/sr preliminary absolute widths obtained from the decay

and transfer data agree to within ± 40% for all five transitions

studied. These data strongly suggest that a simple one step

transfer of an alpha particle in its ground state dominates

the reactions studied here. -

2.12 Measurements of Knight Shifts for Ions with Z > 83

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

Experimental information on Knight shifts, K, of

dilute ions with Z > 83 in metals is presently not available.

The uncertainty in extrapolating known K values for metals and

alloys into this region is >± 0.015. This seriously limits
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the accuracy with which nuclear magnetic moments of trans-

bismuth nuclei have been determined.

We have attempted to determine K by measuring the

Larmor precession frequencies w of the 2 38 ns, Jr> = 29/2 +

213
state in Pr in environments with K 'v* 0. The TDPAC method

was used with an external field H = 10.0045 kGauss. The 213Fr

isomer was populated by the Tl( C,4n) reaction at 74 and
2

76 HeV. In the first experiment a 5 mq/cm thick cubic T1C1

target on a Au backing was used. The intensity ratio, P(t) =

(Y(135°)-Y {-135°})/(Y(135O)+Y(-135°)), for the 681 keV,29/2+-

2 3/2 transition was obtained together with results using a

molten Tl target. Substantial relaxation occurs with the T1C1

target, which is well described by a pure exponential decay of

the initial alignment. Although the relaxation process limits

the statistical accuracy with which uT can be deduced it is not
La

expected to introduce a frequency shift {£. Matthias et al., Nucl,

Phys. 40 (1963) 656). From the measured OJT given in Table 2.12.1

a value K (Fr in Tl) = 1.1 ± 0.2% is deduced.

In a second experiment we observed the Lannor precession

of the 29/2 state in a noble gas. Self-supporting Tl foils of

0.6 mg/cra were used; they were sufficiently thin to allow Fr

ions to recoil into 900 torr* Ar. The observed amplitude of R

(see Table 2.12.1 for alignment parameters, a2) is ^ 28% of the

maximum value and shows no significant relaxation. Since the

slowing down time of Fr ions is ^ 1 ns the observed effect is

due to Fr ions at essentially thermal energies. Under these

conditions neutral ions (Fr°) are expected to lose alignment
2

rapidly due to the strong Hf field provided by the S-̂  ,- atomic
state (H(O) * 4 x 10 Gauss). One possible explanation of the

observed amplitude is that a substantial fraction (^28%) of

recoiling ions reach charge states which produce little or no

HF fields during the slowing down process and remain in these

charge states for times £ 1 ys. The most likely ionic system

is Fr* with its (6p ) S closed shell configuration. The in-

hibition of the electron capture process Fr -*• Fr° is plausible

in view of the strong binding energy of the outer electrons in

*1 torr-133.32 Pa
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in Ar (16 eV) relative to that in Fr° (4 eV)(see A. Wittkower

and H.D. Betz, Phys. Rev. A7_ (1973) 159).

The later method for determining K appears thus to be

limited to cases where a significant fraction of slowed down

recoils can attain a HFI-free electronic configuration, whereas

the first method may be more generally applicable* The g-factor

of the 29/2 state in Fr was determined to be g = 1.048 ±

0.002 after corrections for Knight shift (1.1%) and diamagnetic

shift (-1.97%, Feiock and Johnson, Phys. Rev. 187 (1969) 39).

Table 2.12.1

Summary of Measurements

Host Temperature ( K)

Tl 575
T1C1 300
Ar 300

3
2.13 A Target "Wobbler" forthe QD Spectrometer

W.G. Davies and N.C. Bray

In many heavy ion experiments the data acquisition

rate is limited by the amount of beam that the targets can

stand. In order to alleviate this problem we have constructed

a device which rotates the targets such that the locus of the

beam on the target is a circle of about 2 mm radius* When the

wobbler is running at 200 rpm, the beam impinges on a completely

new spot on the target about 42 tiroes a second or once every

24 ms.

The device consists of three intermeshing gears on

which three targets caii be mounted. The gears are driven by a

small d.c. motor mounted outside the vacuum system? a magnetic

fluid coupler is used to transmit the drive through the vacuum

interface. The whole assembly mounts on a modification of our

original six-position target ladder. The targer wobbler has

allowed us to more than double the beam intensity incident on

thin Pb targets before noticeable deterioration takes place.



- 23 -

2.14 On Optimal Methods for the Analysis of Nuclear Lifetime Data

W.G. Davies

Recently there have been a number of papers devoted to

methods of obtaining accurate nuclear lifetimes, particularly

in the area of beta-decay- These papers deal both with experi-

mental problems and with statistical methods of data analysis.

It is, of course, very important to use statistical methods

which are both unbiased and optimal when one is trying to

achieve maximum accuracy.

The present work addresses itself specifically to the

so-called "weighting anomaly" discussed in the paper by Azuelos

et al, (Nucl. Instr. and Meth. 117 (1974) 233). In their paper

they point out that if one makes a Gaussian weighted average of

half lives obtained by fitting a set of decay measurements,

then the mean half life is significantly different from that

obtained from a simple unweighted average; also the weighted

average is significantly different from the known value in a

set of artifically generated data samples and from a fit to

the sum of these data samples.

In the present work we show that in general:

i) Unbiased, consistent results can only be obtained if the

Poisson likelihood function is maximized. Significant

errors in the half life can result from using normal least-

squares fitting procedures with Gaussian weighting unless

the number of counts in each bin is of the order of a few

hundred and the bin size is small compared with the half life.

ii) The best estimate of the half life will result from adding

all of the data together before fitting but in principle

one can average the results of individual fits as long as

correct procedures are used. Such procedures are however

very complicated.

iii) If the complete covariance matrix for each fit is available

then a reasonable approximation to the correct averaging

procedure can be found but this is in essence a Gaussian

approximation and is not as accurate as summing the data

before fitting.
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iv) If one is averaging data from various sources and the

complete covariance matrix is not available but it is

known that all the runs were made under nearly identical

conditions, then the next best procedure is to use a simple

arithmetic mean.

v) If, as is often the case, the only information available is

the lifetime and its standard deviation or variance; one can

do either a Poisson weighted mean or a Gaussian weighted

mean. Under these conditions it is not possible to be sure

which procedure is best although the Poisson weighted mean

would roost likely give the best estimate.

In summary, we have shown that when consistent statis-

tical methods are employed no weighting anomaly exists. However

the best procedure is to sun the experimental data before fitting.

2.15 Target Preparation Laboratory

J.L. Gallant

Targets for Nuclear Physics

The following targets were prepared for Nuclear

Physics experiments carried out during this period£ platinum,
2'Sc

praseodymium, cerium, rhodium, palladium, U, thorium, thulium,

thallium chloride, 92'94Zr, bismuth oxide, 204Pb, 58Ni on carbon,

Ni self supporting, 7Pb, 150Hd, natural titanium, aluminum,

Li, Te> Ni, natural *£&c andbismuth.

Two hundred and twenty carbon stripper foils were

mounted for use at the HP accelerator terminal.

Work for other branches and outside organizations

A parabolic mirror was coated with gold for the Reactor

Technology Branch. This mirror is used in a model 400 Bar ringer

heavy water leak detector. Several targets of 1 8 4W were prepared

for Dr. T. Drake of the Physics Department, University of Toronto.

These targets are used in electro-fission experiments* Beryllium

targets were prepared for Dr. K. Rama vat a ram of the Department

of Physics, Laval University.
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2.16 Electronics, Computers and Instrumentation

F.J. Sharp, R.B. Tomlinson and J.P.D. O'Dacre

PDP 1

The maintenance of the Soroban typewriter for the

PDP 1 has become a problem, due to its age and the difficulty

in obtaining replacement parts. To overcome this problem, a

DEC LA36 teletypewriter will be interfaced to the PDP 1 in place

of the Soroban. The LA36 code is in ASCII and the transmission

and reception of the data are serial, compared to the Soroban,

which is encoded in DEC Concise code and communicates in parallel

7-bit format. The new interface makes the LA36 compatible with

the PDP 1 computer. It consists of read-only memories and their

control circuits to convert from Concise to ASCII and vice versa

and to accomplish the parallel-to-serial encoding of the data.

Construction of this interface is largely completed and awaits

a LA36 for further testing.

POP 10

Software is now available for operating the high-

speed 12 channel data scanner and testing of the system has

been started. Testing and debugging of the PDP 10 FPP display

system has started and it has successfully displayed information

directly from memory. Some additional software development has

to be done before the system can be used to its full capacity.

Construction has been started on a real time clock for the

PDP 10, which will enable the measurement of the efficiency

of PDP 10 software.

Four general-purpose control room sealers have been

built and tested. Two more stepper, router, multiscaler modules

{PR-P-IO61 2.18, AECL-5226) have been completed and await testing.

The control roo« digital clock (PR-P-106: 2.18, AECL-5226) has

been built. It has a tine and date presentation, and is also

linked into the PDP 10 computer.

A number of new nodules have been written for the

"MASTER* software. These are:

ARITH allows one or two numbers to be entered. The following

operations can then be performed +, -, X, -:-, A , e and /A.
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REVERS reverses a spectrum.

3DINT interchanges rows and columns of a three dimensional

(3D) spectrum.

3DX extracts an area defined by channel to channel and group

to group entries and writes a new spectrum into

Gather.dat.

DIV divides one spectrum by another and multiplies the resultant

spectrum by a constant. An error spectrum is also

written for plotting with PL3 or PLX,

3AR sums the counts in an area of a 3D spectrum. The area is

defined by a beginning and an end channel number and

a group number. The individual sum of each group

section is produced as well as the total sum.

3SM adds, channel by channel, the spectra defined by beginning

and end group numbers. This sum spectrum is given a

new run number and label.

DPL has been modified to allow the display of 3D data where the

X size is less than 128. This is done by filling with

zero those new channels that were created to satisfy

the hardware requirement of 128 channels in X.

MP Tandem

The Pelletron chain charging system described in the

previous report (PR-P-105: 2.18, AECL-5226) has been installed

and operated successfully for about three months. All four

charging supplies now operate from a single ten turn potentio-

meter and the individual output voltages track each other to

0.2%. The absolute voltages can be set to 0.1% and the regul-

ation is T* 0.02%. The overall control of up-charge is very

much smoother and easier than the previous system. The automatic

trip feature alloys the operator to attend to other duties

(such as trimming the source) with the assurance that the up-

charge will be removed instantly in the event of a voltage

breakdown of the accelerator.

Some early problems with the fibre-optic controlled,

100 ampere filament supply in the ion source appear to be over-

come and five more supplies using the same control system are

in an advanced stage of construction.
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2.17 MP Tandem

T.K. Alexander

The new injection quadrupole lens (PR-P-106: 2.13,

AECL-5226) and a facility to interchange the 9.4 nun diam. low

energy aperture with a 12.7 mm aperture have been installed.

These additional degrees of freedom in beam focusing have

resulted in improvements in analyzed beam currents from the tandem

of up to a factor of three- After the shutdown at the end of the

last quarter (PR-P-106: 2.9, AECL 5226) excessive flicker in

the low-energy tubes was experienced. This was in spite of the

fact that the gauges indicated the low-energy vacuum had been

improved by modifications during the shutdown. The flicker rate

was increased when the gridded lens was turned on but could be

reduced if the polarity was reversed. This problem resulted

in unscheduled shutdown at the beginning of the period. However

the problem has disappeared with the passage of time, allowing

normal operation of the lens, and is at ributed to outgassing

near the gridded lens. Two other sources of unscheduled down

time were: a Pelletron pulley replacement found necessary

after a failure induced by a power surge and the replacement

of a loose terminal bar. Both repairs required pumping out the

pressure vessel.

At the end of September, a week-long period was

scheduled to carry out SF, purification tests, ion source tests,

ion source power supply installations and several other main-

tenance jobs. The availability of the beam is shown in Table

2.17.1.

Table 2.17.1

Beam available 1218.4 hours 55.2%

Scheduled shutdown 423.9 19.2

Unscheduled shutdown 565.7 25.6

2208.0 hours 100.0%

During the quarter, 18 experiments were performed
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involving CRNL and 10 visiting scientists. Non-CRNL scientists

collaborated on experiments occupying 81% of the beam time,

their average participation being 30%.

2.18 Beam Development - Unis Source

Y. Imahori and V. Koslowsky (Operations Branch) and J.S.Geiger

A number of modifications have been made to the Extrion

Unis source in an attempt to realize reliable source performance.

The changes made to the Cs beam extraction electrodes and to the

ionizer position were based on the results of development work

done at Yale and reported to us by C. Davis. The negative ion

extraction electrode geometry has been altered so as to closely

approximate that currently used at Munich, but in the tests

reported here we had no provision to positively bias this

electrode. The results achieved in a three day test run on

the MP tandem are summarized in Table 2.18.1. After some hours

of operation, problems were encountered with arcing. Cleaning

the source resulted in only marginal alleviation of the problem

and it will be noted from Table 2.18.1 that much of the data

were taken at a reduced extraction voltage of 16.6 kV.

2.19 Progress on the Beam Transport System for the Superconducting
Heavy Ion Cyclotron

W.G. Davies and A.R. Rutledge

A design study for the beam transport system connecting

the MP tandem to the proposed Superconducting Heavy Ion Cyclotron

was undertaken in late July. This system must satisfy a number

of stringent conditions:

i) It roust contain an analyzing magnet with a dispersion of

about 5 cm/%.

ii) The total path-length difference through the system (i.e.
up to the stripper foil at the center of the cyclotron) must
be less than about 0.2 mm.



Table 2.18.1

Element Method
Cone Gas

1

11

12,

14

Titanium + H*

B Pressed Boron
Powder

Graphite

N Titanium + NH,

16

19

28

Negative
Ion

H"
B~

<£c

CJNIS Source Performance

0 Nickel + O2

r Titanium + SF,

Si Pressed Silicon
Powder

Titanium +
32

40

48

58

S Titanium + SF
to

Ca Calcium + H2

Ti Titanium + O 2

'Hi Nickel + Ov,
Cu Copper +

0"

F"
Si"

Sill*"

S"

ca"
TiO"
Ni**
NiO-
CuO"

Charge
State

+1

+3

+4
+4

+4

+4

•4

+5

+5

+S

+?

+5

+5
+S

•S

Analyzed
Beam (nA)

3200

0.04

5400*
5200

36

80

5000

5000

0

100

300

0.7

1.0

26
60

120

Transmission

40

25
33

13

current (mA)

1.0

0.6

0.6
0.6

0.9

0.9

1.7

0.9

1.5

1.5

0.9

0.6

1.8

1.7
1.7

1.7

CS 2)

Energy (kV)

30

30

30
30

16.6

16.6

16.6

16.6

16.6

16.6

16.6

30

16.6

16.6
16.6

16.6

1) Object aperture 5.08 mm x 5.08 mm. Imago aperture 2.54 mm x 2.54 mm. Terminal voltage 6 MV
for most tests. Terminal stripper: nitrogen gas. * c bon foil.

2) Problems with arcing resulted in a lower Cs extraction voltage.

NOTE: The quantity of gas bled onto the cones ranged from 0.2 to 1.5 standard cm /tain.
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iii) The transverse emittance must accurately match the

acceptance of the cyclotron at the stripper foil.

Currently two transport systems are being studied based

on different designs for the analyzing magnets. System 1, based

on a double focussing sector magnet of mean radius 1.45 m and

operating in the conventional mode, has produced a path length

difference I of 1.5 mns with reasonable values for the trans-

verse emittance. System 2, based on a sector magnet of mean

radius 1.6 m and operating with a vertical crossover at its

center (Optical Mode 1), has resulted in a path length difference

of 0.5 mm but with unacceptable transverse phase space.

It should be noted that the uncompensated path length

difference through either system is about 40 mm so considerable

progress has been made.

Both systems satisfy the dispersion requirements for

the analyzing magnet; System 1 requires a maximum field of 18

kG while System 2 requires a maximum field of only 16 kG.

Since the timing requirements are so eight, second-

order effects are likely to be important. All matrix elements

for the second-order path length transformation have been derived

and estimates indicate that second-order effects, if- uncorracted,

will result in an increase in the path length difference of about

0.2 mat or the same as is required of the first-order solution.

This estimate has been confirmed by more exact numerical cal-

culations using the SLAC Transport program.

The current calculations have all been made using an

approximate model for the cyclotron field. Thus the path lengths

quoted above only indicate that a solution is possible.

Refinements to both designs will continue until it be-

comes clearer which design most nearly satisfies all of the

requirements.

2.20 Beam-pulse Transit-time Variations in the MP Tandem

0. Hausser, A.B. McDonald, T.K. Alexander, J.S. Fraser
(Accelerator Physics) and P.D. Tonner

A test to measure beam transit-time variations through
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the MP tandem has been done. A Cl beam injected at 140 kv was

chopped, bunched and accelerated with 10 MV on the tandem. The

beam pulse width was 3 ns FWHM* When the injector was raised to

180 kV, the pulse width became 2 ns FWHM. A 200 volt ripple

voltage was observed on the injector- The observed 2 ns pulse

width agrees with calculation and is mainly due to the injector

ripple. The tandem volts were raised to the conditioning region,

•v 12.5 KV, where beam transit time variations might be expected

to be worse, but no effect on the time jitter was observed.

2.21 Intercomparison of High Counting Rate Sources

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

This laboratory is participating in a BIPJ?-sponsored

international intercoaiparison to test the 4~8-Y coincidence

counting method for counting-rate dependent effects. Sets of Co

sources with an activity range from 2.5 x 10 to 1.3 x 10 s" are

being distributed by the NPL^to the participating laboratories;

the most active sources are about five times as strong as the

most active used in routine work.

To prepare for this intercomparison, a set of 17 sources

was made at CRNL consisting of accurately known samples taken

from two dilutions of a purified stock solution of Co. For

this purpose the < 1 g weights of the built-in sets for two of

our Mettler M-5 balances were calibrated twice, and tests were

made to check that the performance of the optical scales was

satisfactory. The sources were prepared by the gravimetric

sampling method normally used, i.e. by difference weighing from

a polyethylene pycnometer, except that for each weighing of the

pycnometer, first the zero reading of the balance was recorded

twice, then using the built-in weights a duplicate weighing of

the pycometer was made, followed by a duplicate zero reading;

all this then was repeated using the second balance. All

weighing results from any one balance were corrected for

each of the two weight calibrations; these gave results for a

sample size (which consists of the difference between two

•Bureau Internationale de Pieds et Mesures

National Physical Laboratory
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pycr.ometer weighings) that agreed within 0 to 3 ug. The

results from the two balances also were in good agreement,

the average difference being <0.1 Mg with a standard error

of 1.2 ug. Our best estimate for the accuracy with which

any one sample size is known is obtained from the standard

deviation for a difference weighing between the two balances

which is ± 2.3 ug; the limit of error is considered to be 3o,

or ± 7 tig for an individual sample si2e as obtained from the

average results of the two balances. This limit of error for

the smallest sample size is 0.04% and for the largest it is

<0.01%. Thus the relative activities of the sources of this

set are known within these limits.

This set of sources is being used to test the rate-

dependent performance of the 4IT8-Y coincidence counting equip-

ment and the various theoretical formulations of the rate-

dependent corrections. This work is incomplete but tests to

date indicate that with our usual deadtimes of ̂ 2 us and re-

solving times of «v 0.7 us Bryant's formula does not appear to

give results inconsistent by more than 0.1% for activities up

to 10 s~ . With deadtimes of •v 4 ys and resolving times of

% 1.7 ys, however, the Bryant and Gandy formulae appear to give

results too high and too low respectively by i> 0.7% for activities

of 10 s . For an activity of 10 s Campion's first-order

formula overestimates the activity by * 0*3% and ̂  2% for the

shorter and longer time constants respectively. With the

shorter time constants all three formulae give results consistent
4 —1

within 0.05% for activities < 4 x.10 s. .

2.22 Response Flattening in the Two-inch Ion Chamber

F.H. Gibson and J.G.V. Taylor

Earlier measurements (AECL-4841: 2.22) had shown the

variation in response of this instrument in the azimuthal plane

to be larger and more eccentric than could be tolerated for the
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precise comparison of non-uniformly extended sources. As

a check on the 4TT0-Y coincidence counting of high-counting-

rate sources of Co (see PR-P-1Q7;2*21) it was desirable to

determine the relative activities of these sources to 0.1% in

a system involving no rate-dependent corrections. More detailed

measurements have shown that no one combination of non-isotropic

absorbers can give a flat response to this accuracy over a wide

range of gamma-ray energies. Accordingly a special source

holder incorporating small lead absorbers located to give

optimum response flattening for Co was built and test-ed.

With this holder the response to Co is uniform to <_ 0.1% over

a sphere 8 mm in diameter surrounding the centre of the source

position. Because the response is flattest for vertical dis-

placements, sources that are visibly eccentric are aligned so

the offset is along the vertical axis.

241
2.2 3 Aggregate Recoils from Am Sources

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

The BIPM recently reported detecting a small amount
241

of Am activity on a surface adjacent to an uncovered 20 uCi
241

Am source. This appeared to have been deposited by an

"aggregate recoil" effect since only daughter atoms are ejected

by direct recoils. This effect is well-known as a source of

contamination from Po sources. For three years we have been

using a much stronger (7 mCi) Am source for static elimination

in the weighing chamber of an M-5 microbalance but expected no

recoil contamination because, according to the manufacturer,

the surface of the source was sealed with a thin layer of gold

alloy more than thick enough to stop all recoils. Using a Ge(Li)
241

detector to look for 59.5 keV gamma rays from the Am decay

about 6 dps were found on the balance pan and about twice as

much was wiped from the floor of the weighing chamber. When

the source-holder was dismantled the source surface appeared to

be corroded and tarnished even though it had been in the dust-



- 34 -

and fume-free weighing chamber in an air-conditioned room.
241

Only about 10 yCi of Am was removed when the source

surface was cleaned with ethanol-moistened swabs so the source

was remounted with a cover of 0.4 mg cm ' Al pending further

advice from the manufacturer. No health hazard or serious

inconvenience resulted from the activity released by this

source.

2.24 Standardizations

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

Cr System Materials
54 "
Mh Environmental Research
Co System Materials

125
I Medical Research

125
I Radiation and Industrial Safety

131

I Environmental Research

I Radiation and Industrial Safety

Cs Environmental Research
139

Ce University of Guelph2.25 Miscellaneous Services

J.S. Merritt and F.H. Gibson

Six counter windows, each consisting of 15 laminated

layers of VYNS plastic film, were prepared for the Nuclear

Physics Branch.
137One source of Cs was prepared for the Nuclear

Physics Branchu

At the request of the Solid State Science Branch

two of their 1-g weights were compared with our l-gsstemdard

by taking a series of measurements with two Mettle:rM-5 balances.

The mass of one of the weights was found to b6 satisfactorily

within the tolerance but the other was % 180 yg heavy; this
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probably is caused by dirt, a common source of error encountered

when a routine requires that a set of weights be manually mani-

pulated as in using the two-pan balance of the Solid State Science

Branch.

2.26 Publications, Lectures and Reports

a) Publications

THE SUPERALLOWED BETA DECAY OF 18Ne, 22Mg AND 26Si
J.C. Hardy, H- Schmeing, J.S. Geiger and R.L. Graham
Nucl, Phys. A246 (1975) 61.

L SUBSHELL FLUORESCENCE YIELDS AND COSTER KRONIG TRANSITIONS
AT Z = 70
L.A. McNelles, J.L. Campbell, J.S. Geiger, R.L. Graham,
and J.S. Merritt
Can. J. Phys. 53 (1975) 1349

ISOSPIN FORBIDDEN PARTICLE DECAY WIDTHS OF THE LOWEST T = 3/2
LEVEL OF 2lNe
A.B. McDonald, H.B. Mak, H.C. Evans, G.T. Ewan and
H.P. Trautvetter
Proc. of Inter. Conference on Nuclear Structure and
Spectroscopy, Amsterdam, 1974.

RESONANCE ANALYSIS OF THE 3Hpp THREE-BODY FINAL STATE
A.J. Ferguson, G.C. Ball, W.G. Davies, J.S. Forster
and R.E. Warner
Inter. Conf. on Few Body Problems in Nuclear and Particle
Physics, Laval University* August 27-31, 1974*

DOUBLE FINAL-STATE INTERACTIONS IN THE 2H(2H,pp)nn REACTION
R.E. Warner, S.B. DiCenzo, G.C. Ball, W.G. Davies, A.J. Ferguson
and J.S. Forster
Inter. Conf. on Few Body Problems in Nuclear and Particle
Physicst Laval University, August 27-31, 1974.

SOME MASS MEASUREMENTS PROBLEMS
J.S. Merritt
Proceedings of the Nuclear Target Development Society Conference,
Chalk River, 1974

SPECIAL TARGET PREPARATION TECHNIQUES FOR CHALK RIVER
NUCLEAR PHYSICS
J.L. Gallant
Proceedings of the Nuclear Target Development Society Conference,
Chalk River, 1974
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b) Lectures

MEASUREMENTS OF ACCURATE g-FACTORS IN TRANSLEAD NUCLEI WITH
HEAVY ION INDUCED REACTIONS
O. Hausser
International Conference on Hyper fine Interactions, Leuven,
Belgium, 9-13 Sept 75

A STUDY BY CRYSTAL-BLOCKING TECHNIQUES OF THE TIME EVOLUTION
OF HEAVY ION INDUCED FISSION
J.S. Forster and A.S, Jensen
VII European Conference on Physics and Chemistry of Complex
Nuclear Reactions, Frosts-mllen, Hoor, Sweden, 7-12 Sept 75

HEAVY ION TRANSFER REACTION EXPERIMENTS AND HEAVY ION INDUCED
FISSION LIFETIME STUDIES USING THE CHALK RIVER UPGRADED HP TANDEM
J.S. Forster
University of Liverpool, IS Sept 75

MAGNETIC MOMENTS OF TRANSLEAD NUCLEI
O. Hausser
University of Stockholm, 17 Sept 75

BETA DELAYED PROTON EMISSIONS A NEW FAMILY OF PRECURSORS,
AND THE MEASUREMENT OF XQ~16S NUCLEAR LIFETIMES
J.C. Hardy
Invited talk at the international School Seminar on Reactions
of Heavy Ions with Nuclei and Synthesis of New Elements, 23
Sept - 4 Oct 75, Dubna, USSR.

c) Reports

OPERATING EXPERIENCE WITH THE UPGRADED MP TANDEM
J . C . D . M i l t o n
CRNL-1310 (Unpublished Internal Report)

COMPILATION OF REALISTIC STOPPING POWERS FOR 4He IONS IN
SELECTED MATERIALS
D.Ward, J.S. Forster, H.R. Andrews, I.V. Mitchell, G.C Ball,
W.G. Davies and G.J. Costa
AECL-4914
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NEUTRON AND SOLID STATE PHYSICS BRANCH

A.D.B- Woods

3.1 Staff

3.2 Phonon Dispersion in Superfluid Helium Under Pressure

3.3 Dispersion Relation in **He at Large Wave Vectors

3.4 Neutron Scattering From Non-Superfluid Liquid *Ke
Under Pressure at Small Wave Vectors

3.5 Resonant Perturbation of Spin Waves in Antiferromagnetic
Zn-Doped KMnP-

3.6 Neutron Inelastic Scattering Study of Spin Waves in
Pd0.95Fe0.05

3.7 Magnetic Excitations in Pd3Fe

3.8 Neutron Inelastic Scattering Study of Magnetic
Excitations in Pd~ 5Fe0 5

3.9 Magnetic Excitations in PdQ ?5Ni0 2 5

3.10 Observation of a Central Mode in Pr3T£

3.11 Magnetism and Central Modes in Pr

3.12 Evidence for Self-trapped Positrons in Cadmium

3.13 Detector Cross Registration in Recent np Capture
Measurements

3.14 The np Double Photon Decay Investigation

15IS Resonant Elastic Scattering of Gamma Radiation From
Lead Isotopes

3.16 The Energy Resolution of the Bremsstrahlung Monochromator
at the University of Toronto

3.17 A Multiwire Fission Counter for Photoexcitation
Experiments



- 38 -

3.18 D/H Measurement in Water

3.19 Study of Gamma Ray Multiplicities in (HI»xn) Reactions

3.20 Reactor Beam Hole Use

3.21 Supply and Servicing of Semiconductor Spectrometers

3.22 Double High-purity Ge Detector System

3.23 Cadmium Telluride Crystal Growth

3.24 Contacts on Cadmium Telluride Detectors

3.25 Determination of Cadmium Telluride Crystal Parameters

3.26 Cadmium Telluride Crystal Quality

3.27 Thermostatically Controlled NIK Chassis for the Analog
Electronics of the Pulse Height Analyser

3.28 Charge Sensitive Preamplifier

3.29 Miscellaneous Gas Counters

3.30 Miscellaneous Services

3.31 Measurement of Knight Shifts for Ions with Z > 83

3.32 Publications and Lectures
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3.1 Staff

BRANCH HEAD: A»D,B, Woods

Technical Staff Summer Staff

K.P. Hamilton (8)
R.H. March (9)

SECTION I

A.D.
K.J.

T.
S.
C,
B.
A.
W.
E.

B.
L.
G.
M.
H.
P.
M.
J.
G,
,C.

ifoods
Buyers CD
Dolling {2)
Holden
Kim
Martel
Powell
Smith (3)

SOLID STATE PHYSICS

R.S.
H.F.
M.M,
D.C.

Stirling (4)
Svensson

SECTION II

T
M •

E,
M,

.H.
,D,
.A.

Knovles
Earle
Lone

SECTION III

I,
R
H

.L.

.J.

.L.

Fowler
Dinger (5)
Malm (6)

GLASSBLOWING

*G. Wesanko

Campbell
Sieman
Potter
Tennant

NEUTRON NUCLEAR PHYSICS

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

COUNTER

M.A.
Miss
W.F.
R.J.
W.J.

R.R.

Inglis
King
Mills

DEVELOPMENT

Gulick
M.M.L. Racicot
Slater
Toone
Woytowich

WORKSH

Maclanders

Miss M. Bayly (10)
J. Koclas (11)

P.H. Reung (12)

A.H. Hewitt
H.C. Spenceley

DESIGN

W, McAlpin
K. Tait {7)

SECRETARIAL STAFF

Mrs. Dianne Mitchell
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(1) Returned from leave of absence August 25, 1975.
(2) Returned front leave of absence Sept. 15, 1975.
(3) On attachment from University of Edinburgh; arrived

April 1, 1575.
(4) Summer visitor from Xnstitut liaue~I»angevin, Grenoble,

France; arrived July 28, 1975; left Sept, 15, 1975.
{5} NRC Post-doetoral Fellow front University of Basel,

Switzerland,
(6) Terminated June 27, 1975.
(7) Seconded from Design Engineering.
£8) Queen's University student; left Sept. 10, 1975.
(9) Visiting summer professor front Dalhousie University;

left August 27, 1975.
(10) Queen's University student; left Sept, 3, 1975.
(11) McGill University student; left Sept. 2, 1975,
£12) Queen's University student; left Sept. 5, 1975.
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2 PHONON DISPERSION IN SUPERFLUID HELIUM UNDER PRESSURE

£.€. Svensson, P. Martel and A.D.B. Woods

The Study {PR~P-1G6:3.4, AECL-5226) of phonon

dispersion in superfluid helium at 1.0 K has been com-

pleted. The "phonon frequencies ©<QJ for wave vectors in

the range 0.15 < Q < 1,1 k~ and pressures of 5, 10, 15,

20 and 22 atsn* together with earlier results for P = 24 atir

CPR-P-94:3.2, &ECL-4257) and P * 0 (PR-P-8.3:4.2, AECL-3512)

have been analysed in terms of the expression

If c is fixed at the appropriate ultrasonic velocity, this

model does not give an adequate description of the neutron

measurements, but, if c is allowed to vary, an excellent

fit to the neutron measurements is obtained for all pres-

sures.

The neutron results for the lower Q values lie

on average above the ultrasonic velocities giving direct

evidence for anomalous (upward) dispersion at low Q. From

the intersections of the ultrasonic velocities with the

best fits to the neutron results, we have determined values

of the cutoff or crossover wave vector Q beyond which

there is normal (downward) dispersion, Q has the value

0.52 A it P • 0 and decreases monotonically with in-

creasing pressure. Although three-phonon-decay processes

can occur for Q < Q and cause additional damping of the

phonon modes, the phonon lifetimes are still sufficiently

long that little broadening is observed in the neutron-

scattering measurements.
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3.3 DISPERSION RELATION IN 4He AT LARGE WAVE VECTORS

A.J. Smith, P. Martel, W.G. Stirling and A,D.B. Woods

The one phonon excitation spectrum in superfluid

He has been measured at wave vectors between 2.7 and

3.5 A"1 for a variety of pressures and a temperature of

1.0 K.

The experiment was performed on the L3 spectro-

meter with a silicon (113) monochromator and a pyrolitie

graphite (004) analyser. With a fixed final energy of

2.7 THz, this configuration allowed high wave vectors to

be studied with relatively good resolution (-0,06 THz PWHM).

At each of the pressures studied, 24,3 atm, 15 atm and

1.3 atm, the energy of the roton minimum was also measured.

It was found that, at all the above pressures, the branch

flattened off at high Q with an energy in excess of twice

the roton minimum energy. The amount of this excess in-

creased with increasing pressure. This result shows that

Pitaevskii's theory (j._ Exptl. Theoret. Phys. (USSR) 36(1959)830)

requires modification to take into account roton-roton inter-

actions. Between 2.7 and 3.5 & the neutron groups obtained

were broad and showed a high degree of asymmetry at the higher

p r e s s u r e s . •• . • •••••.,••- ••.••• • . •

3.4 NEUTRON SCATTERING FROM NOM-SUPERFLUIb LIQUID 4He UNDER

PRESSURE AT SMALL WAVE VECTORS

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

Measurements to determine the neutron scattering

at small wave vectors Q by non-superfluid liquid helium

under pressure have been started at the L3 spectrometer.

In earlier measurements at low pressure (PR-P-106;3.3,

AECL-5226) neutron energy distributions consistent with
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simple hydrodynamic theory were observed. The same theory

suggests that the neutron groups corresponding to the ex-

citation of sound waves will be even better defined at

25 atm. At present, measurements have been carried out

for Q « 0,1 and 0,2 A""1 at 4.2 X and a pressure P = 25 atm.

These preliminary results suggest a considerably broader

spectrum of inelastic scattering than expected, but

definitive conclusions cannot be drawn at this stage.

3.5 RESONANT PERTURBATION OF SPIN WAVES IN ANTIFERROMAGNETIC

Zn-DOPED

R.H. March, E.C. Svensson and T.M. Holden

The magnetic-excitation spectrum of a single

cry? .al specimen of KMnF, doped with approximately 6% KZnF_

has been studied at 4.2 K by means of neutron inelastic

scattering using the C5 spectrometer. From Xsing theory,

one expects a resonant perturbation at about 1.9 THz which

is 5/6 of the maximum spin-wave frequency for KMnF,

(perovskite structure). A marked resonant perturbation

centered in the range 1.8 - 1.9 THz is observed for each

of the [00c) <r l??0l and [CCCl directions. A double-peaked

structure is clearly resolved near resonance and the maxi-

mum impurity-induced width is 0.35 ± 0.05 THz. The effect

of the impurities on the spin-wave frequencies is small

compared to the effect on the widths. For comparison,

measurements on pure KMnF, have been carried out under

identical experimental conditions.
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3.6 NEUTRON INELASTIC SCATTERING STUDY OF SPIN WAVES IN

^0*95^0,05

T.M. Holden, W.G. Stirling and A.J, Smith

Magnetic excitations in dilute PdFe alloys have

previously been observed (M.W, Stringfellow, J. Phys, C*

Ser. 2, \_ (1968) 1699} by the small angle diffraction

technique at low momentum transfers, We have attempted

to observe spin-wave scattering over the complete

Brillouin zone in a single crystal of ferromagnetic
Pd0.95FeG.G5 a t 4*2 K u s i n9 t n e N 5 t r i P i e a x i s crystal

spectrometer. Despite a careful search no peaks were ob-

served which could be associated with spin waves. Strong

phonon scattering dominated the spectrum and probably

masked the magnetic scattering. The magnetic scattering

might be observable in an inelastic scattering experiment

which used polarised neutrons.

3.7 MAGNETIC EXCITATIONS IN Pd-Fe

A.J. Smith, W.G. Stirling and T.M. Holden

Further experiments on ferromagnetic Fd-jFe have

been performed to complete the survey of the magnetic

excitations at various temperatures over the complete

BriUouin zone (W.G. Stirling and•• RJk. Cowley, S.S. Comnu

11 (1972) 271? W.G,' Stirling and A.J. Smith, private

communication; PR-P-100i3*6, A1CL-4708? PR-P-104i3,6,

AECL-5032). Measurements were made in the [GOd, [CCOl

and U?Cl directions with the N5 spectrometer operating

in both constant-E and constant-5 modes. Up to 7 THz in

the [OOCl direction and in the [55OJ and feed directions

the results were in agreement with earlier measurements
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which showed that the spin-wave energies were isotropic.

The observed widths were also consistent with the instru-

mental resolution. In the fOOci direction the dispersion

relation departs from the isotropic behaviour beyond 7 THz,

and reaches a maximum at -8% THz at ? = 0*32 and falls to

7 THz at the zone boundary, c - 0,5, In this region the

neutron groups are wider than the instrumental widths.

Careful raeasurements of the phonons at equivalent wave

vectors but larger wave-vector transfers excluded the

possibility that the observed scattering near 7 THz was

phonon scattering. In the {00^1 direction the dispersion

relation thus appears to have a local minimum at [0,0,0.5].

It is interesting to note that a wave vector f0,0,0.35]

just calipers the "d-hole" Fermi surface which provides

the largest contribution to the susceptibility of pure Pd.

It may thus be that the behaviour in the [00si direction

represents a Kohn anomaly.

3*8 NEUTRON INELASTIC SCATTERING STUDY OF MAGNETIC EXCITATIONS

W.G. Stirling

llagnetic excitations have been studied by neutron

scattering techniques in low concentration alloys of iron

in paliadiuat (M.W, Stringfellow, J, Phys. C 1 (1968) 1699}

and also in the ordered alloy PdjFe (W.G. Stirling and

R.A, Cowley, S.S. Cowm. 11 U972) 271, and T.M. Holden,

PR*-P*-l04?3,6f AECL-5032). A short experiment has been

performed on the N5 triple axis spectrometer to study the

alloy Pdg 5FeQ g. The results agree well -with previous

data (fta < 5.0 THz) obtained at ILL, Grenoble; the present

measurements were extended to energies of about 8 THz.

Further work on this alloy will be performed at ILL.
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3.9 MAGNETIC EXCITATIONS IN PdQ 75Hi0 25

A.J, Smith and T,M. Hoiden

As part of a group of experiments to study the

magnetic excitations in ferromagnetic metals, the m&gnons

in the disordered alloy Pdn ?i;Nin OK have been measured

at 4.4 K. The N5 triple^axis spectrometer was used in

both the constant-^ and constant-E modes of operation.

The spin-wave dispersion in the high symmetry directions

[00s], EC50] and U s d was obtained up to 8 THz. It was

found to be isotropic and to obey a law of the form

fcu> = Dq2 with D = 81.6 ± 2.4 THz A2. Because of the steep

slope of the dispersion relation, constant-E scans were

much better defined than constant-^ scans. The linewidth

of constant-E scans was considerably larger than the

instrumental width implying that the spin waves have

finite lifetime. This is not unexpected for a disordered

alloy. D is half the stiffness for metallic Ni at 4 K

implying that the exchange between Pd ions and between

Pd and Ni ions is large.

3.10 OBSERVATION OF A CENTRAL MODE IN Pr-Tg.

W.J.L. Buyers with J. Als-Nielsen (AEC, Ris#, Denmark)

Below 11.6 K Fr3T£ becomes ferromagnetic but the

spin-wave frequencies show surprisingly little mode soften-

ing near Tc. In order to find if a central (quasielastic}

mode divergence is responsible for the transition, neutron

measurements were made on the TAS 6 facility of the DR3

reactor, Ris#. Measurements were made at low wave-vector

transfer since the intensity of the central mode is pre-

dicted co increase as Q-*-0. With a beryllium-filtered

beam of 5 meV neutrons from the cold source, measurements
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could bu- made down to Q = 0.04 A** . A 10 cm high graphite

monochromator was bent to focus neutrons on the specimen,

and the scattered neutrons were analysed with a flat

graphite crystal also 10 cm high. A central peak was ob-

served. Its intensity passed through a maximum at T and

decreased with increasing Q, in agreement with recent

theories of singlet ground-state transitions.

3.11 MAGNETISM AND CENTRAL MODES IN Pr

W.J.L. Buyers with B. Lebech (AEC, Ris0, Denmark)

Although many interesting experiments have been

performed on dhcp praesodymium in the last five years, the

question of whether a magnetic Bragg peak appears in this

material at low temperatures has never been satisfactorily

answered. Measurements of the quasielastic neutron scat-

tering in Pr in the temperature range 1 K < T < 15 K were

made?with the triple axis spectrometer at the TAS 6

facility of DR3 reactor, Ris0. The intense 5 meV beam

from the cold source provided enough resolution (0.12 meV)

and sufficient intensity to observe a weak elastic peak.

Although the intensity of the peak increased rapidly below

10 X and levelled off below 4 K the peak is not a Bragg

satellite because it exhibits structure as a function of

wave vector. It consists of two closely spaced subsidiary

peaks of comparable intensity centered on wave vectors

(0.105,0,1) and (0.125,0,1) close to the wave vector at

which the spin waves have a minimum frequency. The

symmetry of the scattering corresponds to spin fluctuations

in the x direction. The energy width of the fluctuations

is less than the instrumental resolution. The double peak

is believed to correspond to slow central mode fluctuations
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having the wave vectors of two minima in £(q). Since the

central mode strength is zero within mean field theory»

praesodymium may provide a unique example of a central

mode produced entirely by the fluctuations away from the

mean field configuration.

3.12 EVIDENCE FOR SELF-TRAPPED POSITRONS IN CADMIUM

S.M. Kim

The temperature dependence of the positron

annihilation peak coincidence rate in Cd shows two regions

of linear slope below the vacancy trapping region

(PR-P-106:3.11, AECL-5226). The slope between,100 K and

200 K was about 1.0% per l00°C and can be accounted for by

the thermal expansion of the lattice. The large slope

between 200 K and 340 K has not been accounted for.

In order to gain some more understanding of the

annihilation characteristics of positrons in the two

regions we have measured the angular distribution of pho-

tons at 100 K, 200 K and 330 K with 0.5 mr slits. The

angular distributions at 100 K and 200 K were found to be

almost identical apart from a small increase (-1.5%) in

the peak region at 200 K. Between 100 K and 330 K, how-

ever, a large increase (-5%) occurred in the peak region

and an appreciable reduction (~8%) in the high momentum

region where annihilation with core electrons dominates.

In addition, a large smearing in the momentum distribution

was observed near the Fermi-momehtum. This smearing is

too large to be accounted for by the thermal motion of a

free positron. These results strongly indicate that in

the intermediate temperature range,positrons in Cd are

trapped in a region where the electron density is lower.

The behaviour is consistent with the theoretical ideas of
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Seeger (Appl. Phys. 7̂  (1975) 85) who has shown that the

positron can be self-trapped in metals below the vacancy

trapping region via the positron-phonon interaction.

3.13 DETECTOR CROSS REGISTRATION IN RECENT no CAPTURE

MEASUREMENTS

E.D. Earle with H.C. Lee (Theoretical Physics Branch)

Coincidence events have been observed in recent

np double photon experiments (PR-P-106:3.13, AECL-5226,

and Dress et al., Phys. Rev. Lett. 3± (1975) 752) when the

two detectors were unshielded with respect to each other.

The probability that these events are due to scattering of

2.223 MeV y-rays by one detector into the other has been

calculated. Three possible sources of detector cross

registration have been investigated: Doppler shifted

0.511 MeV y-rays due to annihilation of positrons in

flight (APF), the summing in one detector of an annihil-

ation photon and a Compton back scattered annihilation

photon originating in the other detector from annihilation

of positrons at rest (APR), and multiple Compton scattering

(MCS). We have shown that when the detectors subtend an

angle of 180° at the target position, APF can account for

75 ±25% of the registered coincidence t^ents and when the

detectors subtend 90% MCS accounts for 66 ±7% and APF for

24 ± 8% of the registered coincidences.

3.14 THE np DOUBLE PHOTON DECAY INVESTIGATION

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

Physics Branch)

In order to reduce the upper limit of 35 yb for

the np doubly radiative decay cross section reported
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earlier (PR-P-106:3.13, AECL-5226) the background has been

reduced by improving the Pb shielding around the Ge(Li)

detectorst by carefully collimating the neutron beam into

the 6LiF lined flight tube and by filling the flight tube

with He gas. Investigations are continuing with a view to

reducing the background still further.

3.15 RESONANT ELASTIC SCATTERING OF GAMMA RADIATION FROM LEAD

ISOTOPES

J.W. Knowles* W»F. Mills and A.M. Khan

Further analysis of data on the elastic scattering

of gamma radiation from three isotopic mixtures of lead,

reported inPR-P-106i3.l6, AECL-5226, shows prominent peaks

in the zotPb spectrum at 5.62 MeV and in the *'*Pb spectrum

at 7,55 and 7.96 MeV. Assuming that the peaks are single

dipole y-ray transitions to the ground state with negligible

branching to excited states, the peak intensities correspond

to resonant widths of 8 + 4, 27 ± 4 and 15 ± 4 eV respectively.

3.16 THE ENERGY RESOLUTION OF THE BREMS5TRAHLUNG MONOCHROMATOR

AT THE UNIVERSITY OF TORONTO

J.W. Knowles and R.N. King with T.E. Drake (University of

Toronto)

The resolution of the bremsstrahlung monochromator

was measured directly with the 5 mm high-purity Ge detector

provided by the counter development section and described

in PR-P-1O6:3.21, AECLH5226. A previous,less direct

measurement was described in PR-P~103t3.14, AECL~4931.

The detector was mounted in a cryostat and coupled directly

into the vacuum chamber of the magnetic spectrometer. It

was used to measure the energy distribution of electrons
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between 2.5 and 5.0 MeV scattered from the radiator foil

and transmitted by a 1 nan wide lead slit in the focal

plane of the spectrometer. Because the detector is win-

dowless, the width of the pulse-height distribution

measures directly the energy spread of the incident elec-

trons. The measured width, at one-half maximum intensity,

was 20 keV for 5 MeV electrons and 11 keV for 2.5 MeV

electrons. These measurements, corrected for the finite

width of the defining slits and the spread caused by

energy loss in the radiator, gives a resolution width from

the magnet fringing fields of <7 keV.

3.17 A HULTIWIRE FISSION COUNTER FOfi PHOTOEXCITATION EXPERIMENTS

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

and B. Pieh (University of Toronto)

A 5000 wire fission chamber has been constructed

and is now being tested. The chamber will be used with

the bremsstrahlung monochromator at the University of

Toronto and with the Compton tnonochromator at the NRU

reactor to measure the low energy photofission spectra of
238U and 232Th. The chamber is a stack of 100 modular

multiwire counters, each comprising a single plane of

wires. Each counter consists of a fibre frame supporting

an array of 50 ̂ gold-plated tungsten wires, 25 ym in diameter

and spaced 3 mi apart* Aluminum plates, 250 pm thick, com-

plete the gas envelope. For the current experiments, all

wires are connected together to form the anode and the

aluminum plates form the cathode. The 100 aluminum plates

are coated on both sides with target material, 5 mg/cm2 of

UO3 (or ThO2) bonded with 10% by weight of lacquer. The

chamber is filled with a 9:1 argon-methane gas mixture at
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atmospheric pressure. Recent tests show that for the

detection of fission events the chamber efficiency is

and the response time is <40 ns,

3.18 D/H MEASUREMENT IN WATER

M.A. Lone and I.L. Fowler with J.G. Bayly (Reactor Control

Branch)

In order to reduce the fast neutron background

from the 228ThO2 source, measurements were made with the

source embedded in a 12 cm thick wax block wrapped in Cd.

For comparison with the previous measurements taken with

no wax shield <PR-P-1Q6:3.15, AECL-5226J four *Re counters

and two 10-litre water samples were used. The new arrange-

ment gave a factor of 9 reduction in the fast neutron back-

ground, i.e. a reduction by a factor of 3 in the standard

deviation. However there was also a factor of 2,7 reduc-

tion in the signal due to the attenuation of y-rays and the

smaller solid angle subtended by the water samples. Since

at low D/H concentration levels the neutron background is

still a dominating factor the new arrangement gave little

improvement in the overall accuracy of the system. This

implies that the fast neutron background will have to be

further reduced and the water sample solid angle improved

in order to achieve a net gain in the accuracy with the
229ThO2 source.

A Monte Carlo calculation shows that a 40 cm dia-

meter wax cylinder should give a factor of 100 attenuation

for neutrons and a factor of only 3 for r^rays, A large

water tank with 8 3 He counters is being prepared to check

the accuracy attainable with a 40 cm thick wax attenuator.

It is planned to install a new type of *28Th

source (PR-P-106:3.15, AECL-5226), thereby reducing the

background and hence improving the overall accuracy of the

measurement.
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3.19 STUDY OF GAMMA RAY MULTIPLICITIES IN fHIfxn) REACTIONS

M.&. Lone et al.

See PR-P-1Q7;2,1Q.

3-20 REACTOR SEAM HOLE tISE

A.D.B. Woods

The McGill University ultra-cold neutron

experiment at hole T3 has been successfully put into

operation and the Compton roonochromator at Cl has been

recommissioned. The McMaster spectrometer at E3 is still

under construction. The apparatus at hole C4, which

normally operates as a triple axis neutron spectrometer

for condensed matter studies, was mostly used in combin-

ation with the data collection system for the fast

neutron chopper at C2 for studies of two-photon decay

following thermal neutron capture in hydrogen.

The following table summarizes utilization of

the beam hole facilities:

Beam Hole Ho, of No, of
Experiments Participating

CRKX,
scientists
(incl. sunraer
visitors)

No. of Efficiency
Participating (% of available
non-CRNL reactor operating
scientists tine used for

experiments}

•23 {McGill}

C4

C5

L3

N5

1

2

3

3

6

0

5

5

4

6

1

0

0

1

3

93

94

95

Total reactor operating time was 58 days,
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3.21 SUPPLY AND SERVICING OF SEMICONDUCTOR SPECTROMETERS

R.J. Toone and I.L, Fowler

Nine Ge detector systems were serviced during

this period.

One of the two small portable high-purity detec-

tor systems made for Reactor Control Branch suffered

damage from vibration in transit from the Pickering

Generating Station to CRNL; a detector lead had broken

inside the cryostat. This was repaired and the system

retested. There was no deterioration in performance.

A Ge(Li) detector system used by System Materials

Branch had lost vacuum. This was repuinped, leak checked,

and retested for spectrometer performance.

A Ge(Li) detector system used by Fuel Engineering

Branch had warmed up. This was repumped, the detector re-

drifted, and the system checked for spectrometer operation.

A new commercial Ge(Li) detector system purchased

by Radiation and Industrial Safety Branch was set up and

checked for operation.

Two commercial Ge'Li) systems belonging to our

own Branch (Section II) were checked. One, a now one, for

performance to specification; the other for satisfactory

performance after a long period of standing.

Two high-purity thin window detector systems for

electron spectroscopy (also for Section II of this Branch)

were checked for operation after standing at room tempera-

ture. A vacuum leak on one was repaired.

A Ge(Li) detector system we supplied several

years ago to Commercial Products Division, Ottawa, was re-

turned for service after warm-up. The detector was

redrifted and the system has been returned.
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3.22 DOUBLE HIGH-PURITY Ge DETECTOR SYSTEM

R.J. Toone, M.M.L, Racicot, H.J. Dinger and H.L, Malm

The detector-cryostat system using a double

detector (two detectors of different sizes made on the

same crystal slice) has been put together and tested. A

constant ratio of efficiencies cannot be expected at all

energies; the ratio will increase with energy. With the

first detector, an efficiency ratio (for the full energy

peaks) of 7:1 was aimed for at 250 keV. The ratio at

this energy was about 8.5 and varied from 7 at 60 keV to

12 at 660 keV. Further tests and work on this system

are being carried out.

3.23 CADMIUM TELLURIDE CRYSTAL GROWTH

R.J. Dinger, W.J. Woytowich, R.J. Toone and I.L. Fowler

Two more crystals were grown with conditions

differing slightly from those of the previous ones. Both

showed the same polyerystallinity observed since the be-

ginning of the growth program. Some calculations concern-

ing the effectiveness of the cooling tube on which the

ampoule rests in the furnace (which should introduce a

temperature gradient in the melt to obtain a controlled

growth of the crystal) showed that the design used so far

does not necessarily do what it is supposed to do. Modi-

fications of the cooling arrangement were made and pre-

liminary measurements of the temperature profile were made

with molten tin and an open ampoule. Although these

measurements looked promising, the first crystal grown

with the new arrangement was also polycrystalline and a
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further modification will be made while this crystal is

being tested.

In the meantime, work is also going ahead on

improving the purity of the CdTe starting material and on

the manufacture of the parts for the apparatus to grow

crystals by the travelling heater method.

3.24 CONTACTS ON CADMIUM TBLLURIDE DETECTORS

M.M.L. Racicot

To test the material satisfactorily it is

necessary to make contacts on opposite faces of a

crystal sample. Both must be blocking and one at least

must have very low absorption for the alpha particles used

to produce ionization very close to the surface.

Carbon (dag) contacts work, are easy to apply

and remove, but have disadvantages for consistent and

reasonably precise measurements. Thick back contacts were

tried with a variety of front contacts - dot, line and

network. Irradiation with a collimated alpha source close

to the dot, line, or in the network spaces gave adequate

signals but the results were not always reproducible.

Positioning the alpha beans very close to but not through

the contact was often difficult to achieve. Irradiating

through a very thin dag contact which covered the whole

front surface was also tried but, with this arrangement,

the signal was usually lost in noise. The thin front, con-

tact over the whole surface worked better when only a dot

contact was used on the back, but non-uniformity of the

thin contact was apparent, (It should be pointed out that

the material may not be uniform so that it is necessary

to irradiate each sample in a number of places.)
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T/aporated metal contacts on the front coupled

with thick dag contacts on the back were also studied.

The metal thickness can be measured readily during evapor-

ation and the alpha energy loss calculated. Gold and

aluminum contact spots were evaporated and contact made

to them with gold wire with a tiny piece of indium between.

Irradiation through these contacts seems to give consistent

results and this technique was used for determining crystal

quality.

3,25 DETSRMIKATIQH OF CADMIUM TELLURIDE CRYSTAL PARAMETERS

R.J, Dinger

The usefulness of a material for a semiconductor

spectrometer is given by a few basic parameters such as

the width of the band gap, the atomic number of the element

or component elements, and three parameters describing the

quality of an individual crystal; these latter are the net

ionized concentration of dopants, j NA - ND f, where NA

and NQ are the concentrations of ionized acceptors and

donors respectively, the trapping lifetimes T and the

mobilities u for both carriers. Actually, the HT product

is the significant value for spectrometer performance and

is easier to measure than u or T separately.

The following method was developed to determine the

significant parameters. Samples of CdTe about 1 mm thick-

ness and 10 to 100 mm2 area were cut and polished on all

sides. Contacts were made (see section 3.24} on the two

opposite large surfaces and the detector was mounted and

connected to a conventional preamplifier, amplifier, pulse

height analyser chain. Irradiation near or through one

contact with eolliroated 2*1Am alpha particles produced a

signal when a bias voltage V was applied. If QQ is the
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charge produced by the alpha particle and Q is the charge

collected, a measurement of the fraction -Q/Q nay.; be made

as a function of V. If the bias voltage V is insufficient

to deplete the sample (and depletion starts from the

irradiated contact), the fraction of charge collected is

constant, i.e.

Q/Qo - (q/eeo)|NA-ND|.UT = A

where q is the electronic charge, e is the permittivity

of free space and e is the dielectric constant. (If the

depletion starts at the unirradiated contact, the fraction

of charge Q/Q is, of course, zero.)

If the bias voltage exceeds the depletion voltage,

VD, the fraction of charge collected depends linearly on

the bias voltage V, i.e,

Q/Qo - (V/d
2) VT = BV

where d is the thickness of the sample.

The measurement of Q/Qo as a function of the bias

voltage enables a determination to be made of both UT and

|NA-ND|. The latter parameter is calculated from the

depletion voltage VD which is at the intercept of the

regions Q/Q Q * A, and Q/Qd * BV, according to the relation

INA-ND( = (2eeo/qd*> V

In spite of the fact that the alpha spectrum usually

obtained is broad it has been found that the determination

of G/QQ can be made quite accurately.
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3.26 CADMIUM TELLURIDE CRYSTAL QUALITY

M.M.L. Racieot and R.J* Dinger

The yx product and the net ionized concen-

tration of dopants, l^m**Nnl **e*e determined

from crystals cut from the more recently grown boules

(nos. 6,8,9 and 10). Crystal samples from certain parts

of the boules showed a net concentration of dopants of

less than 1018cro~3 and yT products -10~3cm2/V«s for elec-

trons and -10~scm2/v.s for holes. These figures are com-

parable to values obtained in other laboratories for

material grown by the sane method. Such material would

make possible the construction of detectors in the range

0.1 to 0.5 cm* volume if they were operated in the single

carrier mode described in PR-P-104:3.26, AECL-5032, and

PR-P-106:3.24, AECL-5226. Unfortunately, the boules are

still very polycrystalline, with the largest single

crystals about 0,5 cm3 in volume. The growing conditions

are, as yet, obviously far from the best and it is thought

that the conditions which lead to the polycrystallinity

may also cause the small crystals to be inhomogeneous.

Regions with ux products of the values given above have

been found within one mm of regions where the yx product

could not even be determined.

3.27 THERMOSTATICALLY CONTROLLED NIM CHASSIS FOR THE ANALOG

ELECTRONICS OF THE PULSE HEIGHT ANALYSER

W.F. Slater and R.J. Dinger

As indicated in section 3.26, the determination

of the JIT product of semiconductor material intended for

spectrometer use is of great importance. The quality of

germanium has improved and material with apt product
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>! cmVv is not uncommon. However, the determination of

a U? product between I and S cm*/V with a slice of 1 cm

thickness is only possible if the overall stability of

the system is better than 0.01%. Our analog electronic

equipment (the main amplifier and especially the analog to

digital converter (ADC)) does not meet these requirements

over the length of a normal run because of temperature

drift. A thermostatic control system for a complete NIM

chassis has been built and is now under test, With the

amplifier and ADC installed and fed by a precision pulser,

the drift was lessened to ±0.014% on the first test.

Further work is being done.

3.28 CHARGE SENSITIVE PREAMPLIFIER

P.H. Keung and R.J. Dinger

In the light of some upcoming applications in-

volving small Ge and CdTe detectors it was decided to do

some work on preamplifiers. Commercially available pre-

amplifiers for semiconductor detectors are very good but

are, for some of the uses we are interested in, also

large, inflexible, expensive - and often better than they

need be.

Our design objectives were (a) modular construc-

tion, (b) simple design with no expensive or critical

components, and (c) adequate performance'. The modular

construction allows the input stage to be separated and

cooled for optimum performance and the charge loop stage

to be separated for applications not requiring a powerful

cable driver. The charge loop is a simple design contain-

ing 5 transistors and no chokes, coils, etc., so that it

could be miniaturized.
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The performance with the input field-effect-

transistor (FET) cooled is comparable to that of a very

good commercial preamplifier with a specially selected

input FET operating at room temperature. In our pre-

amplifier, the open loop gain of the charge loop is

20,000 to 30,000, the risetime of the charge loop and

cable driver after 1.5 m of cable is <40 ns and 50 ns

after 300 m of cable and, with an unselected input FET

cooled to 100 K, the contribution of the noise to the

resolution is <500 eV + 20 eV/pF. For the tests, the

input FETs (2N 4861) were randomly selected and no at-

tempts were made to optimize the temperature.

3.29 MISCELLANEOUS GAS COUNTERS

I.L, Fowler and M.A. Gulick

A second special BF, counter with a thin

titanium window was supplied to J.M. Robson, McGill

University, for use on ultra-cold neutron experiments

at CRNL.

Anode wires were replaced in a 4v counter for

the Standardization Section of Nuclear Physics Branch,

3.30 MISCELLANEOUS SERVICES

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

Several glass systems and fractionating columns

were built in this period for Physical Chemistry Branch -

mainly connected with D-O research. Cells for pulse

radiolysis work were also made for the same Branch.

Quartz^cells and apparatus were also made for Metallurgy

and Medical Research Branches.
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Resishors deposited on alumina ceramic were cut

for Accelerator Physics Branch.

Modifications have been made to both of the

vacuum evaporator systems in the Section to improve their

performance. An additional manifold has been added to the

turbo-molecular pump test system to allow for the evacu-

ation of the quartz ampoules used for CdTe crystal growth.

3.31 MEASUREMENT OF KNIGHT SHIFTS FOR IONS WITH Z > 83

E.D. Earle et al.

See PR-P-107:2.12.

3.32 PUBLICATIONS AND LECTURES

PUBLICATIONS

OBSERVATION OF MANY-BODY EFFECTS IN POSITRON ANNIHILATION
IN ALKALI METALS
S.M. Kim and A.T. Stewart
Phys. Rev. B 11 (1975) 2490

PHONON DISPERSION CURVES IN INDIUM PHOSPHIDE
P.H. Borcherds, G.F. Alfrey, D.H. Saunderson and
A.D.B. Woods
J. Phys. C £ (1975) 2022

EXCHANGE-SPLIT CRYSTAL-FIELD LEVELS OF Fe2+ IN FeCO-
J.W. Lynn, H.A. Mook and W.J.L. Buyers
Phys. Rev. B 12_ (1975) 238

EXCITED-STATE SPIN WAVES, SOFT MODES AND CRYSTAL FIELD
EFFECTS
W.J.L. Buyers
AIP Conf. Proc. No. 24, "Magnetism and Magnetic Materials
- 1974", eds. C D . Graham, G.H. Lander and J.J. Rhyne
(1975) p. 27
Atomic Energy of Canada Limited publication AECL-5152
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THE THEORY AND PRACTICE OF NEUTRON INELASTIC SCATTERING
G. Dolling
Proc, of Enrico Fermi International School of Physics,
Course LV, pp. 176-238 (Academic Press, New York) 1975
Atomic Energy of Canada Limited publication AECL-5207

THE DYNAMIC STRUCTURE FACTOR OF 4He AT 4.2 K
A.D.B. Woods, E.C. Svensson and P. Martel
Low Temperature Physics - LT14, eds. M. Krusius and
M. Vuorio (North Holland, Amsterdam, 1975} Vol. 1, p. 187

EXCITATIONS IN ANTIFERROMAGNETIC RbCoF, AT 4.2 K
E.C. Svensson, T,M. Holden and W.J.L. Buyers
Low Temperature Physics - LT14, eds. M. Krusius and
M. Vuorio (North Holland, Amsterdam, 1975) Vol. 3, p. 184

LECTURES

CORRELATION EFFECTS ABOVE THE CX-6 TRANSITION IN SOLID
NITROGEN
J.K. Kleins and G. Dolling
NATO Advanced Study Institute, Geilo, Norway
April 15, 1975

LATTICE DYNAMICS OF NON-MOLECULAR CRYSTALS
G. Dolling
Tenth International Congress of CrystallograDhy, Amsterdam
August 12, 1975

SOFT MODES, CENTRAL MODES AND PHASE TRANSITIONS
W.J.L. Buyers
Eidgenossischen Institut fur Reaktorforschunq, Wiirenlingen,
Switzerland
August 20, 1975

EXCITATIONS IN ANTIFERROMAGNETIC RbCoF3 AT 4.2 K
E.C. Svensson. T.M. Holden and W.J.L. Buyers
I4th International Conference on Low Temperature Physics,
Helsinki University of Technology, Otaniemi, Finland
August 14-20, 1975
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THE DYNAMIC STRUCTURE FACTOR OF He AT 4.2 K
A.J3.B. Woods, B.C. Svensson and P. Martel
14th International Conference on Low Tewperature Physics,
Helsinki University of Technology, Otaniemi, Finland
August 14-20, 1975

EXCITED STATE SPIN WAVES, SOFT MODES AND CENTRAL MODES IN
SINGLET GROUND STATE SYSTEMS
w.J.L. Buyers
Danish Atomic Energy Commission, Ris0, Denmark
August 15, 1975

SOME PHOTONUCLEAR EXPERIMENTS POSSIBLE WITH A C.W. LINAC
J.W. Knowles
University of Toronto, Toronto, Ontario
August 26, 1975

MODE GRUNEISEN PARAMETERS IN POTASSIUM
J. Meyer. G. Dolling, J. Kalus and C. Vettier
European Physical Society Conference on "Electronic
Properties of Solids Under High Pressure", Leuven, Belgium
September 2, 1975

CENTRAL MODES, SOFT MODES AND PHASE TRANSITIONS
W.J.L. Buyers
IBM Research Laboratories, San Jos6, California
September 3, 1975

LATTICE DYNAMICS OF MOLECULAR CRYSTALS
G. Dolling
International Symposium on "Dynamics of Molecular Crystals",
Jiilich, West Germany
September 8-12, 1975

NORMAL mUES OF SOLID DEUTERATED BENZENE
B.M. Powell. G. Dolling and H. Bonadeo
International Symposium on "Dynamics of Molecular Crystals",
September 8-12, 1975
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G.E. Lee-Whiting
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4.3 KinematicaJ Bragg Peaks

4.4 Secondary Extinction in Neutron Diffraction

4.5 Penetration of Heavy Ions in Solids

4.6 Collective Renormalization in the Spherical Shell Model
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4.9 Exact Electron Kernel in Inelastic Electron Scattering

4.10 Diffusion of Hydrogen in a Stressed Cracked Medium

4.11 Detector Cross Registration in Recent Doubly Radiative
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Branch Head:

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

G.E. Lee-Wh

Harvey
. Khanna
. Kushneriuk
. Lee
. Sears
. Tovmer

K.B. Winterbon

Summer Staff

D. Bernard (1)
R. Padjan (2)
L. Zamick (3)

Secretarial Staff

M.E. Carey

1) Terminated on August 29, 1975.
2) Visitor from University of Montreal, July 2 - August 14, 1975,
3) Visitor from Rutger's State University, July 7-18, 1975.
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4.2 Fusion-Fission Energy Systems

S.A. Kushneriuk, P.M. Garvey (Reactor Physics) and
P.Y. Wong {Mathematics and Computation}

It has been argued that integrated fusion-

fission systems can both promote the use of fusion devices

and increase the generation of nuclear energy. The fusion

reaction is looked upon as a source of neutrons while the

power comes mainly from fission. The economic viability

of the systems depends on their breeding potential - more

particularly on the specific neutronic properties of the

blankets (i.e. the assembly of the fertile, fissile struc-

tural and cooling materials) surrounding the fusion chamber.

Various blanket configurations have been pro-

posed (e.g. see AECL-4840, July 1974 and UCRL-73952, June

1972) and some assessments of the fuel breeding capabilities

have been made. However, better evaluations are needed,

particularly for blankets containing uranium and thorium

which might be associated with the CANDU-type reactor. As

a preliminary step towards detailed neutronic calculations

a review is now being made of the computer programs that

might be used in the calculations, the availability and

accuracy of the neutron cross-section data and the existence

of benchmark type problems that could be used to check the

calculations. The fusion reaction of interest is the DT

reaction which results in the production of neutrons of

energy 14.1 MeV,

4.3 Kinematical Bragg Peaks

V.F. Sears

A method has been developed for evaluating

the interference function which, in the kinematical theory,

determines the structure of the Bragg peaks in X-ray and
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neutron diffraction in crystals. The method is exact and

is applicable to both perfect crystals and mosaic crystals.

The expression which we have obtained for the second

moment of a Bragg peak can be used to provide a rigorous

basis for the distinction between type I and type II

mosaic crystals (Zachariasen, Acta Cryst. 23(1967)558).

Our results confirm the existence of a factor cosec26

(where 9 is the nominal Bragg angle) in the width of the

Bragg peaks for type II crystals. This factor has recently

been obtained in model calculations by Becker and Coppens

(Acta Cryst. A30(1974)129) but was missed by Zachariasen.

4.4 Secondary Extinction in Neutron Diffraction

V.F. Sears

The observed intensities of the Bragg peaks

in X-ray and neutron diffraction in mosaic crystals are

less than in the kinematical theory as a result of effects

of multiple Bragg reflection (secondary extinction). The

accuracy with which secondary extinction corrections can

be made is usually the limiting factor in the accuracy of

crystal structure determinations. Secondary extinction

has previously always been discussed on the basis of the

Darwin equations which are a system of coupled differential

equations for the intensities of the transmitted and Bragg

reflected beams and are obtained by heuristic arguments.

In neutron diffraction,secondary extinction should more

properly be discussed on the basis of neutron transport

theory. We have shown that the Darwin equations arise

naturally in a systematic solution of the neutron transport

equation. (The kinematical Bragg peaks discussed in Sec.

4.3 (PR-P-107 (AECL-5256)) determine the collision integral

in the neutron transport equation, which is the origin of
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our interest in that problem.) Methods similar to those

which have recently been developed for calculating multiple-

scattering corrections for neutron inelastic scattering

in liquids (Sears, Adv, Phys. 24(1975)1} are presently

being extended to secondary extinction in crystals.

4.5 Penetration of Heavy Ions in Solids

K.B. Winterbon

The form of the integral equations for the

moments of depth distributions allows values at small

energy to be calculated independently of the values at

large energy. However, the method of solution based on

the use of splines introduces, via conditions of continuity,

a coupling between small- and large-energy values. If the

energy step is too large, this coupling can introduce some

instability into the spline solution. The program pre-

viously used (PR-P-94:4.7 (AECL-4257); see also PR-P-102:4.5

(AECL-4841)) has been modified to permit the use of several

steps instead of one. This results in a gain in stability

at the cost of some sacrifice of continuity of derivatives;

the new procedure is also slightly faster.

" Some third-and fourth-order transverse moments

of distributions, analogous to the moments calculated for

the book of distributions (see PR-P-103:4.6 (AECL-4931))

have been calculated and plotted. They indicate how the

longitudinal and transverse spreading of the cascade are

interrelated.

Depth distributions of various foreign atoms

in solids can be measured using sharp nuclear resonances.

As the energy of a probing beam is raised, the depth in

the target at which the reaction occurs increases. The

resonance yield, as a function of energy, is obtained by
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integrating over the depth distribution of the reacting

species, the energy spread of the beam as it hits the

target, and the energy-loss spectrum as a function of

depth. The energy-loss spectrum is given, in the standard

theory, as an inverse JDaplace transform; thus each point

of the spectrum is given as a four-fold integral, which

can not be rapidly evaluated, even approximately. However

if the beam spread and the depth distribution are repre-

sented by functions with known Laplace transforms, inver-

sion of the order of integration reduces the four-fold

numerical integral to a single integral, an inverse Laplace

transform, which is rapidly convergent.

4.6 Collective Renormalization in the Spherical Shell Model

M. Harvey and I.S. Towner

We have continued our attempt to carry the

self-consistent principles found in a simple Q.Q model

into a more realistic model (FR-P-105:4.5 (AECL-5121) and

PR-P-106:4.5 (AECL-5226)). He have now constructed general

subroutines to calculate (for all isospin (T) and angular

momentum (J) components of field operations) all the

first-order renormalization terms arising from both core

and valence particle polarization and a selected second-

order term arising from core polarizations. The programs

are in principle applicable for a nucleus of any mass, but

experience has shown that the truncation in the expansion of

model states necessary (because of limited computer space) for

many particles in a shell severely limits the accuracy of

the result. Introduction of the second-order term using

the Barrett G-raatrix tends to decrease the polarization -

a result opposite to that found for the Q.Q model* This

decrease goes in the direction of stabilizing the iteration

scheme But does not entirely eliminate the problem of
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instability mentioned in previous reports- We note that

each TJ-component of the field is itself made up of

several orbital (L) and intrinsic spin (S) components, and

that each (LS)-component could renormalize in a different

manner. We are in the process of modifying the existing

subroutines to examine the LS-decomposition of the field

to see whether these components lead to stable iterative

solutions. We note that the LS-decomposition perhaps

corresponds closer to the field in the Q.Q model (applied

to Ne), since here only the S=0, L=2 deformation componei

existed because of the simplicity of the model.

4.7 Magnetic Moments for N = 126 Isotones

I.S. Towner

The observed g-factors in N=126 isotones

change very slowly with increasing proton number. This

seems surprising from the viewpoint of the theory of

weak-configuration mixing which predicts an approximately

linear change of g-factors: g(hn
/2) = 9Schmidt + *<3meson

+ &g^ + 6gh(9-n)/8, where ̂ gc^^t i s t n e s i n9 l e-P r o t o n

value, 6g is a meson-exchange-current correction
meson i ̂

(assumed independent of n), 6g^ is the first-order core

polarization correction to g( Bi) from neutron excitation

^13/2^^11/2^ a n d ^ h t n a t from proton excitation (h,,,_ -«- n

We have extended these core polarization calculations to

all orders and find a sizeable second-order correction that

should not be neglected. We have also investigated the

effect, in second order, of two-particle proton excitations

*hll/2 * n9/2** B o t n these second-order contributions

effectively reduce the value of 6g.f and consequently

decrease the fall-off in the calculated g-factor as a func-

tion of proton number, n, to give a much better agreement

with experiment.
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4.8 Magnetic Fields Inside Nuclei and Spontaneous Symmetry Breaking

F-C. Khanna and H.C. Lee

Magnetic field strengths inside some typical

nuclei across the periodic table were calculated in the

single-particle model- The magnitude of the field

B(r) = CB(r)-B(r)]^ is found to be ̂ 10 gauss typically,

with variations of a factor of 2 to 3 depending on the

single-particle orbit. The field strength is largest near

r=0 and at small angles with respect to the direction of

quantization of the angular momentum. Far outside the

nucleus the magnetic field behaves like the familiar

magnetic-dipole field that gives the hyperfine splitting

in atoms. Inside the nucleus the dipole component of the
- * •

magnetic field is smaller than B(r) by a factor ̂ 3.

The main purpose of this calculation was to

determine if the magnetic field is greater than a critical

field Br which may cause certain phase transitions inside

nuclei. Salam and Strathdee (Nature 252(1974)569) have

suggested that at such phase transitions certain spontane-

ously broken symmetries may be restored. As an example

they considered spontaneous breakdown of strangeness

invariance which implies a mixing of n and X quarks. Non-

vanishing of the real part of the mixing coefficient

implies a non-zero Cabibbo angle (sine = 0.23), and a

finite imaginary part implies CP-violation (or T-violation).

We find that the magnetic field may not be large enough

to reduce the Cabibbo angle to zero, but may be large

enough to preclude any T-violation inside the nucleus.

4.9 Exact Electron Kernel in Inelastic Electron Scattering

D. Bernard and H.C. Lee

Computer programs have been written to compute

the required (see PR-P-106;4.10 - AECL-5226) Dirac electron
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wave functions and electron kernel. However, for certain

kinematic conditions the integral representing the elec-

tron kernel appears to converge slowly at infinity. More

work is being done with the aim of removing these "singu-

lar" points analytically.

4.10 Diffusion of Hydrogen in a Stressed Cracked Medium

G.E. Lee-Whi,ting and D.G. Stewart {Mathematics and Computation)

The integrated flow across any cylinder

centred on the head of the crack has been shown to be zero

for each of the solutions (PR-P-106-.4.13 - AECL-5226)

satisfying the condition of no flow into the crack. This

set of solutions is thus obviously incomplete. The steady-

state diffusion equation and the crack boundary condition

have been shown to be invariant under conformal transfor-

mations in the plane perpendicular to the crack. A trans-

formation has been found which yields a diffusion equation

with constant coefficients. A particular solution of

this equation, in the form of a definite integral, gives

a solution to the original equation and crack boundary

condition for which the integrated flow is non-zero. The

addition of this extra solution to the set considered in

<PR-P-106:4.13 - AECL-5226) has enabled us to satisfy the

inner and outer boundary conditions adequately, except

when the inner radius is very small. Numerical results

for the rate of flow of hydrogen into a crack in zirconium

are being obtained.

It has been noticed that some of the hydrogen

diffusing to the high-stress side of the platelet at the

head of the crack comes from the low-stress side of this

same platelet. Growth of the crack is thus at least

partly from re-use of the same hydrogen.
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4.11 Detector Cross Registration in Recent Doubly Radiative

np Capture Measurements

H.C. Lee and E.D. Earle (Neutron and Solid State Physics)

See PR-P-107:3.13 (AECL-5256).

4.12 Reports, Publications, and Lectures

Publications

POLYATOMIC ION IMPLANTATION DAMAGE IN SILICON
J.A. Davies, G. Poti, L.M. Howe, J.B. Mitchell and K.B. Winterbon
Phys. Rev. Lett. 34_(1975)1441

AN ANALYTIC THEORY OF DOPPLER-SHIFT ATTENUATION
K.B. Winterbon
Nucl. Phys. A246(1975)293

ION IMPLANTATION RANGE AND ENERGY DISTRIBUTIONS
Volume II: Low Incident Ion Energies
K.B. Winterbon
Plenum Pub. Co. - September, 1975

THE USE OF MOLECULAR IONS FOR IMPLANTATION STUDIES IN Si AND Ge
J.B. Mitchell, J.A. Davies, L.M. Howe, R.S. Walker, K.B. Winterbon,
G. Foti, and J.A. Moore
Proceedings of the Fourth Int. Conf. on Ion Implantation in Semi-
conductors, Ed. S. Namba, Osaka, Japan, August 26-30, 1974, p.493

PHOTON STRENGTH FUNCTIONS
G.A. Bartholomew and F.C. Khanna
Proc. of Sec. Int. Symp. on Neutron Capture yray Spectroscopy
and Related Topics, September 2-6, 1974. March, 1975, p.119

Lectures

MAGNETIC MOMENTS AND CORE POLARIZATION BLOCKING
I.S. Towner
Invited talk at "Summer Seminar in Nuclear Theory11,
Queen's University, August 29-30, 1975

MAGNETIC FIELD IN THE NUCLEUS
H.C. Lee
"Summer Seminar on Theoretical Physics",
Queen's University, May 29-30, 1975

DOUBLY RADIATIVE np CAPTURE
H.C. Lee
given at Massachusetts Institute of Technology, Cambridge,
September 16, 1975
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MATHEMATICS AND COMPUTATION BRANCH

D. McPherson

5.1 Staff

5.2 Operating Systems and Programming Languages

5.3 Random Number Generators for the CDC 6600

5.4 FORSIM

5.5 Heat Transfer Programs

5.6 Numerical Solution of Elliptic Problems

5.7 Large Integer and Rational Fraction Arithmetic

5.8 Numerical Evaluation of an Integral

5.9 Separation of Heavy Water by Parametric Pumping

5.10 Diffusion of Hydrogen in a Stressed Cracked Medium

5.11 Fusion/Fission Energy Systems

5.12 Data Reduction Programs

5.13 Information Handling Programs

5.14 Operations

5.15 Publications, Reports and Lectures
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5.1 Staff

Section I:

Branch Head:

Systems

D. McPherson

Head:
D. McPherson

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

Programmer:
Mrs. E.A. Okazaki

Computer Operator:
Miss M.D. Howard

Section I I : Operations

Head:
G.N. Williams

Programmer/Analyst:
B.B. Ostrom

Programmer:
CD. Price

Operator Supervisor:
Mrs. V.L. Tomlinson

Computer Operators:
Miss K.M. Bjarbo
Mrs.
Mrs.
Miss
Mrs.
Mrs.
Mrs.
Mrs.
Mrs.
Miss
Mrs.
Miss

L.E.
L.P.
M.E.
CM.
A.A.
5.A.
B.H.

Caissie
L. Cybulski
Edwards
Hepburn
Laroche
Payette
Scott

T. Spear
M.S.
N.M.
J.P.

L* Walsh
Ward
Wong

(1)

(2)

(3)

Section III: Mathematical
Services and Applications

Head:
J.M. Blair

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

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

Programmers:
K.R. Chaplin
Miss C.A. Edwards
E.G. Long
Miss J.E. Mulvihill
Mrs. B. Purcell
B.V. Riff
D.E. Smith
D.G. Stewart
J. Wendorf

Secretarial Staff

(4)

(5)
(6)

(7)

(8)

Mrs. K.F. Barnard
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(1) Joined branch 2 July 1975.
(2) Summer student from Fellows High School, Pembroke;

terminated 29 August 1975.
(3) Summer student from University of Toronto; terminated

22 August 1975.
(4) Waterloo student, joined branch 2 September 1975.
(5) Summer student from Carleton University; terminated

29 August 1975.
(6) Joined branch 21 July 1975.
(7) Summer student from University of British Columbia;

terminated 26 August 1975.
(8) Waterloo student; terminated 22 August 1975.
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5.2 Operating Systems and Programming Languages

(i) CDC 6600 System

(a) Field Length Management

L.D. Hansen

Implementation of new features of the field
length mangement system was completed. To the user, the
significant change to the system is the addition of a job
card parameter which specifies the memory occupancy in
"kiloword-seconds" that the job will accumulate. Use of
this parameter, instead of leaving the system to estimate
an upper limit for kiloword-seconds from the time and max-
imum field length parameters, is encouraged, since
a realistic kiloword-second estimate reflects more accurately
the impact of the job on the system, and thus leads to
improved job scheduling. The kiloword-second parameter,
used instead of maximum field length required, also per-
mits the job field length to be adjusted dynamically as
required up to maximum machine size.

(c) Checkpoint/Restart System

L.D. Hansen

Changes in the design of the checkpoint/restart
system have been considered. These changes address the
following problems:

(1) Checkpoint tape remains assigned to the job even

though it is only needed when a checkpoint/restart

is in progress. Since long-running jobs are the ones
which require checkpointing, this implies that tape
drives will be tied up for long times needlessly.

(2) The operator must note such things as limit parameters
in order to satisfactorily restart a job.
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(3) The checkpoint/restart system conflicts with the local

modification which permits job control statements to be

read from a file other than the job input file.

Implementation of these changes will require

considerable effort, and has not yet been undertaken.

(c) FORTRAN Compiler

M-B. Carver

A new version of the FORTRAN compiler FTN4.4

has been released by CDC. This version plus one incremental

release of corrections, plus local modifications to ensure

compatibility with the system compiler, has been made avail-

able on permanent file for testing. The new features in-

clude a rewrite of the optimizer, which CDC claim gives

considerable increases in efficiency, the second phase of

the mathematical routine upgrading, and several paper

economy features.

Some improvements in compilation time and execu-

tion time have been noted, but also several malfunctions

in the optimizer have been reported. Further corrections

will be required before this version can replace the

compiler now in use; testing and evaluation is expected

to continue for about three months.

(d) COBOL 4.4

C.J. Tanner

A new version of COBOL, incorporating many cor-

rections released by CDC, has been installed on a permanent

file for testing. An optimizer has been added to the com-

piler; CDC claims a reduction of between 5% - 10% in central

processor time for execution of COBOL programs.
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(e) QUERY UPDATE

C.J. Tanner

A new CDC product called QUERY UPDATE has been

installed in the system. This is special purpose computer

programming language for file manipulation.

It can be used to modify records on a file, dis-

play selected recores or parts of a record from a file,

and produce reports. It is intended to be easy to use for

non-programmers.

(f) CRM Version 1.1

C.J. Tanner

A new version of Cyber Record Manager, the oper-

ating system module that provides a common interface between

all programming languages and the input/output system, was

installed on a permanent file for testing. This version

of CRM contains many corrections plus the following new

features:

(1) MULTIPLE-INDEX capability for Record Manager Advanced

Access files. This feature adds an alternate key pro-

cessing capability to Indexed Sequential, Direct Access

and Actual key files.

(2) Word address file enhancements. The code for WA files

has been rewritten to improve performance.

(g) MARC Stress Analysis Code

J.M. Blair and M.B. Riff

The MARC (Marc Analysis Research Corporation)

system of programs for thermal stress analysis was installed

on the CDC 6600 on 25 August 1975, and is being leased for

one year. The system is capable of solving a wide range of

structural mechanical problems, and is available to computer

users at all Company sites. It has already been used to
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compute the natural frequencies of vibration of the Glace

Bay Heavy Water Plant flare stack, and other immediate

applications are in the analyses of the superconducting

cyclotron, Pickering Generating Station rolled joints,

Pickering Generating Station tube sheets, welded joints

and nuclear fuel sheathing. A user training course was

held at CRNL on 22-26 September 1975 and was attended by

37 AECL employees and attached staff.

(h) PERT

P.Y. Wong

PERT (Program Evaluation Report Technique)

is a widely used program for project scheduling. The

present CRNL CDC 6600 version is basically a translation

of the old APEX/G-20 version (Atomic Energy of Canada

Limited unpublished internal report CRNL-426). A com-

plete rewrite of this program has been undertaken to

improve the program organization and efficiency and to

correct some errors in the generation of plots. The

report portion of the program has been completed and

tested, and the rewrite of the plotting section begun.

(i) MAC/RAN III

D.G. Stewart

A change has been made to MAC/RAN to allow

time series data to be read from a file other than the

job input file.

(j) FORTRAN Library

(1) Library Status

L.E. Evans

The AELIB revision described in PR-P-101: 5.2(i) (c),

AECL-4773 was continued. A new classification scheme for

routines in the library has been adopted, and analysts assigned

responsibility for the content of routines in each major
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category. In addition, error processing standards were

established and library routines prepared (with C.J. Tanner)

for error message handling. Also, facilities for providing

statistics on the usage of AELIB routines have been developed

(with D. McPherson). Lastly, standards for programming and

documentation of routines to be included in AELIB have been

set up.

(2) Plotting Routines

J.W. Wendorf and L.E. Evans

The new plotting routines described in PR-P-106:

5.2 (i)(d)(2), AECL-5256 were incorporated into a new

routine, SIMPLT, for simplified plotting of data graphs.

This routine is similar to the library routine, DEPICT,

but introduces semi-log and log-log plots, labelling of

plotting symbols and free-format input of plotting para-

meters. A document containing the write-ups for all the

new plotting routines was prepared and distributed to

interested users.

(3) Gauss Laguerre Integration

M.B. Carver

The library routine GALA calculates an error

controlled estimate of

r
Jo

Q f(x)e xdx

using 2n divisions with n£5. The upper limit of n=5 was

found insufficient, so the routine was expanded to use up

to 2 divisions. This problem is typical of the Gauss

routines, and a method of calculating, rather than storing,

coefficients for the quadrature formulae is being sought.

This would remove the fixed upper limit on the number of

divisions.
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(4) Integration of Large or Stiff Sets
of Ordinary Differential Equations

M.B. Carver

The Gear algorithm with sparse matrix techniques

for manipulating the Jacobian was added to AELIB In March,

and has since met with considerable success. Following

discussions with users here, and also C.W. Gear of University

of Illinois, A.C. Hindmarsh of Lawrence Livermore Laboratories,

and J.K. Reid of Harwell, the authors of the integration,

implementation, and sparse matrix components, respectively,

the routine has been improved somewhat, and published in

Atomic Energy of Canada Limited report AECL-5177.

(5) Routines for the Solution of Linear Equations

D.E. Smith and M.B. Carver

(a) General LU Decomposition Routines

Four routines from the Hindmarsh-Gear integration

algorithm have been made available for general use via AELIB.

In general, they attack the linear equation problem Ax = B

in two stages. In the decomposition stage, a decomposed

matrix equivalent to A is formed. In the solve stage

this is used on a vector B to form A B. The operation is

in two stages as solution for several vectors B can be per-

formed for each decomposition. The routines are:

DECOMP - decompose a square full matrix

SOLVE - operate on matrix B

DECB - decompose a banded matrix (specifiable bandwidth)

SOLB - operate on matrix B

(b) Symmetric Positive Definite Sparse Matrix Routine

Used in conjunction with the nonlinear routines

(see (6) below) is a routine PDSPARL which also solves the

linear equation problem Ax = B, but where the matrix A is

large, symmetric positive-definite and sparse. For such
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cases this routine is much faster than the general sparse

matrix routine SPARSE* PDSPARL has been adapted from the

Harwell library, tested, and added to AELIB. PDSPARL and

SPARSE also use LU decomposition.

(6) Routines for Solving Nonlinear Equations

O.E. Smith and H.B. Carver

While the AELIB subroutine library has several

routines for solving the linear equation problem, the non-

linear field was previously weak. A study of the require-

ments in the nonlinear field was made and a guide to the

choice of method for the solution of nonlinear equations

has been written. Routines available through the IMSL

library were tested and some routines from the Harwell

library were adapted to our system, tested and added to

AELIB.

The nonlinear repertoire now includes the following:

ZXPOWL(IMSL) - solve a function of N variables.

ZSYSTM(IMSL) - solve M functions of M variables M >_ 1.

NONLIN(AELIB) - solve M functions of M variables M > 1.

ZXMARQ(IMSL) - solve M functions of N variables. M can

be greater or less than N. If M > N, solve

in the least squares sense.

NLSPAR (AELIB) - solve M functions of N variables as above

where M and N are large and the resulting

matrices are sparse.

{7) Bessel Functions IQ(x), l±(x), KQ(x), K±(x)

B. Purcell and J.M. Blair

The AELIB subroutine AIKBES was rewritten to take

advantage of the improved approximations to IQ(x) and I ^

in Atomic Energy of Canada Limited report AECL-4928. The

new routines are faster and more accurate than their pre-

decessors.
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(8) Bessel Functions YQ(z), Y.

B. Purcell and J.M. Blair

Function subprograms have been written to compute

YQ(z) and Y^(z) for complex argument z. The routines give

at least ten-digit accuracy everywhere.

(k) IMSL Library

(1) Status

L.E. Evans

In August, the IMSL library was updated to

incorporate changes sent to us by IMSL for routines

BDCOUI, DVOGER, FTMAXL, ICSFKU, ICSFKV, MDTPOS/MDPOS,

NSK1, USWBSM and VPOLYF. Also a locally discovered

error in RLSUBM was corrected.

The usage of this library this quarter is heavier

than reported last in PR-P-106: 5.2(i)(e), AECL-5226. In

August, an average of 48 jobs per day used routines from

IMSL.

(2) Tests of „ 3L Eigenvalue Subroutines

B. Purcell and J.M. Blair

The IMSL subroutine EIGRS, which calculates the

eigenvalues and eigenvectors of a real symmetric matrix,

was applied to a number of test matrices with known coin-

cident and almost coincident eigenvalues. The results in

all cases tested were accurate tc full working precision.

(ii) CDC 3300 System

(a) Revisions to Plotting System

E.A. Okazaki

The program which transfers 6600-generated files

to the 3300 for plotting and the plotter driver have been

modified to count plot frames and report current frame

number and total number of frames to both user and operator.
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In addition, plot file re-positioning commands have been

added to allow positioning to any frame.

(b) Remote Job Entry System

J.P. Steljes and E.A. Okazaki

The re-write of the programs which handle printed

output for the RJE terminals has been completed. The new

version is more efficient, and is better organized so that

it is more amenable to further additions and changes.

The log-in protocol developed for dial-up access

from keyboard terminals (PR-P-106: 5.2, AECL-5226) has been

extended to incorporate dial-up access from an RJE terminal.

A formal log-in, with pass-word submission and validation,

will be required for these terminals beginning in October.

Log-in will continue to be automatic for RJE terminals

operating on dedicated lines.

(c) Keyboard Terminal System

J.F. Steljes

A number of new instructions have been prepared

for editing files at keyboard terminals. These include

substitution and addition of character strings within a

line (formerly a line could be handled only as a single

unit), and alteration of all lines containing a given

character string.

Instructions are also being developed which will

allow for concatenation of files followed by editing and

submission to the 6600 as a single file.

(d) Provision of Interactive Graphic Capability

G.N. Williams

It is planned to move the Computek 400/20 storage

tube display terminal from the serial telephone line on

which it is presently operating, to an input/output channel
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on the CDC 3300. This will permit some interactive graphic

capability to be supported.

A review is being made of hov: best this capability

can be implemented to satisfy existing and future CRNL

requirements.

(iii) DEC System-10

J.A. Edgecombe

Normal updating of Digital-supplied material con-

tinued. The May, June, July and August releases were incor-

porated in the system.

The monitor was upgraded to the 5.07B release.

Local corrections were made, and operation is reasonably

reliable.

The change-over to the inter-process communications

facility (IPCF) previously reported (PR-P-106: 5.2 (iii) (a),

AECL-5226) has progressed. The analog scanner program is

completed, and coding (but not testing) is completed for

the display and digital I/O interfaces.

The fast (experimental) scanner interface has

been completed; collaboration is continuing with the hard-

ware developer and the writer of the analysis package.

5.3 Random Number Generators for the CDC 6600

J.E. Mulvihill and J.M. Blair

The spectral test of a ccngruential random gener-

ator tests the distribution of points in 2-, 3-, 4-, ...

dimensional space, where the coordinates of the points are

successive pairs, triples, quadruples, ... produced by the

generator. A good random number generator distributes

points uniformly throughout the space, while a poor gener-

ator produces a non-uniform distribution. The spectral

test gives a quantitative measure of the goodness of a

generator for each order of dimensionality n.
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A program was written to calculate these measures

for any given multiplicative congruential random number gen-

erator for n=2,3,...,6 and results were obtained for the

AELIB generator RANL and the FORTRAN Extended compiler gen~

erator RANF. Both generators pass the test, with RMIL being

slightly superior overall. The previous version of RANF,

which was replaced at level 4.2 of the FTN compiler, was

found to give a very poor distribution in two-dimensional

space. Other generators were investigated, and several

were found to be superior to both RANF and RANL. A number
2

of standard statistical tests - x , serial correlation,

runs up and down, and Kolmogorov-Smirnow - were applied,

and the new generators were ranked according to the number

of failures resulting. The best generator found is given by

48
x n + 1 = axn(mod 2 ) , n-0,1,2,...

with a = 1907366429501 and x Q = 46912496118445. It scored

the highest in the spectral test, and it had the smallest

number of rejections on the other statistical tests of all

the generators tested.

5.4 FORSIM

M.B. Carver

A new release version of FORSIM is under prepara-

tion and includes the following features, which have now

been developed, but not fully documented:

(a) The sparse matrix implementation of Gear's algorithm

permitting the analysis of up to 2000 ordinary differ-

ential equations.

(b) A routine for the automated solution of two-dimensional

elliptic or parabolic partial differential equations

(previously the user's manual illustrated how the

user should do this, but the procedure was not auto-

mated) .
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(c) Routines to compute derivatives and apply boundary

conditions for PDE's of fourth order in space, thus

permitting multi-region, nonlinear vibration problems

to be solved easily.

Installation tapes for the FORSIM program were

sent out to Siemens AG, West Germany; Westinghouse Electric,

Madison, Pennsylvania; and the Taiwan Research Reactor

Project.

5.5 Heat Transfer Programs

(a) MESH

M.B. Carver

The mesh generation program for TRUMP was modified

to permit a larger number of nodes and to suppress node

numbering in the two-dimensional plotting. Some inaccuracies

in the computation of the geometry of communicating nodes

were detected and corrected. The program output was given

cosmetic improvement. The code is being used by J. Novak

of Fuel Engineering Branch and P. Rosta of Power Projects.

(b) FORM

M.B. Carver

Renewed interest in heat transients in handling

fuel bundles motivated a resurrection of the program FORM.

This calculates the shape factor between two neighbouring

fuel rods or between a rod and the shroud, evaluating the

shape factor.

. C C cos $.. cos 4>-j
F,, = 4- I. L =-s dA,dA
12 A, ./AT/A- __2 11 1 2 7TS

where A,,A2 are the surface areas, $i and §j
 a r e ^ e incident

angles, and s the distance between surfaces. Neighbouring

rods which may intervene are considered in the calculation

Given the emissivities E.,£-, the program also calculates

the form factor
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F12

The program has been rewritten and tested, and is now avail-

able. It has been used by J. Novak of Fuel Engineering

Branch and I. Radowsky of NPD.

(iii) CP Flask Iherapy Head Analysis

D.G. Stewart

The program TRUMP was used in the analysis of

the CP flask therapy head which was requested by W.R. Taylor

of Plant Design Division. The results for the therapy head

in a 1/2 hour, 800 C fire, show that the maximum lead temp-

erature will be acceptable (about 470°F).

5.6 Numerical Solution of Elliptic Problems

P.Y. Wong

Many time-independent problems in diffusion and

temperature distribution can be modelled by the elliptic

partial differential equation:

V2C + VC.VW = 0 (1)

where W is a known function of position. The above equa-

tion includes the well-known Laplace's or potential equa-

tion (W=0) and also those cases where W itself satisfies

the Laplace's equation (7 W = 0 ) . A typical example is

the constant flow problem:

V.J = 0

where J is the current vector of the form

J = VC + CVW

and 72W = 0
(3)

Depending on the boundary condition, (1) is com-

monly referred to as a Dirichlet (C is given at boundary)
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problem. Finding a solution of (1) is classically case-

dependent. For certain special cases, beautiful trans-

formation techniques leading to exact analytical solutions

are possible, but in real-life applications, these tech-

niques are rarely applicable.

We have attempted to solve (1) collectively,

rather than individually, under any mixed Dirichiet/Neumann

conditions. Following FORSIM (Atomic Energy of Canada

Limited report AECL-4844), the finite difference method

is used, but unlike FORSIM where an elliptic problem is

treated as a parabolic (time-dependent) problem, thus

requiring large amount of computer time, (1) is solved

directly- Because (1) is linear, the equation can be

efficiently solved. A computer program, ELIPTIC, has

been written for this problem.

For a test case where an exact solution is

available for comparison, the problem is completed in

less than two seconds whereas over 100 seconds is needed

using FORSIM on the CDC 6600. A report describing the

details of the mathematics and the test results has been

written.

The rate of hydrogen diffusion in a stressed

cracked medium {PR-P-106: 4.13, AECL-5226) has been

investigated using ELIPTIC. With 190 grid points, the

ELIPTIC results so far are comparable with those giver by

G.E. Lee-Whiting (Theoretical Physics Branch} which are

based on a more sophisticated semi-analytical method.

5.7 Large Integer and Rational Fraction Arithmetic

G.H. Keech

In the programming languages presently available,

there is a limit to the number of digits permitted in an

integer constant. For example, in CDC FORTRAN this limit

is 18 digits. Such a limit is sufficiently high for most
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problems of practical interest. However, K.B. Winterbon

(Theoretical Physics Branch) has become interested in

certain series where the generation of the coefficients

involves rational fractions. The arithmetic needed to

reduce answers to their simplest form may involve manipu-

lation of large integers. By large integers we shall

mean, say, those with 20 or more significant digits. It

is important to retain all significant figures in order

that symmetries, recurring patterns, and like features

can be detected.

The SNOBOL program LIRA has been developed to

handle Large jEnteger and Rational fraction Arithmetic.

Following a prescription, which is based on the simplest

set of FORTRAN rules, the user creates an input data file

for LIRA. These instructions are compiled and executed

in sequential order.

The six basic binary operations permitted on

integer constants are: ADD, SUBT, MULT, DIV, GREQUAL and

FACTOR. LIRA treats integer constants as character strings

of virtually any length. The integers are divided into

cells to minimize the number of "small-integer" operations.

Basically, the logic follows the rules for what may be

called long-hand arithmetic.

Particular functions for rational fractions are

defined in terms of the above basic set of integer func-

tions .

5.8 Numerical Evaluation of an Integral

W.N. Selander and B. Purcell

A method has been found and a subroutine written

to evaluate the integral which expresses the "folding" of

a Gaussian function with a Lorentzian function,
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• - E ) 2 / - - 2/-» -(E'-E)V-
KE.E ,t c) = I ^ , dE1

J-- I + (E'-E^2

The method is computationally simple and uses the formula

£ v2 N K2
f(x)e"x dx Y, f(nh)e~n n

n=-N

where h and N can be chosen to achieve the desired accuracy.

The integral can be evaluated analytically in terms of error

functions of complex arguments, but this form seems less

computationally convenient than the above approximation.

5.9 Separation of Heavy Water by Parametric Pumping

W.N. Selander and W.J. Edwards (General Chemistry Branch)

See PR-CMa-34? 2.4.1, AECL-5302.

5.10 Diffusion of Hydrogen in a Stressed Cracked Medium

G.E. Lee-Whiting (Theoretical Physics Branch) and D.G. Stewart

See PR-P-107r 4.11, AECL-5256.

5.11 Fusion/Fission Energy Systems

S. Kushneriuk (Theoretical Physics Branch), P.M. Carrey
(Reactor Physics Branch), and P.Y. Wong

See PR-P-107: 4.2, AECL-5256.

5.12 Data Reduction Programs

(i) Multiple Linear Regression to a Polynomial
in Several Independent Variables

D.E. Smith and L.E. Evans

The work described in PR-P-106: 5.9(i), AECL-5226

was continued. The original routines were generalized to

produce a weighted fit (weights being supplied for the

dependent variable). Also an additional routine was

written to provide estimates of the standard deviations of

fitted parameters and correlation coefficients of pairs of
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fitted parameters. A multiple linear regression package

describing the original routines was prepared and distri-

buted and is being updated to reflect recent work.

(ii) Analysis of Stress-Relaxation Data

B.V. Riff and J.M. Blair

None of the numerical methods of calculating

derivatives noted in PR-P-106: 5.9(ii)« AECL-5226 is adequate

for the stress-relaxation data under investigation, and

alternatives are being sought. A more detailed description

of the problem/ and of the results obtained so far, is

given in PR-CMa-34: 4.4.4, AECL-5302. The work is

continuing.

(iii) Analysis of Bent Beam Type
Stress-Relaxation Specimens

B.V. Riff and J.M. Blair

{See PR-P-106: 5.9(vi), AECL-5226.)

The following procedure is used to test whether

one of the data points (xi,yi), i=l,2,...,9 represents an

outlier. Delete the point in question, (x.,y.), from the

set, and fit a circle to the remaining eight points. Let

r^ denote the residuals of the resulting fit, and compute

s2 = i I r2

5 x

Then s is an estimate of the variance of r; based on five

degrees of freedom. Now compute the ratio |r-|/s, and com-

pare it to the 0.99 probability value of Student's t-

distribution with v=5. If the ratio is greater, the point

is considered to be an outlier, and is discarded

The procedure is applied to the nine points in

turn, and is capable of detecting a single outlier.
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(iv) PEKIN Printer Plot Routine

E.G. Long and G.H. Keech

A printer plot routine has been added to the

program PEKIN enabling the user to obtain plots of any

portion of the input spectrum desired.

(v) Photo Badge Dosimeter Data

E.G. Long

The program that processes dosimeter data

(PR-P-99: 5.8(ii), AECL-4657) has been rewritten to

improve program logic and handling of input data errors.

b.13 Information Handling Programs

(i) Bruce Heavy Water Data Programs

C D . Price

The programs and procedure for the Bruce Heavy

Water Data System were modified to reflect changes in the

SCOPE 3.4 operating system for the CDC 6600, and a report

has been prepared.

(ii) Computerized Leave System

C.J. Tanner

The Computerized Leave System being developed

for Personnel Branch started up on a test basis on 1 August

after a major rewrite. Experience with the system suggested

revisions of *.:he data record format. The revisions have now

been made and appropriate changes made to the programs

involved.

(iii) Catalogue Library Update Program (CLUP)

C D . Price

An existing COBOL program, written during May

1972 for the Design and Technical Services Branch Library,

has been revised. The program incorporates Report Writer

as well as Multiple Index Processor (MIP).
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The MIP allows an alternate index to be formed,

simplifying the interrogation phase of the program. The

primary index is used for update purposes only. Updates

to the primary key index are independent of the 'company

name1 alternate key. SORT is no longer needed to retain

primary key sequence, thus reducing computer memory required.

A QUERY UPDATE sub-schema was also created for

the Catalogue Library file, allowing for specialized

enquiries and other forms of reports to be generated.

5.14 Operations

(i) Dayfile Analysis Programs

C D . Price

An informal report, "Job Accounting Programs for

the CDC 6600 Computer System at CRNL", was issued to branch

members and P.C. Barnett, WNRE, and J.F. Blansche, Power

Projects. This report briefly describes all programs cur-

rently involved in daily and monthly computer accounts

processing as well as a detailed account of procedures

followed for analysis of the accounting DAYFILE.

(ii) Permanent File Enhancements

B.B. Ostrom

During this quarter a new set of procedures for

protecting programmer-created permanent files, and providing

apparent on-line storage for those infrequently used files

was adopted by the Computing Centre.
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(iii) Computer Use by Division

The following table is an analysis of the 70,129

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

Electronics, Instrument-
ation & Control

Advanced Projects &
Reactor Physics

Fuels & Materials

Administration

Medical

Finance

Operations

Maintenance &
Construction

General Services

Plant Design

Special Projects

Others

10,

6,

3,

1,

1,

9,

11,

11,

2,

3,

1,

3,

677

161

676

656

472

912

811

774

573

219

366

898

116

122

882

5

89

325

,314

81

(15.22%)

(0.23%)

(9.52%)

(5.21%)

(0.67%)

(2.73%)

(2.58%)

(13.94%)

(0.82%)

(16.00%)

(16.21%)

(1.28%)

(0.17%)

(3.03%)

(5.54%)

(0.01%)

(0.13%)

(1.89%)

(4.73%)

(0.12%)

153,

230,

148,

4,

60,

50,

462,

4,

447,

168,

5,

25,

66,

16,

26,

1,874.

781

810

355

467

498

323

231

660

368

987

347

950

222

678

549

0

184

853

631

455

357

.09

.22

.78

.01

.95

.60

.12

.34

.83

.35

.44

.47

.26

.61

.23

.91

.40

.32

.07

.04

.06

(8.

(0.

(12.

(7.

(0.

(3.

(2.

(24.

(0.

(23.

(8.

(0.

(0.

(1.

(3.

(0.

(0.

(0.

(1.

(0.

20%)

04%)

29?)

92%)

24%)

22%)

68%)

68%)

23%)

90%)

98%)

32%)

01%)

37%)

55%)

00%)

01%)

90%)

42%)

,02%)
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Publications, Reports and Lectures

Publications

THE FORSIM SYSTEM FOR AUTOMATED SOLUTION OF SETS OF
IMPLICITLY COUPLED PARTIAL DIFFERENTIAL EQUATIONS
M.B. Carver
Proceedings of International Association for Analog
Computation Symposium on Computer Methods for Partial
Differential Equations, Lehigh University, Bethlehem,
Pennsylvania, June 1975.

THE SOLUT7ION OF ID REACTOR KINETICS PROBLEMS BY THE
METHOD OF LINES COMBINED WITH AN ODE INTEGRATOR FOR STIFF
EQUATIONS
A.P. Baudouin (Applied Mathematics Branch) and M.B. Carver
Proceedings of International Association for Analog
Computation Symposium on Computer Methods for Partial
Differential Equations, Lehigh University, Bethlehem,
Pennsylvania, June 1975.

SIMULATION PACKAGES FOR THE SOLUTION OF PARTIAL
DIFFERENTIAL EQUATION SYSTEMS
M.B. Carver
Short Course, Proceedings of Simulation '75
Zurich, Switzerland, 23-26 June 1975.

THE CHOICE OF DISCRETIZATION FORMULAE IN AUTOMATED METHOD
OF LINES SOLUTION OF PARTIAL DIFFERENTIAL EQUATIONS
M.B. Carver
Proceedings of Simulation '75, Zurich, Switzerland
23-26 June 1975.

LIST DIRECTED I/O: SOME POINTS AND PROBLEMS TO BE AWARE OF
J.W. Wendorf
VIM Newsletter, No. 120, July 1975, p.58-65.

COMPUTING CENTRE NEWSLETTER, Vol. 2, Nos. 7, 8, 9
Editor: L.E. Evans

Reports

LEAST-SQUARES FITS TO WIND PROFILES MEASURED OVER SNOW
W.N. Selander
AECL-5252, August 1975

FAUTRAN: A FAULT TREE ANALYSER
P.Y. Wong
AECL-5182, July 1975
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Lectures

THE CHOICE OF ALGORITHMS IN AUTOMATED METHODS OF LINES
SOLUTION OF PARTIAL DIFFERENTIAL EQUATIONS
M.B. Carver
Presented at the American Institute of Chemical Engineers
80th National Meeting, Boston, Massachusetts, 7-10 September
1975.

GEAR'S ALGORITHM IN A PARTIAL DIFFERENTIAL EQUATION
SIMULATION PACKAGE
M.B. Carver
Presented at AERE Harwell, 8 July 1975.
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ACCELERATOR PHYSICS BRANCH

P.R. Tunnicliffe

6.1 staff

6.2 Nuclear Power Applications

6.2.1 High current Test Facility
6.2.2 Electron Test Accelerator
6.2.3 Fertile-to-fissile conversion Experiments

at TRIUMF

6.3 Research Applications

6.3.1 Fast intense Neutron source (FINS)
6.3.2 Heavy-ion superconducting cyclotron

6.4 Mechanical Laboratory

6.4.1 High Current Test Facility
6.4.2 Electron Test Accelerator
6.4.3 Fast intense Neutron Source
6.4.4 Heavy-ion Superconducting cyclotron
6.4.5 Reactor physics

6.5 Publications, Reports and Lectures
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6.1 Staff

BRANCH HEAD: P.R. Tunnicliffe

professional Staff Technical Staff

C.B.
J.C
B.G.
*W.T.
J-S.
L.W.
E.A
J.D.
S.B.
CR.
J.A.
R.M.
J.

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

J.

Bighatn
Brown
Chidley
Diaroond
Fraser
Funk
He ighway
Hepburn
Hodge

J. Hoffmann
Hulbert
Hutcheon
McKeovm
McMichael
Molson (1)
Orrarod
Schne ider
Schriber
Shubaly (2)
Ungrin

Mechan

J.E. Anderchek
R.J. Bakewell
R.J. Kelly

Laboratory Services

J.H.
J.J.

Hewitt
Murphy

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

Ardiel
F. B?.rd
Birney
Campbell
COX
DObbs
Geoffrey
Gillies
Hohban
Hood
Jones
Kidner
Kropar (3)
Metivier
Michel
Moore (4)
Poirier (5)
vokes
Weeden

N.I.G. Labrie
D.w. Warren
J.F. weaver

Summer visitor

D. Diehl (6)

Smarter students

D.M.F. Chapman (7)
P.D. Lefebvre (8)
J.T. Mowchenko (9)
R.J. Rahn (10)
R.J. Tront (11)

Secretarial Staff

Mrs. M.A. Trecartin
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* NRC Post Doctorate Fellow
(1) Attached from conunerc ial Products, South March.
(2) joined staff 15 July 1975.
(3) Waterloo student, resigned 22 August 197 5.
(4) Waterloo student, arrived 18 Aucjust 197 5.
(5) Transferred to Reactor physics, 14 July 1975.
(6) summer visitor from McMaster University, resigned

30 September 1975.
(7) Resigned 15 August 197 5.
(8) Resigned 15 August 197 5.
(9) Resigned 29 August 197 5.

(10) Resigned 5 September 197 5.
(11) Resigned 15 August 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

The injector was not operated for eight weeks of

the present quarter during the installation and commissioning

of the SUCCESS II computer control system which replaced the

SUCCESS I system; injector operation would have hampered

computer commissioning.

Prior to the shutdown, the second 45 switching

magnet and vacuum chamber were installed with a temporary

beam stop on the line leading to the Alvarez tank and an

emittance measuring unit (EMU) on the unswitched line.

Beams of 10 mA have been run to the beam stop and to the

EMU. Preliminary measurements on the EMU indicate that if

beam crossovers are avoided the emittance from the ion-source

increases by less than 25% through the accelerating column

and beam transport.

During the shutdown additional holes were drilled

in the principal aperture plate of the EMU and a Rogowski

coil was fabricated to measure the current pulse to the
o

deflecting magnet. Because the turn-off time of the 45

switching magnets (-v 5 s to decay to 1%) was too slow to
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avoid beam heating problems, a circuit was designed and

constructed to turn the magnet off more rapidly (̂  G.3 s>.

The entrance to the first bending magnet was modified to

improve cooling and permit higher beam currents to be

transported through the system.

b) Alvarez Linac

B.G. Chidley and J.C Brown

preparations for commissioning the rf source and

acceptance testing the A15039 triode are now well advanced.

With the exception of the high voltage crowbar and fast

protect systems, construction of control and instrumentation

essential for manual operation is complete. Commissioning

of the control and instrumentation is about half complete.

A fast protect system which initiates fast shut-

down of the dc supplies for the high power driver and final

rf amplifiers, was designed and construction is now about

half complete. The fast crowbar switches were redesigned

to improve reliability. The ignitron switch tubes used in

the developmental test stand were retained and are now

triggered by an SCR pulser which can be driven directly by

low-level signals from the protect devices, construction

of this system has just started.

The new solid state alarm and interlock panels

designed and constructed by the Electronics Branch for both

the rf power source and the linac were installed.

Commissioning of the interlocking and sequencing of

the low level rf chain by the rf alarm panel has now been

completed. Also commissioning of the dc metering for the

tetrode driver and triode final amplifiers has baen finished.
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Commissioning of the remote control units for operating the

modular dc plate power supplies in Bldg. 467, is m progress.

Turbine flowmeters were installed in the plate

cooling circuits of the trlode amplifier to provide

electrical flow signals for computer monitoring of triode

plate dissipation.

Construction of the linac continued. The dc wiring

for the beam line magnets and the high voltage feeds from

the ion pump controllers to the pump units were installed.

installation of digital and analogue signal cables between

the computer multiplexer and the alarm panels and the

conditioning amplifiers was completed.

Sub-units completed but not yet installed, include

the accelerator status lights and the multi-pen recorder

filter box. Modifications to provide remote metering,

warning lights and bells for the Nuclear Measurements Ltd.

gamma monitors were completed. A linac exclusion area

fence systetn was designed and constructed. installation of

both systems is in progress.

Detailing of the beam stop is now completed

although the drawings are being held until design details

of the cooling system are finisned. Design of the

temperature monitoring facilities is also underway.

c) Modular DC Power Supplies

J.C. Brown

The outdoor equipment of these units, which power

the rf supply for the Alvarez tank, required extensive

maintenance. The wooden frames which supported both the

high voltage and low voltage wiring had deteriorated badly
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and were replaced. The exposed polyethylene-insulated

wiring on the secondary side of the high voltage transformers

was replaced with tubular copper conductor. Stands were

installed under the current limiting reactors to avoid

flashover damage in wet or packed snow. Refintshing of the

current limiting reactors and metal cabinets was also

completed. The vacuum switches which had been damaged by a

flash arc in the switching cabinet for one of the modules

were repaired and replaced allowing module C to be made

available for the Alvarez triode application. Also, the

5 kv wiring in the switching cabinets was wrapped to avoid

flashover failures caused by moisture degradation.

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. McMiehael

The shorted electromagnet coil of the VA853M 100 kw

klystron, reported in PR-P-106,* 6.2.2(b) (AECL-5226)

resulted in a machine shutdown for the first 2 months of

the quarter. During this period, a 30 momentum analyzer

was installed at the end of the graded-^ structure, a new

electron gun was commissioned and the rf trip circuitry was

modified to reduce spurious rf trips. The new gun and the

trip circuit modifications have resulted in much more
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stable operation of the graded--.- accelerator structure.

During the lant month of the quarter the graded-p accelerator

has been operated routinely at stable accelerated beam

currents between 5 uA and 12 mA, with one high current test

at accelerated currents between 10 and 12 mA (15 to 18 kw

beam power) for a period of 1 hour with no accelerator

trips.

A number of experiments have been performed to

measure some of the characteristics of the graded--

structure. The momentum analyzer was used to measure the

beam energy and energy distribution at rf power levels from

20 to 44 kW. The momentum analyzer consists of a 30

bending magnet, high-power object and image slits, and a

high-power Faraday cup. The magnet was calibrated using

626 keV conversion electrons from a Cs source. Two

different object slits have been used, a 3 mm diameter

aperture which transmits up to 30% of the on-axis beam,

and a 1 cro by 1 cm square aperture which transmits up to

95% of the beam into the analyzing system. The image slit

is 1 mm wide and the momentum resolution has been calculated

at 1% for the smaller object slit. Figure 6.2.2.1 shows

the energry distribution obtained using both object slits,

for 32 kw rf power. The beam energy was also measured

calorimetrically to be 1.50 ± 0.06 MeV using a Faraday cup

on a 0 port of the analyzing magnet.

The general performance of the graded-& structure

is illustrated in Figure 6.2.2.2, which shows the average

energy, measured by calorimetry, and the percentage of the

injected beam transmitted through the 1 cm x 1 cm aperture
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Figure 6.2.2.1 Energy spectra of the beam from the

graded-0 structure with two different

object apertures on the magnetic analyzer.

at the end of the structure, as a function of accelerator

rf power- The beam transport and buneher phasing were

optimized for all points shown on this figure. The energy

distribution of the beam was similar to that illustrated in

Figure 6.2.2.1, for all rf powers from 24 to 44 kw? at

20 kw the energy spectrum is much broader with a half width

of 28%.

The transmission of the graded-3 structure as the

relative buncher phase is varied from the optimum is
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Figure 6.2.2.2 Average energy and beam transmission

versus accelerator tank sower dissipation,

illustrated in Figure 6.2.2.3. The upper curve is the

percentage of beam transmitted through the 1 cm x 1 cm

aperture, and is indicative of the beam that can be

injected into the 6 = 1 structure. The lower curve is the

percentage of beam intercepted by the aperture. The beam

is defocused as the phase is varied from the optimum. The

high acceptance of the graded-6 structure has been con-

firmed by measuring the transmission of the beam as a

function of the injection energy with the buncher inoper-

ative. This measurement is illustrated in Figure 6.2.2.4.
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Figure 6.2.2.3 Beam transmission and aperture current

as functions of phase shift between the

buncher and the graded-^ structure.



40

- Ill -

- I

- 30

cc

20 - I

I L I
40 50 60 70 80

INJECTION ENERGY (keV)

90

Figure 6.2.2.4 Beam transmission through the graded-5

structure versus injection energy with

no buncher.

The pea*, in the transmission curve at an injection energy

of approximately 75 keV corresponds to an acceptance width

of 180°. The results shown in Figures 6.2.2.2 to 6.2.2.4

were obtained with an injection voltage of 80 keV.

Further measurements on the graded-p. structure are

in progress and the results obtained are being compared

with the calculated performance obtained from the computer

code LINGUN.
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b) Rf power Supplies

J. McKeown

The electromagnet used by the existing VA853M

100 kw klystron was successfully repaired at CRNL. The

cause of failure was due to parallel coolant flow to the

five coils in the original design; the magnet has now been

modified to serial flow. The klystron was returned to

service in early August.

The first VA853M klystron S/N 101 purchased from

Varian arrived on 25th June but could not be tested until

the arrival of the electromagnet with the second klystron,

S/N 102, on 16th August. The first klystron was commis-

sioned over a period of four days when it ran successfully

at power levels up to 103 kw CW into a non-resonant water

load. The second klystron was run successfully up to 91 kw

with the limit imposed by breakdown in the Raytheon power

supply, unfortunately, four days after this high-power

run the vacuum pressure began to rise and subsequent

investigation revealed that the tube had developed a leak.

The klystron did not meet our acceptance tests and has

been returned to the manufacturer.

All mechanical work on the klystron test stand in

Bldg. 467 is complete. Detailed electrical design is

compifcsts and is presently being estimated. The electro-

magnet required to operate the two VA853 klystrons is

expected to be delivered at the end of September.
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c) Accelerator control systems

J. McKeown

The design of an "open-loop temperature graft" to

the AFC resonance control loop (PR-P-106, AECL-5226) has

been abandoned in favour of use of the computer for incre-

menting the oscillator control voltage to reduce the auto-

matic frequency control error signal on tank start-up.

This has uncovered a problem of loop interaction; the con-

trolled variable for amplitude control must be switched

from the tank field to the accelerator forward power during

the initial run up, otherwise the amplitude loop would

demand more klystron power when off resonance. The transient

caused by variable selection at high power is causing

klystron trips and this problem is presently being investi-

gated.

d) injector

W.T. Diamond, J.S. Fraser, J. McKeown and G.E. McMichael

A new electron gun has been put into service.

Figure 6.2.2.5 is a photograph of the assembly as used in

the injector beam line. It comprises alumina cylinders

metal-bonded to the electrode support rings by the

Ceramaseal Co. The same electrode structure as was

developed for earlier models is used. The principal

improvec.er.ts are the elimination of silicone-polymer

ceramic-to-metal bonds and several modifications to improve

the high-voltage characteristics.

At the beginning of the period, rf breakdown was

experienced with the buncher at power levels greater than
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Figure 6.2.2.5 photograph of the new metal-bonded ceramic

electron gun assembly with corona ring and

external silicone potting-compound container.
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a few watts. The exact nature of the breakdown, suspected

as multipactor ing in the buncher units, could not be

determined as the cavity design did not include a field

probe. The need for such a probe was reinforced by a

requirement to have an rf phase reference line which was

more directly related to the cavity field. Previously this

line was taken from the forward power port of the

directional coupler in the buncher power feed.

A stainless steel stub 2.18 cm in diameter, to

accommodate a probe, was nickel plated and brazed into a

hole machined in the circumference of the buncher cavity

at 90 to the existing power probe hole. This probe

confirmed that multipactoring was occurring in the cavity.

This was eventually cured by a well-known technique by

feeding 1 kw pulses from the VA853.M klystron.

This magnetic field probe in the buncher will now

deliver power levels up to one watt, sufficient for the

phase reference line prr-perly referenced to the buncher

cavity field.

e) Digital Data Acquisition and control System (ETACON)

J.S. Fraser and G.E. McMichael

Hardware:

Twice during the past quarter- the disk failed to

recover from power interruptions. No files were lost, but

operator intervention was necessary to resume data logging.

This has been a recurring problem since system delivery

but with an average occurrence of once a quarter, attempts

at correcting it have been unsuccessful. interdata now

propose to replace the entire disk drive and controller
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and the new units have been shipped. One other system

crash occurred from a software fault which has since been

corrected.

A Gould 5005A line printer (1600 lines/rain) has

been ordered with delivery expected in late October.

Life tests of the optical link controller for the

gun high voltage deck are continuing with no failures to

date. There is however a gain-drift problem which is

being investigated.

A fourth digital I/O bin has been successfully

commissioned, adding an additional 192 digital I/O lines

to the system.

Software:

Software effort over the past quarter was con-

centrated on the data logging and plotting package and

programs for beam momentum and emittance measuring.

The analogue data plotting program has been

modified to plot a function of two variables against time

(e.g. beam power can be plotted as the product of the

measured beam dump flow and temperature rise).

The beam momentum analysis program has been com-

pleted and debugged. It controls the 30 magnetic spectro-

meter and gives a plot of intensity versus momentum

(magnet current).

The emittance measuring display programs has been

debugged and a sample display with test data is given in

Figure 6.2.2.6. The emittance measuring hardware comprises

two adjustable slits, three steering magnets and a Faraday

cup. Two magnets are used to step the beam across the
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first slit, which is followed by a single steerer to steo

the beam passing through the first slit across the second

slit. The current through this final slit is measured bv

the Faraday cup. At present, the hardware is be m e

assembled and the control program for the steerir.j xaane'.

is being coded.

Figure 6.2.2.6 A sample display of the emittance data.

Included are a contour diagram of the

phase space density on th? x. x' plane

and projections on the x a.id x' axes,

the emittance diagram for 97.88% of the

beam and a curve of etnittance as a

function of fraction cf the bear, included
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b . 2 . 3 Fertile-to-fisslie conversion Experiments at TRIUMF

B.P. Pate, I.M. Thorson and F.M. Kiely (Sinion Fraser

University) with J.S. Fraser

Almost all of the effort during the reporting

period has been devoted to acquisition and installation of

the necessary equipment at TRIUMF to perform the neutron

leakage measurements. Measurements will commence as soon

as the cyclotron begins operation.

All components of the irradiation facility have

been received at TRUMP and have been installed in the beam

line. The target support, beam tube extension and monitor

box were each aligned with respect to the nominal beam

centre line within an accuracy of ± 0.010 in. The drive

system for moving the tank into and out of the beam line

has been installed and satisfactorily tested. The hardware

necessary to connect the beam line to the vacuum pump has

also been installed. Vacuum tests of the system indicated

a sufficiently low pressure for operation.

Construction of the lucite panel which holds the

gold foils used in the neutron flux measurements was com-

pleted. The panel permits foil spacings as small as 3 cm

along each axis. Cadmium covers may also be inserted with

the detector foils.

The irradiation facility is now ready to accept

beam. The beam transport will be optimized using a ZnS

scintillator screen in the target position viewed by a

small TV camera.

The 10 ft x 24 ft trailer has been installed beside

the existing SFU trailers at TRIUMF and is currently being

used for office and work space.
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tj • -• RESEARCH APPLICATIONS

6.3.1 Fast intense Neutron source (FINS)

J.D. Hepburn, B-G. Chidley and J. Ungrin

The commissioning of the 4 x 10 *" n s 14 y.eV

neutron source for the Biology Division is proceed m a in

Bldg. 610, using proton beams. The accelerator became

operational with beams of 1 mA at 200 kv accelerated intc a

temporary beam stop placed in front of the analyzing magnet.

Subsequently, beams of 6 mA (total beam; at 225 kv and i ~A

(total beam) at 295 kv have been passed through the 60

analyzing magnet and beam diagnostics devices to the

Faraday cup. The beam ion optics are satisfactory at these

levels .

The low current tests were done using a small (6 mm

diameter) plasma aperture plate installed in the duoplasrnatron

ion source. This has been replaced with an 8 mm aperture

for the next series of tests; the design value is 10 ram.

The reliability of the auxiliary power supply

package in the presence of high voltage sparkdowns is poor

above 250 kv so most of the operation has been below this

level- Modifications to improve the tolerance of the

auxiliary power supplies to sparks are being added and the

arc supply (which was che most frequently damaged one) has

b' en replaced with a mechanically regulated unit which

should be much more rugged.

The accelerator beam line is assembled as far as

the Faraday cup which is immediately in front of the

eventual target position. Beams are being dumped in the

cup during the trials. The target assembly is fabricated
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and being readied for installation. The tritiated target

drum has not been delivered-

6.3.2 Heavy-ion Sui^ucconducting Cyclotron

j. H. Ormrod

work on development and design of a superconducting

cyclotron for post-tandem acceleration of all ion species

to at least 10 MeV/nucleon continues.

a) Building for Experiments

D.D. ~raham (Civil and Mechanical Design Branch)

Bids are being evaluated for the enclosed model-

magnet pad structural steel.

Architectural drafting has started. Design of the

concrete to support the model is complete but drafting has

been postponed pending completion of architectural drafting

and some expected minor modifications to the pit.

b) Code Development

E.A. Heighway

TRIUMF; Pitting of the trim-rod fields to the

final POLICY corrections, &<B >, is inadequate for large

corrections and rod optimization had to be made iterative

within POLICY. The magnetic fields of the rods are

represented by profiles calculated by TRIM.

GOBLIN: A code ERROR has been written to calculate

mid-plane fields B , Bfi and dB /d« resulting from trio rod

axial, radial and azimuthal misalignments and mispositioning.

The current sheet approximation is used. GOBLiff has been

altered to accept these ERROR fields. The time dependent

equation of motion has been changed to remove the rotating
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coordinate frame. This much simplifies the algebra

associated with spiral gaps- Gaussian field profiles to

represent trim rods have been added to allow resonant

extraction calculations.

POISSON: This two-dimensional magnetostatic code

has been obtained from CERU and is running successfully.

The vector potential agrees with TRIM to better than l:10"".

It is •- 2 tiraes faster than TRIM and can calculate forces.

The graphics however are -. 2 tiraes slower.

GFUN3D: This code, received from RHEL via CERN,

has been run to completion but magnetization calculations

fail to converge, several differences are apparent between

the code received and that used to generate the received

test output.

c) cryogenic Systems

J-A. Hulbert

The helium liquefier has been run six times in the

current report period. Two of these runs were long produc-

tion runs, in each of which 400 litres of liquid were stored

in the 1000 litre vessel, & total of 315 litres have been

supplied to NSSP Branch during breakdowns of the NRU

lique^ier and 400 litres is at present held in stock. The

dean liquid boil-off rate over this period including trans-

fer losses and losses during insertion of small experimental

apparatus into the storage vessel, amounted to 3.95 litres

&er day.

Delays in the delivery of valves for the cylinder

manifold have forced operation with temporary piping and

deliveries Of the vacuum-insulated liquid nitrogen line and
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a special purifier buffer tank are still outstanding.

The insulation-test cryostat helium vessels have

been redesigned and rebuilt. The new vessels passed a

helium leak test at 78 K, and assent ly and test of the

cryostat is now proceeding.

Some carbon composition single-point liquid helium

depth gauge sensors have been made and tested in the 1000

litre storage vessel.

The preliminary layout of the magnet cryostat for

the cyclotron is now complete. The design features examined

in detail include injection and extraction channels, internal

piping, access holes through the yoke, magnet suspension,

cryopump location and assembly. The thermal audit, stress

audit and detailed design is now in progress, subject to

final decisions on magnet coil axial clamping and the

precise position of the extraction channel.

Two cryopanels mounted in the upper valleys con-

taining the dee webs, with dummy panels in the "webbed"

lower valleys for rf balance, should provide a pumping

speed for air of about 3500 litre/s. A cryopanel

design under development would occupy about 5 cm of the

valley depth, between the 30 cm radius and the skirt.

d) Magnet

(i) ispehronism

E.A. Heighway

A pole shape and skirt profile have been found to

give an isochronous field for 10 Mev uranium 33+ to within

± 0.5 mT from 185 mm to 615 mm. Further changes may be

required at outer radii to aid extraction and at inner
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radii to raise - for ions with injection radii . 150 r-sn.

The optimization of the trim-rod azirauthal and radial

positions has been slowed by difficulties in the code TRIUMF.

Large v oscillations and poor convergence to isochromstnz

have had to be overcome by code modification, constraints

on rod amplitude and split coil current division remain to

be added.

(ii) Yoke

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

Quotations for the octagonal magnet yoke have closed

and the bids are being evaluated.

Calculations (with D. Diehl, McMaster University)

of raidplane deflection from the large magnetic forces have

shown that a reduction in the midplane gap of less than

1 mm can be expected.

The effectiveness of the ultrasonic inspection of

the pole material, as proposed by the suppliers, is not

certain; some tests are to be conducted at CRSSL to see if

voids deep inside thick steel plate can be detected.

Some mociifications have been made to the lower pole

jacking system (more power) and new quotations on components

have been received. The upper pole jacking system has been

replaced by a system of rigid pole guides to reduce con-

gestion on the yoke top. The low speed crane will be used

to raise and lower the pole.

(iii) Trim Rod Drive

Q.A- Walker (civil and Mechanical Design Branch)

Two experimental rod drive mechanisms are being

made. Both are compact gear drives operating a screw thread



- 124 -

for vertical rod motion. The commercial spur-gear version

is now ready for testing and the CRNL-built harmonic drive

unit is waiting for a bearing. This unit uses a stepping

motor for positioning,'consequently no further work has been

done on separate position indicators.

(iv) Superconducting coils

H.R. Schneider

1) superconductor

An order has been placed for 15,640 metres of

superconductor required for the magnet coils. Delivery is

expected near the end of March 1976,

The conductor is a soft soldered composite, it

consists of a rectangular backing strip, 4 mm x 17 mm in

cross section with a groove centrally located in one of the

broad faces, and a rectangular multifilament superconductor

which is soft soldered into the groove.

The soldering line to produce this conductor has

been set up by the superconductor manufacturer and tests to

optimize the soldering procedure are in progress.

2) Coil Winding Facility

The magnet coil will be composed of an assembly of

sixty-four flat spiral coils (pancake windings). One con-

tinuous length of conductor will be used to wind a pair of

pancake coils, thus allowing all connections between windings

to be made on the outside of the coil.

A winding facility consisting basically of a con-

ductor supply reel support, tensioner, and variable speed

winding table has been built and installed in Bldg. 467.
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3) Short Sample Teats

Prior to winding the coils, each length of super-

conductor will be tested to verify that it meets the

critical current specifications of 3400A in a 4T transverse

magnetic field. The magnet system for these tests,

described in PR-p-105 (AECL-512I), has been received and is

being prepared for testing.

e) Accelerating Structure

C.B. Bighara

The design of the full-size rf structure has been

sketched. It now requires more detailed information on

other components before detailing.

The Collins 205G-1 20 kw amplifier is complete

except for an auxiliary blower and fiberglass cooling

chimneys - both items are now on order. The driver and

safety circuits are being set up and tentative arrangements

have been made for commissioning assistance from Collins

Radio.

A high-power quarter wave resonator with sliding-

short tuning has been built for initial tests of control

and safety circuits. It will also provide experience with

sliding spring^finger contacts at current densities

approaching the cyclotron design requirements of 50 A/cm.

fy Foil changer

D. Beaulieu (civil and Mechanical Design Branch)

A conceptual design is under study for the

foil-changer mechanism.

The mechanism consists of a standard chain conveying
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the foils to a location inside the dee. The locator is in

turn driven fay ball-screws. All the manipulation {i.e. foil

changing) is performed on top of the dee-system.

Rf shielding for the foils is provided by the

locator.

g) Extraction

CR.J. Hoffmann

Development: of the magnetic-channel field mapping

program EXMAP con.inues. Preliminary maps of the channel

interior have been obtained. The code has been extended to

calculate channel perturbation fields in the acceleration

region of the cyclotron midplane but GOBLIN has not yet

been adapted to accept this additional field.

Resonant extraction calculations at v = 1 (using

GOBLIN) for a 10 Mev/u uranium beam (maximum <B> ~ 5T) and

a 50 Mev/u carbon beam (maximum <B> ~ 3T) are underway.

First harmonic magnetic field amplitudes of -v 0.015% (with

phase adjusted to enhance radial momentum as well as turn

separation at the deflector entrance) combined with one 30

electrostatic deflector appear adequate to deflect the

beams into a magnetic channel located ^ 110° downstream

from the deflector. The electrostatic deflector is in a

valley, i t s maximum deflecting field is < 130 kv/cm.

Some magnetic field shaping between the deflector and

magnetic channel would be desirable to reduce radial

defocusing.

Orbit scalloping calculations for the above beams

plus carbon 8 Mev/u show that a deflector aperture of ^ 1 cm

should be adequate.
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h) Beam-pulse Transit-time Variations in the MP Tandem

J.S- Fraser, et al.

See PR-P-107: 2.20.

6.4 MECHANICAL LABORATORY

J.E. Anderchek

The Mechanical Laboratory operates the machine

shop and furnaces in Bldg. 14 5 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 97.5%

Reactor Physics Branch 2.5%

6.4.1 High current Test Facility

A new water-cooled beam entrance aperture was

fabricated and installed into the second 45 bending magnet

vacuum chamber. Repairs were made to the beam dump inside

the chamber.

Changes were made to the principal aperture plate

and to the pulsed magnet supports for the emittance measuring

unit, several new titanium cathode elements were manufactured

for a 500 -t/s ion pump.

Components were manufactured for the bellows

section of the transmission line together with light pipe

mounts for the triode and a special teflon ring for the

dummy load.



- 128 -

6.4.2 Electron Test Accelerator

The buncher cavity was modified to include a

diagnostic probe and three leaking apertures were re-made

and brazed to the cavity.

Three complete wire scanners with housing were

fabricated for this program.

Corona shields and lucite gun housings were made

for two gun assemblies along with miscellaneous hardware

for the beam line and the waveguide run.

6.4.3 Fast intense Neutron Source

Fabrication effort and assembly assistance were

spent on the beam diagnostics tank consisting of a collimator,

quadrant aperture and Faraday cup. components for a beam

current profile monitor device were fabricated also for the

beam diagnostics.

Small modifications were made on vacuum plumbing,

ion source, APS box components, and HV cable components.

Several corona shields for the high voltage power supply

were fabricated.

6.4.4 Heavy-ion Superconducting cyclotron

Various tools for making mechanical clamps and

inter-turn insulation for the SCC magnet have been buil t .

These include a mold for making epoxy-fibreglass coil

clamps and a mylar film s l i t te r ,

An adapter for a tensile test machine was made

to enable mechanical tests at cryogenic temperatures.

Modifications were carried out on the insulation-test

cryostat and liquid helium transfer tube adapters were

manu f ac tur ed.
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A nickel trim rod model and load transducer were

constructed for studies of magnetic forces on the trim

rods. Several iron specimens for saturation magnetization

measurements were made.

6.4.5 Reactor Physics

ZED-11 Reactor

A special sheath slitting jig for plutonium oxide

and uranium oxide fuel was fabricated.

An adjustable absorber rod and a fission chamber

calibration jig were also manufactured for this reactor.

Slowpoke

A special foil irradiation fixture was fabricated

and assembled for this reactor.

Counting Room

Components for a photomultiplier preamplifier in

a scintillation counter were manufactured.

6.5 Publications, Reports and Lectures

publications

HIGH POWER INDUSTRIAL HEATING MAGNETRON DEVELOPMENT
C.B- Bigham and M. viant
Journal of Microwave power 10 (2), 233 (1975).
Atomic Energy of Canada Limited publication AECL-516G.

BEHAVIOUR OF A TOROIDAL PLASMA IN A ROTATING MAGNETIC FIELD
M.R. Shubaly and H.M. Skarsgard
Plasma Physics 11* 637 (1975).

A STUDY OF A SUPERCONDUCTING HEAVY ION CYCLOTRON AS A POST
ACCELERATOR FOR THE CRNL MP TANDEM
Editors: J.S. Fraser and P.R. Tunnicliffe
Atomic Energy of Canada Limited publication AECL-4913
August 1975.
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Lectures

TECHNICAL FEASIBILITY OF A HIGH CURRENT ACCELERATOR FOR
A (p,n) OR (d,n) NEUTRON GENERATOR
B.G. chidley, J.H. Ormrod, J. Ungrin, J.c. Brown
Paper presented at the International Conference on
Radiation Test Facilities for the CTR surface and
Materials Program, Argonne National Laboratories, Chicago,
July 15-18, 197 5.

THE CHALK RIVER SUPERCONDUCTING HEAVY ION CYCLOTRON
J.H. Ormrod
Paper presented at the Swiss institute for Nuclear
Research, 6th international Conference on Cyclotrons,
Zurich, Switzerland, 19-22 August, 1975.
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