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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

The accelerator availability showed substantial

improvement over the last quarter owing to marked reduction

of unscheduled shutdowns. Failure of ion source power

supplies continues to be the major cause of lost operating

time.

Experiments running 1291 hours 57.9%

Scheduled shutdowns 439 hours 19.7%

Unscheduled shutdowns 502 hours 22.4%
2232 hours 100.0%

A study of ways to increase beam transmission

is underway. Several new pieces of equipment to aid

beam monitoring have been developed including a beam

direction monitor, and an improved beam current integrator.

Ion source development is being facilitated by a beam

emittanca measuring system.

Fourteen experiments were performed involving

CRNL and 10 visiting scientists. The visiting scientists

were involved in experiments occupying 56% of the beam

time and their participation averaged 34%.

Research Activities

- 43

Magnetic moments of mirror 19/2 states in Ti

and 43Sc have been measured and, along with moments of other

states of related shell structure in neighboring nuclei,

present remarkably good, perhaps fortuitous, agreement

with a simple model.
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An attempt is being made to study delayed

fission in Pu and 2 3 9Pu following bombardment of

2 35u and 2 3 8U with 4He ions.

In collaboration with scientists at TRIUMF a
238

study is being made of muon-induced fission of U.

Measurements by crystal blocking of fission

lifetimes of compound nuclei in Hg and Pb produced by

12C and 0 bombardment of W are continuing.

Good use is being made of the recently discovered

super-strong transient magnetic fields produced when nuclei

recoil at high velocities in magnetic materials. In one

such experiment an enhanced transient field has been

observed for Tm ions recoiling in iron and in another,

magnetic moments (g-factors) of high-spin states have been

measured in Yb isotopes.

In collaboration with scientists at University

of Washington, Seattle, magnitudes of certain weak

(isospin forbidden) modes of particle emission have been

extensively studied in light elements and, based on the

results, a model has been devised which accounts well for

systematic trends.

1.2 Accelerator and Applied Physics

Research Applications

The fast intense neutron source (FINS) has been

reassembled in a shielded room in Biology and Health

Physics Division and has been tested with proton beams up

to 40% of design current. The ion source test stand is

being used to test sources for FINS with improved anode

cooling and various extraction electrode designs.

The heavy ion cyclotron modelling program

included the following developments:



- The 170 tonne steel yoke has been received and the

inspection is approximately half complete. The

critical trim rod hole position tolerances on the

lower pole have been met," the upper pole mer-ruromonts

are in progress.

- The flutter poles, vacuum cryostat and helium cans

have been ordered.

- All of the superconducting pancakes have been wound

\ and the assembly jig for stacking them into coils is

being installed.

- Approximately half of the mechanical assembly for the

field measuring apparatus has been detailed and

fabrication has begun.

- Thirty of the forty flip coils have been wound.

- Most of the ground plane of the rf accelerating structure

has been built and work has begun on forming the dees.

- Optimization of the beam transport system between the

MP tandem and the cyclotron is continuing.

- Work on the computer-aided control system is proceeding

satisfactorily.

Nuclear Power Applications

Modifications to the 750 kV accelerating column

of the High Current Test Facility were made which permit

satisfactory operation at 45 mA. The excitation mode

problem which has limited high power operation of the rf

system has been traced to the cooling channels in the

output tube itself. Replacing the cooling water with

another fluid with a lower dielectric constant may avoid
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this problem. The Alvarez tank has been aligned and

vacuum tested and field measurements by a bead pull

technique have begun.

A major landmark was reached with the Electron

Test Accelerator when a beam was accelerated by both

structures for the first time. Two klystrons failed

during the period and work is in progress to determine if

another failing klystron can be reactivated to qualify as

a spare. The design of a new high power structure with

in-line couplers is well advanced and two models will be

built to study electrical and mechanical properties

before the design is complete.

A duoPIGatron ion source suitable for high

current accelerator applications is being developed.

In the fertile-to-fissile conversion experiments

sixteen more experimental runs on leakage-neutron yields

from various target configurations were made. The

experimental data from these and previous runs are being

reanalyzed with improved methods to better estimate the

neutron absorption in the water tank. Preparations for

direct conversion-rate measurements continue.

Fusion reactor neutronics calculations have

been extended to include blankets of specified geometry
232

containing, among other things, lithium and Th. The

calculations give the buildup with time of various isotopes

including 2 3 3U.

A study was made of the potential usefulness of

the electron test accelerator in exploring the free electron

laser concept recently demonstrated at Stanford.

1.3 Solid State Physics

Neutron inelastic scattering results from solid

CBr4 in its plastic-crystal phase are unusual in showing

both sharp peaks characteristic of a typical solid and a
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broad peak characteristic of a typical liquid. Analysis

implies the molecule is almost freely rotating.

Crystal vibrations near a 45.5 K phase transition

in K2OsClg are being studied in collaboration with

scientists from University of Toronto with the object of

determining in detail the changes in dynamical behaviour

occurring at the phase transition.

Work on the properties of liquid 4He continued

during the quarter involved an experimental study of

excitations near the superfluid transition temperature

and efforts to extract more precisely the effective

potential between atoms at large separations.

The vacancy formation energy in iron has been

measured by positron annihilation techniques.

Work continues to improve the crystal growing

apparatus to make CdTe single crystals for detector

applications.

1.4 Applied Mathematics and Computation

Work continued on the acoustic analysis of the

system of steam mains in the Gentiliy-1 reactor. Doppler

and friction effects have been included in the model, and

calculation of the frequency response of the modified

model is underway.

Rational minimax approximations for the Bessel

functions J Q , J1# YQ and Y± have been determined, and

approximations which give full relative accuracy have been

obtained except near zeroes in the asymptotic region.

Alternative forms of approximation which give full accuracy

in the neighborhood of these zeroes are being sought.

A new version of the simulation system FORSIM

has been completed and tested. This version contains a

number of new features, such as the facility for integrating
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three-dimensional partial differential equations, as

well as substantial improvements to other features.

FORSIM has been used to obtain numerical solutions of

the equations describing flow-induced molecular

orientation, and is being used in a simulation of the

stresses in the Pickering calandria resulting from

interaction with the end shields.

A study of methods for the integration of

hyperbolic differential equations was undertaken. Both

hybrid and digital computer techniques were used, and

a number of new approximating functions were developed,

leading to improved capabilities for handling hyperbolic

equations both by FORSIM and by the hybrid system.

The routines for integrating ordinary differential

equations in the CRNL mathematical subroutines were

reviewed and assessed, and new routines developed to

eliminate a number of deficiencies found.

Miscellaneous programs and subroutines developed

or modified during the period included:

- A regression analysis of temperature, energy demand

and occupancy data for Forest Hall, to be used for

prediction of electrical demand, was completed.

- Extensions were made to a model of the dependence of

fuel element porosity on temperature and burnup.

- A program for the estimation of atomic force constants

from crystal dynamics data was written.

- The choice of starting values for the spectrum fitting

program JAGSPOT was improved.

- Analysis of the performance of various designs of

shipping flasks in fire accidents was completed.

- Programs were written for General Accounting Branch

to assist in producing reports of expenditures by

Branch and by Work Projects.

- A subroutine for interpolating in a set of points and

plotting dashed lines through the points was developed.
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A major revision to the mathematical subroutine

library for the CDC CYBER 170/6600 system was made in

August. This revision added nine new routines, and corrected

errors or deficiencies in seven others. In addition,

installation of the mechanism for gathering statistics on

subroutine usage was completed for the remainder of the

library.

Development of a device-independent graphics system

continued. Alternative versions of plotting routines, which

generate the generalized graphics file, and a program to

convert the generalized file to a standard plot file have

been written and are being used on an experimental basis.

During the quarter, the total workload of 82,016

jobs for the 6600/170 system originated as follows:

Percentage of Percentage of
Number of Jobs Total Utilization

Computing Centre
Heavy Water Projects
Power Projects
WNRE
Contracts
Technical Information

& University Relations
Biology & Health Physics
Chemistry & Materials
Physics
Electronics, Instrument

& Control
Advanced Projects &

Reactor Physics
Fuels & Materials
Administration
Medical
Finance
Operations
Maintenance & Construction
General Services
Plant Design
Special Projects
Others

21.72
0.59

14.58
3.19
1.15

2.40

2.32
4.57
8.73

0.73

13.98

13.67
0.87
0.36
2.09
4.41
0.00
0.18
1.31
3.07
0.06

7.87
0.03

24.38
8.24
0.86

0.62

0.73
12.44

7.30

0.29

23.56

8.37
0.19
0.01
0.50
1.22
0.00
0.04
2.37
0.96
0.01
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Nuclear Physics Branch

J.C.D. Milton
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2.1 Staff

Branch Head: J.C.D. Milton

Professional Staff

SECTION I

J.C.D. Milton

Technical Staff

Accelerator Group

T.K.
G.C.
W.G.
T.

A.J.
J.S.
J.C.
0.
D.

K.P.
A.B.
D.

Alexander
Ball
Davies
Faestermann
Ferguson
Forster
Hardy (2)
Hausser
Horn (3)
Jackson (4)
McDonald(5)
Ward

SECTION II

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

Graham
Andrews
Geiger (6)

(1)

Beta Ray Group

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

A.S.C.
K.T.

J.P.D.
A.R.
F.J.
R.A.
R.B.
E.G.
D.J.

W.L.
L.V.
R.B.

Barsczewski
Bray
Brown
Bucholtz
Gallant
Hill
Howard
Hyde
McKee
O'Dacre
Rutledge
Sharp
Surette
Tomlinson (7)
Wai to
Yaraskavitch

Perry
Smith
Walker

SECTION H i Radioisotope Standarization Group

J.S. Merritt F.H. Gibson

Students & Visitors

J.A.
E.T.H.

B.
W.

Atkins (8)
Clifford(9)
Cujec (10)
Gibson (11)

(12)V. Koslowsky
N. Rud (13)
R.E. Warner (14)
M.N. Wightman (15)

Laboratory Services & Workshop

G.M. Boire
M. Desrochers

C.S. Johnson

Secretarial Staff

J.R.H. Bowes
S.M. Carlos
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(1) Postdoctoral Fellow: returned to University of Munich
17 August

(2) On leave of absence at CERN, Geneva, Switzerland; returned
26 September.

(3) Postdoctoral Fellow.

(4) Left 8 August for TRIUMF

(5) Visiting Scientist at University of Washington, Seattle
from 15 June to 22 August.

(6) Returned from University of Rochester on 4 July

(7) Resigned 2 August

(8) Summer student: resigned 2 August

(9) Graduate student attached from the University of Toronto

(10) Visiting professor from Laval University; arrived
12 September

(11) Visiting professor from State University of New York at
Albany from 11 July to 5 August

(12) Summer student from University of Waterloo; resigned
19 August

(13) Visiting professor from Aarhus University; resigned
31 August

(14) Visiting professor from Oberlin College; returned
19 August

(15) Student from University of Waterloo; resigned 12 August.
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ïï - 43 4 3
2.2 Magnetic Moments of J = 19/2 Mirror States in Ti and Se

O. Hausser, I.S. Towner (Theoretical Physics Branch),
T.K. Alexander, T. Faestermann, D. Horn, D. Ward and
H.R. Andrews

The magnetic moments and Gamow-Teller matrix elements

for nuclei at the beginning of the fp-shell are of particular

interest. Because of the shell closure (both in LS and jj

coupling) first order corrections vanish and the observed

matrix elements might thus be more easily interpreted in terms

of core polarization and meson exchange corrections.

In a recent experiment at Argonne (Meyer-Schut2meister
- 3 43

et al., private communication) a 19/2 (f_,2) state in Ti was

found. We have measured its magnetic moment and redetermined
43

that of the mirror state in Se (Nakai et al., Phys. Rev. Lett.

22 (1971) 155) using the time-differential spin rotation method.

Both isomeric states were populated simultaneously by pulsed
A Aft A A'i 40 4

beams of 21 MeV He, with the Ca( He,p) Sc and Ca( He,n)
43 2

Ti reactions. A relatively thin Ca target of -v 10 mg/cm
43

was used to enhance the yield of high-spin states. The Ti
43isomer was populated with only 1/30 the intensity of the Sc

isomer, and only its two highest energy deexcitation gamma

rays (1094 keV, 1858 keV) could be clearly observed. Low

energy gamma rays were suppressed by the use of Pb absorbers

in front of the Ge(Li) detectors.

From fits of the observed time distributions we
43obtained the following half-lives and g-factors: Ti: t./o =

41 '

560 ± 6 ns, g = 0.760 + 0.001; Sc: t 1 / 2 = 473 ± 5 ns; g =

0.3286 ± 0.0007. The g-factors contain corrections for dia-

magnetic and Knight shifts and the uncertainties shown include
43

those in the time and magnetic field calibrations. The Sc
g-factor is in excellent agreement with the previous result g =

0.331 ± 0.002 (Nakai et al., loc. cit.).

In Table 2.2.1 we have summarized the known g-factors

of (f? , _ ) n states in mass 41-43 nuclei and compared them to a

calculation that uses effective g-factors and estimates con-



Ca

41Se

Table 2. 2.1

g-factors of (f_ / 2)
n States in Mass 41-43 Nuclei

Nucleus J

41

gSchmidt Appro*.Aa) Approx.Bb)

7/2

7/2

-0.547

1.655

-0.456

1.551

43Ti 19/2'

-0.456

1.551

42Ca

42Ti

43Sc

6+

6+

19/2"

-0.

1.

0.

547

655

265

-0.

1.

0.

402

486

342

-0

1

0

.419

.504

.323

'exp

-0.45560 ± 0.00003

1.5514 ± 0.0057

-0.415 ± 0.015

0.844 0.742 0.761

0.331 ± 0.002

0.3286 ± 0.0007

0.760 + 0.001

Reference

Brun et al.
Phys.Rev.Lett.
9_ (1962) 166

Sugimoto et al.
J.Phys.Soc.Jap.
34 Suppl. (1973)158

Young et al.
Phys.Rev.Lett.
35 (1975) 497

Nakai et al.
Phys.Rev.Lett.
22 (1971) 155

Present work

Present work

i

a) the effective g-factors g p = 4.86
S

the mass 41 cases.

b) the effective g-factors g p = 3.96

to fit the mass 41 cases.

= 1; g_ = -3.19 g = 0 were chosen to fit
S X,

= 1.15; g" = -2.29 g n = -0.15 were chosen
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figuration mixing by the Kuo-Brown interaction. We note

excellent consistency of all measured g-factors with this

simple model and the two sets of effective g-factors shown in

Table 2.2.1. The better agreement with the anomalous orbital

g-factors in approximation B may be fortuitous because both cases

depend strongly on the Kuo-Brown interaction being correct.

It is also noted that the effective g-factors deviate much more

strongly from the Schmidt values than observed in the mass 15-

17 nuclei. This qualitative difference has been associated

with the greater importance of deformed particle-hole states.

The estimates of this effect to date (cf. T. Erikson, Phys.

Lett. 43B (1973) 453) predict a strong decrease in the admixture

of deformed states in going from mass 41 to mass 43. Such a

trend is however inconsistent with the observed mass dependence

of g-factors as shown in Table 2.2.1. A satisfactory explanation

of the different behaviour of g-factors in the oxygen and calcium

regions is apparently not yet at hand.

2.3 New Isomeric States in 2 0 3Bi and 05Tl

C.J. Herrlander (Research Institute of Physics, Stockholm),
0. Hausser, T.K. Alexander, T. Faestermann and D. Horn

We have searched for isomeric states in Bi and Tl

isotopes by bombarding isotopically enriched targets of
200,202,204Hg wifch p u l s e d 7hi b e a m s . T h e T l s t a t e s a r e

weakly populated by the ( Li,axn) reaction. Attempts to

locate the gamma decay of predicted 12~ isomers in Tl

were unsuccessful because of background from radioactive decays.

In Tl a high-spin isomer was observed when bombarding Hg

with 36 MeV Li. The half-life of this isomer, whose gamma

decay was recently observed at Stockholm, was found to be

several microseconds. Analysis of the data is in progress.

Two new isomeric states were found when bombarding
200 7

Hg with 34-37 MeV Li. One of the isomers has a steeply
rising excitation function and is therefore attributed to the
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Hg( Li,4n) Bi reaction. The isomer decays by at least 8

gamma rays exhibiting a common half-life, t w o = 184 ± 5 ns, and

g-factors 9 u n c o r r e c t ed
 = 0.266 ± 0.004. We strongly suggest

that the isomer is the (202Pb(9~) x hg / 2) 25/2
+ state for which

we calculate a g-factor of 0.260. The isomer is similar in

structure to the 182 ys 21/2 state in Bi which arises from
— 2 Ofi

the coupling of a h g ,„ proton to the 7 isomer in Pb (Bergstrom

et al., Phys. Rev. 181_ (1969) 1642).

A second isomer was identified by a decay gamma ray of

751 keV showing a half-life of ^ 25 ms. The origin of this

isomer is not yet determined.

A Study of He Induced Delayed Fission

T. Faestermann, 0. Hausser, T.K. Alexander, H.R. Andrews,
D. Horn, J.C.D. Milton, D. Ward and J.L. Gallant

A first attempt was made to measure the g-factors of
237 239 4

fission isomers in ' Pu by using ( He,xn) reactions on
235 238thick targets of ' U. To minimize relaxation of the

nuclear alignment a technique was developed to keep the target
o 4

in a molten state (1200 C) . The quality of the pulsed He
beams was found sufficiently high to observe delayed fission in

e
7

237 239both Pu and Pu. However, the ratio of Coulomb scattered

alpha-particles to delayed fission events was typically 10

and there was a large probability of alpha pileup in the sur-

face barrier and gas scintillation detectors used. Since

scattered alpha-particles produced sizeable signals in both

detectors, the pile-up events obscured the real ones. It is

hoped that the use of an improved detector system now under

construction, which consists of several parallel plate avalanche

counters, will substantially speed up the data collection rate.
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23 8
2.5 Muon-Induced Fission of U

S.N. Kaplan (Lawrence Radiation Laboratory, Berkeley),
G.A. Beer, J.A. Macdonald, A. Olin, R.M. Pearce (University
of Victoria and TRIUMF), 0. Hausser and J.C.D. Milton

The recent tentative identification of a strong radi-

ationless population of a fission isomeric state in muonic

U (Fronun et al., Nucl. Phys. A278 (1977) 387) and the ap-

parent discrepancy between the lifetimes from y-decay and

from fission (S.D. Bloom, Phys. Lett. 48B (1974) 420) has
~~~~~ 238

renewed interest in studying muon induced fission of U. It

is possible that a strong population of the isomeric state may

introduce an observable second decay component in the prompt

y-fission time distribution. In searching for it we observed 2 x
4

10 events using the ir-y channel at TRIUMF. A time-resolution
of ^ 2 ns was obtained with a y-telescope and a series of par-

allel plate avalanche counters for detecting the fission frag-

ments. The analysis is in progress.

Gamma counting rates were measured with a 3" x 3" Nal(Tl)

detector to study the feasibility of detecting the back gamma

decay following population of isomeric muonic fission. Such

experiments may be possible now, but would be considerably

facilitated by the planned installation of a ir-y separator.

2.6 Observation and Calibration of an Enhanced Transient Field

Interaction for Energetic Tm Ions Recoiling in Iron

N. Rud, D. Ward, 0. Hausser, H.R. Andrews and P. Skensved
(Queen's University) and C. Broude (Weizmann Institute)

The discovery of an enhanced transient field precession

effect (M. Forterre et al., Phys. Lett. 55B (1975) 59; Phys.

Rev. Cll (1975) 1976) an order of magnitude greater than that

predicted by Lindard and Winther (Nucl. Phys. A166 (1971) 413)
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for light nuclei at high recoil velocities has opened new

possibilities for the measurement of g-factors. If the same

mechanism is valid for medium and heavy nuclei, then measure-

able precessions for high spin states populated in Coulomb

excitation should result. Recently, Kalish et al. (Proc. of

the 4th Int. Conf. on Hyperfine Interactions, Madison, N.J.

13-17 June 1977) have shown that there is an enhanced effect

for Gd ions recoiling in Gd and this has encouraged us to

undertake the present study.
16 9 —2

Targets of Tm in the range 0.91 - 0.99 mg«cm

were prepared by evaporation onto iron backings. Experiments

with both thick and thin iron were performed. In the latter

case, the recoils passed through the iron and were stopped in

a third target layer of lead evaporated onto the thin iron foil.

Thus they were not exposed to the static field in iron, nor

allowed to recoil in the vacuum. The targets were bombarded
4fi

with a Ca beam at 168 MeV from the Chalk River MP tandem
accelerator. Gamma rays were observed in two coaxial Ge(Li)

40
detectors. Backscattered Ca ions were recorded in coincidence

in an annular silicon surface barrier detector accepting labor-

atory angles from 153 to 172 / thus ensuring that the recoiling

rare earth nuclei had initially a well-defined speed and direction,

and at the same time maximum alignment of the nuclear spins was

obtained.

The targets were placed between the pole faces of a

small electromagnet providing fields of up to 0.3 T at the target.

The two gamma detectors were positioned at the point of maximum

slopes on the angular distributions so that the nuclear preces-

sion gave maximum change in the gamma-ray intensities. For

stretched E2 transitions, these angles were calculated to be

± 63° and for the mixed E2/M1 transitions ± 33°.

The intensities for field up and field down (reversed

every two minutes) were corrected for electronic dead time

losses and then normalized to the direct number of particles

detected in the silicon counter. The effective precession



Table 2.6.1

169_
Experimental values for the quantities e (see text) for *OJTm after correcting for beam

bending effects
e x 100

Ey(keV)

109.8

193.2

269.7

337.2

130.6

213.9

228.7

305.2

323.3

390.9

412.7

5/2 -

9/2 -+

13/2 •*•

17/2 •*

7/2 -

9/2 -

11/2 ->•

13/2 •*

15/2 +

17/2 •*

19/2 ->•

]f

3/2

7/2

11/2

15/2

3/2

5/2

7/2

9/2

11/2

13/2

15/2

T(ps)t

90

27

7.8

2.75

452

27

60

7.8

11.7

2.75

2.8

e =
Ythick iron

-8.72

-2.01

+2.46

+ 3.07

+5.10

+2.83

+7.37

-4.41

-2.65

-3.1

-6.19

±
+

±

+

+

+

±

+

+

+

0.65

0.55

0.58

1.14

0.33

0.87

0.033

0.82

0.44

1.0

1.57

± e53^
thin

±2.21

+1.63

+3.62

+ 1.42

-3.58

-5.08

-3.47

-4.57

-4.05

+1.42

-4.57

iron

+

+

±

±

+

+

+

+

+

+

1.15

0.89

0.98

1.77

0.53

1.57

0.39

0.96

0.70

1.77

1.78

6 =
Y

thin

+ 3.76

+4.52

+3.39

+3.35

-0.88

-1.27

-0.93

-0.45

-1.32

-

-0.81

±2S3°
iron

±

±

±
+

+

+

+

+

±

—

+

1.40

1.20

1.35

2.63

0.50

1.25

0.35

0.90

0.64

1.60

Taras et al, Nucl. Phys. A279 (1977) 394.



- 19 -

angles were derived from the measured e-values given in Table

2.6.1, where

E =

We assume that the g-factors in Tm are given by the rotational

model with the parameters determined by Taras et al., namely gR

= 0.405 ± 0.006, g^-g^ = -2.033 ± 0.036 and b = -0.143 ± 0.007.
K R O

Since feeding of the state of interest from higher lying states

was highly significant this had to be considered explicitly in

the analysis of the data (cf. PR-P-115:2.8, AECL-5966).

Comparing the results for thin iron and thick iron we

find a slightly larger value for the enhanced transient field

strength parameter a in the latter case. We find better consistency

by adding the expression for the transient field term deduced by

Lindhard and Winther (Nucl. Phys. A166 (1971) 413) and obtain good

fits with the expressions

B(v) = (a v/vQ + a
1 vQ/v) Z (1 + [Z/84]2'5)

B g t (Tm in Fe) = -160 ± 10 T

where a = 11.2 + 0.6 T

a1 = 5.5 T

The thin iron used in this experiment corresponds to an exposure

time of "o 0.64 ps and the corresponding enhanced transient rot-

ation is ^ 16 times greater than that expected from the Lindhard-

Winther theory.

The present determination of the parameter a is in good

agreement with values obtained in other nuclei. For example

Eberhardt et al. (Hyperfine Interactions 3_ (1977) 195) quote a =
2 8

12.5 ± 5.0 T for Si in iron, this value also gives reasonable
fits to Ne, Fe and Pt recoiling in iron.

Measurement of g-factors to Spin 10 in ' Yb Using the
Enhanced Transient Field Effect in Iron

N. Rud, D. Ward, H.R. Andrews, 0. Hausser and P. Skensved
(Queen's University) and C. Broude (Weizmann Institute)

High spin rotational states tend to be short lived,
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and conventional methods for measuring g-factors, such as spin

rotations in an external field, or following implantation into

iron, do not cause measureable effects during the states' life-

time. We have shown that at high recoil velocities there is an

enhanced transient field effect for rare earths recoiling in

iron, have calibrated the effect using known g-factors, in Tm

(PR-P-115: 2.6, AECL-5966), and have used the effect to measure

g-factors in ' Yb isotopes. This is the first measurement

of g-factors for discrete rotational states above spin 6 . The

Yb nuclei were chosen since Yb shows anomalous behaviour

(backbending) in its moment of inertia at high spin, whereas
174

Yb does not. This difference should be reflected in the

rotational g-factors. In both cases, lifetimes have been measured

to high spin (D. Ward et al., Nucl. Phys. A266 (1976) 194; F.

Reams et al., Nucl. Phys. A279 (1977) 109) which is necessary

to the interpretation of the data. The experimental details were

identical to those described for Tm (PR-P-115: 2.6, AECL-5966).

The measured e-ratios are shown in Table 2.7.1 and 2.7.2,

and results for the g-factors in Table 2.7.3. Analysis preceded

from the top of the band downwards, since the observed precession

to some extent reflected precessions occurring in higher states.

Thus the 10 g-factors were obtained with little ambiguity intro-

duced by feeding, since the 10 levels were 85% directly fed. In

the 8 states, we have carried through the uncertainty in the 10

g-factors since the 10 + -+ 8 + transitions represented *> 30% of the

feeding into the 8 state. Similarly for the 6 levels, we have

carried through the accumulated uncertainties. However, for the

4 level, the direct contribution was only ^ 16% so that we were

no longer measuring the 4 g-factor but rather some average of

the states above.
174

ts for Yb in tl
169

174
The results for Yb in thick iron indicated a static

field B g t = -80 + 10 T. As in the Tm case, consistency be-

tween the thick and thin iron results was improved by adding the

Lindhard-Winther field to the enhanced field.
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Table 2. 7 .1
174,

Experimental values for the quantities E for Yb after

correcting for beam bending effects (6 = ± 63 )

E (keV)

176.6

272.9

363.5

447.8

] i

4

6

8

10

+ 3

•y 2

->• 4

H- 6

•+ 8

T(PS)
£ X 100

thick iron thin iron

206

27.0

6.6

2.3

+10.83 ± 0.46 -2.23 ± 0.17

- 1.55 ± 0.32 -2.43 ± 0.19

-3.85 ± 0.47 -2.11 ± 0.32

-3.15 ± 1.3 -3.08 ± 0.81

Table 2. 7.2
170,

Experimental values for the quantities e for Yb after

correcting for beam bending effects, 8 = ± 63 , recoiling into

thin iron.

(keV) J,. •* J- T(ps) + e x 100J.

193.3

295.7

389.7

474.1

4 * 2

6 •* 4

8 * 6

10 * 8

142 -2.24 ± 0.19

18.7 -2.39 ± 0.23

4.66 -2.45 ± 0.37

1.7 -2.80 + 0.75

tRotational values fer Ç) 7.57 barns; Ward et al., Nucl. Phys.

A266 (1976) 194 and F. Kearns et al., Nucl. Phys. A279 (1977) 109.
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Table 2. 7 .3

Summary of g-factors in ' Yb

State

2 +

4

6+

8+

170

0.32 ±

0.265 ±

0.30 ±

0.39 ±

Yb,

0.

0

0

0

02

.04

.04

.13

174

0.33 ±

0.27 ±

0.295±

0.36 ±

Yb

0.02

0.04

0.025

0.08

This

This

This

Reference

experiment

experiment

experiment

Calculations of the nuclear g-factor at high spin have

been made by Kumar (Phys. Rev. Lett. 3£ (1973) 1227) and by Sano

et al. (J. Phys. Soc. of Japan, Vol. 34 (supplement (1975)) p.365).

Unfortunately for the Yb cases studied here there are no calcu-

lations. It can be seen that the 6 and 8 g-factors are system-

atically lower than the 2 + values. This agrees with microscopic

calculations which predict that with increasing angular momenta

the neutron pairing gap should decrease faster than the proton

pairing gap throughout the rare earth region.

2.8 Evaluation of Transient and Static Field Effects Following
Multiple Coulomb Excitation"

O. Hausser and N. Rud

The shifts in the intensities of gamma rays emitted

by ions slowing down in magnetized Fe foils (transient field

effect) can be simply interpreted in the one-level case provided

the correct velocity dependence of the transient field is known.

In Coulomb excitation experiments with heavy ions (i.e. 168 MeV
40Ca + 169Tm, see PR-P-115: 2.6 , AECL-5966) many levels (up to
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11) can be significantly excited, and an observed gamma trans-

ition may involve many different feeding paths (143 for the

lowest transition). The use of thick Fe backings implies further

complications because the combined equations for the effects of

transient and static fields(the latter active after the recoils

have stopped in the iron) can no longer be integrated in closed

form.

We have developed a set of computer programs that allow

us to calculate and fit gamma angular distributions and intensity

shifts caused by combined transient and static fields following

simultaneous population of up to 11 levels. The programs in-

clude relaxation of the nuclear alignment after the recoils have

come to rest. For any observed gamma transition, N •*• N 1, the

different feeding paths, I •* N, are treated independently. The

average rotation angle per unit g-factor, <J>/g, can be well

approximated by

<f)/g = a(l-exp (-bt))

and the transient field effect for recoils decaying from level

N during the slowing down time can be evaluated in closed form.

For the fraction of recoils that reach an intermediate level, M,

we can only estimate an average angle of rotation, 0.,(IM). How-

ever the static field effect for the cascade M •* N •+• N1 can now

be evaluated in closed form. A possible error in the calculation

arises because the procedure for estimating 6 _(IM) is not unique.

Nevertheless under a variety of assumptions the calculated in-

tensity shifts varied by much less than 1% in all cases considered.

2.9 High Spin Lifetimes and Feedtimes for Inverse Xe,xn Reactions

D. Ward, H.R. Andrews, 0. Hausser and Y. El Masri, M.M. Aleonand,
P.A. Butler, I. Yang Lee and F.S. Stephens (Lawrence Berkeley
Laboratory)

We have performed an experiment as an outside user group
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at the Lawrence Berkeley Laboratory SuperHILAC. Targets of
o A *y ft l "\Ç\

Mg and Si were bombarded with Xe ions at 594 MeV and

620 MeV in the Chalk River recoil distance apparatus. Garrana-

rays in Dy and Er resulting from the 4n fusion-evapor-

ation reaction were observed in a Ge(Li) detector at 0 .

Multiplicity constraints from a system of five Nal(Tl) detectors

were imposed on events accepted in the Ge(Li) detector. This

was essential to cut down the intense background from Coulomb

excitation of the target, stopper and projectile.

Large recoil velocities for the product nuclei, ̂ 6 . 5 %

of light speed were obtained with a time scale such that 1 ps

corresponded to ^ 25 um. Data were taken at 20 distances for

the Dy case; six of them for less than 1 ps flight time, the

shortest was 0.35 ps corresponding to "V 8.8 ym.

States of up to spin 20 were seen in both the ground

state and 8-vibrational bands. The data is currently being

analyzed and should provide detailed information on the very

short feeding times and lifetimes of the high spin states.

DSAM Lifetime Measurements in 2 2Ne, Si, "1P and S with 4He
Implanted Targets

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

It is hoped to obtain reliable "reference" lifetime
22 28 31 32

measurements for levels in Ne, Si, P and S by using

He implanted targets and the technique of "inverse" reactions.

The experimental procedures and analysis were similar to those

used in earlier measurements (PR-P-113: 2.10, AECL-5802). In

addition to the AE-E particle detector telescope and Ge(Li)

detector (counter 1) situated at 0° to the beam, we also used

a Ge(Li) detector (counter 2) placed close to counter 1 but

shielded from gamma rays produced in beam induced reactions.



- 25 -

A source (either Na or Y) was placed between the two gamma-

ray detectors and coincidences betwen them were recorded con-

currently with coincidences between counter 1 and the particle

telescope. This technique allowed in-beam monitoring of the

gamma-ray lineshape in counter 1 and provided a standard used

to "smear" the theoretical Doppler broadened lineshape for com-

parison with the experimental one. The source gamma-ray lines

also provided a means of gain and zero stabilization for spectra

from gamma-ray counter 1 during playback of the data.

The playback and computer fitting of the experimental

lineshapes is in progress.

Projectile and Stopping Medium Dependence of the Apparent
Lifetime in PSA Measurements

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

The apparent lifetimes of nuclear levels derived from

low velocity (v ^ l% of the velocity of light) DSA measurements

when theoretical stopping powers are used, show large systematic

variations as a function of the stopping material (see e.g. Broude

et al., Phys. Lett. 39B (1972) 185 and Toulemonde and Haas, Phys.

Rev. C5_ (1977) 49). In experiments using the Chalk River MP

tandem (see PR-P-115: 2.10; AECL-5966) the lifetimes are being

determined by producing recoils at high initial velocity (v ̂  4

to 5% the velocity of light) where stopping power measurements

exist. These reference values can be used to help resolve the

difficulties in interpreting the low velocity measurements.

A literature search has been made and now sufficient

data exist to explore systematic effects as a function of both

the projectile (10 < Z 1 < 18) and stopper (6 <_ Z^ <_ 79) atomic

numbers. It has been found that for "fast" stopping materials,

e.g. Ni, Cu, Ta, Au, the ratio of the apparent lifetime to the
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leference lifetime, "x"/Tr.r,i:,, decreases monotonically as Z,

increases from 10 to 18. However for "slow" stopping materials,

e.g Mg, Ca, Ti, Ba, the values of "T"/T F show a variation

similar to the Z. oscillation observed in electronic stopping

power measurement (see e.g. Ormrod et al., Can. J. Phys. 43,

(1965) 2755). It should be noted that the experiments of Z^

oscillations in stopping power dependence have been carried

out in C and Al i.e. "slow" stoppers, or for channelled particles.

2.12 A Model for Isospin Mixing in Light Nuclei

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

Isospin-forbidden particle decay widths for T = 3/2 and

T = 2 levels in light nuclei exhibit systematic trends which

suggest that they are predominantly influenced by a general

isospin mixing mechanism rather than by random mixing of nearby

levels (see A.B. McDonald, H.B. Mak, H.C. Evans, G.T. Ewan and

H.B. Trautvetter, Nucl. Phys. A273 (1976) 477; A.B. McDonald,

E.D. Earle, W. McLatchie, H.B. Mak, D.J.. Martin and P.G. Ikossi,

submitted to Nucl. Phys. A,and references therein). In addition

there are indications for both T = 3/2*and T = 2 levels that

isotensor matrix elements (m.e.) are comparable in size to iso-

vector ones.

Most theoretical calculations of isospin mixing for these

levels have assumed that the major contribution arose from an

effective single-particle Coulomb potential and therefore

predicted negligible isotensor m.e. The present model

assumes very simple configurations for the lowest T = 1/2, 1,

3/2 and 2 levels in light nuclei and uses mass differences to

determine the single-particle and two particle charge dependent

m.e. necessary to calculate the isospin mixing between analog

and anti-analog configurations.
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The lowest energy configurations with T = 1/2 to 2 are

described by up to seven particles in two, fourfold-degenerate

orbits outside a closed A = 4N core. Two charge dependent inter-

actions are assumed to contribute to the masses and isospin mixing

of these levels, the Coulomb interaction (C) and a charge sym-

metric interaction of the form V(1-T "̂T -')/2 which has been
z z

found to contribute to the masses of higher isospin multiplets

in the cU / 2 and f-,/, shells (R. Sherr and I. Talmi, Phys. Lett.56B (1975) 212," J. Gomez, Phys. Lett. 6_2B (1976) 25). Table

2.12.1 shows the values obtained for the effective m.e. between

a single particle in orbit 1 or 2 and the core (C(l) and C(2))

and for two particle interactions (e.g. C(ll) and V(ll)). The

parameters in each case were obtained by a least squares fit to

15 mass differences in T = 1/2 to T = 2 multiplets. In all cases

the fits are improved for V f 0 and throughout the sd shell the

agreement is excellent. The systematic stability of the parameters

suggests that the dominant configurations and interactions are

being correctly described by the model. The negative sign and

magnitude of the m.e. of V are in agreement with nucléon scat-

tering results.

Table 2.12.2 indicates the m.e. calculated for analog

to anti-analog mixing in T = 3/2 and T = 2 nuclei. The two main

indications of significant isotensor mixing are successfully re-

produced by the model. The m.e. for T = 3/2 levels in neutron-

rich nuclei are significantly larger than those for proton-rich

nuclei, implying larger neutron decay widths. The m.e. for T = 0

anti-analog states mixing into T = 1 states are as large as those

for T = 1 anti-analog states, implying significant alpha decay

widths for T = 2 states.

Estimates of neutron decay widths of T = 3/2 levels, made

using the symmetry potential to predict the average excitation

energy of anti-analog strength, are in reasonable agreement with

experiment. For the proton-rich T = 3/2 levels, additional ad-

mixtures of configurations with particles in the next major shell

are expected to contribute, resulting in significant proton decay

to negative parity levels, as is observed.



Table 2.12.1

Charge Dependent Matrix Elements (keV) Derived from Mass Differences

CORE

36Ar

32S

28Si

24Mg

20Ne

16O

12C

8Be
4He

ORBIT
1

d3/2

d3/2

sl/2

d5/2

d5/2

d5/2

Pl/2

P3/2

P3/2

ORBIT
2

f7/2

d3/2

d3/2

sl/2

d5/2

d5/2

d5/2

Pl/2

P3/2

6930

6366

5736

5051

4353

3564

2995

1886

946

C(2)

6710

6366

5736

4993

4353

3564

2720

1942

946

353

375

449

514

494

496

511

811

634

C(22)

361

377

382

450

532

484

463

567

876

C(12)

286

277

315

362

353

401

412

491

469

-109

- 97

-52

-55

-71

-106

-99

21

49

V(22)

-67

-98

-90

-49

-35

-79

-108

-41

77

V(12)

-30

-19

-17

0.4

-7

7

-10

-13

-4

/A2/N

41.7

8.4

6.1

21.6

6.0

18.1

42.6

68.2

60.5

(V=0)

57.3

42.1

34.2

29.1

22.1

39.3

59.5

70.7

65.5

to
00

a) Mean square difference between fitted and experimental masses.



- 29 -

Table 2.12.2

Isospin Mixing Matrix Elements

Nucleus <A(T=|) IH|A(T=i)> Nucleus <A(2)

41

41

37

37

33£
33

29

Ca

Se

Ar

K

Cl

Si

25

25

21

21

1 7

Mg

Al

Ne

Na

O

F
13C
13
N

?Be

Nucleus

Be
12,,

16C
28

1.

2.

3.

4.

Al

(keV)

-153

- 82

- 83

38

- 98

3

-122

- 34

- 80

31

- 85

35

-223

-106

-138

- 75

- 42

76

40Ca

36
Ar

32,

28Si

24Mg

20Ne

16,

12,

Be

(keV)

-124

0.6

-19

-52

11

-3.5

-173

-38

70

H|A(0)>

(keV)

88

121

98

106

119

136

124

91

72

Table 2.12.3

Comparison with Measured Matrix Elements

Matrix element Calculated Experiment Réf.

<A(T=1)|H|Â(T=0)>

<I|H|O>
89
132

187

32

110

156

18

149
+

±

30

30

5

1
2

3

4

F.C. Barker, Nucl. Phys. 83> (1966) 418

E.G. Adelberger et al., Phys. Rev. ÇL5 (1977) 484.

K.P. Jackson & C. Rolfs, B.A.P.S. 1£ (1973) 550.

P.A. Dickey, E.G. Adelberger and J.E. Bussoletti,to be published
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Finally, four cases in which analog to anti-

analog m.e. have been directly determined experimentally,

are compared with the model in Table 2.12.3. The agreement

is good in all cases and suggests that the model is properly

describing the dominant isospin mixing.

2.13 Isospin Forbidden Particle Decay Widths for Higher Isospin

Levels in 1 3C, 20Ne and 28Si

A.B. McDonald with E.G. Adelberger, K.A. Snover, J.L. Osborne,
H.E. Swanson (University of Washington, Seattle) and R.E. Marrs
(University of Indiana)

A series of experiments has been performed with the

University of Washington FN tandem accelerator to provide

further systematic information on the isospin-forbidden particle

decay widths of T = 3/2 and T = 2 levels in light nuclei (see

PR-P-115: 2.12, AECL-5966).

Although the 15.11 MeV, J11 = 3/2", T = 3/2 level in

C has been extensively studied, only about 40% of its total

decay width has been observed in neutron and alpha decay channels

studied to date. The present experiment was designed to search

for low energy neutrons and alpha particles to identify the

remaining decay branches. The level was populated by the

B( He,p) C reaction and decay neutrons and alphas were ob-

served in coincidence with the protons. Preliminary data

analysis indicates that the remaining decay is predominantly

to the 3a + n continuum with small branching ratios to higher

excited states of B and C. No decay was observed to the 9.64

MeV, J = 3 level of C. Such decay would be indicative of

significant (sd) shell admixtures in the C, T = 3/2 level, as
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is observed for the analogous level in N.

The lowest J77 = 0 +, T = 2 levels in Ne and Si were

studied as isospin forbidden resonances in the F(p,a) 0 and
24 24

Mg(a,a) Mg reactions respectively. Both resonances were

clearly observed, overall energy resolution was ^ 3 keV and

analysis is in progress to extract total and partial widths.

Resonances in Reaction Products of 0 + 0

A.J. Ferguson, B. Cujec (Laval University), D. Horn and
0. Hausser

A strong resonance in the yield of Ne in the bombard-

ment of 0 by 0 at a laboratory energy of 53 MeV has been

observed by P.P. Singh et al. (Phys. Rev. Lett. 2_8 (1972) 1714).

An experiment has been set up to measure the angular correlations
20 *

between alpha particles resulting from the breakup of Ne and

the other products of the reaction, C and O. A heavy ion

telescope is used to detect the C and 0 products and a

standard AE-E silicon telescope for the alpha particles.

A preliminary analysis has shown that the coincidence

yield resonates strongly at 53 MeV and that the resonance is

associated with a strong angular correlation of the alpha particles.

2.15 Lifetime Measurements of Highly Excited Hg and Pb Nuclei by

Crystal Blocking Techniques

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

Further measurements for lifetimes of compound nuclei

preceding fission have been carried out by bombarding a thin
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12 16
single crystal of W with C and 0 beams. The experimental

setup and analysis procedures have been described previously

(see PR-P-112: 2.9, AECL-5696; PR-P-109: 2.17, AECL-5508; and

PR-P-105: 2.11, AECL-5121)• Measurements were made with 87

MeV 1 2C and 108 MeV 1 6O beams.

Considerable data analysis has been made for all of the
1? 16

data obtained so far for C and O bombardment of tungsten.

One major development in the analysis procedure is the use of a

computer program (supplied by J. Rosner of Rutgers University)

that provides a means of correcting experimental 2-d blocking

patterns for non-linearities in the solid state two-dimensional

position sensitive detectors. The computer programs to analyze

the experimental blocking patterns have also been improved. The

program that predicts blocking patterns as a function of recoil

distance has been modified to include thermal vibrations in the

tungsten crystal; this is especially important for short recoil

distances (0.1 - 0.4 A*). The program that does a least squares

fit to the experimental blocking patterns has been extended to

allow for two long lifetime components (one in the range 10~

10 s and one for > 10 s) as well as a short component

(< 10" 1 7 s).

The data collected in this experiment should complete

the series of measurements of natural W crystals, except that

one further experiment with a much thinner crystal will be made

to study the effects of non-statistical equilibrium on the

experimental blocking patterns.

2.16 The Study of Highly Excited States in 5Li

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

The experiment reported previously in PR-P-104: 2.2,

AECL-5032 and PR-P-107: 2.2; AECL-5256 has been continued. As

before, a 36 1

*1 Â = 0.1 nm

3 2
before, a 36 MeV He beam was used to bombard a 0.3 mg/cm thick



- 33 -

Li target; the experimental arrangement was similar to that

of the previous experiments. Data were obtained at seven geo-

metries chosen to populate levels in the region of 20-25 MeV

of excitation in Li. Four of these geometries were chosen to
5 *

give the Li decay products the maximum energy when the first

emitted alpha particle was detected at 9 = 20, 35, 45 and 50

degrees. Additional data were also obtained at the two best

geometries studied in the first experiment. Finally, coincidence

spectra were obtained at the kinematic focussing geometry (56 ,

71°). Analysis of these data is in progress.

Calculation of Gamma-ray Multiplicities

A.J. Ferguson

A recently written program for the calculation of gamma-

ray multiplicities (PR-P-112: 2.11, AECL-5696) provides a relation

between the mean multiplicity, <M> , and the initial angular

momentum, L, of the excited nucleus. To make the prediction,

the locus of the gamma-ray "entry points" in the angular momentum-

excitation energy plane must be assumed. A gamma-ray entry point

is that excitation energy, E , below which the particle-residual-

nucleus potential plus the angular momentum barrier make gamma-ray

emission preferred over particle emission. In the present work

the entry point locus has been assumed to lie 7.5 MeV, a typical

particle separation energy, above the yrast line.

Fusion studies (PR-P-110: 2.9, AECL-5546) involving Er

isotopes as the compound nucleus have suggested the relation <M>

= L/2 + 4. On the assumption that El and E2 gamma-ray strength

are respectively 10 and 30 Weisskopf units the program gives <M>

2^ L/2 + 1.5, showing a considerably smaller number of "statistical"

transitions than measured, i.e. 1.5 instead of 4. Agreement will

obviously be improved by increasing the E1/E2 ratio; values for

this ratio at 1 MeV from .07 (assumption above) to 30 have been
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examined. The larger values produce a marked non linearity

in the <M> -L relation and none gives even an approximation to

the observed relation. The lack of agreement may arise from

the overly simple model used; regions of gamma-ray strength and

weakness may exist in the E - L plane and it may be inaccurate

to assume that the entry point lies a fixed distance above the

yrast line. Work is continuing to determine how well the gamma-

ray decay model agrees with the observed spectra.

2.18 Computer Aided Control System for the Superconducting

Cyclotron and MP Tandem

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

The PDP-11/34 computer was not fully available for much

of July and August following installation of the CA-11C CAMAC

interface. The addition of this interface seemed to trigger a

rash of maintenance problems in the computer. Many adjustments

of the CA-11C were tried in the series of attempts to make it

function properly. The solution obtained in late August was the

addition of a flip flop which had not been needed in earlier

models of the PDP-11 e.g. models 02, 05, 40.

The parallel CAMAC highway from the CA-11C is now

conununicating satisfactorily to two crates located in the pro-

totype control console. No highway problems have been detected

during three weeks of exercising the touch panel display, colour

TV display driver and input-gate, output register modules.

The byte serial highway cable has been installed to

the education station behind the tandem control desk and the

control station near the ion cage. The serial driver has been

used to establish the integrity of the cable; delivery of the

crate controllers needed to function these two crates has been
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delayed. Coaxial cable has been ordered for the bit-serial

highway to building 467. Two new LA-36 terminals have been

installed one at the education station and one in building 467.

Both are now implemented as dedicated MUMTI terminals.

An ion-cage to CAMAC hardware interface is under design.

The CAMAC hardware connections have been defined. Appropriate

names have been assigned for use in the system variable data

base which will eventually provide the software connection

through appropriately writ _̂ n control programs. The interface

will have provision for both manual and computer control.

A MUMTI program has been written which exercises the

parallel CAMAC highway software and allows the user to write

text in the colour TV screen. It demonstrates that MUMTI inter-

faces correctly at the 'call CAM1 level. Other aspects of

software development are discussed elsewhere (PR-P-115: 5.6 ,

AECL-5966).

2.19 Design of the Beam Transport System for the Superconducting

Cyclotron

W.G. Davies and A.R. Rutledge

Optimization of the injection system for the Heavy Ion

Superconducting Cyclotron (see PR-P-113: 2.17, AECL-5802 and

PR-P-114: 2.16, AECL-5845) is continuing. Isochronous solutions

have been obtained for 10 MeV/A U, (U-10), U-3, C-50 and C-15

with essentially no coupling between the transverse and longi-

tudinal regions of phase space. However, as a result of the

variation in the optical properties of the cyclotron as a

function of its magnetic excitation, the solutions require that

two of the lens systems be moveable. The main difficulty in ob-

taining solutions for the various ions results from the rather

short x and y focal lengths of the cyclotron along the injection
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path, which leads to highly nonlinear and ill-conditioned

matching equations. Another consequence of such short focal

lengths is that certain critical lenses have very high field

gradients; the strength of these lenses is directly related to

the focal properties of the cyclotvott.

Although matching the beam i:o the admittance of the

cyclotron in transverse phase space is in principle straight-

forward, the same properties of the cyclotron as mentioned

above make matching tricky. At present a complete solution

(i.e. simultaneous matching of both the longitudinal and trans-

verse phase space) has only been obtained for U-10. However

since in the present design there is effective orthogonality

between the two regions of phase space the search for transverse

solutions need not disturb the isochronous solutions already

obtained for the four cases under study. These four cases

represent extrema, so complete solutions for all of them will

probably ensure the existence of solutions for all ion-energy

combinations.

Considerable effort is being expended to minimize the

field gradients in quadrupole elements and to reduce the number

of different types of elements. Standardization of power supplies

and quadrupole elements should result in important savings. In

this regard some of the dipole magnets in the extraction line

have been redesigned to facilitate their construction.

A "Shadow" Beam Direction Monitor

T.K. Alexander and R.A. Surette

A scanning-wire beam profile monitor (BPM) can detect

the beam from the MP tandem and give the position and profile

of the beam relative to the optic axis of the transport system.

During operation, the scanning wire casts a "shadow" downstream

and if the shadow is detected, then the beam direction at the
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BPM location can also be deduced. This idea has been tested by

using an NEC scanning-wire profile monitor followed by a pair of

0.5 mm wires mounted at right angles to each other (i.e a cross

of wires) mounted 0.8 m downstream on the optic axis of the beam

transport system. The current detected on the cross is displayed

in synchronism with the wire scan of the BPM. The "shadow" signal

is easily detected in this way and moves relative to the BPM

signal as the direction of the beam is varied. The same infor-

mation, of course, could be obtained with two BPM's, but the

cross of wires is a static device and therefore less prone to

mechanical failure. However a serious problem with the "shadow"

monitor idea is that beam current amplitude modulations close in

frequency to the scan frequency significantly increase the noise

on the "shadow" signal.

Attempt to Improve Foil Lifetimes by Annealing

A.B. McDonald, V. Koslowsky and J.R. Parsons (Solid State Science
Branch)

Electron microscopy of heavy ion irradiated carbon foils

has indicated an increase in the degree of crystallinity in the

damaged region. This suggests that the stresses that are ob-

served to occur prior to foil rupture are caused by the foil be-

coming more crystalline under irradiation. An electron diffraction

pattern similar to that for the irradiated area is observed for

foils which have been annealed at 900°C for a period of about

15 minutes. It was therefore hoped that such annealed foils

might be less sensitive to beam induced structural changes and

have longer lifetimes.

A test was performed in which three sets of nine foils
2 127

(5 yg/cm ) were irradiated by a 60 MeV I beam (̂  140 particle

nanoampere intensity within a 2 mm by 4 mm spot). Each set of

foils contained both annealed and untreated foils and the beam
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passed sequentially through the set so that all foils were

irradiated similarly. The annealed foils were observed to

behave similarly to the untreated foils in developing a mirror-

like irradiated region and radial stress lines. The annealed

foils appeared mechanically weaker and in most cases had shorter

lifetimes.

The untreated foils were of the type usually employed in

the terminal of the tandem accelerator, that is, in addition to
2

the 5 pg/cm layer of amorphous carbon, they were supported by
2

an additional 5 yg/cm layer of cellulose nitrate applied prior

to mounting. We attempted to provide similar support for the

annealed foils by mounting them on frames already supporting a

cellulose nitrate foil. However, this combination had even

shorter lifetimes and exhibited small sparks in the beam region,

probably caused by poor electrical contact betwen the two layers.

It was concluded that the increased crystallinity observed

is probably not the dominant mechanism responsible for foil

rupture, and that preannealing at 900 C does not improve foil

lifetimes.

2.22 High Energy Chopper

R.E. Howard, O. Hausser, T. Faestermann and T.K. Alexander

The beam deflector at the high energy end of the MP

tandem (see PR-P-111: 2.20, AECL-5614) is now fully operational.

The 10 MHz deflector is synchronized to the Ortec beam puiser

and sweeps the beam across the image y-slits of the analyzing

magnet. The currents on the y slits are amplified in a logar-

ithmic network to produce a phase stabilization signal. The
4

system was tested by Coulomb scattering of 16 MeV He on thin

gold foils. Sharply defined beam pulses with ^ 1 ns FWHM and

^ 5 ns at 1/10000 of the maximum were obtained. The stability

of the beam is excellent and facilitates the tuning of the

buncher parameters by maximizing the transmitted beam.
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2.23 Target Preparation

J.L. Gallant and D.J. Yaraskavitch

The following targets were prepared for Nuclear Physics

experiments performed during the quarter: Tm, ' Yb on

iron and lead backings plus self-supporting targets of B, C,

Au, Ni, Yb, Ca, 2 0 2 f 2 0 4Hg, 6 3Cu, 6 4Zn, lead chloride, Mn,
146,148,150Nd> 205TJ?j 206pb> A h e a v y u r a n i u m t a r g et 7.5 cm x

2
10 cm x 2 grams/cm was prepared for 0. Hausser for use in a

muon experiment at TRIUMF. In addition 220 carbon foils
2

(2 yg/cm ) were mounted for the terminal stripper and 60
2

(10 yg/cm ) for the high energy stripper. Miscellaneous

services included the deposition of p-quaterphenyl in a gas

scintillation detector and fabrication of an aluminized mica

heat shield.

Work done for other branches

Another laser mirror was gold coated for Drs. D. Smith

and R. McAlpine of Physical Chemistry.

Gold targets 50 and 60 yg/cm were prepared for time of

flight experiments of Dr. W. Lennard (Solid State Science Branch) .

For photofission experiments of Dr. J.W. Knowles at the

Universities of Toronto and Illinois, 32 plates of 600 yg/cm2 UF4

and 8 plates of 600 yg/cm2 ThF. were evaporated on thick aluminum.
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2.24 Tandem Electronics

J.P.D. O'Dacre

A continuously displayed emittance measurement system

with storage tube display for evaluation of various ion sources

at the test bench is nearly complete. The system is essenti-

ally identical to that described by J.H. Billen, University of

Wisconsin (Proc. of the 2nd Symposium on Ion Sources and Form-

ation of Ion Beams, Berkeley, California 22-25 October 1974).

It employs electrostatic deflection and small apertures to scan

transverse position and momentum coordinates. Full-scale

current ranges are 1 to 1000 nanoamperes.

The terminal quadrant aperture circuitry (PR-P-112: 2.19,

AECL-5696) has been modified to employ linear circuits to

facilitate installation of spark protection. The system was

used briefly in recent tandem transmission tests but terminal

voltage breakdown surges made 3 of 4 channels inoperable. Lack

of access to the equipment has prevented failure diagnosis at

this time.

The digital beam current integrator (PR-P-110: 2.16,

AECL-5546) has been in continuous use for months. The floating,

guarded input chassis with optically coupled output has made

nanoampere beam current measurements easier to make. Modifi-

cations will now be made to increase the current ranges avail-

able, provide a more flexible monitor output for remote meters,

and improve input offset drift and overall accuracy.

The design of the power supplies and control system for

the beam optics system of the isotope separator has been com-

pleted, parts secured and construction begun.
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2.25 MP Tandem Operation

J.C.D. Milton, H.R. Andrews and N. Burn (NRX Reactor Branch)

The availability of the tandem improved again this

quarter (Table 2.25.1) and in particular the unscheduled down

time was less. The main source of these shutdowns was failures

of power supplies in the ion source cage, particularly the

extraction supply. The failure modes were many and fundamental

causes have so far been elusive, but many improvements have

been incorporated in the supplies. The tank was entered once

to replenish foils and repair a leak in the gas stripper system.

Advantage was taken to install a quadrant aperture system in

the terminal to facilitate the improvement of the transmission.

A series of reliable measurements of the transmission

has begun to investigate its behaviour as a function of injection

voltage, terminal voltage and ion species. So far good measure-

ments have been obtained with protons and o. The results

indicate that nearly perfect transmission can be obtained for

protons at cage voltages of ^ 150 kV. Transmission of 65-75%

was observed for O but some anomalies remain. The charge dis-

tribution does however appear to be skewed towards higher charges

than those previously assumed (D. Ward, private communication,

28 May 1970).

Fourteen experiments were performed involving CRNL and

10 visiting scientists. The visitors were involved in 8 experi-

ments occupying 56% of the time and in which they provided 34%

of the effort.

Table 2.25.1

hours %

Beam Available 1291.5

Scheduled Shutdown 438.8

Unscheduled Shutdown 501.7

Total 2232.0 100.0
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2.26 Laser Fusion Studies

J.S. Geiger

Neutron yield data accumulated at the University of

Rochester between May 12 and June 30 have been analyzed. A

Monte Carlo computer code that calculates the response of a

plastic scintillator counter to incident neutrons (N.R. Stanton

COO-1545-92, Ohio State University, 1971, preprint) has been

used to investigate the spread to be expected in individual

readings for small numbers of incident neutrons (30 and 100)•

A contribution was prepared for the Laboratory for Laser

Energetics annual report and a description written of the

neutron scintillation counters currently in use at that

laboratory.

137
2.27 Standardization of Cs

J.S. Merritt and F.H. Gibson

Approximately 10 mCi (0.4 GBq)137cs was purified chemically

and used to prepare a stock solution for which the activity was

determined by the 4ir6-y efficiency tracing method. Recently
134

standardized Cs was used as the tracer (AECL-5834 and PR-P-

114: 2.23, AECL-5845), with the same three gamma-channel gates

that were used for the Cs standardization. Sources of Cs

only were counted to test that the 660-keV photopeak from Bam

was excluded from the gamma-channel. This test indicated that

satisfactory gate settings were attained. For the new Nal

detector (resolution = 6.6% at 660 keV) this was easily achieved,

but for the older detector (resolution = 8.0%) it was necessary

to set the lower discriminator at a level that excluded a small

portion of the 795-keV photopeak for two of the three gates.

This difficulty may contribute some small instability to the
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results for these two gates. These results are consistent with

that for the third gate, which was set around the low-intensity

1365 keV photopeak; here there is no risk of this interference

but with lower counting rates the statistical uncertainty is

larger by a factor of about two. After the contribution of

Cs to the efficiency-extrapolated result is subtracted, the

standard error in the weighted mean of seven sets of results
137

for the rate from Cs and its daughter is ± 0.15% (for each

of these sets,thirteen sources were counted three times).

Uncertainty in the corrections for the counting rate from Ba

(uncertainties in the Cs branching ratio and the conversion

coefficient of the 661-keV transition) will contribute ^ 0.1%
137

to the uncertainty in the final result for the Cs activity.

An assessment of this and other sources of systematic error is

not yet complete.

This study will be useful for participation in a small

international comparison of Cs by this method to be sponsored

by the Bureau International des Poids et Mesures (BIPM) after
134the major international comparison of Cs planned for the

latter part of 1978.

Dilutions and sources have been prepared from this stock
137

of Cs for distribution among AECL laboratories. Ampoules are

being sent to BIPM and the International Atomic Energy Agency

for participation in their respective measurement assurance
134 7 37

programs. Gamma-ray sources of both Cs and Cs are being

sent to Physikalisch-Technische Bundesanstalt (PTB) for

registration in another BIPM-sponsored comparison program.

2.28 Calibration Assistance to Nuclear Medicine Clinics

J.S. Merritt and F.H. Gibson

141
Data have been received for CRNL-standardized Ce

measured with dose calibrators by the U.S. National Bureau of

Standards (NBS) and ten different Canadian hospitals or medical



- 44 -

clinics. This work was undertaken on behalf of the Inter-

national Committee for Radionuclide Metrology (ICRM)(PR-P-114:

2.25, AECL-5845). The data indicate discrepancies of ^ 20% in

routine assays. It is concluded that hospitals could obtain

better results if they were able to calibrate their dose cali-

brators according to a method recommended by NBS. To do this

hospitals need standards of the actual radionuclides used in

nuclear medicine. Six-hour Tc m has been cited among those

most difficult to obtain. This study also indicates that the

use of simulated standards for Te ( Ce in this case) is a

less desirable approach. A CRNL report about this work is being

written.
141The 4iry ion chamber was calibrated for Ce with the

standard produced for this ICRM study. A determination of the
141

Ce half-life with the ion chamber has begun.

2.29 ICRM Comparison of Gamma-ray Emission-rate Measurements

J.S. Merritt and F.H. Gibson

The preliminary summary of "Intercomparison of Gamma-

ray emission-rate Measurements by Means of Germanium Spectro-
152meters and Eu Sources" (K. Debertin, Physikalisch-Technische

Bundesanstalt (PTB), private communication, August 1977)

has been received (PR-P-114; 2.26, AECL-5845). It gives

the first 36 sets of data returned by 25 participants;

results from a few late returns will be included in the

final PTB report on this intercomparison about the end of

1977. Among the important conclusions given in the prelim-

inary report are: 1) efficiency calibration in the energy region

250-1500 keV can be performed (but usually is not) to an

accuracy of ^ 1% if calibration standards are carefully selected,

2) the simple log-log plot of efficiency versus energy is in-

adequate, even for the higher part of this energy range,

3) pile-up and real summing corrections are important and
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4) precise data for the relative gamma-ray emission probabilities

for the 10 most important transitions between 122 and 1408 keV;

these data substantially improve the usefulness of this radio-

nuclide for calibration purposes. The Eu source counted at

CRNL for this comparison was sent to PTB for relative counting

versus the sources counted by other participating laboratories.

It will be returned for use as a reference source.

2.30 Standards Issued

J.S. Merritt

3H
51Cr
51Cr

1 0 9Cd
1 9 8AU
1 9 8Au
2 4 1Am

and F.H. Gibson

Ontario Hydro, NPD

Environmental Research

Health Physics

Medical Research

Environmental Research

Health Physics

Health Physics

2. 31 Miscellaneous Services

J.S. Merritt

A source of Be was prepared for Materials Science

Branch.

2.32 Measurement of Heavy Ion Stopping Powers Using a Time-of-

Flight Spectrometer

W.N. Lennard, I.V. Mitchell, D. Ward, H.R. Andrews and N. Rud

See PR-CMa-42:1.2.4.
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2.33 Thick-Target Neutron Yields and Spectral Distributions from
Q Q g

Be + p, Be + d and Be + a Reactions
M.A. Lone, B.C. Robertson, E.D. Earle and S.T. Lim (Neutron
and Solid State Physics Branch) with A.J. Ferguson

See PR-P-115: 3.11, AECL-5966.

2.34 The 1H(n,YY)2H Experiment

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

See PR-P-115: 3.13, AECL-5966

j 2.35 Publications and Lectures and Reports

a) Publications

j THICK TARGET NEUTRON YIELDS AND SPECTRAL DISTRIBUTIONS FROM

j 7Li(p,n) AND 9Be(p,n) REACTIONS
i M.A. Lone, C.B. Bxgham, J.S. Fraser, H.R. Schneider, T.K.

Alexander, A.J. Ferguson and A.B. McDonald
Nucl. Instr. & Meth. 143_ (1977) 331.

KNIGHT SHIFTS AND ABSOLUTE MAGNETIC MOMENTS OF (h Q /-)
n

PROTON STATES IN TRANS-BISMUTH NUCLEI '
J.R. Beene, 0. Hausser, A.B. McDonald, T.K. Alexander,
A.J. Ferguson and B. Herskind
Hyperfine Interactions 2 (1977) 397.

ANALOGUE SYMMETRY BREAKING IN SUPERALLOWED FERMI BETA DECAY
I.S. Towner, J.C. Hardy and M. Harvey
Nucl. Phys. A284 (19771 269.

CORE-EXCITED HIGH-SPIN ISOMERS IN
D. Horn, 0. Hausser, T. Faestermann, A.B. McDonald,
T.K. Alexander, J.R. Beene and C.J. Herrlander
Phys. Rev. Lett. 39. (1977) 389
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b) Lectures

COULOMB EXCITATION OF HIGH SPIN STATES: EXPERIMENTAL TESTS OF
THE ROTATIONAL MODEL IN EVEN-EVEN AND ODD-A NUCLEI
H.R. Andrews
Invited paper at Eugene Eichler Memorial Symposium meeting of
the American Chemical Society 29-30 August 77.

A MODEL FOR ISOSPIN MIXING IN LIGHT NUCLEI
A.B. McDonald
University of Washington, Seattle, 18 August 77.

c) Reports

134
STANDARDIZATION OF Cs
J.S. Merritt and F.H. Gibson
AECL-5834 (1977)
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NEUTRON AND SOLID STATE PHYSICS BRANCH

A.D.B. WOODS

3.1 Staff

3.2 Orientational Oscillations in CBr.

3.3 A Lattice Dynamical Model for Crystalline DNA-type
Pyrimidines

3.4 Lattice Dynamical Models for CoQ 9 2
F e0 08

3.5 Rotary Mode in K2OsClg

3.6 Temperature Dependence of Excitations in Liquid He
4

3.7 The Effective Pair Potential in Liquid He

3.8 Magnetic Neutron Scattering from Uranium Nitride

3.9 Neutron Scattering from Isolated Pairs and Quartets of
Mn2+ ions in

3.10 Vacancy Formation Energy in Iron by Positron Annihilation

3.11 Estimation of Atomic Force Constants

3.12 Thick-Target Neutron Yields and Spectral Distributions
from 9Be + p, 9Be + d and 9Be + a Reactions

3.13 N4 Thermal Neutron Facility

3.14 The 1H(n,YY)2H Experiment

3.15 A Comparison of CRNL and Stanford CW Electron Facilities
for Experiments on Stimulated Emission

3.16 Structure in the a {yf) and v Spectra at the Photofission
Threshold of 2 3 8U

3.17 Reactor Beam Hole Use

3.18 Supply and Servicing of Detector Systems

3.19 Travelling-Heater Systems for CdTe Growth

3.20 CdTe Solution-Growth Apparatus

3.21 Glassblowing and Other Services

3.22 Publications and Lectures
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3.1 Staff
BRANCH HEAD: A.D.B. Woods

Technical Staff Summer Staff

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

SECTION II

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

SECTION III

J.G.V. Taylor
H. Schmeing

GLASSBLOWING

J.G. Wesanko

DESIGN

D.B. Grant(2)
W. McAlpin

SOLID STATE PHYSICS

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

NEUTRON NUCLEAR PHYSICS

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

COUNTER DEVELOPMENT

R.L. Armstrong(4)
Ms. K.L. Kavanagh(5)
R. Scherm(6)

B.C. Robertson(7)
C.J. Zanfino(8)

Mrs.
M.A.
W.F.
R.J.

R.R.
H.C.

M.M.L. Atfield(3)
Gulick
Slater
Toone

WORKSHOPS

MacLanders
Spenceley

A.H. Hewitt

SECRETARIAL STAFF

Mrs. Dianne Mitchell

(1) NRC Post-doctoral Fellow from University of British
Columbia, Vancouver, B.C.

(2) Seconded from Design Engineering.
(3) Formerly Miss M.M.L. Racicot.
(4) Visiting summer professor from University of Toronto;

arrived July 11, 1977; left August 12, 1977.
(5) Queen's University student; left September 2, 1977.
(6) Summer visitor from Institut Laue-Langevin, Grenoble;

arrived August 2, 1977; left September 8, 1977.
(7) Visiting summer professor from Queen's University;

left August 12, 1977.
(8) McGill University student; left August 19, 1977.
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3.2 Orientational Oscillations in CBr.

B.M. Powell and G. Dolling

The molecular solid CBr. undergoes a phase

transition at T = 47°C. The atomic positions in the low
c

temperature monoclinic phase are not known. In the high

temperature, plastic phase the structure is face-centred

cubic with the tetrahedral molecules undergoing large

librational oscillations. Using the N5 spectrometer, we

have measured the elastic scattering from a polycrystalline

sample of CBr. at several temperatures both above and below

T , with the sample contained in a quartz glass chamber.
c

In the plastic phase the lattice parameter was found to be

a = 8.807 Â (0.8807 nm). The powder diffraction spectra

showed two strong peaks, identified as the (111) and (200)

peaks respectively; all other powder peaks were very weak

or absent. The positions and intensities of these peaks

showed no significant variation with temperature. A broad

peak at Q = 2.1 Â" , reminiscent of the main feature seen

in neutron diffraction from a typical liquid, was also ob-

served. The origin of this peak is not yet understood.

The powder peak intensities were analysed in terms of

Kubic Harmonics (PR-P-113:3.2, AECL-5802). A large mean

square translational displacement of the molecules was

determined ( <u2> = 0.18 ± 0.02 Â 2 ), but the lack of

accurate intensities for any high-index peaks caused the

coefficients of the Kubic Harmonics to be almost completely

undefined, implying that the molecule is almost freely

rotating. Further measurements are in progress with a

Zircaloy-4 specimen chamber (which produces a low back-

ground) in an effort to measure the intensities of some

higher-index peaks.
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3.3 A Lattice Dynamical Model for Crystalline DNA-type

Pyrimidines

P. Martel and B.M. Powell with L.A. Vinhas (Instituto

de Energia Atômica, Sao Paulo, Brazil)

An axially-symmetric force-constant model has been

developed for the layered molecular crystals, 1-methylthymine

(1-MT) and cytosine monohydrate (CMH). Experimental results

were reported in PR-P-112:3.7, AECL-5696; PR-P-114:3.3,

AECL-5845 and references therein.

These materials belong to the P2.,/c space group and

the location of the four pyrimidine molecules in the unit

cells is very similar for both. Except for additional inter-

layer hydrogen bonding due to H20 in CMH, force constants of

, similar magnitude were chosen for the analogous internal and

external bonds in both materials. In CMH the hydrogen bond

force constants due to water were found to be stronger than

most of those chosen to account for direct interpyrimidine

coupling. The resultant model accounted for the observed

frequencies in both materials to within - ±20%.

3.4 Lattice Dynamical Models for CoQ ooEên 08

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

Born-von Kârmân force models have been fitted to

the phonon frequencies previously measured in Co-, QOFeft no

(PR-P-114:3.8, AECL-5845). The models assumed either

(i) 5th neighbour axially-symmetric forces, or (ii) 3rd

neighbour general forces with a 4th neighbour axially-

symmetric force. The latter model gives a good fit to the

experimental frequencies, although there are discrepancies

between the calculated frequencies for [ççO]T, modes and

those observed for this branch by Shapiro and Moss (Phys. Rev.

B 15 (1977) 2726) to which our model was not fitted.
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3.5 Rotary Mode in KnOsCl,.

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

with D. Mintz (University of Toronto)

The investigation of the phase transition in

potassium hexachloro-osmate (K-OsCl-) has been continued

(PR-P-111:3.5, AECL-5614). The objective was to observe

the rotary mode which is thought to drive the phase transi-

tion at T c = 45.5 K in K2OsClg and to find whether the

transition involves the softening of the mode frequency or

the growth of a central mode. The specimen (two single

crystals) was oriented with the (530) plane as the scat-

tering plane and observations were made along the [001]

direction at 4.8, 46, 77 and 100 K. Two branches of the

dispersion relation were observed, one rather constant in

frequency (-0.4 THz) and one increasing to ~1.8 THz at the

zone boundary. The low branch is believed to be the trans-

verse rotary mode. As the temperature is decreased towards

T the scattering from the rotary mode near the zone centre

becomes quasielastic in form. At 4.6 K the Q = 0 frequency

has increased to 0.55 THz. Higher resolution measurements,

which should establish whether the rotary mode remains

well defined near T . are now underway.
c

A

3.6 Temperature Dependence of Excitations in Liquid He

R. Scherm, E.C. Svensson and A.D.B. Woods

In an earlier study of excitations in superfluid
4
He (R.A. Cowley and A.D.B. Woods, Can. J. Phys. £9_ (1971)

177, AECL-3755) distinct "one-phonon" scattering was not

observed near the first maximum in the phonon-roton dis-

persion curve (Q a 11.3 nm ), at T = 2.1 K, just below

the superfluid transition temperature of 2.17 K. To obtain



- 53 -

more detailed information, we have begun a study of the

temperature dependence of the neutron scattering by liquid

He for wave vectors in this region. The measurements are

being carried out with the L3 triple-axis spectrometer

using Si(111) planes for the monochromator and pyrolytic

graphite (002) planes for the analyser with a fixed scat-

tered-neutron frequency of 1.134 THz. Filters consisting

of 30 cm of single-crystal quartz and 15 cm of poly-

crystalline Be, both at 77 K, were placed in the incident

and scattered beams respectively. Measurements have been

carried out at several temperatures between 1.00 and 2.26 K

mainly for Q values of 8.0, 11.3, 13.0 and 14.0 nm~ . For

all Q, the intensity of the sharp "one-phonon" component

decreases with increasing temperature. The effect is

greatest for Q = 11.3 nm"1, but, even at this wave vector,

with improved statistics and better experimental conditions,

we still observe a very weak but reasonably sharp "one-phonon"

component at T = 2.12 K, 0.05 K below the superfluid transi-

tion temperature. On the other hand, in measurements at

T = 2.26 K for Q = 8.0 and 11.3 nm" , no sharp components

are discernible. The measurements are continuing.

3.7 The Effective Pair Potential in Liquid 4He

V.F. Sears (Theoretical Physics Branch), A.D.B. Woods,

E.C. Svensson and P. Martel

See PR-P-115:4.4 .

3.8 Magnetic Neutron Scattering from Uranium Nitride

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

with G.H. Lander (Argonne National Laboratory)

Measurements of the magnetic scattering from

uranium nitride at the C5 triple-axis spectrometer
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(PR-P-114: 3.11, AECL-5845) have been continued. The magnetic

intensity around the (110) point has been measured at 55, 57,

59 and 100 K. The dependence of the magnetic intensity on

wave vector is such that it approximates a constant background

at 100 K apart from a small peak from feedthrough of higher-

order neutrons.

Near the (120) reflection, which originates in an

antiferromagnetic domain different from that containing the

(110) point, the major axis of the ellipsoid representing the

anisotropic scattering is expected to lie in the (001) scat-

tering plane and our measurements show, qualitatively, the

expected anisotropy. To within the frequency resolution of

the spectrometer, 0.28 THz, the observed magnetic scattering

was elastic. Measurements near (110) made well below the

Néel temperature, TN, show no critical scattering and were

used to determine the resolution function. Correction of the

results for the instrumental resolution is continuing.

Analysis of new measurements near T N of the sub-

lattice magnetization according to the power law

<S2> <* ((TN-T) / T N )
e yielded T N = 49.5 ± 0.4 K and

3 = 0.32 ± 0.03 . The Néel temperature is 2 - 3 K below

previous determinations. At 52 K a search was made for

possible satellites that might indicate a new phase but none

was found. The value of 6 is, within error, the same as for

other 3-dimensional antiferromagnets.

Measurements of the structure factors for the optic

phonons were made at 4.2 K for reduced wave vectors (0 Oh)

and (0 0 0) over a wide range of wave-vector transfers to check

for possible magnetic contributions to the scattering. For

large wave-vector transfers, the intensity varied as expected

for phonon scattering, but at the smallest wave-vector trans-

fers the intensity was greater than expected, possibly

indicating a weak magnetic contribution.
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3.9 Neutron Scattering from Isolated Pairs and Quartets of

ions in KZn 0 > 8 2Mn 0 > 1 8F 3Mn 2 +

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

The search (see PR-P-114:3.10, AECL-5845) for the
2+

v = 1J excitation of isolated quartets of Mn ions has been

successfully completed using the L3 triple-axis crystal

spectrometer. The new measurements were carried out using

50% tighter incident-beam collimation and a monochromator of

50% smaller mosaic width than in the earlier attempt, a fixed

scattered-neutron frequency of 0.90 THz, and filters of 30 cm

of quartz and 15 cm of Be, both at 77 Kr in the incident

beam. These conditions enabled us to observe, at 1.4 K and

a wave-vector-transfer Q = 2ira~ (0.55,0.55,0.55), a spec-

trum consisting of three distinct peaks - a strong

(1560 peak counts) elastic peak centred at v = 0.000±0.003 THz,

a weak (100 peak counts) v = 1J quartet peak centred at

v = 0.105 ± 0.007 THz, and a stronger (200 peak counts) v = 2J

pair peak centred at v = 0.202 ± 0.008 THz. The observed

width of the elastic peak was 0.027 THz in excellent agree-

ment with the energy resolution at v = 0, 0.026 THz, deter-

mined from the scattering by vanadium. However, the observed

widths of the 1J and 2J peaks, 0.045 and 0.053 THz respec-

tively, were substantially greater than the resolution widths,

0.027 and 0.029 THz, for the corresponding frequencies. This

excess width indicates finite intrinsic widths in contrast

to the 6-function peaks predicted by the exact theory

(PR-P-111:4.5, AECL-5614) for the excitations of rigid

isolated clusters. The origin of these widths is not under-

stood at present.

Measurements have also been carried out at 4.2 K

where both the 1J and 2J peaks are substantially weaker, at

20 K where the 1J peak has essentially disappeared although

the 2J peak is still present, and at 295 K where neither

peak is observed. Analysis of the results is continuing.
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3.10 Vacancy-Formation Energy in Iron by Positron Annihilation

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

The temperature dependence of the peak coinci-

dence rate, F(T), measured on a-iron between 20°C and 890°C

(PR-P-113:3.13, AECL-5802) has been analysed in order to

derive the vacancy-formation energy E . Since the full

S-shaped curve of F(T) cannot be obtained because of the

o-y phase transformation at 908°C, it became necessary to

impose certain limits on one of the parameters entering

into the standard trapping-model analysis. We assumed that
S/k

A = y e ' /Af , where p is the trapping rate, S is the

entropy of vacancy formation and \f is the free annihilation
4 6rate, lies between 5 * 10 and 10 for a-iron. A theoretical

estimate for A gives -10 for hi, and previous positron

measurements have shown that A lies within the above range

for most metals studied. With this assumption we obtained

E = 1.4 ± 0.1 eV for a-iron.

We have also analysed the data according to the

empirical formula, E =14.3 kTfc (I.K. MacKenzie and

P.C. Lichtenberger, Appl. Phys. £ (1976) 331), where the

threshold temperature T. is determined by the intersection

of the low-temperature extrapolation of F(T) and the line

defining the slope of F(T) at the mid-point of the S-shaped

region. We find E =1.3 eV, in agreement with our other

estimate. The temperature dependence of F(T) for y~iron

measured between 920°C and 1320°C (PR-P-114:3.13, AECL-5845)

has been analysed using the T. method; we find E = 1.6 eV

for y-iron.

3.11 Estimation of Atomic Force Constants

3.M. Powell with L.E. Evans (Math. & Comp. Branch)

See PR-P-115:5.9 .
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3.12 Thick-Target Neutron Yields and Spectral Distributions
9 9 9

from Be + p, Be + d and Be + a Reactions

M.A. Lone, B.C. Robertson, E.D. Earle and S.T. Lim

with A.J. Ferguson (Nuclear Physics Branch)

Yields and angular distributions of neutrons

above 0.5 MeV from thick Be targets bombarded with protons

(E = 9 to 12 MeV), deuterons (E, = 5 to 12 MeV), and

alphas (E = 12 to 30 MeV) have been measured with a

stilbene detector using a time-of-flight technique and

pulse-shape discrimination.

The shapes of the neutron spectral distributions

from the proton and deuteron projectiles are consistent

with the earlier measurements at projectile energies 14.8

to 23 MeV (M.A. Lone et al., Nucl. Inst. and Meth. 1£3

(1977) 331, AECL-5748).

One striking feature of the neutron spectra from
a

the Be + d reactions is the presence of a sharp neutron

group at ~760 keV neutron energy. This neutron group

appears at incident deuteron energies at 6 MeV and above.

No such sharp group is seen in the neutron spectra from
9 9
Be +p and Be +a reactions. Attempts to correlate this

Q

group with the decay of the 2.43 MeV state in Be (which

will be excited by inelastic scattering) to the ground
g

state of Be have been unsuccessful.

3.13 N4 Thermal Neutron Facility

M.A. Lone and W.M. Inglis

Installation of the neutron-beam tube and the

liquid-N, cryostat for Bi and quartz filters is in progress.

The attenuation of neutrons through a 15 cm long

Bi crystal at room temperature (20°C) and liquid N-
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temperature (-196°C) was measured as a function of the

neutron energy in the range 10 meV to 10 eV using the C2

time-of-flight facility.
17 18

For measurements of the O(n,y) O cross section

at the N4 facility a D2 0 sample has been prepared for us

by W.M. Thurston (General Chemistry Branch) with a technique

described in "A Complete Combustion of Hydrogen Compounds

for D/H Analysis" by W.M. Thurston and W.M.D. James, Atomic

Energy of Canada Limited, Unpublished Internal Report CRNL-207-22.

3.14 The 1H(n,Yy)2H Experiment

E.D. Earle with A.B. McDonald and J.A. Atkins (Nuclear

Physics Branch)

Measurements to reduce the upper limit for the
1 2
H(n,YY) H cross section are in progress (PR-P-114:3.18,

AECL-5845). The electronics have been significantly

modified to better handle the high counting rates in the

Nal detectors and the geometry of the detectors and target

has been altered to improve the total detection efficiency.

In addition, data analysis includes corrections for gain

changes in the y-ray energy and variations in the coinci-

dence time with y-zay energy. These modifications have

resulted in a factor of three improvement in sensitivity.

Results obtained to date indicate that the upper limit for

a_ is lower than the limit obtained with Ge(Li) detectors.

3.15 A Comparison of CRNL and Stanford CW Electron Facilities

for Experiments on Stimulated Emission

J.W. Knowles with F.C. Khanna (Theoretical Physics Branch)

The CW electron test accelerator ETA at CRNL and

the CW superconducting microtron at Stanford have been



compared in order to determine if the former facility is

suitable for experiments on stimulated emission. Such

experiments, conducted at Stanford, have been described

by Elias et al. (Phys. Rev. Lett. 3_6_ (1976) 717) and by

Deacon et al. (Phys. Rev. Lett. 3£ (1977) 892). Amplifi-

cation factors and power transfer from electrons to photons

in these two facilities have been calculated at different

electron energies and for different arrangements of optical

feedback. Factors, such as the electron beam resolution,

electron pulse width and electron beam energy, which deter-

mine the wavelength and the intensity of the stimulated

emission, have been investigated in some detail.

It is concluded that the ETA facility, operating

with a beam of 6 MeV electrons with a fractional energy

resolution < 5 x 10 in a mode that rejects all but 1 in 70

of the electron pulses, and using the Stanford periodic

magnetic field (helix) with a period of 3.2 cm, is suitable

for experiments on stimulated emission of wavelength

Xf = 175.7 ym. At this wavelength the amplification for

stimulated emission is greater for ETA than

it is for the Stanford facility under comparable operating

conditions because the former has a -4 times longer electron

pulse.

3.16 Structure in the a (yf) and v Spectra at the Photofission

Threshold of 2 3 8U

S.T. Lim, R.N. King, W.F. Mills and J.W. Knowles

Measurements with the Compton monochromator of

the photofission cross section, a(yf), and of the average

number of prompt neutrons per fission, v, for u

(PR-P-110:3.18, AECL-5546 and PR-P-,lll:3.20, AECL-5614)

have been extended to lower energies. The Y-ray energy,

E , was varied from 6.2 MeV down to.,5.7 MeV. A prominent
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peak of width <70 keV, the monochromator resolution, was

observed in the <x(Yf) spectrum at E = 5.72 MeV. Our

preliminary measurements of v in this region show a rela-

tively sharp drop, with increasing energy, at 6.1 MeV.

Above this energy v increases linearly as described in

PR-P-lll:3.20, AECL-5614. We interpret the peak in a(yf)

at 5.7 MeV and the sharp change of v at 6.1 MeV as indi-

cations of the opening up of a new fission channel

characterized by a value of v which is smaller than the

average v associated with channels below 6.1 MeV.

3.17 Reactor Beam Hole Use

A.D.B. Woods

The McMaster University and Guelph University

spectrometers were in use during the period.

The following table summarizes utilization of

operating CRNL facilities at NRU beam holes.

Beam Hole

Cl

C2

C4

C5

L3

N5

No. of
Experiments

i-i

1

1

2

2

1

No. of
Participating

CRNL
scientists
(incl. summer
visitors)

2

1

2

5

5

3

No. of
Participating
non-CRNL
scientists

0

0

0

0

0

1

Efficiency
(% of available

reactor operating
time used for
experiments)

98

25

100

92

98

97

Total reactor operating time was 73 days.
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3.18 Supply and Servicing of Detector Systems

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

One of the high-purity Ge double-diode detector

systems was returned from Reactor Control Branch because

of alignment difficulties. It was found that the detector

had shifted ~1 mm in its mount, possibly from a jolt during

transit or installation. The mount was modified slightly

to provide more positive location of the diode; the system

was reassembled, tested and returned.

A commercial coaxial Ge(Li) detector system pur-

chased by Section II of this Branch was tested and found to

be within specifications. Another Ge(Li) detector system

belonging to Section II was repumped following a cryostat

vacuum failure.

Preliminary design work for the ion-chamber sample

changer is almost complete, some components have been ordered

and drawings for parts to be built in the shops have been

started.

3.19 Travelling-Heater Systems for CdTe Growth

H. Schmeing, R.J. Toone, W.F. Slater and J.G.V. Taylor

with M.N. Wightman (Nuclear Physics Branch)

The process of growing CdTe single crystals by

the travelling-heater method (THM) consists of pulling a

Te zone through polycrystalline CdTe feed material. Since

the process takes place in a sealed ampoule, any voids

between feed material and the walls of the ampoule, as well

as voids within the feed material, accumulate, forming one

void located on top of the Te zone until finally the contact

between the dissolving and the recrystallizing surfaces is

interrupted. We have attempted to minimize this very serious
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problem by using high-density feed material, grown by the

solution-growth method, and by using precision bore quartz

of the same nominal dimensions for growth and regrowth.

It took five weeks to produce a specimen 10 cm long and

12 mm in diameter. The final void had a volume of several

mm . This was still large enough to distort the shape of

the dissolving surface but, for the first time, contact

between growing and dissolving surface surface was not

lost. The material grown is currently undergoing tests.

The drive system for the second THM apparatus

has been completed and tested, a second furnace is nearly

ready for testing while the ampoule holder and cooling

jacket have still to be constructed. A new cooling method,

direct conductive cooling, has been tested with the result

of improving the temperature gradient at the growing surface

from 200°C/cm to about twice this value.

3.20 CdTe Solution-Growth Apparatus

W.F. Slater, R.J. Toone, M.M.L. Atfield and H. Schmeing

The production capacity of the solution-growth

apparatus has been doubled. The system now consists of

two identical furnaces balancing each other (PR-P-113:3.21,

AECL-5802) and the cold finger, stirring mechanism and

interlock system have also been duplicated. A temperature

controller and a microprocessor-programmer have been in-

stalled allowing both furnaces to be operated in parallel.

Crystal growth has been resumed with two crystals growing

simultaneously.
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3.21 Glassblowing and Other Services

J.G. Wesanko, M.A. Gulick, R.J. Toone, W.F. Slater

and J.G.V. Taylor

Glass equipment has been constructed and modified
99

for the Mo Processing Facility. The main part of the

system consists of three headers of 3 L capacity constructed

from 12.5 cm tubing. The first is for the dissolved target

solution, the second acts as a holding tank, and the third

is used for uranium recovery. Other parts of the apparatus

are a 250 mL product header, a reaction flask filter and an

alumina column. The design of this equipment is still

evolving with each new system.

Several gas reservoirs have been supplied to

Physical Chemistry Branch for the K, recirculation system

used in catalyst life-time studies.

A failed tungsten carbide ring from Systems

Materials Branch was sectioned for examination. Attempts

to cut a large (10 cm diameter by 15 cm long) cylinder from

a quartz crystal for Section II of this Branch have been

halted pending consultations with the core drill supplier.

3.22 Publications and Lectures

Publications

ACOUSTIC PHONONS IN SnSe2

J.L. Brebner, S. Jandl and B.M. Powell
II Nuovo Cimento 3_8 (1977) 263
Atomic Energy of Canada Limited publication AECL-5461

ANISOTROPIC PHONON DISPERSION IN GaS
B.M. Powell, S. Jandl, J.L. Brebner and F. Levy
J. Phys. C 1£ (1977) 3039
Atomic Energy of Canada Limited publication AECL-5789
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THE ATOMIC KINETIC ENERGY IN LIQUID He
A.D.B. Woods and V.F. Sears
J. Phys. C !L0 (1977) L341
Atomic Energy of Canada Limited publication AECL-5756

MOMENTUM DISTRIBUTION IN LIQUID 4He AT T = 1.1 AND 4.2 K
A.D.B. Woods and V.F. Sears
Phys. Rev. Lett. 3£ (1977) 415
Atomic Energy of Canada Limited publication AECL-5887

OBSERVATION OF A CENTRAL MODE IN AN EXCHANGE-COUPLED
SINGLET-GROUND STATE SYSTEM
J. Als-Nielsen, J.K. Kjems, W.J.L. Buyers and
R.J. Birgeneau
J. Phys. C 1£ (1977) 2673
Atomic Energy of Canada Limited publication AECL-5888

NEUTRON SPECTRAL DISTRIBUTIONS FROM PROTON AND DEUTERON
BOMBARDMENT OF THICK Li AND Be TARGETS AT 14.8, 18 AND
23 MeV
M.A. Lone
in "Cross Sections and Yields for High Energy Neutron
Source Reactions" (edited by M.A. Lone, L. Stewart,
A.D. Carlson and C D . Bowman) U.S. Dept. of Commerce,
National Bureau of Standards Report NBSIR 77-1279, 1977,
P. 5

FAST NEUTRON CAPTURE IN 1 9 7Au AND THE y-RAY. STRENGTH
FUNCTION
E.D. Earle, I. Bergqvist and L. Nilsson
Aktiebolaget Atomenergi Report AE-515, 1977

Lectures

PHONONS IN NIOBIUM AND MOLYBDENUM
A.D.B. Woods, B.M. Powell and P. Martel
International Conference on Physics of Transition Metals,
Toronto, Ontario
August 15-19, 1977

NEUTRON INELASTIC SCATTERING FROM ITINERANT FERROMAGNETS
T.M. Holden
International Conference on Physics of Transition Metals,
Toronto, Ontario
August 15-19, 1977
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ANHARMONIC INTERFERENCE BETWEEN ONE- AND MULTI-PHONON
SCATTERING IN X-RAY AND NEUTRON EXPERIMENTS
W.J.L. Buyers
NATO Advanced Study Institute, Minneapolis, Minnesota
August 22 - September 2, 1977

PHONON DISPERSION RELATION OF URANIUM NITRIDE ABOVE AND
BELOW THE NÉEL TEMPERATURE
G. Dolling, T.M. Holden, E.C. Svensson, W.J.L. Buyers
and G.H. Lander
International Conference on Lattice Dynamics, Paris, France
September 5-9, 1977

THE LATTICE DYNAMICS OF CRYSTALLINE DNA PYRIMIDINES
P. Martel, B.M. Powell and L.A. Vinhas
International Conference on Lattice Dynamics, Paris, France
September 5-9, 1977

RECENT NEUTRON SCATTERING STUDIES AT CHALK RIVER
G. Dolling
Danish Atomic Energy Research Institute, Ris^, Denmark
September 12, 1977

THE STRUCTURE OF LIQUID HELIUM
A.D.B. Woods
University of Guelph, Guelph, Ontario
September 27, 1977
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THEORETICAL PHYSICS BRANCH

by

G.E. Lee-Whiting

4.1 Staff

4.2 Neutronic Calculations for a Fusion Reactor Blanket

4.3 Solution of the One-Speed Neutron Transport Equation
in Spherical Geometry

4.4 The Effective Pair Potential in Liquid He

4.5 Collisional Broadening of the Zero-Sound Mode in
Liquid 3He

4. 6 Penetration of Heavy Ions in Solids

4.7 Collective Renormalization in the Spherical Shell Model

4.8 Isovector Effective Charge

4.9 Electroexcitation of the ^ F Nucleus

4.10 Nuclear Shape Stability Condition at Finite Temperature

4.11 Magnetic Moments of J =19/2" Mirror States in 4 3Ti and 4 3Sc

4.12 A Comparison of CRNL and Stanford CW Electron Facilities
for Experiments on Stimulated Emission

4.13 Reports, Publications and Lectures
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4.1 Staff

Branch Head:

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

G.E. Lee-

Harvey
Khanna
Kushneriuk
Lee
Sears
Towner

K.B. Winterbon

Students and Visitors

E.
S.
H.
J.
T.

R.
M.
W.

Blomhof (1)
Das Gupta (2)
Glyde (3)
Irvine (4)
Stone (5)

A.E. Jacobs (6)

Secretarial Staff

M.E. Carey

1) Summer student; terminated Sept. 6 to return to Univ. of British Columbia.
2) Visiting professor; terminated July 28 to return to ticGill University.
3) Visiting professor; terminated July 6 to return to Univ. of Ottawa.
4) Visiting professor from Univ. of Manchester, June 28 - July 22, 1977.
5) McMaster Univ. Internship Program student; terminated Sept. 15, 1977.
6) Visiting professor from Univ. of Toronto, arrived July 4, 1977.
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4.2 Neutronic Calculations for a Fusion Reactor Blanket

S.A. Kushneriuk and T.W. Stone

The fusion-reactor-neutronics calculations

reported in PR-P-113 (AECL-5802) have now been extended to
232

include blankets containing Th, the source material for the
233

production of u? some results have been obtained. The cal-

culations were generalized to give the buildup with time of
the U in the system, as well as nuclides such as Pa,
232.. 234..u and U.

In the blankets studied the principal ingredient

was the tritium breeding material, lithium. The overall con-

straint imposed on the system was that about 1.1 T nuclides be

produced per one 14.1 MeV neutron released in the DT fusion

reaction. Other materials of the blanket were the structural

material Nb and some neutron-moderating material, e.g. graphite.
232

The Th was assumed to be contained in 19-element, Zircaloy-

clad, D O-cooled, CANDU-type fuel bundles. The reason for this

choice was for purposes of examining the distribution of the

U production throughout the bundle, with the hope of possibly

being able to transfer the bundles irradiated in the blanket

directly into the core of CANDU reactors.

Further calculations are proceeding and the sig-

nificance of the results obtained is being assessed.

4.3 Solution of the One-Speed Neutron Transport Equation in

Spherical Geometry

T.W. Stone and S.A. Kushneriuk

A new procedure was used to derive the moments

equations for the neutron flux, following a spherical-harmonics

type expansion of the flux for an N-region, spherically sym-

metric system, using partial-range Legendre polynomials in the
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expansion. The procedure leads to a natural combination of

terms in the equations which, because of the recurrence pro-

perties of the partial-range polynomials, results in a con-

siderable simplification in the final form of the equations.

A different general set of the moments equations

was previously obtained by A.A. Harms and E.A. Attia (Nucl.

Sc. Eng. !56> (1975) 310) , who also included directional discon-

tinuities in the angular flux in their expansion formalism.

The two results were compared, and analytically solved in the

lowest order approximations for the two-region case of a

"black" sphere surrounded by a purely neutron scattering medium.

It is found that in this low order the inclusion of terms

incorporating a discontinuity in the angular flux improves the

accuracy of the solutions.

It is to be noted that in both of the expansions

discussed above the range limits of the Legendre polynomials

are variable, i.e. the limits are dependent upon the distance

from the system centre. The maximum number of ranges used in

the expansions is equal to the total number of regions in the

system.

4.4 The Effective Pair Potential in Liquid He

V.F. Sears with A.D.B. Woods, E.C. Svensson, and P. Martel
(N.S.S.P. Branch)

The work described in PR-P-113:4.3 (AECL-5802)

on the direct inversion of neutron-scattering data to obtain

the effective pair potential in liquid He at T = 4.2 K has

been extended in two ways:

Firstly, we have found that the kernel, K(r,r"),

in the basic integral equation given in the above reference, can

be evaluated analytically. This has led to a 30-fold decrease in

the amount of central-processor time required to solve this
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equation by numerical iteration. In addition the accuracy

of the solution has been increased by a factor of 3•

Secondly, we have investigated the effect on

the effective potential of possible systematic errors in the

X-ray structure factor, S(Q), which is used to normalize the

neutron-scattering data. Previously, we had taken the X-ray

results at face value and found an effective potential which

differed from that for an isolated pair of 4He atoms by having

a deeper well, a secondary minimum and a positive hump at

large separations. We now find that, if the X-ray results for

S(Q) are systematically higher than the correct values by

about 5%, the secondary minimum in the effective potential tends

to disappear and the positive hump is less pronounced than

before. We plan to do further experiments aimed at reducing

the present uncertainty in the effective potential.

4.5 Collisional Broadening of the Zero-Sound Mode in Liquid 3He

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

The collisional broadening of the zero-sound

mode in liquid He is being calculated in second-order pertur-

bation theory. The required particle-hole interaction at

finite temperature is obtained from a computer program

(PR-P-111:4.3 (AECL-5614)) that calculates two-body T-matrix

elements. The temperature dependence of the collisional

broadening will be investigated.

4.6 Penetration of Heavy Ions in Solids

K.B. Winterbon

Work on calculating range distributions in a

two-medium target (PR-P-114:4.5 (AECL-5845)) is continuing.

It has been shown that the ratio of values of the distribution

across the interface between the two media is in general equal

to the value calculated with the path-length distribution.
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Also, this ratio holds for arbitrary target inhomogeneities,

not just for the two-medium problem.

In the backward-equation formalism,parameters

arise whose values can not yet be calculated. It is intended

L-u estimate tiitm from the path-length-distribution results

combined with results from approximate calculations using the

forward equation. No useful results have yet been obtained

from the exact forward equation, but in the P.. approximation,

familiar in neutron transport theory, the equation can be

solved explicitly. The solution is particularly simple when

the source and the interface coincide. The most interesting

such case occurs when the medium behind the source simulates

a vacuum; then one can calculate reflection coefficients, with

and without surface corrections, and the mean range in a semi-

infinite target.

Earlier work on depth distributions of recoils

(PR-P-106:4.4 (AECL-5226)) has been modified so that one can

consider primary recoils alone. Such calculations help one

to understand the slowing-down process, and are useful in

making comparisons with other theories.

4.7 Collective Renormalization in the Spherical Shell Model

I.S. Towner and M. Harvey

In formulating the renormalization of shell model

operators in terms of self-consistency criteria for transition-

density matrices (see PR-P-114:4.7 (AECL-5845) and previous

progress reports), we have encountered a technical difficulty

in evaluating the valence polarization (as distinct from core

polarization) for open shell nuclei. Valence polarization in

our theory is described by two-body density matrices which are

re-expressed as a complete-set summation over a product of two



- 72 -

one-body densities. In evaluating these two-body densities,

the complete set summation necessarily has to be truncated

and in most cases computer limitation calls for severe trun-

cation. In the few cases where the exact calculation can be

performed, we find that severe truncation leads to serious

errors in the valence-polarization estimates.

4.8 Isovector Effective Charge

I.S. Towner and B. Castel (Phys. Dept., Queen's Univ., Kingston)

90
The low-lying states of Nb are described in

the shell model as a coupling of a g<w2 P
r o t o n particle with

a g<w2 neutron hole. The 6+ to 8 E2 y-transition therefore

depends on the difference of the proton and neutron effective

charges for the gg/? orbit, e -e , a quantity known as the

isovector effective charge. Calculating e and e , either in

an RPA or particle-vibration model, for the closed-shell-plus

(or minus) one nuclei Nb (or Y) leads to a value of e -e

in disagreement with that derived from the experimental

B(E2; 6 •* 8 ) in Nb. Adding, through first-order perturba-
90

tion theory, two-body diagrams to the Nb calculation gives

a correction of the right sign to reconcile theory with

experiment.

19
4.9 Electroexcitation of the F Nucleus

H.C. Lee with C.F. Williamson, F.N. Rad, J. Heisenberg (Mass.
Inst. of Tech., Cambridge, Mass., U.S.A.) and
H. Crannell and J. O'Brien (Catholic Univ. of
America, Washington D.C., U.S.A.)

Electron-scattering cross sections for the
19

electroexcitation of the F nucleus were obtained over the

momentum transfer range 0.8 fm <. q <. 2.5 fm using the MIT-

Bates 400 MeV electron linac. Data for the intra-band transi-

tions in the ground-state (H ) rotational band have been
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analyzed with the aid of variation-after-projection Hartree-

Fock calculations. The most interesting nuclear-structure

information extracted from the data is the complete set of parity-

non-changing electromagnetic intra-band transition strengths

for multipo]es up to X = 7 A In column 5 of Table 1 the

TABLE 1. Electromagnetic Transition Strengths to the Ground-State

Initial

3/2+

5/2+

7/2+

9/2+

13/2+

l/2+

5/2+

9/2+

13/2+

Type

E2

E2

E4

E4

E6

Ml

M3

M5

M7

21

20.

1.59 x

1.25 x

1.53 x

6.45 x

44.

1.22 x

1.70X

e2.fm2X

5

3

ioJ

ioJ

io4

ID"2

0

io4

iob

B(EX+) or

2 . 2X
in e 'fin

23.0

20.7

(1.3

± 1.4

± 1.2

±0.4)

(1.20±.15)

(2.6

5.42

32

(1.2

(2.9

±0.9)

B(MX+)

This exp

xiO3

xiO3

xiO4

xio"2

± 5

±0.3)

±1.0)

x IO4

x IO6

•t.

in

7.65

6.88

7.4

8.0

2.5

2

35

220

790

W.U.

± 0.

± 0.

± 0.

± 2.

± 0.

.75*

± 6

± 60

±260

47

42

9

5

8

a) Converted from previously known Ml moment.

experimentally determined strengths are listed in Weisskopf

units. For electric transitions the results show that the

Weisskopf unit gives a good indication of the degree of col-

lectiveness of the nuclear motion, regardless of X; in the

present case this motion involves 7 to 8 particles. The reduc-

tion of strength for the B(E6+) indicates the termination of

the band at 13/2 . In very sharp contrast the experimental

results for the magnetic transitions - the first set of its kind

show the Weisskopf unit not to be a useful indication of col-

lectiveness when X is greater than 1. Also shown in the table
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are the theoretical VPHF results (in column 3) which are in

very good agreement with experimental data for all transitions.

4.10 Nuclear Shape Stability Condition at Finite Temperature

S. Das Gupta {McGill Univ., Montreal) and H.C. Lee

It has been observed that in some so-called

spherical nuclei the theoretically calculated level density

at an excitation energy near the neutron threshold is very

significantly lower than the measured level density. One

possible explanation of this discrepancy is that a nucleus

spherical in the ground state (zero temperature) may develop

a static deformation above a certain excitation energy (finite

temperature); a one-to-one correspondence between the excita-

tion energy and the nuclear temperature is established through

the grand partition function. As ;a rule the average level

spacing in a deformed nucleus is much smaller than that in a

spherical nucleus.

In the BCS theory most spherical nuclei are

"superconducting" and are prevented from assuming a

deformed shape by the pairing force. As the nuclear tempera-

ture rises, the strength of the pairing force is reduced.

This does not necessarily lead to deformation however, because

the deformation-indueing quadrupole force is similarly weakened

by the rising temperature. The relative rate of weakening of

the two forces, which depends on nuclear-structural effects,

determines which of two courses the nucleus will follow as the

temperature is increased. One possibility is that it will go

through two phase transitions: first from spherical supercon-

ducting to deformed and then to spherical non-superconducting

(or "normal"). Alternatively, it could go directly from the

spherical superconducting to the "normal" state, remaining

spherical throughout.
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We are studying the possibilities described

above in terms of the shape stability condition of the

nucleus at finite temperature. The theory is an extension

of Thouless" theory on stability at zero temperature. Some

q<=>neral underspending has already been gained in preliminary

calculations using schematic models. We are now doing cal-

culations with realistic parameters and interactions in order

to try to predict the phase-transitional behaviour of some

real nuclei.

4.11 Magnetic Moments of Jïï = 19/2" Mirror States in 43Ti and 43Sc

I.S. Towner with 0. Hausser, T.K. Alexander, T. Faestermann,
D. Horn, D. Ward and H.R. Andrews (Nuclear Physics Branch)

See PR-P-115:2.2 (AECL-5966).

4.12 A Comparison of CRNL and Stanford CW Electron Facilities for
Experiments on Stimulated Emission

J.W. Knowles (N.S.S.P. Branch) and F.C. Khanna

See PR-P-115:3.14 (AECL-5966).
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4.13 Reports, Publications and Lectures

Publications

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

THE MOMENTUM DISTRIBUTION IN LIQUID 4He AT T = l.l K AND 4.2 K
A.D.B. Woods and V.F. Sears
Phys. Rev. Lett. 39(1977)415

THE ATOMIC KINETIC ENERGY IN LIQUID 4He
A.D.B. Woods and V.F. Sears
J. Phys. C: Solid State Phys. 10> (1977)L341

ANALOGUE SYMMETRY BREAKING IN SUPERALLOWED FERMI g-DECAY
I.S. Towner, J.C. Hardy and M. Harvey
Nucl. Phys. A284(1977)269

ELECTRONIC ENERGY LOSS AND CHARGE-STATE FLUCTUATIONS OF SWIFT IONS
K.B. Winterbon
Nucl. Instr. & Meth. 144(1977)311

EXCITATIONS IN NORMAL LIQUID 3He
H.R. Glyde & F.C. Khanna
in "Quantum Fluids and Solids", Ed. S.B. Trickey, E.D. Adams,
and J.W. Dufty (Plenum Pub. Corp.)

Lectures

AN INTRODUCTION TO WEAK INTERACTIONS
I.S. Towner
A course of five lectures given to the Queen's University
physics department on August 4, 11, 18, 25 and Sept 1, 1977.

NEUTRINO-NUCLEAR INELASTIC CROSS SECTIONS FOR REACTOR ANTINEUTRINOS
H.C. Lee
given by F.C. Khanna at Vllth Int. Conf. on high-energy physics
and nuclear structure, Zurich, Switzerland, Aug. 29 - Sept. 2, 1977

EXCHANGE CURRENT CONTRIBUTIONS TO GAMOW-TELLER MATRIX ELEMENTS
I.S. Towner, F.C. Khanna and H.C. Lee
same as above

ELECTROMAGNETIC FIELD IN THE NUCLEUS AND THE SALAM-STRATHDEE
PHASE TRANSITION
H.C. Lee and F.C. Khanna
same as above
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MATHEMATICS AND COMPUTATION BRANCH

D. McPherson

5.1 Staff

5.2 CDC CYBER 170/6600 System

5.3 CDC 3300 System

5.4 DECsystem-10

5.5 Spectrometer Control System
5.6 Computer-aided Control System for the

Superconducting Cyclotron and MP Tandem

5.7 Analysis of Acoustic Phenomena
in a System of Steam Mains

5.8 Rational Minimax Approximations for the
Bessel Functions Jn(x), J,(x), Y.(x) and
Y1(x) 0 1 0

5.9 Data Reduction Programs

5.10 Simulation

5.11 Stress Analysis Programs

5.12 Shipping Flask Fire Accident Analyses

5.13 Information Handling Programs

5.14 Miscellaneous Programs and Subroutines

5.15 Operations

5.16 Publications, Reports and Lectures
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5.1 Staff

Branch Head: D. McPherson

Section I : .Systems

Head:
D. McPherson

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

Programmer :
E.A. Okazaki

System Librarian:
K.M. Haddon

Section II: Operations

Head:
G.N. Williams

Programmer/Analyst :
B.B. Ostrom

Programmer :
C D . Price

Operator Supervisor:
V.L. Tomlinson (1)
A.A. Laroche (2)

Computer Operators :
S.V. Bair (3)
K.M. Bjarbo
M.H. Burke
M.A. Carroll (4)
L.P.L. Cybulski
M.E. Edwards
C M . Hepburn
M.
T.

Robertson
Spear

Section III: Mathematical
Services and Applications

Head:
J.M. Blair

Mathematical Analysts:
G.H.
W.N.

Keech
Selander

Programmer/Analysts
M.B.
L.E.
P.Y.

Carver
Evans
Wong

Programmers :
K.R.
P.A.
C.A.
J.K.
E.G.
B.E.
B.V.
D.G.
J.W.

Chaplin
Christie
Edwards

C. Liu
Long
Purcell
Riff
Stewart
Wendorf

Secretarial Staff

K.F. Barnard

•

(5)
(6)
(7)

(8)

L.J. Sutton



- 79 -

(1) Terminated 2 August 1977.
(2) Promoted 1 September 1977.
(3) Summer student from Queen's University, terminated

5 July 1977.
(4) Summer student from Cambrian College, terminated

24 August 1977.
(5) Waterloo student, joined branch 22 August 1977.
(6) Summer student from University of Waterloo,

terminated 26 August 1977.
(7) Summer student from University of Toronto, terminated

19 August 1977.
(8) Waterloo student, terminated 2 September 1977.
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5.2 CDC CYBER 170/6600 System

(i) Mathematical Subroutine Libraries

(a) Library Modifications

L,E. Evans and B.E. Purcell

On 22 August 1977, the following changes were made

to AELIB:

New Routines added to AELIB were: SMOOTH,HDERIV -

routines for smooth curve fitting and differentiation of

data (prepared by B.V. Riff); AKI1,AKI3,KIN - routines to

calculate the Bickley functions K ^ ( x ) , KI 3(x), KI N(x);

MLSQQ,YFST - routines for nonlinear least squares approxi-

mation (see PR-P-115; 5.14(iv); AECL-5966); PLODAM/PLODA -

routine to plot dashed lines through a set of data points

with optional smoothing (see PR-P-115; 5.14(iii); AECL-5966).

PLOT, RELESE, STIFFS, GAHER, SIMPLOT, AIKINT and

GAMMA were modified to fix specific problems. Library

statistics calls were added to the remainder of the AELIB

routines written in FORTRAN.

Temporary documentation was made available to

users at all sites.

(b) AELIB Master File Development

L.E. Evans and B.E. Purcell

A master file containing all status information

for library routines was designed and implemented. This

file is organized according to a subject matter classifi-

cation scheme and contains the following information for

each routine: number in old classification, number in new

classification, title, analyst responsible, keywords, error

and statistics status, and library residence.
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Programs have been written to generate keyword and

subject matter indices from this file and to print usage

statistics summaries using this file.

(ii) Graphics Software

J.W. Wendorf and G.N. Williams

A working version of the device independent

graphics system designed by J.W. Wendorf has been imple-

mented .

Initial tests show the system to be working sat-

isfactorily. A broader range of test cases is planned,

particularly the feasibility of handling graphics files from

other computer-based graphics systems such as the Applicon

computer-aided design systems in the Electronics Branch and

Plant Design Divison.

5.3 CDC 3300 System

(i) Dayfile Messages for 3300

E.A. Okazaki and J.F. Steljes

The 3300 to CYBER 170/6600 communications programs

have been modified to permit 3300 programs to insert mes-

sages in the CYBER 170 or 6600 dayfiles. This facility is

now being used to record logging in and out of terminals,

and a program has been written to extract and summarize this

information.

5.4 DECsystem-10

J.A. Edgecombe

Errors in the 507B monitor were corrected. The

tapes containing the 603 monitor have been received, and

local modifications are being inserted preparatory to system

testing.

Errors in the fast scanner software were corrected.

The display driver was upgraded in preparation for new

hardware, not yet installed.
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During the period, the tapes of the DECUS user

library were received, and partially checked. Some of the

routines included have already proven useful.

A MAIL system (message routing), obtained from the

National Institutes of Health, has been installed.

Graphics support was enhanced by installing the

Tektronix support package, and a package of routines ob-

tained by J.S. Forster through the University of Aarhus.

These were combined with DEC'S Calcomp support routines to

enhance the device-independence of all packages, which now

can be used on either the Tektronix 4010 terminal or the

Calcomp plotter.

The user's guide to the SOS text editor was up-

graded to correspond to the current version of the software.

5.5 Spectrometer Control System

G.H. Keech

Neutron and Solid State Physics Branch has started

to construct a new spectrometer control system with the

purchase of a PDP 11/34 computer. It has been decided to

use DEC'S REMOTE-11 system with an 11/03 computer attached

to each spectrometer.

An extensive study has been made of the RT-11

operating system chosen for the 11/34. A five-day course

for RT-11 users was attended at Kanata, Several system

facilities and features have been tested with trial pro-

grams .

Work is in progress on a data card input system

which has prompting and free-format features.
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5.6 Computer-aided Control System for the
Superconducting Cyclotron and MP Tandem

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

(See also PR-P-115, 2.18, AECL-5966.)

Considerable progress was made in development and

testing of hardware for the system, including:

- resolution of problems with the CA11-C CAMAC interface.

- installation of both parallel and serial data "highways".

- construction of the EDUCRATE.

- resolution of communication problems caused by the GANDALF

LDS125 and LDS100 Modems.

- installation of the touch panel.

Software developments included the testing of the

driver for the parallel highway, and of the touch panel. A

routine to provide an interface between the Hahn-Meitner

software and the system-variable data base has been written,

and routines for controlling and monitoring the ion source

parameters have been designed.

5«7 Analysis of Acoustic Phenomena
in a System of Steam Mains

W.N. Selander and P.Y. Wong

The expanded G-l frequency response calculation,

including both friction and Doppler effects, has been set up

and programmed. Our calculations indicate that resonant

frequencies are Doppler broadened and damped as expected,

but are not shifted significantly. Our results also in-

dicate that depending on the conditions of the driving

forces, some resonant frequencies may not show up if they

are not monitored at the right location. This may explain

why some of our previous calculated resonances were not

observed at Gentilly-1.
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The frequency response calculation of the modified

G-l network has been programmed. This is a much larger cal-

culation involving 19 pipe segments and a total of 76 equa-

tions. Early results appear reasonable but detailed checking

has yet to be performed.

5.8 Rational Minimax Approximations for the
Bessel Functions J_(x) , J^x), Y« (x) and Y. (x)

C.A. Edwards and J.M. Blair

Full-range approximations to the Bessel functions

of the first and second kinds of orders zero and one have

been derived. The approximation forms are

J0(x) = <x
2-Jo,i><x2-J0j2)(x

2-Jof3)(x
2-j^4)R(x

2), 0 < x < 14

= MQ(x) COS 8 0 ( X ) , x ^ 14

Y (x) = (x2-j2 )£n -*— R(x2) + (x2-y2 ,)S(x2), 0 < x < 3.50 °'1 y0,l °'i

= MQ(x) sin 0Q(x), x ̂  3.5

MQ(x) « x'^Rd/x
2), 3.5 < x < 14 and x _> 14

8Q(x) » x - j + x"
1 S(l/x2), 3.5 <̂  x <_ 14 and x ^ 14

(x2-j2
4)R(x

2), 0 <_ x ± 14

cos 91(x) , x >_ 14

2 2
2 2 x 2 <x -Yi i) ->

Y-^x) = x(x -Jifl)*-n y
2 — R(x^) + 2

X'X S(xz) , 0 < x _< 5

= M^fx) sin Ojfx), x >_ 5

Mx(x) * x"^ R(l/x
2), 5 _< x _< 14 and x >_ 14

O^x) = x - ̂ J + x"1 S(l/x2) , 5 < x < 14 and x > 14
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where j and y denote the mth zeroes of J (x) and

Y (x) respectively, and where R(x) and S(x) are rational

functions of x. The accuracy ranges from 1 to 23S.

For the lowest range of each function, the approx-

iation retains full relative accuracy, even in the neigh-

borhood of zeroes, but for the higher ranges relative ac-

curacy is lost as a zero is approached. An attempt will be

made to provide alternative forms of approximation which

retain full relative accuracy in the neighborhood of zeroes.

5.9 Data Reduction Programs

(i) Electrical Demand and Energy
Equations for Forest Hall

J.M. Blair

Three additional sets of temperature, demand and

energy data (PR-P-114; 5.11; AECL-5845), covering the period

May to July 1977, have been obtained. In addition, occu-

pancy data for the period July 1976 to May 1977 have been

provided, from which we have derived figures for the maximum

number of residents and guests and the person-days for each

measurement period.

While there is some visual correlation between the

occupancy data and the response variables, it is not great

enough to warrant an additional term in the regression

model, and the only significant variable is the air differ-

ential temperature.

The resulting regression equations will be used

for predicting future electrical demand and energy consump-

tion.
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(ii) Glace Bay Heavy Water Data Systems - GBHWDS

C D . Price

A preliminary report describing the procedures

and programs involved in the copying, retrieval and analysis

of data obtained from the HEWAC computer system at Glace Bay

has been prepared.

Requests for data retrieval made by GBHWP were

used to test the programs and procedures, and the retrieval

program was extended to satisfy the request for retrieval of

"alarm limit" messages.

Glace Bay tapes to the period 18 August 1977 have

been edited^.and copied.

(iii) Fuel Element Porosity Changes as a
Function of Temperature at Burnup

L.E. Evans and E.G. Long for Fuel Materials Branch

The work reported in PR-P-114, 5.18(iii), AECL-

5845, was continued.

A new model

f(B,T) = .550 -
-p,T3(l+p.B)/109

where T is temperature, B is burnup, and p.,p.,p are model

parameters to be fitted, was chosen for the extended temper-

ature range 550 K < T < 3300 K and fitted to the data pro-

vided.

(iv) Estimation of Atomic Force Constants

L.E. Evans with B.M. Powell (Neutron & Solid
State Physics Branch)

A program was written to estimate atomic force

constants from frequency data using the IMSL nonlinear least

squares routine ZXSSQ. Statistical estimates for the fit
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were also provided. Testing the program on data for copper

yielded different results from those published previously

(Crystal Dynamics of Copper, E.C. Svensson et al, The

Physical Review, Vol. 155, No. 3, pages 619-632, March

1967), producing in fact a lower sum of squares of resi-

duals. The ZXSSQ results were then validated by imple-

menting and fitting to an equivalent linear model for cop-

per. This linear version is now being used to fit data for

cobalt and 8 Atomic Percent Iron.

(v) JAGSPOT

G.H. Keech

Improvements have been made in the starting para-

meter values used by the spectrum fitting routine JAGSPOT.

Better values have been selected when the user asks only for

a pure Gaussian fit. Secondly, improved values are chosen

in the case that a good portion (say 1/3) of the spectrum

shape falls outside the set of counts passed to the fitting

routine.

(vi) Input Routine for Perch Lake Data

E.G. Long

A free-format input routine to read water level

and discharge data from Perch Lake has been written for

D. Wildsmith of Environmental Research Branch.

5.10 Simulation

(i) FORSIM Program for Automated Solution of
Arbitrarily Defined Multi-dimensional
Partial Differential Equation Systems

M.B. Carver and D.G. Stewart

The new version of FORSIM is now complete and

fully tested. It contains the following features:
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(1) Three-dimensional PDE routines (t,x,y,z).

(2) Greatly improved two-dimensional PDE routines.

(3) Fully expandable storage to permit the user to expand

to as large a system of equations as the computer will

accommodate.

(4) Two- and three-dimensional storage saver to facilitate

more economical computation of two- and three-dimensional

PDE grids.

(5) Improved strategy in defining and handling boundary

conditions.

(6) Three-dimensional plot facility built in.

(7) New integration routines RK45 and STIFFZ to replace

CORK and STIFFS.

(8) New upwind differencing routines for hyperbolic equa-

tions.

(9) New cubic spline differentiating routine for variable

space grids.

(10) Programming to ANSI standards except where efficiency

dictates CDC constructs.

(11) A large number of minor improvements to increase user

convenience.

(12) Expanded manual including sections on applicable

theoretical background, and a large number of examples

on running FORSIM for ordinary differential equations,

boundary value problems, one-, two- and three-dimensional

problems, high order equations and multi-region prob-

lems.

The new manual is in final draft stage and should

be issued within the next report period.
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(ii) Simulation of Flow Induced Molecular Orientation

M.B. Carver with J. Picot, University of New
Brunswick

The following equations describing flow induced

molecular orientation were under study in an AECL/UNB co-

operative program:

3 f 2 â f 3
d(—-=- sin 8 + —-a-) = af cos 6 sin <J> sin 039' a 41

g* o 2

+ ~ sin 0 [a cos 8 cos 4>

-d{cot 0 - b(cos <f> cos 0 cos £ - sin 0 cos Y ) } ]

3f+ rrf-a cos 0 sin 0 sin <J> + db sin <J> sin 0 cos £)
o (p

0, <f> G(0,ir)

3f
3$

M

c ,

= o,

= o,

Y , c

0 =

<|> =

I , b ,

0

0

a parameters

Despite their involved appearance, these equa-

tions are readily soluble by FORSIM. The equations are

used as an example in the new FORSIM manual.

(iii) Integration of ODE's

M.B. Carver and J. Liu

The study of ODE integration is now complete, and

new algorithms have been tested ready for library instal-

lation. As any integration algorithm, whatever the strategy,

performs basically the same task, a uniform approach to

integration was taken, as in the previous quadrature study

(Atomic Energy of Canada Limited report AECL-5605). Thus
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the integration algorithms chosen have the same calling

sequence, and appear identical to the user. Thus a standard

calling sequence would be

CALL INTEGR(FUNC,Y,N,T,H,E,DT,IFLAG,WS)

where FUNC is the function containing the equations to be

integrated FUNC(N,T,Y,DY), Y is the vector of dependent

variables, DY is the vector of derivatives, N the number of

Y, T the independent variable, H the interval of integra-

tion, E the specified error tolerance, DT the current step

size, IFLAG an error reporter, and WS a working storage

array which can be arranged to contain anything else the

algorithm requires.

Integration algorithms of ODE's have four basic

components: (a) the method of computing one step, (b) the

method of estimating the error associated with that step,

(c) the method of estimating the optimum integration step

size based on this error estimate, and (d) the alternative

method available to overcome difficulties. Also (e) the

algorithm should be included in a subroutine with a standard

calling sequence.

In general, (a), (b) and (c) should be performed

to a maximum accuracy with a minimum number of calls to the

function evaluating the equations, and error recovery; (d)

should be done smoothly, giving a clear indication of the

problem to the user, but not causing a program failure.

Existing library programs CORK and RKBIG performed

none of the above satisfactorily. STIFFS was satisfactory

in all areas but (e).

A new Runge-Kutta subroutine RK45 has been written

based on the Fehlberg method of imbedding coefficients for a

fifth order formula in a fourth order estimation, thus pro-

viding an estimate of both the result and the associated

error in a minimum of calls to the equation function. RK45
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requires six function evaluations to complete operations (a)

and (b) above as opposed to twelve for CORK, and also com-

putes the optimum step size based on the error estimate,

rather than arbitarily halving or doubling as does CORK.

Improvements were also made in the area of pro-

viding an error base with which to compute relative error

RE = E/EBASE < REMAX

EBASE must be chosen carefully, such that the requirement

that step size is chosen such that RE remains below the

specififed REMAX does not become excessively demanding with

respect to attainable machine accuracy. The philosophy for

EBASE, developed for RK45, was also incorporated into STIFFS,

The old library routines, the new RK45 and STIFFS

and several other candidates were extensively tested, and

the results and further details of the study will appear in

an AECL report to be issued shortly.

(iv) Method of Lines and Hyperbolic Equations

M.B. Carver with H.W. Hinds (Reactor Control
Branch)

The linear advective equation

9v 3v _ n ...
3t + c 9ÏÏ= ° ( 1 )

is the simplest imaginable partial differential equation,

but is very difficult to solve numerically, as its solution

is merely a pure delay v(x,t) = v(x-ct,0). It can thus

propagate steep fronts, and is therefore a good test basis

for systems of hyperbolic equations, such as the conserva-

tion equations of compressible flow, which exhibit the same

property.

Traditional numerical methods do not propagate

steep wave fronts, but introduce dispersion and/or spurious

oscillation into the solution. Historically, this has been
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countered by (a) using 'upwind' differencing techniques

which are not oscillatory, but tend to disperse the solution

or (b) using high order centered differencing which main-

tains the steepness of a wave front but produces severe

oscillation peaks in the neighborhood of the wave. These

may be damped out by adding an artificial dissipation term

a 32v/3x2

3v . „ 3v „ 32v _ n , 0 ,
•5+r + c 3 - - a — j - 0 (2)
3t 9x 3 x 2

but this leads to a controversy about whether an additional

boundary condition, not apparent in the physics, is demanded

by the presence of a second order term.

The method of lines consists of transforming (1)

into a set of N ordinary differential equations by repre-

senting the distributed variable v by an approximating func-

tion at a finite number of points, N.

N
V(x,t) = E b.(x)V.(t) (3)
a i=l X x

where the x and t variables are now separated into basis

functions b.(x) and integral functions V.(t).

There are now two recourses, the finite difference

method, in which (3) is differentiated to get an expression

for 3v/3x in (1), and the finite element method in which (3)

is substituted in (1) and the entire equation integrated

over the applicable domain to minimize the residuals re-

sulting from the approximation. In either case one obtains

a system of equations

M V = £X (4)

where M and K have become known as the mass and stiffness

matrices in finite element technology and are normally

sparse and banded. For finite difference methods M is the

diagonal matrix I. Individual methods are defined by the
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choice of approximating function, and the method of mini-

mizing residuals. The accuracy of a method may be assessed

by examining errors in gain and phase or by integrating

errors in the time domain.

A number of new approximating functions have been

developed in this study including upwind biased central

Lagrange differences, and upwind Hermite interpolants. Also

incorporation of an upwind weighting in the finite element

method has resulted in the following formulation of (4).

| [ ( l + } ) V i _ 1 + 4 V i + ( 1 - J )

1 + T > v - 3 v - «

where y is an upwind weighting parameter 0 <_ y <_ 1. An

interesting corrollary results from rearranging the RHS of

(5) to give

- c ( V " Vi-1> + ch Vi +1 "
 2 Vi + Vi-1

2h

where the first and second terms are identical to the finite

difference formulations of first and second derivatives

respectively. Thus the upwind weighting method is shown to

have artificial dissipation terms imbedded, and thus resolves

the controversy about whether an additional boundary condi-

tion is needed.

A number of methods were studied by obtaining

frequency analyses of gain and phase error in the hybrid

computer and time analyses on the digital using FORSIM and

PDECOL. It was concluded that finite elements using splines

of higher order than cubic were not sufficiently more ac-

curate to justify their computation time. The most accurate

routines which were fast enough for repeated computation

were upwind biased cubic Lagrange, upwind three-point

Hermite, and the upwind weighted residual techniques.
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The study has culminated in the improvement of the

FORSIM and hybrid capabilities in hyperbolic equations, and

the results are discussed fully in an AECL report under

production, an article to be submitted to the journal

"Simulation", and a paper to be presented to the Association

of Computing Machinery Special Interest Group on Numerical

Methods, 4 November 1977.

Stress Analysis Programs

(i) MARC - General

B.V. Riff

Revision G, Release 5, of MARC-STRESS and MARC-

HEAT have not been made the normal running versions as

intended (PR-P-114; 5.17; AECL-5845) because of minor

problems encountered and the feeling that G.5 is not sig-

nificantly better than G.4.

Revision H, Release 2, is imminent. Revision H is

to amalgamate MARC-HEAT and MARC-STRESS, greatly improving

the input and output handling for thermal analysis. Revi-

sion H is also a complete rev/rite of the handling of gap

elements - an area of weakness in the current version.

During this period, MARC was used an average of

seven times per day.

(ii) Pickering End Shields Stress Calculation

M.B. Carver

S.R. MacEwen, Materials Science Branch, is devel-

oping a FORSIM simulation of the stresses developed in the

Pickering calandria as a result of interaction with the end

shields. This requires a solution of a set of ordinary

differential equations defined implicitly in the form

M £ • K Y
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Although FORSIM is designed for the case where M = ^, the

associated matrix inversion may be handled efficiently by

FORSIM routines. A more serious logistical problem is that

the solution of N equations normally involves at least N

discontinuities in the definitions of M and K which occur at

arbitrary times according to the presence or absence of

contact between various components. The discontinuity

theory developed earlier (PR-P-114; 5.16(ii); AECL-5845) was

designed for the number of discontinuities M<<N, and is

accurate but time consuming for this problem. An approxi-

mation based on similar strategy has been developed, and

produces very satisfactory results.

5.12 Shipping Flask Fire Accident Analyses

M.B. Carver, D.G. Stewart, and W.R. Taylor (Civil and
Mechanical Design Branch)

A number of analyses of proposed flask designs

were completed using the TRUMP heat transfer program. The

analyses included provision for variable properties and

change of phase of the lead shielding material, imperfect

solid interface contact, and radiative with convective heat

exchange to the fire environment. The analyses are part of

a continued study aimed at developing optimum fire and

impact resistance in fuel shipping flask design.

5.13 Information Handling Programs

(i) Leave Reporting System

C.J. Tanner

The system is currently being evaluated by running

it on an experimental basis for groups at CRNL and PP.
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(ii) Technical Documentation System

C.J. Tanner

Assistance has been provided to Power Projects

to set up a system for updating and retrieving a data base

of technical documentation. The system is now operating,

and the data base is being built.

(iii) Central Personnel Records System

C.J. Tanner

A proposal for the revision of the handling of

the terminated employees file has been prepared and sub-

mitted.

(iv) Budget Expenditure Report Program - BERP

C D . Price

A COBOL program was written for General

Accounting Branch to produce two reports obtained from

data generated at AECL Head Office in Ottawa for CRNL

expenditures. These reports are 'Expenditure by Branch

and Work Project1 in either detail or summary form, and

the 'Working Party Summary' report. The program is capable

of producing these reports on a monthly basis, 'to date'

basis, or provide projection reports using a supplied multi-

plication factor.

5.14 Miscellaneous Programs and Subroutines

(i) Fault Tree Analysis Programs PREP and KITT

E.G. Long

Fault tree analysis programs PREP (TREBIL,MINSET)

and KITT (KITT1,KITT2) were received from the Argonne Code

Centre and have been converted to run on the CDC 170/6600

system. A manual for these programs is available.
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(ii) COBRA

P.Y. Wong

COBRA is a thermal-hydraulic code for fuel bundle

analysis. It was developed by Battelle Pacific Northwest

Laboratories, Richland, Washington. A copy of the latest

version, COBRA-IV-1, has been acquired from BPNL. Tests to

verify the code, and consultations with BPNL staff to re-

solve some problems are under way.

(iii) Dashed Line Plotting

J. Liu and L.E. Evans

A subroutine PLODAM/PLODA was designed and imple-

mented to plot dashed lines through a set of data points.

The user may request straight line segments or a smooth

curve to join the data points. (The IMSL routine ICSICU is

used to do the smoothing.) The format of the dashed line

may be specified or defined by the subroutine.

(iv) Nonlinear Least Squares Fitting Software

L.E. Evans and E.G. Long

The work reported in PR-P-113, 5.14(ii), AECL-5802,

was continued and concentrated on the multi-dimensional

least squares routine MSLQQ. YFST, a routine to provide

standard deviation estimates for the function values fitted

by MLSQQ, was installed along with MLSQQ in AELIB on 22 August

1977.

Some testing of MLSQQ and the IMSL nonlinear least

squares fitting routine ZXSSQ and MLSQQ are currently being

compared using this profile.
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5.15 Operations

(i) Permanent File Accounting

E.A. Okazaki

A program has been written to be run daily to

accumulate charges for permanent files. It will print sum-

maries at the end of each month, and catalog a file con-

taining charges for the month for each file found in the

regular audit of permanent files, sorted by branch code.

(ii) Equipment Malfunction Report - EMR

C D . Price

The EMR program has been rewritten to handle the

new hardware configuration and also simplify the input of

data. The program is used to produce a monthly report of

software and hardware problems encountered for our computer

system.

(iii) MANUALS

B.V. Riff

A COBOL program,- MANUALS,- was written to assist

with the distribution of Computing Centre Reference Manuals

and their revisions. The program maintains a file of holders

of all manuals and produces reports such as mailing lists for

manual revision packages.
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(iv) Computer Use by Division

The following table is an analysis of the jobs

processed during the quarter:

Utilization
Number of Jobs System Seconds

Heavy Water Projects 484 (0.59%) 620.34 (0.03%)

Power Projects 11,960 (14.58%) 525,826.20 (24.38%)

WNRE 2,614 (3.19%) 177,802.30 (8.24%)

CRNL:

Computing Centre 17,817 (21.72%) 169,752.82 (7.87%)

Contracts 942 (1.15%) 18,652.18 (0.86%)

Technical Information
& University Relations 1,970 (2.40%) 13,426.13 (0.62%)

Biology & Health Physics 1,905 (2.32%) 15,662.41 (0.73%)

Chemistry & Materials 3,752 (4.57%) 268,267.34 (12.44%)

Physics 7,164 (8.73%) 157,565.65 (7.30%)

Electronics, Instru-
ment & Control 594 (0.73%) 6,323.09 (0.29%)

Advanced Projects &
Reactor Physics 11,467 (13.98%) 508,129.29 (23.56%)

Fuels & Materials 11,210 (13.67%) 180,579.59 (8.37%)

Administration

Medical

Finance

Operations

Maintenance & Construc-
tion

General Services

Plant Design

Special Projects

Others

TOTAL

1

3

1

2

2

712
295

,713

,621

3

148

,074

,517

53

,016

(0.87%)

(0.36%)

(2.09%)

(4.41%)

(0.00%)

(0.18%)

(1.31%)

(3.07%)

(0.06%)

2,

4

10

26

51

20

157

,171.

240.

,806.

,399.

•

962.

,063.

,708.

224.

,187.

73
56

20

00

21

63

67

80

45

62

(0.19%)

(0.01%)

(0.50%)

(1.22%)

(0.00%)

(0.04%)

(2.37%)

(0.96%)

(0.01%)
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5.16 Publications, Reports and Lectures

Publications

A SIMPLY EXTENDED AND MODIFIED BATCH ENVIRONMENT GRAPHICAL
SYSTEM (SEMBEGS)
J.W. Wendorf
George E. Forsythe Student Paper Competition, September
1977.

Reports

COMPUTING CENTRE NEWSLETTER, Vol. 4, Nos. 7, 8 and 9
Edited by L.E. Evans

Lectures

INTRODUCTION TO DATA BASE FEATURING QUERY UPDATE
C.J. Tanner
Power Projects, 9 September 1977.
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ACCELERATOR PHYSICS BRANCH

by

P.R. Tunnicliffe

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 Ion-Source Development
6.2.2 High Current Test Facility
6.2.3 Electron Test Accelerator
6.2.4 Fertile-to-Fissile Conversion Experiments

at TRIUMF

6.3 Research Applications

6.3.1 Fast Intense Neutron Source
6.3.2 Heavy-Ion Superconducting Cyclotron

6.4 Mechanical Laboratory

6.4.1 Ion-Source Development
6.4.2 High Current Test Facility
6.4.3 Electron Test Accelerator
6.4.4 Fast Intense Neutron Source
6.4.5 Heavy-Ion Superconducting Cyclotron
6.4.6 Reactor Physics

6.5 Publications, Reports,- Papers, Lectures and Patents
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6.1 Staff

BRANCH HEAD:

Professional Staff

P.R. Tunnicliffe

Technical Staff

c.
J.
K.
B.
J.
L.
E.
J.
S.
C.
J.
R.

G.
J.
H.
S.
M.

B.
C.
C.
G.
S.
W.
A.
D.
B.
R.
A.
M.
J.
E.
H.
R.
0.
R.
J.

Bigham
, Brown
Chan (1)
Chidley
Fraser (2)
Funk
Heighway
Hepburn
Hodge
J. Hoffmann
Hulbert
Hutcheon
McKeown
McMichael
Ormrod
Schneider
Schriber
Shubaly
Ungrin

Mechanical Laboratory

J.
R.
R.
N.
D.
J.

E.
J.
J.
I.
W.
F.

Anderchek
Bakewell
Kelly

G. Labrie
Warren
Weaver

Secretarial Staff

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

Ardiel
F. Bird
Birney
Campbell
Cox
Dobbs
Geoffrey
Gillies
Hohban
Hood
Jones (3)
Kidner
Metivier
Michel
Vokes
Weeden

Laboratory Services

J.H.
J.J.

Hewitt
Murphy

Waterloo Students

E.P.
W.E.

Keyes (4)
Walden (5)

Summer Students

Mrs. M.A. Trecartin

S.N. Crocker(6)
W.M. Smith (7)
E.F. Talbot (8)

(1) NRC Post Doctorate Fellow.
(2) Posted to Los Alamos Scientific Laboratory for 1 year

effective 6 September, 1977.
(3) Attached to WNRE effective 6 September, 1977.
(4) Arrived 29 August, 1977.
(5) Resigned 2 September, 1977.
(6) Resigned 9 September, 1977.
(7) Resigned 26 August, 1977.
(8) Resigned 2 September, 1977.
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6.2 Nuclear Power Applications

6.2.1 Ion-Source Development

M.R. Shubaly

Development of high-current dc ion sources suitable

for a spallation neutron factory accelerator is continuing.

Gas efficiency and proton fraction are the characteristics

presently being studied.

Source development for the High Current Test

Facility (HCTF) and the Fast Intense Neutron Source (FINS)

continues.

a) Ion Source Test Stand

Test stand operation during the past quarter has

been generally good. A sparking problem apparently con-

nected with the isolation transformer is hampering operation;

efforts to correct this are in progress. A new coil supply

which will provide 2.5 A into a 60 Œ load has been assembled

and installed.

b) High Current Ion Sources

Development of the duoPIGatron source continues.

Experiments with different sizes of plasma apertures have

led to the choice of 4.5 mm diameter as the optimum size.

This gives a design current of 65 mA at 50 kv; therefore 12

apertures would be required for a 750 mA beam. Larger

apertures give poor beam quality because of distortion of

the applied electric fields by the space charge field of the

beam. This effect has also been observed in simulations

using the beam tracing program AXCEL.

The large number of smaller apertures required

leads to fabrication difficulties.

One of the weaknesses of a duoPIGatron has been

its poor gas efficiency, typically 40-50% at full current.

Originally our source had a gas efficiency of only 10% at
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1/10 of the design current. Preliminary experiments to

determine the optimum geometry of the intermediate electrode

and anode has led to a threefold decrease in the gas

throughput required to give a stable arc. The beam current

density for given arc and coil current has doubled, and the

proton fraction has improved to 40%. These experiments will

be continued to see if further gains in gas efficiency and

proton percentage can be made.

Because of the promising results obtained with the

duoPIGatron source, further development of the source based

on the MATS III source of Osher has been temporarily

suspended.

c) Duoplasmatron Sources

Development work has been done on a FINS-type

source which is a high current density, high proton percentage

duoplasmatron source that uses a small diameter anode aperture

and a modified intermediate electrode.

One of the major problems with this source is the

erosion of anodes because of inadequate cooling. Anodes

typically last 1-2 months under present operating conditions.

A new anode design with internal cooling channels has been

fabricated and is currently being tested.

d) Other Studies

A study of the best material for extraction

electrodes was carried out during the past quarter. A FINS-

type source modified to give 40 mA from a 6 mm plasma

aperture was used. Extraction electrodes with 5 mm apertures

were fabricated from copper, nickel-plated copper, stainless

steel, and molybdenum. Copper electrodes perform reasonably

well but cause problems because of sputtering, both from beam

impact, and from arcs that sometimes occur between the

extractor and the plasma aperture plate. The nickel-plated

copper extractor was unsatisfactory because it sparked very
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readily. For voltage hold-off capability with an ion beam

present, both the stainless steel and molybdenum extractors

were very good, although the molybdenum, because of its poor

surface finish, required some conditioning. However, the

stainless steel melted very readily, probably because of its

poor thermal conductivity, whereas the molybdenum is undamaged

after many hours at 60-70 mA beam current.

6.2.2 High Current Test Facility

B.G. Chidley

Work continues on assembly and testing of the 3 MeV

100% duty factor proton linear accelerator to study problems

in the initial section of an accelerator suitable for a

spallation neutron factory.

a) Injector

J. Ungrin

The operating program of the injector this quarter

has been aimed at increasing beam current. Operation with

45 mA beams at 750 kv and 50 mA beams up to 675 kV has been

achieved with arc down rates for beams greater than 40 mA

typically 3 per hour. The addition of several water-cooled

apertures to scrape off the H_ and H, components of the

beams has been necessary for operation at these power levels.

The factor presently limiting current has been ion source

operation and a higher current source is being tested on the

ion source test stand.

Deconditioning of the injector column occurs

following a break in the column vacuum to change ion source

or beam line components. The use of argon as the venting

gas instead of dry nitrogen as suggested by experience at

Los Alamos (McConnel et al., "Status of the Injector Complex

at LAMPF", Proc. 1976 Proton Linear Accelerator Conf.,

Atomic Energy of Canada Limited, Report No. AECL-5677, p.327

(1976)) has greatly reduced the degree of deconditioning.
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Reliable operation at 750 kV with 30-40 mA beams is usually

possible within 4-5 hours of initial beam turn-on. The

relatively inert argon gas is believed to prevent the

nitrogen pumping action of the titanium electrodes responsible

for the deconditioning. No problems have been encountered

with the operation of the ion pumps by this venting procedure.

Preliminary results on the 100 kV test column

indicated that nickel-plated titanium is a better electrode

material than titanium. This is in contrast to the

evaluation of a nickel-plated copper electrode in a related

study discussed in 6.2.1 d). The extraction electrode which

is part of the ion source assembly and is exposed to the

deconditioning effects of air during source changes has been

plated with nickel and installed in the 750 kV injector but

the operating period with this change has been too short to

reach any conclusions on its effect on column reliability.

Preliminary design work has begun on a modified

electrode structure for the injector which will use the same

ceramic column but use molybdenum inserts in the electrodes

near the beam apertures and have an accelerating gradient of

only 2.1 MV/m (vs present 3.1 MV/m). Experiments will be

carried out with the present electrodes to determine whether

the potential differences between electrodes should be

altered from the present 100 kV.

b) Rf System

J.C. Brown and B.G. Chidley

Investigation of the triode amplifier input circuit

excitation continued. As reported earlier (PR-P-114, 6.2.1 b ) ;

AECL-5845), it is possible to excite the required TEM 3 mode

at the desired operating frequency of 268 MHz when the grid-

filament cooling channel of the amplifier tube proper is dry.

However when it is filled with distilled water coolant, this

mode cannot be excited over the frequency range from 280 MHz

to at least 260 MHz (the lower limit of our measurements
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because of resonator plunger travel restrictions). The TEM 2

mode appears unaffected.

Figure 6.2.2.1 shows a section of the RCA A15039

triode and indicates with a dashed line the normal rf path

through the tube connecting the upper and lower halves of the

input resonator. Also shown is a possible rf path shunting

the normal path and passing through a portion of the grid-

cathode cooling line. It appears that these two paths differ

in electrical length by a half wavelength at 268 MHz when

the cooling line is filled with water (dielectric constant

of 81) and so present a high series impedance in the middle .

of the input resonator. This suppresses the TEM 3 mode but

has little effect on the TEM 2 mode even when it is tuned to

the same frequency. Rf leakage observed from the annulus

between the concentric filament leads supports this

hypothesis. By installation of an appropriately placed

capacitive short between these lines, it was possible to

reduce the upper frequency limit of this stop band but not

sufficiently to permit operation at 268 MHz.

It is concluded that to make the amplifier operate

correctly,operation must be either at a frequency other than

268 MHz or the dielectric properties of the filament-grid

coolant liquid must be changed. To accommodate the former,

the accelerator frequency would have to be raised above 280

MHz requiring extensive modifications to the resonators for

the intermediate and driver stages of the rf power supply

and major modifications to the Alvarez tank; this solution

is not favoured. Since the presence of moderate amounts of

air in the coolant channel favourably affects the upper

frequency limit of the stop band, a change to the coolant

with lower dielectric properties may prove satisfactory.

Low power tests with other coolants will be undertaken

shortly.

The bi-metal overtemperature switches used on the

rf supply cooling circuits have proven unsatisfactory. A new
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UPPER INPUT RESONATOR
CONTACT SURFACES;

INPUT CIRCUIT RESONANCE PATH

POSSIBLE SHUNT DAMPING PATH

' FILAMENT LINE LEAKAGE PATH

CATHOOE

CONTROL GRID

ANODE

CERAMIC

VACUUM OR WATER
CHANNELS

FILAMENT
TERMINALS

Fig. 6.2.2.1 Half section RCA A15039 UHF triode.



- 109 -

solid-state system with calibrated set points has been con-

structed and installed. The dc crowbar systems for the

tetrode and triode plate supplies have proven unsafe to

failure of the back-up crowbar switches in the dc power

supplies. In about 0.5 ms, the crowbar ignitrons discharge

a the power supply filter capacitors and then stop conducting.

Should the power supply back-up crowbar switches fail to

close or re-open after closing, the ignitrons cannot be

re-fired to provide protection from the primary source current

which builds up more slowly. A "keep-alive" power supply has

been added to maintain conduction in the ignitron for 1 s

following the initial trip.

6.2.3 Electron Test Accelerator (ETA)

J. McKeown

This two-tank experimental 4 MeV 100% duty factor

electron accelerator is intended to study problems associated

with the main portion of a spallation neutron factory based

on a proton linear accelerator.

a) Accelerator Experiments

G.E. McMichael, J. McKeown and J.S. Fraser

A milestone was reached on July 12 when 0.4 mA was

accelerated through two accelerating structures to an energy

of 3.4 + 0.2 MeV. Two days later, the current was gradually

increased to 3.5 mA 100% duty factor operation terminating

when the beam melted a hole in the water cooled beam stop.

To achieve this performance, a number of control

and diagnostic systems were installed in an untested and

partially functioning state. Further two-structure operation

has been suspended to remove some of these deficiencies and

correct others found during the operating period. In parti-

cular, beam size and position diagnostic equipment did not

give enough information to set up the beam transport magnets.

Consequently additional wire scanner beam monitors have been
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installed in the injector line and the beam stop temporarily

moved to the end of the graded-3 accelerating structure.

Previous experience with the graded-3 structure •

showed that final transport system optimization was only

possible with beam currents greater than 5 mA. Since last

operation in 1976, both that structure and the injector

line have been moved and minor configuration changes made.

The previously determined transport settings for the injector

section were found to be no longer appropriate. The best

settings for the new configuration can be more easily deter-

mined with the 3=1 structure disconnected.

There were other problems encountered during the

two-structure operation. The oil in the 100 kv electron

gun supply was contaminated with water condensation

accumulated since last operation. The supply was completely

disassembled, cleaned, and new oil installed. However an as

yet unidentified fault in the load regulating circuit still

requires that the operation must readjust the voltage when

the gun emission is changed.

Two problems were encountered with the 3=1

accelerating structure. The mechanical tuner was incorrectly

positioned such that it could only shift the resonant

frequency by 25 kHz. With thermal changes in the tank

cooling circuit of ± 1°C this range is inadequate to keep

the tank on tune. The tuner has now been correctly positioned

to give a 57 kHz range. In addition the phase controller was

found to be faulty. The phase of the rf in the 3=1 structure

could be adjusted relative to that in the graded-3 structure

using a trombone, but phase perturbations of approximately

± 5 ° from thermal and beam loading effects had to be accepted.

b) Rf System

J. McKeown

Vacuum problems were experienced with the VA-853M,

S/N 101 klystron during beam experiments early in the period.
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To allow the experiments to continue it was replaced by

S/N 100.

Three VA-853M 100 kW klystrons and two VA-853

75 kW klystrons are available. The latter (labeled S/N 10

and 11) were manufactured in the mid-sixties and had not

been tested to high power at CRNL. The impending failure

of S/N 101 required an evaluation of the serviceability of

all klystrons.

Experiments were carried out in both klystron

stands in Bldg. 610. In parallel a high priority was given

to the incorporation of the 37 kV, 7 A Raytheon power

supply into the modular power supplies in Bldg. 467; this

broad range supply is well suited to work at low power

during klystron commissioning. A new interlock and control

module was built for high voltage control in Bldg. 610. The

commissioning of the klystron stand in Bldg. 467 was com-

pleted at the end of the period and will provide a

test bed which will be independent of accelerator operation

in future.

The high voltage was slowly increased to 15 kV

on S/N 11 over a period of a few days with gas pressure

imposing the limit. The collector current was 30% below the

specified figure and there was evidence of gradual cathode

poisoning. At this voltage and an output power of 10 kW all

five cavities were tuned to give a 3 MHz band around the

accelerator frequency of 804.8 MHz. The klystron was run

regularly over the next week and although the vacuum con-

tinued to improve the maximum output power achieved was only

30 kW.

A similar procedure was used for the S/N 10

klystron and after 10 days a maximum power of 60 kW was

reached. This klystron was subsequently used for beam

experiments in the graded-3 tank; however it developed an

internal heater short-circuit and is no longer serviceable.
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S/N 101 was reinstalled and although it

was operated at power levels up to 80 kW its gas pressure

continued to increase until finally it became inoperable.

The high temperature valve gave conclusive proof that the

klystron has a large leak, not a failed pump. It has been

back-filled with oxygen-free nitrogen and awaits a decision

on whether it should be sent to the manufacturer for repair.

Three klystrons are needed for continuous accelerator

operation, two for operation and one kept as a spare. A

spare is required because a klystron rebuild unusually takes

up to 8 months. Presently we have two operable klystrons

and work is proceeding on the S/N 11 in Bldg. 467 with the

hope that it can qualify as a spare.

The Kruse and Storke master oscillator has returned

following an absence of one year. It has been successfully

repaired and it is now in service.

c) Pancake-Coupled Structure

J. McKeown, J.S. Fraser and G.E. McMichael

The accelerator comprises two side-coupled

structures based on the LAMPF design. Recent developments

with in-line couplers at S-band indicate that a pancake-

coupled structure may have certain advantages for high power

operation (S.O. Schriber, et al., Proton Linear Accelerator

Conf., 1976, Atomic Energy of Canada Limited, Report No.

AECL-5677, 338 (1976)). It has been decided to build a

pancake-coupled structure at 805 MHz and test its performance

with beam injected from the graded-B structure.

The main features of the design are shown in

Fig. 6.2.3.1. The aim is to study heavy beam loading at

fields up to 50% higher than the design fields in the present

8=1 tank. The constraining element is the size of the rf

power supply and its associated sub-systems. This is presently

100 kW,* hence the tank is relatively short having only five

accelerating cells and four couplers. The maximum possible
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for resonance tuners, rf feed and vacuum manifold.
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current is 50 inA from the graded-3 tank and with the new

structure dissipating 37.8 kW at 1.7 MV/m the full klystron

output power will be used up in accelerating this beam

current to 2.7 MeV.

The mechanical design is complicated by the web

cooling necessary to accommodate the relatively large

structure dissipation. Figure 6.2.3.1 shows that a combina-

tion of radial and circumferential cooling will be used. The

increased web thickness from the scaled S-band mode will

degrade the shunt impedance by about 15%,and larger coupling

slots will be necessary to provide the required coupling.

Two ganged tuners will be needed to control the resonant

frequency because of the greater power density compared with

the present side coupled structures.

Two preliminary experiments are necessary before

the design details can be completed. The first experiment

will use a 1/2 cell, coupler, full cell, coupler and 1/2 cell

made from aluminum to investigate resonator coupling and

tuning. The second experiment will investigate radial and

circumferential coolant flows with one copper segment.

Fabrication and brazing procedures will also be established

with this cell. Results from these experiments will allow

tank manufacture to begin. The aluminum material has been

acquired for the first experiment and quotations for the

copper required to fabricate 14 segments have been issued.

d) Computer Data Acquisition and Control System

G.E. McMichael, J. McKeown and J.S. Fraser

(i) Hardware

Electron source switching transients are again

causing occasional computer crashes. In addition, noise

getting into the analogue input system from switching

transients associated with the rf control systems will some-

times hang-up the particular task using the analogue system
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at the time of the transient. Attempts to correct these

faults have so far been unsuccessful.

An intermittent fault in the Computek interface

printed-circuit board has been corrected. This board has

however been worked on many times and a new copper layout

has been completed and sent for manufacture.

(ii) Software

The temperature control program for the two

accelerator structures has undergone a major revision with

new algorithms for both constant temperature and mechanical

tuner control modes. Check-out and refinement is continuing.

The accelerator structure start-up programs are

now in use. About 75% of the time they can bring the

structure to design rf power with the frequency locked to

the master oscillator without any operator intervention. As

problems are identified, modifications are being installed

to improve this success ratio.

Fertile-to-Fissile Conversion Experiments at TRIUMF

B.D. Pate, I.M. Thorson and F.M. Kiely (Simon Fraser

University) with J.S. Fraser

This work is intended to provide experimental

measurements of neutron and fissile material production in

spallation targets for a neutron factory and to provide a

verified base for calculations of yields.

a) Experimental

Sixteen irradiations were completed during the

period on target configurations indicated with an asterisk

in Table 6.2.4.1. For each target, a high density Au-foil

activation measurement was made at 480 MeV proton bombardment

energy,* a Cd-covered foil activity measurement, also at

480 MeV, and a measurement using the vanadium self-powered

$-current detector, with only a few spot checks of the foil

activity were made at 350 MeV.
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H

L

C

blank

X
*

Table 6.2.4.1

Neutron Leakage Experiments to Date

total neutron data taken with high density of Au-foils

total neutron data taken with low density of Au-foils

epithermal neutron data taken with cadmium covered foils

configuration yet to be measured

configuration not in program

runs this period

No of elements

Target ^^-o^^^

Pb 10.2 cm diam

Pb 3.8 cm diam

Th

U

uo2

Single Pb + Th

Single Pb + U

7 - Pb + Th

7 - Pb + U

1

HLC

X

HLC*

HLC*

X

X

X

X

X

7

X

HLC*

HLC

HLC

X

HC

HC

X

X

19

X

X

HLC

HLC

X

HC

X

HC*

X

37

X

X

X

HC

HLC

X

HC*

X
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During this period considerable effort was

expended on reprocessing the data previously obtained.

Polynomial fitting of the logarithmic flux as a function of

longitudinal or radial position in the water moderator has

been abandoned in favour of one-dimensional spline fits.

These fits were used to fill a regular, close-spaced grid

in r and z for direct integration to estimate the neutron

absorption-rate in the water. Table 6.2.4.2 shows the

resultant multiplicities derived to date.

Processing of the data from the recent runs

indicated in Table 6.2.4.1 is proceeding.

Table 6.2.4.2

Re-estimated Neutron Leakage Multiplicities

Incident
>sEnergy

Target ̂ v.

U - 7

U - 19

Th - 7

Th - 19

Pb - 1*

UO2-37

Pb-l-U-6

Pb-l-Th-6

Measured
480 MeV 350 MeV

11.7

13.9 7.0

7.7 5.2

9.7 5.6

9.4* 4.5

14.4 7.2

9.6

7.2 4.1

Calculated
480 MeV

10.9

12.1

-

-

8.8

-

-

-

*
500 MeV incident energy. Early experiment, to be
repeated.
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b) Equipment

The relays for the sample changer have be?n

delivered and assembly of the electrical components is being

completed.

Casting and machining of the lead elements for

composite Pb-Th and Pb-U targets were completed and the

elements used in irradiations during the period.

6.3 Research Applications

6.3.1 Fast Intense Neutron Source (FINS)

J.D. Hepburn, M.R. Shubaly and B.G. Chidley

The accelerator for the 4 x 10 s~ neutron source

has been installed in Bldg. 513B, following tests in Bldg.

610. Initial proton beam tests started on July 28. Since

then, remaining installation work and accelerator conditioning

have proceeded together.

Accelerator reliability is better than that

achieved in Bldg. 610, in terms of both component failures

and brief interruptions from interlock trips. Runs with

10 mA H on target have averaged ^ 0.5 h, with a best run of

2 h. At 6 mA on target, runs averaged >v» 2 h with a maximum
+ 12

run of 5.5 h. (Design calls for 25 mA D to produce 4 x 10

n/s.) Interruptions are typically £ 2 minutes between runs.

Factors contributing to the improved operation are:

- A more stable control circuit power supply has

eliminated spurious trips caused by transients

from high voltage sparks.

- Installation of a second vacuum pump has

improved the vacuum, increased tolerance to

pressure surges from ourgassing, and greatly

reduced pump-down time after the accelerator

has been opened up.

- Use of a new, more sensitive leak detector has

assisted accelerator and ion source assembly.
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- A larger, better-cooled bean dump and scraper

has been installed in the magnet box, to

remove unwanted ion species and stray beam.

- The Mk III column (unglazed ceramics with

convoluted inner surfaces) appears to be more

reliable than the Mk II column (straight,

unglazed ceramics), because it has not yet

suffered visible surface tracks. (Mk II

electrodes, as used in Bldg. 610, are installed

in the Mk III column.)

Operation with deuterons awaits relocation of a

few accelerator controls, installation of the shielding

maze, and installation of the room safety system which

should be complete in mid-October.

Components for further accelerator development are

being received. The Mk IV column (a glazed version of

Mk III) is ready for assembly, and Mk III electrodes are

scheduled for delivery in November. (See PR-P-114, 6.3.1;

AECL-5845 for a description of these components.)

Heavy-Ion Superconducting Cyclotron

J.H. Ormrod

Design and development of a superconducting

cyclotron for a post-tandem accelerator continues. Assembly

of the full-scale model of the magnet has begun and field

mapping is scheduled for early next summer.

a) Code Development

E.A. Heighway

The need for smoothing the magnetic field measure-

ment data has been examined using a fictitious set of field

measurements with introduced noise. Smoothing by radial

spline-fitting of the coefficients of azimuthal Fourier

analysis reduced the error in measured first and second

harmonics by a factor of 3.5 but increased the error in the
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average B and flutter by 1.5 for noise up to 1 mT r.m.s.

Because errors of ^ 0.5 mT are expected, smoothing of the

experimental data should not be required.

An option has been added to GOBLIN to allow the

complete second order beam transfer matrix to be calculated

during acceleration. The first order matrix has been

checked by comparison with the unaccelerated injection orbit

matrix calculated externally. Problems with some second

order terms in runs with accelerated particles persist.

b) Cryogenic Systems

J.A. Hulbert

The major helium can components manufacture has

begun. The lower can base ring, required to start the final

assembly of the magnet coil, will be delivered by the end of

September and the remainder by early November. A contract

for the construction of the cryostat vacuum can has been

placed and material is being assembled. Delivery is

scheduled for May 1978. The cryostat assembly frame has been

completed. Work orders have been raised for the components

of the magnet coil suspension system.

Low-temperature measurements were delayed for a

period of three weeks due to a mishap with the gas recovery

compressor. Two series stop switches in the compressor

became short-circuited by a loose terminal with the result

that the oil seal from the newly installed gas holder was

pumped through the gas recovery line and the compressor and

into some of the high pressure gas storage cylinders. The

system has been cleaned of oil, the compressor dismantled and

cleaned and oil drained from the cylinders. A 500 litre oil

trap has now been installed in the gas line and an anti-

vacuum check valve inserted to prevent a recurrence.

Tests on the remodelled magnet lead (with 1 cm

diameter copper core) give a zero current heat leak of about

two watts which is only slightly above optimum. A second lead
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is under construction to permit power tests to proceed.

Optimization of lead performance depends on the availability

of copper rod with the correct low temperature resistivity

(about 1/80 of the 300 K value). A small stock of ETP

copper rod is being sampled to sort out the best material.

c) Magnet

(i) Orbit Dynamics

E.A. Heighway

Semi-analytical calculations based on the work of

Gordon (Nucl. Instr. & Meth. 18./19., 281-293 (1962)) have been

made to see if the occurrence of the inner fixed points is

predicted correctly. So far only fictitious magnetic fields

with easy radial and azimuthal differentiability have been

examined. The calculations do agree with the exact calcula-

tion of the fixed points but only qualitatively. Numerical

differentiation is being added to allow examination of more

realistic fields.

(ii) Magnet Iron

1) Yoke

Q.A. Walker (Civil & Mechanical Design Branch)
0

All parts of the cyclotron yoke have been delivered

and are currently being inspected and installed. The

positions of all the trim rod holes in the lower pole have

been checked and found to be within the specified 0.005" of

true position. Surface finishes are generally within

specification although some damage in the form of dents has

occurred even on critical surfaces. Rusting of the pole

surfaces after removal of the protective coating occurred

on a very humid weekend requiring an extensive cleanup.

2) Flutter Poles

The contract for fabrication of these poles has

been issued and the raw steel has arrived at the site. Some
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modification of details has resulted from discussions of

fabrication procedures.

3) Trim Rods

Tests involving trim rod drives operating in a

magnetic field have confirmed a rapid decrease in electric

motor performance at the fields expected around the yoke

even with magnetic shielding filling the remaining available

space. The use of pneumatic assistance in load lifting is

being tested using a drive unit adapted for the purpose.

(iii) Superconducting Coils

H.R. Schneider

1) Coil Winding

Coil winding has been completed. A total of 34

double pancake coils were wound; only 32 of these are

required for the magnet buti because a number of improvements

have been made in winding techniques after completion of the

first two coils, it was decided to use the two contingency

lengths of conductor to wind replacements for these two

coils. Figure 6.3.2.1 shows the final coil being added to

the stack in the coil storage bin.

2) Coil Assembly

Parts for the coil assembly jig have been made and

the jig is now being installed in Bldg. 467.

The special Belleville springs for live compression

loading at the top and bottom of the coil assembly have been

received and are awaiting inspection.

3) Copper Resistivity Measurements

The resistivity of the copper channel of the com-

posite superconductor has been measured at 4.2 K, as a function

of transverse magnetic induction. The results are presented

in Fig. 6.3.2.2. With no transverse magnetic field the
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Fig. 6.3.2.1 Complete coil stack, 34 double pancake coils.
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Fig. 6.3.2.2 Copper channel resistivity at 4.2 K as a

function of transverse magnetic induction.

resistivity is 60 pfi*m. This corresponds to a resistance

ratio R».,, V/R. - 287, in agreement with measurements by

the manufacturer of the superconductor composite.

At a magnetic induction of 4 T the measured

resistivity is 233 pJ2*m. This is about 20% lower than the

value assumed in the cryostatic stability calculations for

the magnet.

(iv) Magnet Power Supply

C.R.J. Hoffmann

A specification has been written for a dual dc

power supply to drive the superconducting coils and requests

for quotations were issued. The proposals received are being

reviewed.
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(v) Field Measurements

K.C. Chan

Thirty of the forty flip coils have been wound.

The conceptual mechanical design of the field

mapping apparatus has been completed and work on detail and

assembly drawings is well underway. Drawings of the mid-

plane portion are now ready and the arm which holds the flip

coils on the midplane has been satisfactorily machined out

of acrylic. Details of the drive system and additional pieces

needed for calibration are now being drawn.

Design, of the electronic integrator has been com-

pleted. Two printed circuit boards have been manufactured

and assembly and testing of the prototype will start soon.

Interfaces to various CAMAC modules of the control

system have been designed. A terminal communicating with

the PDP 11/34 computer in Bldg. 137 (see section 2.18) is

now in operation in Bldg. 467.

d) Accelerating Structure

C.B. Bigham

Construction of the full-sized rf structure and

dummy vacuum chamber for out-of-magnet tests continues.

Completion is now estimated for February 1.978.

Fabrication of the main 100 kW rf power amplifier

is 3 weeks behind the original schedule with shipping from

the manufacturer now scheduled for the end of January 1978.

The rf control and temperature monitoring

circuits for the first tests are complete. Detector cir-

cuits for monitoring the dee rf voltages via the eight

capacitive probes are partially wired.

Preliminary design work and model tests have been

done on some promising low energy buncher configurations.
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e) Injection

(i) Cyclotron Foil Changer

D.L. Beaulieu (Civil & Mechanical Design Branch)

Construction of the foil changer components which

will be located in the dee has started.

Detailed design of the magazine mechanism is

almost complete.

f) Extraction

C.R.J. Hoffmann

Inductances of full-scale models of magnetic

channel bias and gradient windings have been measured and are

respectively 5.7 mH and 0.92 mH. At maximum excitation the

stored energies will be ^ 40 J in the bias winding and ^ 260 J

in the gradient winding.

Critical current measurements have been made on two

short samples of the superconductor for the magnetic channel

windings (see PR-P-114, 6.3.2 f); AECL-5845). Measured

currents exceed the specification by ^ 30%.

The magnetic channel gradient winding geometry has

been modified to ease mechanical design of the support structure.

The modified windings now do not contribute to the bias field.

Mechanical design of the support structure for the

gradient and bias windings continues.

g) Diagnostics

E.A. Heighway

Time domain reflectometry measurements of a short

section of slab line for a fast Faraday cup were made to

verify the dimensions necessary for proper impedance matching.

The match was sufficiently good (VSWR ^ 1.02) to allow the

design of a unit for trial on ETA. This cup, which is being

fabricated, has water cooling and secondary electron suppression

to accomodate the ETA beam.
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6.4 Mechanical Laboratory

J.E. Anderchek

The Mechanical Laboratory operates the machine shop

and furnaces in Bldg. 145 and carries out mechanical con-

struction, assembly repairs and vacuum testing for the

Accelerator Physics Branch and the Reactor Physics Branch.

Total laboratory time breakdown in the quarter is

as follows:

Accelerator Physics Branch - 97.0%

Reactor Physics Branch - 3.0%

6.4.1 Ion-Source Development

Two new extraction electrodes, one stainless steel,

the other copper, were fabricated for the Ion Source Test

Stand. A molybdenum insert was installed in another

extraction electrode. Two prototype duoplasmatron anodes

with internal cooling channels were fabricated, three

duoplasmatron anodes were replated and three aperture plates

were drilled for locating pins. Two duoPIGatron electrodes

were modified to ease assembly.

6.4.2 High Current Test Facility

Assistance was provided with modifications and

repairs to the high power rf amplifier structure for the cw

proton linac. New grid-seal coolant lines were made and a

filament line support was fabricated to prevent horizontal

thrust on the triode when coolant circulation pressure is

applied.

The concentric portion of the filament line was

extended and modified to permit installation of a movable

capacitive rf short between the two lines; a leaking brazed

joint on one of the filament line elbow sections was repaired.

Water-cooled heat sinks were fabricated for the

injection beam line to protect a bellows and to reduce the



- 128 -

heating at the beam dump entrance. A smaller aperture beai.

collimator was installed in the 45° bending chamber.

A beam line support column was manufactured and

modifications were made to several vacuum components used

on the vacuum roughing cart system.

6.4.3 Electron Test Accelerator

An arc-gap assembly was made for the expanded

klystron crowbar system now under construction in Bldg. 610.

Two tapered apertures with a modified water jacket were made

for the accelerator injector and modifications were made to

the high power inclined beam dump. Some minor repairs were

carried out on various vacuum components.

6.4.4 Fast Intense Neutron Source

A variety of jobs associated with reassembly of the

accelerator in Bldg. 513B included refurbishing an ion source

anode, nickel plating two magnet pole tips, and manufacturing

a pressure relief device for a cryogenic pump.

6.4.5 Heavy-Ion Superconducting Cyclotron

Three items for the field mapping system have

been fabricated. Firstly a tray was made to store the

42 flip coils temporarily after being wound. Secondly a

system of four heaters, each sandwiched between two heat

sinks, has been completed; they will be used to keep the

electronic integrators above ambient temperatures. Thirdly

the arm which holds the 40 flip coils on the midplane has

been satisfactorily machined out of acrylic material.

Two copper coil formers have been fabricated com-

plete with mounting accessories and water cooling for the

injection dipole.

Extensive repairs were carried out to a liquid

helium transfer tube and to relief valves and flanges for

the helium recovery system.
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Miscellaneous hardware was fabricated to complete

the coil winding and several modifications and additions to

the trim rod mechanism were carried out.

A prototype 2500 A magnet lead was manufactured;

numerous samples of core and superconductor were prepared

for resistance ratio measurements," and a test section of a

50 Q slab line was fabricated.

6.4.6 Reactor Physics

ZED-II Reactor

Copper sector foils for NRX/ZED-II trefoil experi-

ments were manufactured and end caps, zirconium tubes,

spacers and lattice checking bars were manufactured for

Hot Loop experiment # 6, NRX/NRU loop experiments and

Bruce fuel experiments.
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