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SUMMARY

G.A. Bartholomew

1.1 Nuclear Physics Research

MP Tandem Operation

Accelerator availability during the quarter was the
best since 1971 with only one shutdown requiring that the tank
be opened, to replace corona points. Installation of fibre
optics permitting monitoring and control of up to twenty-three
variables or devices in the ion cage is complete. A computer
controlled colour monitor display to present ion-cage variable
status is being developed.

Accelerator availability during the quarter was as
follows:

Experiments running 1670.5 hours 77.3%
Scheduled shutdowns 88.0 hours 4.1%
Unscheduled shutdowns 401.5 hours 18.6%

2160.0 hours 100.0%

Nineteen experiments were performed during the
quarter. Sixteen visiting scientists used the accelerator;
they were involved in experiments occupying 77% of the beam
time and in those experiments their participation averaged
53%.

Research Activities

Study of exotic new isotopes with the on-line isotope
separator, ISOL, has begun with observation of 4^Mn, a
6+-emitter with ^400 ms half-life, and of 91Ru for which
beta-delayed protons were observed with a half-life of 7 s.

Quadrupole moments of isomeric states in lead isotopes
have been further investigated. The most striking result is the
55% increase, in absolute value, of the quadrupole moment of the
12+ isomer from 206pb to 200pb. A large quadrupole moment for a
spin ̂ 49/2 yrast trap in 147Gd has been measured and indicates a
large oblate deformation.

Experiments using Doppler-broadened line-shapes and
centroid shifts from y-rays emitted from ^ C formed in 12c-ion
bombardment of He implanted in Zr Nb and Au foils have yielded
lifetime determinations with 7% accuracy in the femtosecond
region. The technique shows promise as a method of directly
probing density changes (helium swelling) in materials suitable
for fusion reactor vessel walls.
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Progress is being made in identifying and overcoming
certain insidious background processes in 1*C dating with the
MP Tandem.

A 10-detector array of Nal and Ge(Li) detectors is
being used to study the spectral distribution, average energy
and excitation function of side-feeding radiation above and
below the high-spin isomers 1=49/2 in 153.Dy and 1=17 in 1 5 2Dy
in order to shed light on the structure of continuum states.

In a collaborative experiment with scientists from
Oberlin College,- the crpss section for the spectator pole
process in the 6lii(6Li2a)a reaction (in which the two
deuterons bound in the Li nuclei combine directly to produce
one a-particle) was found under most favourable geometry to be
only one third of ihat for the process involving sequential
decay involving a °Be intermediate state.

1.2 Accelerator and Applied Physics

Research Applications

a) Fast Intense Neutron Source

The accelerator now operates well at 80% of design
current. Remachining of the electrode surfaces without
abrasives has solved the beam instability problems. Tritium
target outgassing is being investigated.

b) Superconducting Cyclotron

- The superconducting cyclotron magnet has been dismantled
to modify the cryostat for the radiofrequency accelerating
system, drill the additional 10 holes for trim rods in
each of the 8 flutter poles and isolate and repair a short
circuit between the main coil and the helium can.

Isochronous fields are being generated from the measured
field maps (by interpolation) to determine whether small
profile changes in the flutter poles are justified.

Different sliding fingers are being tested on the
accelerating structure's tuners to improve reliability.

The vacuum chamber to test the electrostatic deflector
components has been built.

- Development of computer-aided control is proceeding;
during the quarter a system for sensing the status of
ion-cage variables or devices and presenting the data on a
colour monitor display was tested (see also section 1.1).
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Nuclear Power Applications

a) Injector Test Experiment

Installation of services is continuing.

b) Ion Source Development

Operation with larger plasma apertures has given improved
beam quality and more beam current than expected.

A nitrogen beam of 0.19 A at 42 keV has been produced.

c) High Current Test Facility

Commissioning of the Alvarez accelerator continues.

The drift tube bellows heating problem has been solved.

The tank has been operated up to full required power of
148 kW.

d) Electron Test Accelerator

With the p=l structure 8 5% beam loading was achieved at
accelerating gradients of 0.1 to 0.2 MeV/m. Resistive
beam loading and the decrease in loaded Q as the loading
increased agree well with theoretical predictions.

Experiments with an aluminum model of the non-intercepting
beam position monitor indicate that a mechanically simpler
model than the prototype will have the same performance.
Measured field distributions are close to predicted
values.

Analytical and numerical calculations of bremsstrahlung
production at 4 MeV in copper targets and its absorption
in the beam dump have been done. The integrated intensity
distributions as a function of energy will be checked
against data from the matrix of self-powered radiation
detectors which thread the dump.

e) Fertile-to-Fissile Conversion Experiments at TRIUMF

- Counters have been calibrated and effects on detector
sensitivity caused by counting geometry have been
determined.

- Intercalibration of counting systems between Simon Fraser
University and CRNL have been carried out.

The practicability of characterizing thick target
spallation reactions in terms of ten activities from
spallation and fast neutron fission multiplication has
been demonstrated.
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1.3 Solid State Physics

- Study of the temperature dependence of the condensate
fraction in ^He has been completed.

A simple and very successful semiempirical relationship
between the reduced superfluid density of liquid ^He
and the condensate fraction has been obtained. This
should stimulate theoretical studies which have so far
been unable to establish the connection between these two
quantities.

Elastic neutron scattering measurements of ultra-violet-
irradiated 1-methylthymine suggests that UV damage in DNA
pyrimidines can involve a wider range of molecular changes than
was previously considered.

In collaboration with scientists from University of
Toronto, studies of spin waves in the one-dimensional
antiferromagnet CSC0CI3 has been carried out.

In collaboration with scientists at University of British
Columbia, neutron diffraction studies of the layered
structures in the electrodes of a Li:TiS2 intercalation
battery were carried out. The measurements give valuable
insight into processes occurring in the electrodes that would
be difficult to obtain by other probes.

The source of copper impurities that are suspected to be
limiting performance of CdTe detectors have been traced to
the furnace wall materials; installation of platinum wall
liners is planned.

1.4 Applied Mathematics and Computation

Refinement of programs for the simulation of
chemical reactions continued. In particular, further attempts have
been made to devise a satisfactory technique for a least squares
fit of reaction ratey from measurements of concentrations at
various times.

A number of improvements were made to the fuel
defect experiment data processing system. Work is continuing
on improvements to the curve fitting routines, and
capabilities for including in the analyses other relevant
data, such as roactor power histories, are being developed.



- 5 -

The latest release of CDC1s operating system was
installed. (CRNL is serving as a field test site for this
software release.) Twenty-five errors were identified during
the first two weeks of operation, and the most critical of
these corrected. The new system is compatible with the old in
all significant respects but one, the facility offered for
adjustment of memory requirements as a calculation proceeds.
A new user-operating system interface is being developed for
this purpose.

Miscellaneous programs developed or modified during
the period included:

utility programs for character code conversion (IBM to CDC)
and for reformatting FORTRAN source programs,

CRNL plotting software was modified to provide the
capability of presenting several graphs on one "page", with
relocated origins and differing scales.

a system for storage and retrieval of Port Hawkesbury HWP
valve data

a system for maintaining a file of applicants for the WNRE
employment office.
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Computer usage during the quarter was as follows:

Percentage of Percentage of
Number of Jobs Total Utilization

Radiochemical Co.upany
Chemical Company
Engineering Company
WNRE

CRNL

Computing Centre
Contracts
Technical Information

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

and Control
Advanced Projects & Reactor Physics
Fuels & Materials
Administration
Financial
Operations
Maintenance & Construction
General Services
Plant Design
Special Projects
Others

0.00
1.21

17.40
2.93

33.01
1.36
2.47

2.84
2.62
6.37
0.72

9.23
10.02

0.82
2.56
3.57
0.00
0.15
0.54
2.16
0.02

0.00
0.64

25.48
12.06

11.75
3.52
0.76

2.16
4.06
6.34
5.44

9.15
6.93
0.15
3.27
3.48
0.00
0.55
0.28
3.95
0.03
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Nuclear Physics Branch

J.C.D. Milton
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Lifetimes Using Implanted He Targets

2.7 Radioisotope Dating with the MP Tandem Accelerator

2.8 Enhanced Transient Field Measurements of the g-Factors of
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Lawrence Berkeley Laboratory (LBL) SuperHILAC
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2.27 Investigation of the Horizontal Steering Problem ±n the
MP Tandem

2.28 Second Order Aberrations in the Transport of Bunched Beams

2.29 MP Tandem Operation

2.30 Counting Losses in a Pulsed Optical Feedback Preamplifier

2.31 Improved Convenience in Calculations for the
Radioisotope Standards Laboratory

2.32 International Comparison of Fe

2.33 IAEA Intercomparison of High Precision Germanium y-
Spectrometry Results

2.34 Standards Issued

2.35 Miscellaneous Services

2.36 K X-Ray Cross Sections for 88.2 MeV Cu q + on Kr and He

2.37 Laser Magnetic Resonance (L.M.R.)

2.38 Parity Violation in the Photodisintegration of Deuterium

2.39 MP Tandem Accelerator Measurement of Natural Isotope
Ratios

2.40 Publications and Lectures
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2.1 Staff

Branch Head: J.C.D. Milton

Professional Staff Technical Staff

SECTION I

J.C.D. Milton
T.K. Alexander
H. R. Andrews
G.C. Ball
W.G. Davies
U.C. Evans (1)
A.J. Ferguson
J.S. Forster (2)
E.G. Hagberg (3)
J.C. Hardy
O. Hausser
H.-E. Mahnke (4)
A.B. McDonald
R.G.H. Robertson
P. Taras (6)
D. Ward

Accelerator Group

(5)

J.S.
N.C.
R.L.
L.H.
J.L.
J.J.
R.E.
A.S.
J.P.
W.L.
P.J.
M.G.
R.A.
E.C.
D.J.
J.S.

Barsczewski
Bray
Brown
Bucholtz
Gallant
Hill
Howard
C. Hyde
D. O'Dacre
Perry
Sharp
Steer
Surette
Waito
Yaraskavitch
Wills

SECTION II

R.L. Graham
J.S. Geiger

SECTION III

J.S. Merritt

Computer Control Group

R.B. Walker

Radioisotope Standardization
Group

L.V. Smith a)
A.R. Rutledge b)

Students and Visitors

R.J. Bauer (7)
E.T.H. Clifford (8)
W. Connor (9)
B. Dubé (10)
R. Hautman (11)
A. Helleboid (12)

V. Koslowsky (13)
B.J.F. Palmer (14)
J.F. Sharpey-Schafer
R.E. Warner (16)
W. Zaleski (17)

(15)

Laboratory Services and Workshop

M. Desrochers
R.W, Stalkie

Secretarial Staff

G.J. Bateman (18)
J.R.H. Bowes (19)

R.J. Elliott
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(1) Summer visitor from Queen's University; arrived 1979
July 9, left 1979 August 30.

(2) On leave of absence at University of Aarhus, Denmark.

(3) Post doctoral fellow

(4) Summer visitor from Hahn-Meitner-Institut, Berlin,
left 19 79 August 31.

(5) Visiting professor from Michigan State University;
arrived 1979 September 5.

(6) Visiting professor from Université de Montréal; left
1979 August 31.

(7) Graduate student attached from University of Toronto;
left 1979 September 15.

(8) Graduate student attached from University of Toronto.

(9) Visiting scientist from Oberlin College; left 1979
August 17.

(10) Visiting student from Université de Montréal; left
1979 August 17.

(11) Student from University of Waterloo; left 1979 September 7.

(12) Summer visitor from Centre de Recherches Nucléaires
de Strasbourg; arrived 1979 July 2, left 1979 August 17.

(13) Graduate student attached from University of Toronto.

(14) Summer student from Simon Fraser University; left 1979
September 11.

(15) Summer visitor from University of Liverpool; left
1979 September 28.

(16) Summer visitor from Oberlin College; left 1979 August 23.

(17) Summer student from University of Saskatchewan; left
1979 August 31.

(18) Transferred from Temporary Staff 1979 September 24.

(19) Transferred to Technical Information Branch 1979
September 4.

a) also has responsibilities in Section I and II

b) also has responsibilities in Section I
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2.2 Parity Mixing in Ne

A.B. McDonald, W. Zaleski with E.D. Earle (Neutron and
Solid State Physics Branch) and H.B. Mak (Queen's University)

Design work has been completed on a r-et of four

gamma-ray circular polarimeters each consisting of a cylinder

of magnetized iron and a 12.5 cm diameter by 15 cm Nal(TZ)

detector arranged about the target like the spokes of a wheel.

The magnetic field program TRIM has been used to design the

magnetic circuit. The central field in the polarimeter

iron is 2.35 T (23.5 kG) with less than 0.3 mT

external field at the positions of the target and photo-

multipliers about 6 cm on either side of the polarimeters.

The optimum configuration of heavy metal shielding was

designed with the aid of a Monte Carlo gamma-ray scattering

program MORSE, provided by P. Wong.

2.3 Mechanism of the Li( Li,2a)a Reaction

G.C. Ball, R.E. Warner (Oberlin College), W.T. Conner
(Oberlin College), W.G. Davies and A.J. Ferguson

Two nuclear reaction mechanisms have been proposed

for the production of three-alpha particle final states in

the reaction Li( Li,2a)a: 1) the sequential decay (SD)
g

of an intermediate Be state and 2) a spectator pole process

(SPP) in which the two initially bound deuterons interact

directly to form an a particle. We have studied this

reaction at geometries where the SD and SPP processes are

reasonably well separated kinematically in the two dimension-

al energy plane. Beams of 36-46 MeV Li were used to bom-
2 6

bard ^ 0.5 mg/cm Li targets. Two AE-E counter telescopes

positioned at equal angles on opposite sides of the beam

were used to obtain a-a coincidence spectra at five different

geometries where the energy of the undetected spectator a

particle was varied from 0.0 to 0.4 MeV. A subsequent
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analysis of these data has shown that even at the most

favourable geometry, the SPP cross section is only one third

of that due to the sequential decay of known levels near 11,
p

17 and 20 MeV excitation in Be.

2.4 Alpha-Cluster Structure at 12.8 MeV c m . in the 12C + 16o
System

P. Taras, G.C. Ball, W.G. Davies and B. HaasfStrasbourg)

The excitation functions for inelastic scattering to

the 0+, 6.05 MeV, 4p-4h and 3~, 6.13 MeV, lp-lh collective

states have been measured with high resolution near the 12.8

MeV c m . resonance (P. Taras et al. Phys. Rev. C15 (1977)

834; Phys. Rev. Lett. 4_1 (1978) 840) in the 12C + 16O system.

The experiment was performed with 29.0 - 31.5 MeV 0 beams,
2

in steps of 125 keV. Self-supporting 10 yg/cm thick natural

carbon targets were used. Recoiling C ions at 6. .=14.5°

were momentum analyzed with the QD3 spectrometer operating

with kinematic compensation, and subtending a solid angle of

6 msr. The ions were detected with a gas proportional heavy

ion counter (PR-P-108: 2.16; AECL-5315).

The excitation functions for the two inelastic exit

channels are strikingly and unexpectedly different - while

that for the 6.05 MeV state displays a smooth gross structure

^ 700 keV c m . wide and a peak-to-valley ratio in excess of

30:1, the one for the 6.13 MeV state exhibits a fragmented

structure, having widths approximately one fourth of that

in the other channel and peak-to-valley ratios of the order

of 3:2, superimposed on a monotonically increasing background.

Preliminary measurements show the presence of similar broad
+ 12

structures in the elastic and 2 , 4.44 MeV C inelastic

exit channels.

The yield enhancement at 12.8 MeV c m . in the 3~, lp-lh

excitation function indicates that this state plays an im-

portant role in the formation of the 12.8 MeV resonance, as
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expected on the basis of the double resonance mechanism, or

band crossing model (see, e.g., T. Matsuse et al. Prog. Theor.

Phys. 5± (1978) 1009) .

By contrast, the smooth broad structure in the 4p-4h,

0 excitation function can be interpreted to mean that there

is a large overlap between this state and the resonance in

the entrance channel which would then have an a-cluster

structure (see,e.g., R.G. Stokstad et al. Phys. Rev. Lett.

28 (1972) 1523).

Measurement of Short Nuclear Lifetimes in C and B

and The Observation of Dose Dependent Density of He Implanted

Metal Foils

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

The experiments reported in PR-P-122: 2.12; AECL-6582

to measure the lifetime of the 2000 keV level in C using

the He( C,a) C reaction and high velocity DSAM techniques

have been analyzed. In addition, new experiments have been

carried out with a Ge(Li) detector that has better energy

resolution and the new target chamber described in section

2.6 of this progress report. New data were obtained with
3 17

the He-implanted targets listed in Table 2.5.1. The 6 x 10
3 2 17 3 2

He/cm and 2 x 10 He/cm gold targets were prepared in

order to measure the change in density of the metal caused

by swelling during implantation of high concentrations of

He. For all targets, it is known that the retained 3He is

close to 100% of the bombarding fluence (see PR-CMa-49: 1.2.9;

AECL-6589). The 6 x 10 1 7 3He/cm2 target was also turned 45°

to the beam direction to increase the recoil path length

through the swollen material. This is a direct method of

probing density changes within a metal and the present experi-

ments are the first direct observation of such density changes.

It may be a useful technique for studying materials suitable

for fusion reactor vessels.
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Table 2.5.1

Summary of Lifetime Values for the C, 2000 keV Level

Dose of He

Target Foil (1017 atom/cm2) (fs)

Au 6 10.4 + 0.9 (0.7)*

Au at 45° 6 8.6 ± 1.2 (1.1)

Au 2 7.7+0.9 (0.8)

Average of Au targets 9.1 + 0.7 (0.5)

Nb 7 9.1 + 1.8 (1.7)

Zr 4 8.0 ± 2.3 (2.3)

Average from lineshapes 9.0 ± 0.6

All, centroid shifts 10.8 ± 1.5

Average 9.2 ± 0.6

*
statistical uncertainty, full uncertainties include
uncertainty in <̂ E .

dpx

The data were analyzed by two independent methods.

Firstly, by fitting the Doppler-broadened lineshapes leaving

the centroids of the calculated shapes to adjust freely,

the lifetime values listed at the top of Table 2.5.2 were

obtained. Secondly by fitting the relative centroid shifts for

all targets simultaneously, the sixth value in Table 2.5.2 was

obtained. The fit to the centroid shifts also determined the

chancres in volume of the implanted regions of the metal foils

and is Av/v= (0.6+0.2) x atomic concentration of 3He.in

atomic percent. The calculated lineshapes also took into
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account the swelling according to the above prescription but,

especially for the gold foils, were much less sensitive to

the change in density.

In the analysis of the centroid shifts it was assumed

that the three metals swell in the same proportion to the

local atomic concentration of He. The value of the

proportionality constant, 0.6 ± 0.2, is in reasonable agree-

ment with recent observation of the surface displacement of

He implanted Nb foils (R.G. Saint-Jacques, G. Veilleux and

B. Terreault, 8th Int. Conf. on Atomic Collision in Solids,

Hamilton, Aug. 13-17, 1979).

Table 2.5.2 summarizes the results obtained for the

2125 keV analogue level in 1:LB. The value T = 6.3 + 1.4 fs

is not as accurate as the C result because fewer data

were obtained and the lifetime is shorter. It is in reason-

able agreement with the average of several inelastic electron

and resonance fluorescence gamma-ray studies, T = 4.8 ± 0.4 fs

(F. Ajzenberg-Selove, Nucl. Phys. A248 (1975) 1).

Table 2.5.2

Summary of Lifetime Values for the B,

Target Foil

Au

Zr

average from

Both

4
Dose of He

(1017 atoms/cm2)

4

6

lineshapes

centroid shifts

2125 keV Level

3.7

7.7

4.7

7.1

T
(fs)

+ 2.0
- 3.7

+ 5.0

± 2.5

± 1.7

average 6.3 ± 1.4
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2.6 A Target Chamber for the Measurement of Short Nuclear Life-
Times Using Implanted He Targets

T.K. Alexander, G.C. Ball, N.C. Bray and M.G. Steer

A target chamber has been designed and constructed

for measuring nuclear lifetimes by inverse nuclear reactions

with He-implanted metal foils. The following features

have been incorporated:

1) To prevent contamination, the target "sees" directly

only surfaces cooled to liquid nitrogen temperatures

2) The target ladder can hold three targets which can be

moved vertically and rotated between 90° and 45° to the

beam direction. The whole ladder assembly is electrically

isolated for target current measurement, but thermally

connected to a liquid nitrogen reservoir.

3) The targets are efficiently cooled by the liquid nitrogen

reservoir during bombardment to inhibit the loss of im-

planted helium. However, during the initial pump down

of the chamber the ladder can be retracted from the

cooling connection so that condensable vapours will be

trapped on shroud surfaces.

4) The chamber is pumped by an ion pump and decoupled from

the main beam line vacuum system by a limited conductance

tube. The target ladder and vapour trapping shrouds are

made of gold plated copper.

The chamber has been used during the experiments

reported in section 2.5 of this progress report. In addition,

tests have been carried out to measure the temperature of

the target ladder as a function of the power input. The

beam power was simulated by a resistor. The results are

shown in Table 2.6.1.
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Table 2

are of Target

Power
(watts)

0

0.94

2.1

5.1

.6.1

Ladder vs.

Temperature
(degrees C)

-165

-135

-121

-63

2.7 Radioisotope Dating with the MP Tandem Accelerator

H.R. Andrews, G.C. Ball, W.G. Davies and J.C.D. Milton with
Y. Imahori (NRX Reactor Branch) and R.M. Brown and R.J.
Schultz (Environmental Research Branch)

As described in the last Progress Report (PR-P-122:

2.13; AECL-6582), the detectors were moved to a position on

the 70° line just inside target room 1 because of continuing

problems with generating voltmeter stability. The velocity

filter was installed immediately after the analyzing magnet.

It produced vertical deflections and operated in conjunction

with the vertical image slits. The filter very successfully
13 12removed the C and C peaks of equal magnetic rigidity

which arise from charge exchange in the accelerator tubes.

Unfortunately a new type of background was encountered,
13 12arising from legitimate beams of C and C transmitted

14

through the accelerator in the same way as the C and under-

going charge exchange in the magnet box to emerge in the

direction of the counters. This is a more insidious form

of background; it is of identical energy if it arises from
12 13

the tails of the C and C beams traversing the inflection
magnet or slightly lower energy (1.4%) if it arises from

13 — 12 —
mass 14 molecular ions such as CH or CH». The stopping
powers and velocities of these spurious ions differ from

14those of C by only half as much as in the case of ions of
equal rigidity and thus this background is more difficult

to discriminate against. On the other hand a second magnetic
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or electrostatic analysis will readily remove such " ir̂ rn

ions. With this in mind we are moving the counters to the

56° line in target room 1 where the switching magnet provides

the second analysis required. The velocity filter will be

installed just after the switching magnet and it will again

operate in the vertical direction. In this location we

expect spectra as clean as those found at the QD3 with an

energy acceptance comparable to that on the 70 line.

2.8 Enhanced Transient Field Measurement of the g-Factors of

High Spin States Excited in 160Dy, 1 7 0' 1 7 4Yb Following

Coulomb Excitation with ^350 MeV Kr Ions from the Lawrence

Berkeley Laboratory (LBL) SuperHILAC

H.R. Andrews, 0. Hausser, D. Ward and P. Taras with R.M.
Diamond, C. Roulet, D. Fossan, K. Kluge, M. Nieman and
F.S. Stephens (Lawrence Berkeley Laboratory)

Data analysis of the experiment reported previously

(PR-P-122: 2.16; AECL-6582) has been completed. Statis-

tically useful precession data were obtained from the gamma

rays deexciting the 4 , 6 , 8 , 10 and 12 rotational levels.

The E values are given in Table 2.8.1. (For a definition

of e, see PR-P-115: 2.6; AECL-5966.) Also given are the

weighted averages of the e values for each case. The first

conclusion is that there are no statistically significant

differences between Dy and Yb, the two upbenders on

a backbending plot (moment of inertia vs. square of angular
174frequency), and Yb, which shows no deviation from smooth

rotational behaviour.

The rigid rotor predictions for this same weighted

average are also shown in the table. These are based on an

assumed transient field given by the sum of the Lindhard-

Winther field and an enhanced transient field (ETF) linear

in velocity

BETF = a Z V / VO 2' 8- 1
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Transition

4 - 2

6 - 4

8 - 6

1 0 - 8

12 - 10

wt. av. e

* 2
H

Rigid Rotor e

a(XlO 3) ( c )

Table 2.8.1

Precession Results for e from the
o g

Kr Coulomb Excitation Data

160 Dy 1 7 0 Yb

2.62
1.99

2.65
3.46
2.26

2.53
0.49

3.35

1.6

(.82)
(.62)

(.87)
(.87)
(1.52)

(.37)

± 0.7

-0.98C.36)
-2.39C.39)

- 1 . 4 1 C 6 8 )
-3.23C.62)

-

-1 .82 ( . 48 )

-3 .15

- 2 . 7 + 1.0

(a)

(a)

174Yb

2.94
2.45

2.66
1.29
0.64

2.41

4 . 3

3.15
1.5

(.27)
(.35)

(.33)
(.39)
(.82)

(.33)

± 0.7

(a) If the anomalously low 4-+2 result is deleted the weighted
average is -2.40(.42) with x 2

N
= l - 9 6 « However, there is

no obvious flaw in the data to justify the removal of the
4->2 value.

(b) This is the weighted average of the predicted e's assuming
constant g-factors and an enhanced transient field linear in
velocity (cf. text)• The weighting is the same as that
for the experimental weighted average.

(c) This assumes the parameterization of the g-factor as
a function of spin by g(I) = g (l+al ) .

Table 2.8.2
169

Tm Calibration Data for the Enhanced Transient Field

Ion,Energy Initial v/c(%) a(Tesla)

40

63

81

86

Ca,lO4 MeV

Cu,122 MeV

Br,175 MeV

Kr,312 MeV

3.6

3.9

4.7

6.3

11.8 + 0.5

•11.3 ± 0.6

10.0 ± 1.3

9.9 ± 2.5

wt.average 11.5 ± 0.4

N 0.75
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where a is determined from the average of four calibration

experiments with a Tin target Coulomb excited by Ca,
fi 3 ft 1 R fi

Cu, Br and Kr beams. Each experiment was analyzed

in terms of eq. 2.8.1, the constancy of the a-values with in-

creasing recoil velocity tests the linear velocity dependence.

These results are given in Table 2.8.2. There is a

tendency toward lower values of a at higher velocities but

not a statistically significant one. The final row in

Table 2.8.1 gives values of a deduced assuming the quadratic

parameterization (cf Table footnote and PR-P-120: 2.17;

AECL-6452) and the enhanced field given by eq. 1 with a =11.5.

These values of a imply 30-50% reductions of the g-factcrs

at the 14 levels but confirmation of this result must await

better calibration data at high velocities.

151 152
2.9 A Study of Continuum y Rays in " ' Dy

J.F. Sharpey-Schafer, A.J. Ferguson, H.R. Andrews, 0. Hausser,
H.-E. Mahnke and D. Ward

A previous study (PR-P-121: 2.8; AECL-6530) of the

polarization and angular distributions of the continuum
124 32 151 152radiation produced in the Sn( S,xn) ' Dy reactions

gave indications of stretched E2 components that could arise

either from a change of the nuclear shape to a prolate de-

formation at high spins (I > 40fî) or from the direct feeding

of the yrast states down rotational bands, where each yrast

state is an intrinsic state (band head). In the latter

case the collective structure is conjectured to arise from

rotations perpendicular to the symmetry axis of an oblate

nucleus.

We have carried out an experiment to study the side

feeding radiation above and below the high spin isomers in
15i,152Dy>
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The apparatus consisted of four large 12.5 cm by

15.7 cm Nal (T£) detectors at 90°, 120°, 135° and 150° to

the beam direction, which could be operated in coincidence

with two Ge(Li) detectors and an array of four smaller

(7.5 cm by 7.5 cm) NaI(T£) detectors. The large NaI(T£)

detectors were 50 cm from the target and well collimated so

that neutrons could be eliminated by the time-of-flight
32

relationship to the pulsed S beam.

In the first phase of the experiment, large-Nal(TA)/

Ge(Li) coincidences that were coincident with the beam pulse

and triggered by delayed y rays from states below the isomer

detected in the small Nal(TJl) counters, were recorded at a

beam energy of 155 MeV. This part of the experiment gives

the multiplicity <M>, the average energy <E> and the spectrum

of continuum y rays in coincidence with the discrete y rays

above the isomers in the two nuclei.

In the second phase the beam energy was dropped to
152

135 MeV so that levels below the 60 ns isomer in Dy were

being fed directly by cascade y rays avoiding the isomer.

This side feeding was detected by looking for prompt y rays

below the isomer in large-Nal(T£)/Ge(Li) triggered by a

prompt count from the small Nal detectors (which in

this phase were being used as a multiplicity filter).

In a third phase of the experiment an excitation

function of the gross continuum radiation feeding states

above the isomers was measured at 135, 145, 155 and 165 MeV.

Preliminary analysis of the data shows that there is

an enhanced intensity of y radiation (a "bump") above the

purely statistical component in the region 1.0 to 1.5 MeV

in both 151Dy and 152Dy, this "bump" being larger in 152Dy.

The exponential slope of the statistical component of the

continuum is steeper for Dy than for Dy indicating a

higher "nuclear temperature" or greater density of states

for Dy. The multiplicity above the 17+ isomer in Dy
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is greater than 19, compared with a maximum of 14 for the

discrete yrast transitions above this isomer. The multi-

plicity above the 49/2 isomer in Dy is greater than 12

compared with a maximum of 9 discrete y rays seen above this

isomer to date.

The analysis of these data is continuing with a strong

emphasis on the unfolding of the spectra taken with the

four large Nal detectors and removing the contribution from

the discrete lines in order to measure the energy distribution

and the multipolarity of the true continuum radiation.

146
2.10 High Spin Isomers in Eu

J.F. Sharpey-Schafer, H.R. Andrews, 0. Hausser, H.-E. Mahnke,
P. Taras and D. Ward

A search for high spin isomers in the Eu isotopes was

instigated in a quest for a suitable isomer for which the

quadrupole moment could be measured by implantation into

Sm - an environment for which the electric field gradient

(EFG) is known. From this point of view the experiment was

a failure as isomers with the required lifetimes were not
146

found. However, three isomers were found in Eu by means

of the 1 2 4Sn( 2 7M,5n) 1 4 6Eu reaction at 116 MeV. The lowest

isomer has a mean life of 225 ± 15 ys and decays to the ground

state by 277 and parallel 360 and 379 keV y rays. This

confirms the work of Remaev et al. (Sov. Phys. JETP 1E5 (1962)

283). The highest isomer has a mean lifetime of 10.6 ± 0.2

ns and decays by a cascade involving over 30 y rays. Below

this there is a shorter lived isomer with a mean lifetime

of 3.1 ± 0.2 ns.

We have measured y-y coincidences below and above

the 11 ns isomer and angular distributions of y rays below

the isomer. Preliminary analysis of these data shows that

the 3.1 ns isomer decays by 967, 1103 and (a conjectured) 70



- 23 -

keV Y rays and thence to the 225 us isomer by y rays of 1033,

464, 4 33 and 136 keV. Above the 11 ns isomer, y rays are seen

at 203, 237, 517 and 1200 keV. The complex decay scheme of

the 11 ns isomer is at present being worked on.

1472.11 Quadrupole Moment of a High-Spin Yrast Trap in Gd;
Evidence for Substantial (Oblate) Deformation

0. Hausser, H.-E. Mahnke, J.F. Sharpey-Schafer, P. Taras,
D. Ward, T.K. Alexander, H.R. Andrews with M. Swanson
(Solid State Science Branch)

Recently discovered discrete states in nuclei with

neutron number N S 82 with spins between <\/ 14 and 36 "n

(Khoo et al. , Phys. Rev. Lett. 4JL (1978) 1027) exhibit a

new kind of collective motion; the individual particles

align their angular momenta along the symmetry axis, pro-

ducing an oblate deformation. Such 'rotations around a

symmetry axis' had been predicted by Bohr and Mottelson.

They are characterized by an irregular yrast line with an

average moment of inertia slightly larger than the rigid

body value. The E2 transitions between yrast states are

hindered because they involve rearrangements in the filling

of single particle orbitals. The most tantalizing question,

whether these states are deformed beyond the oblate values

predicted by the spherical shell model, has yet to be

answered. The weakly collective bands which might be based

on the deformed yrast states have yet to be identified.

We have pointed out earlier (PR-P-121: 2.10; 2.12,

2.13; AECL-6530) that the guadrupole moments, Q, of long-

lived yrast states (yrast traps) may be measured in favour-

able circumstances by interaction with electric field gra-

dients (EFG), q, produced by crystal lattices of non-cubic

symmetry. We have now observed static quadrupole interactions
147

of the 500 ns isomer in Gd (spin I <\/ 49/2) in single

crystals of Gd. The intensity ratios, R(t) = (Y(0°) - Y(90°))/

(Y(0°) + Y(90°)), for two y rays of 339 keV (a2 < 0) and
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254 keV (a2 > 0) are shown in the top two panels of r•7.

2.11.1. The hexagonal Gd host was in its paramagnetic phare

(413K) and the optimal geometry was chosen, i.e. the crystal

symmetry (c) axis was at 45° to the beam in the detector

plane. When the c axis is turned to coincide with the beam

axis (lower panel) the characteristic interference pattern

disappears and most of the initial alignment is preserved

over times longer than ^ 1 ps. This demonstrates that

nearly all Gd recoils come to rest in regular lattice positions.

Observation of the full modulation pattern (̂ 3 ys)

would allow one to deduce both |qQ| and I, whereas the

pattern near time t=0 determines only the ratio |qQ|/l.

Assuming I = 49/2 for the 500 ns isomer, and eq(T) = 3.44(16)

(1 - 1.5(4)10~5T3/2)1017V/cm2 (see next section 2.12) we

obtain |Q(49/2)| = 3.45 ± 0.19 b.

This result is shown in Table 2.11.1 with quadrupole

moments of other Gd isomers determined by us using the same

method. The suggested spins, parities and quasiparticle

structures are compatible with observed g-factors (Hausser

et al. Phys. Rev. Lett. £2 (1979) 1451). The quadrupole

moments, Q S M, were calculated with the shell model assuming

charges of 1.53 and 1.0 for protons and neutrons, respective-

ly. These 'effective' charges are typical for the Pb region,

and the proton charge reproduces the observed B(E2, 10+ •* 8+)
148

in Dy (Daly et al., Z. Phys. A288 (1978) 103). The

shell model values |QSMI are generally too small and their

relative magnitudes disagree with experiment.

The observed |QeXDl can.be reproduced if the quasi-

particles move outside a deformed oblate core (loc. cit.

2.13). The required core deformation 8 in Gd increases

with spin and excitation energy and becomes large (3 ̂  -0.2)

for the high-spin isomer. Provided our assessment of the

EPG in Gd (see section 2.13) withstands the test of time,
147

the 500 ns isomer in Gd is the first high-spin state in

nuclei whose large oblate deformation has been determined

rigorously.
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Table 2.11.1

T O a )

1/2 Quaôiparr.icle ySM . .
Nucleus (ns) I Configuration (barns) ' (barns) g

144Gd 130 10+ T-h.21/o -0.55 1.60 + 0.08 -0.10

147Gd 500 (49/2+) i r l o + v h n / 2
i i 3 / 2

f 7 / 2 ~ 0 ' 8 4 3 â 4 5 ± ° ' 1 9 " 0 ' 2 °

7rlO+Vf7/2i13/2h9/2 - 1" 3 6 - ° - 2 0

27 27/2" ïïlO+Vf?,2 -0.78 1.37 + 0.12 -0.07

22 13/2+ Vi13 /2 ,3~af7 ,2 -0.36 0.80 ± 0.10 -0.05

148Gd 17 9" Vi13 /2fy /2 -0.37 1.13 ± 0.09 -0.08

a) assumes e(proton) = 1.53, e(neutron) = 1.0
is i i i«~24 2

b) 1 barn = 10 cm
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R(t) o

-0.1
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339 keV C AT 45° TO BEAM

254 keV 6 AT 45° TO BEAM

254 keV C AT 0° TO BEAM

I I ~
800 600 400

*— t (ns)
200 0

Figure 2.11.1 Quadrupole interaction of the 500 ns isomer
in -"'Gd in a single crystal of Gd. The
reduced R(t=0) in the lower panel arises
from the fact that one of the two y detectors
was placed at 6 8° rather than at 90° to avoid
absorption of low-energy y rays.
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2.12 Quadrupole Moments of Isomeric States in Pb

H.-E. Mahnke, 0. Hausser, T.K. Alexander, H.R. Andrews,
J.F. Sharpey-Schafer, P. Taras, D. Ward, and I.S. Towner
(Theoretical Physics Branch)

Previously reported experiments on quadrupole

interactions (QI) of Pb isomers in solid Hg (PR-P-121: 2.9,

2.11; AECL-6530) have been continued. Pb offers the advan-

tage that one may investigate whether the in-beam experiments

are hampered by damage near the final site of the isomer in'

the Hg lattice. We have studied the 260 ns 4 isomer in

Pb both in-beam and in the radioactive decay of 1 h

Pb. The activity was produced using the Hg(ct,2n) reac-

tion at 28 MeV, and the y-y perturbed angular correlation was

observed after melting and resolidifying the Hg. The observed

QI frequency was identical to the one obtained in-beam as

would be expected in the absence of radiation damage.

A careful remeasurement of QI for Pb(12 ) showed

that the previously quoted frequency (loc. cit. 2.9) was in

error by ^ 10%. We have summarized in Table 2.12.1 the QI
o

frequencies, v = e qQ/h, for all isomers studied so far.

The quoted values have been renormalized to a common tempera-

ture, 202 K, taking the known temperature dependence of the

electric field gradient (loc. cit. 2.11) into account. The

quadrupole moments are normalized to the standard, |Q( Pb,12 )[

= 0.51 ± 0.02 b (see loc. cit. 2.9).

The most striking result is the (55 ± 1)% increase

of |Q(12+)| from 206Pb to 200Pb. We are presently investi-

gating whether shell model calculations assuming a neutron-hole

configuration space and neutron effective charges from ' Pb

can explain the observed quadrupole moments.
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lucleus

2 0 6Pb

2 0 5Pb

2 0 4Pb

2 0 3Pb

2 0 2Pb

20 hb
200 p b

Table 2..12.1

Quadrupole Moments in Pb Isotopes

I*

12+

25/2"

4+

21/2+

(7")

25/2~

12+

9"

7"

T1/2[ns]

198

217

260

42

42

55

194

480

44

2 a )

e qQ/h[MHz]

201.6(8)

248.4(15)

175.4(9)b)

175.6(3)

337(3)

112.3(9)

182.9(9)

313.0(16)

159.8(4)

125.5(6)

|Qexp|[b;

0.51(2)

0.63(3)

0.44(2)

0.85(3)

0.28(2)

0.46(2)

0.79(3)

0.40(2)

0.32(2)

a) all v Q are renormalized to a common temperature of 202 K

b) perturbed angular-correlation result, using the activity

of 2 0 4 mPb

c) normalized to the 206Pb(12+) datum

2.13 The Electric Field Gradient (EFG) for Gadolinium

O. Hausser, H.-E. Mahnke, J.F. Sharpey-Schafer, p. Taras,
D. Ward, T.K. Alexander, H.R. Andrews, with M.L. Swanson
(Solid State Science Branch)

The interpretation of quadrupole interactions (QI)

for Gd isomers (see previous section, 2.12) in terms of nuc-

lear quadrupole moments requires knowledge of the magnitude

and temperature dependence of the EFG, q(T), in a single
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crystal Gd host. A large body of Môssbauer data for several

Gd isotopes has been accumulated at the Racah Institute in

Jerusalem (Armon, Bauminger et al.r Nucl. Phys. A209 (1974)

1901; Phys. Rev. Lett. 3± (1975) 962), amongst them the QI

frequency, vQ = e qQ(o)/h = 105.6 + 0.8 MHz, for the
 3Gd

ground state in a Gd single crystal at 4 K. The same authors

have determined the moment ratio for the two isotopes,
156Q{2+)/155Q(o) = -1.51 ± 0.02. Since 156Gd is a good

rotational nucleus, we may deduce Q(2+) = -1.942 ± 0.028 b

from the accurately known 2 + lifetime (Rud et al. Nucl. Phys.

A191 (1972) 545), which implies 155Q(o) = 1.286 ± 0.025 b.

Recent optical measurements of the hfs of ' Gd (Clieves

and Steudel, Z. Phys. A2 89 (1979) 361; see also Unsworth,

J. Phys. £2 (1969) 122) have yielded a Sternheimer corrected

value Q(o) = 1.258 + 0.065 b. Both independent determina-

tions of Q(o) are in excellent agreement. We can now

deduce eg(T=4K) = (3.44 ± 0.16) 10 V/cm with some confidence.

Since our QI experiments were performed above the

Curie temperature for Gd (29 3 K), we have investigated the

temperature dependence of q between 324 K and 469 K using
ir + 144

the 130 ns, I = 10 isomer in Gd as the probe nucleus.
2 144 +

The QI frequencies, v = e q(T) Q(10 )/h, are found to be
weakly temperature dependent (see Table 2.13.1). The fre-

quencies were extrapolated to T = 4 K assuraing q(T) = q(o)

(1 - 1.5(4) 10~5T3/2 K"3</2) . Although the assumed T 3 / 2

dependence reproduces our limited data set, it is not expec-

ted to be valid in transition metals (Rasera et al. Phys.

Rev. Lett. 4JL (1978) 1188). It appears,, however, unlikely

that our extrapolation down to 4 K is substantially in error,

since previous experiments on sp-impurities ( Sc, Cd,

Ta) in Gd exhibit a weak and smooth temperature dependence

of q over a wide range of temperatures (from 15 K to 569 K

for Cd, see Bostrom et al. Physica Scripta _3 (1971) 175,

and Lis et al. Hyperfine Interactions jj (1978) 431). Measure-

ments of combined magnetic and quadrupole? interactions in ferro-

magnetic Gd are planned to investigate this problem further.
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Table 2.13.1

Quadrupole Interaction Frequencies
for the 130 ns, I^=10+ Isomer in 1 4 4Gd

Temperature
(K)

324

400

412

469

Isotope Separator

e2qQ/h
(MHz]

122.3 +

113.7 +

119.1 +

113.0 ±

Operation

(T)
1

1.8

1.8

2.0

1.8

e2qQ/h(T=
(MHz)

134,

129.

136.

133.

.0 ±

,2 ±

,0 ±

.3 ±

4 K)

4.0

5.1

5.6

6.8

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

The isotope separator has been used for two on-line

search and production runs totalling 14 days. The machine

was available for data collecting for about 60% of this time.

Nuclei under investigation were 4 8 ' 4 9 ' 5 0 M n , 4 9 ' 5 0 ' 5 1 F e , and
95

Pd. Failures occurred from a) damage to electronic com-

ponents as a result of high voltage sparks (resulting in 30%

of the down time), b) vacuum problems caused by the icing

up of the liquid nitrogen supply (10%), c) breakdown of

diagnostic equipment and subsequent target burn-out (20%) ,

d) malfunctioning of ion source components (30%), and

e) miscellaneous nontypical events such as jammed target

assembly and ruptured cooling lines (10%). The frequency of

problems decreased with time. Except for machine tests, there

were no off-line runs during the report period.
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2.15 Mass Difference Measurements with the Isotope Separator

B.J.F. Palmer, J.C. Hardy and H. Schmeing (Neutron and Solid
State Physics Branch)

The technique of measuring mass differences with

the on-line isotope separator, introduced in the previous

progress report (PR-P-122: 2.9; AECL-6582), has been developed

to the point of conducting initial off-line tests.

The assembled system will measure the mass difference

between ion beams of mass M and (M-AM) by increasing the

accelerating potential V in a stepwise fashion. For each such

step the accelerating potential will be controlled and monitored,

and the ion-*current passing through a slit in the collection

chamber of the isotope separator will be monitored, all by the

PDP-10 computer. Analysis will then determine the change

in accelerating potential AV necessary to bring both beams

to the same focal position. The mass difference may then be

calculated by

AM = f M.
Figure 2.15.1 shows a block diagram of the assembled

system. A software package has been developed to allow the

PDP-10 computer to conduct scans automatically; both con-

structing the required voltage ramp on the accelerating

potential and collecting data along this ramp. If desired,

the data can be placed on a CRT display as it is collected.

At the end of a run, data can be stored on magnetic tape for

later analysis.

An output DAC of the PDP-10 computer is used to

produce the voltage ramp by modulating the reference voltage

(REF) for tha isotope separator high voltage supply (HV).

A Fluke 8502A 6-1/2 digit programmable voltmeter (DVM) is

used to measure the accelerating potential accurately. Ion

current will be measured by integrating (INT) the signal

from a Faraday cup (FC) to produce an analog voltage represen-

tative of the ion current. This voltage will be digitized
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by an ADC before presentation to the PDP-10 computer. Data

from both the DVM and the ADC are communicated to the PDP-10

computer via a custom interface in a handshaking mode.

Actual off-line tests using the CO-N, mass doublet

(10.5 MeV separation) will begin when the DVM, which was

damaged by a high voltage spark during unrelated separator

tests, is repaired.

FC

1

I N T .

1
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3URCE '

tJn
1AGNET /
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u

!

1
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2.16 A Small Tape-Transport System for the Isotope Separator

E. Hagberg, J.C. Hardy, H.C. Evans (Queen's University),
H. Schmeing (Neutron and Solid State Physics Branch),
M.G. Steer and N.C. Bray

A small cassette tape transport system has been

developed for the study of short-lived mass separated activi-

ties. The tape unit is situated inside the 30 cm cube

vacuum chamber at the end of the beam transport line from

the isotope separator. The whole unit is mounted on the

removable top cover of this chamber.

The tape drive motor is a Slo-Syn stepping motor with

a continuously adjustable speed from 2 to 300 steps per sec-

ond, each step corresponding to a rotation of the drive

shaft of 1.8°. A part of the drive shaft can be replaced

by a gearbox with a ratio of 1:6 in order to speed up the

rotation. The maximum speed of the tape that can be attained

is 100 cm/s.

The tape cassette used is a 3 M Company Data Cartridge

with 135 m of 6 mm wide tape. A cassette can be removed

and replaced within a few seconds.

The tape moves in a circuit inclined 10° to the beam

of the isotope separator. The activity can therefore be

collected on the side of tape that faces into the chamber

at a point very close to the back cover of the chamber. This

design facilitates the arrangements for charged-particle-y

coincidence experiments since charged particle detectors can

easily be mounted in the interior of the chamber while Ge(Li)

spectrometers can view the collected activity from reentrant

caps mounted in the back cover.

Charged particles and y~rays can be observed in singles

or in coincidence ooth in-beam and at several counting posi-

tions along the tape with distances ranging from 2 cm to 8 cm

from the collection position. The time to transport the

collected activity to any of these counting positions is

less than 100 ms.
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A positron annihilator consisting of a soixd block

of aluminum with a narrow slot, through which the tape pasree,

is used to determine absolute y-decay branching ratios.

Despite the small dimensions of the tape station there is

sufficient shielding to reduce the background of 511 keV

y-rays from activity spill at the collection position, or

activity on the used tape, by more than a factor of 500.

The transmission of a beam through the beam transport

line can be measured with a movable faraday cup incorporated

with the tape unit, and the position and focus of the beam at

the collection point can be checked with a beam scanner and

a fluorescent screen.

2.17 Manganese-49

J.C. Hardy, H. Schmeing (Neutron and Solid State Physics
Branch), E. Hagberg, H. Evans, E.T.H. Clifford, V. Koslowsky,
W. Perry and J. Wills

Using the on-line isotope separator, we have made the
49first observation of the decay of Mn, a T = -1/2 nucleus.

2
The isotope was produced by bombarding a 2 mg/cm target

28 +
of natural magnesium with a 300 nA beam of 95 MeV Si(8 ).
Product nuclei recoiling from the target were ionized in a

FEBIAD ion source (see PR-P-121: 2.20; AECL-6530), separated

and focussed to a 3 mm spot in the counting chamber at the

end of the separator beam-transport line. Approximately
2 49

10 atoms/s of Mn reached this spot.

The new cassette tape transport system (see preceding

section, 2.16) was used to move the collected activity 7.6

cm to a counting location, which was viewed by a Ge(Li)

detector. By repetitively collecting activity for 0.5 s,

then moving the tape, and counting for a total of 1.6 s,
49 49

the short-lived Mn was favoured relative to 42 min Cr,

which was also produced. During the counting period, data

were stored sequentially in 16 spectra to obtain lifetime

information. To measure absolute branching ratios, the
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collected activity on the tape could be stopped in a slot at

the centre of an aluminum block thick enough to annihilate

all decay positrons.

Preliminary analysis of the data yields the following
4 9

information. The half-life of Mn is ^ 400 ms. it decays by
49

positron emission predominantly to the Cr ground state with a

few percent branch leading to the 0:27 MeV first excited state.
49Since the mass of Mn is known (Mueller et al. Phys. Rev. 12C

(19 75) 51) our final analysis will yield log ft values for

both observed 3-transitions.

2.18 The T =3/2 Series of Beta-Delayed Proton Precursorsz

E. Hagberg, J.C. Hardy, E.T.H. Clifford, V. Koslowsky
and H. Schmeing (Neutron and Solid State Physics Branch)

The in-beam investigations of proton precursors in

the T =3/2 series (PR-P-122: 2.5; AECL-6582) have continuedz
with experiments aimed at producing the previously unknown

nuclides Ru and Pd. The Fe ( Ca,2 pn) reaction was
91used to produce Ru. Beta-delayed protons were observed

from the decay of this nuclide and its half-life was measured

to be 7 s . Evaluation of the data is in progress.
95The investigation of the decay of Pd is more

difficult since there are no nuclear reactions energetically
g r

available to us that produce Pd predominantly. Predictions

from the ALICE code (PR-P-118: 2.22; AECL-6216) show that

the reaction we actually used, Ca on a Ni target, should

produce several possible delayed proton precursors in signi-

ficant amounts, in addition to Pd. Our experimental results

confirm these predictions. Protons were detected but the

decay curve obtained was complex, indicating the production

of several precursors.

In order to identify the different proton-emitting

activities, investigations are underway using the on-line

isotope separator. In a short test run on the separator,

protons were detected at the position corresponding to mass 95
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and the half-life of this activity was found to lie . i^w

seconds. Since Pd and Ag are both potential proton

precursors that could have been produced, future investiga-

tions with the separator will be aimed at distinguishing

between these two possibilities.

2.19 Precision Mass Measurements

V.T. Koslowsky, J.C. Hardy, R.E. Azuma (University of Toronto)

Present experimental 0 •* 0 beta decay ft values

are not accurate enough to establish the best theoretical

method for calculating the break-down in analogue symmetry

between the initial and final nuclear wave functions. The

data can be improved by the precise relative measurement of

differences in ( He,t) reaction Q-values, an energy difference

that is identical to differences between end-point energies

of 0 •* 0 transitions connecting the same nuclei. The

difference in energy between two triton peaks arising from

( He,t) reactions on a combined target can be determined by

applying W volts to the target. Since the incoming He

beam is doubly ionized, whereas the outgoing tritons are

singly ionized, all the tritons change in energy by W electron

volts (eV). By adjusting the target voltage, the voltage

difference corresponding to the separation along the focal

plane of the QD3 spectrometer of the two triton peaks can

be determined. This peak-matching method gives directly the

triton energy difference as W(eV) and removes any dependence

on spectrometer calibration.

Practical considerations limit the possible target

voltages to <_150 kV. However this does not limit the technique

too severely since triton peaks corresponding to excited

states can also be utilized. We believe mass-difference

uncertainties of a few hundred eV can be achieved.

Modifications to the Q3D scattering chamber are being

designed and a suitable high voltage power supply has been ordered.
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2.20 Stripper Foil Development
J.L. Gallant, D.J. Yaraskavitch, A.B. McDonald, H.R. Andrews
and N. Burn (NRX Reactor Branch)

Further tests of carbon stripper foil lifetimes

have been performed with the MP Tandem. As in the pre-

vious tests, (PR-P-121: 2.27; AECL-6530), lifetimes were

measured for 3 to 5 yg/cm2 foils produced by three

techniques :

a) Evaporation onto a glass substrate at room temperature

by electron bombardment of graphite (AECL-Standard).

b) Evaporating from a carbon arc onto a glass substrate

heated to 300°C (JAERI).

c) High voltage cracking of ethylene gas.

All foil types were slackened by reducing the diameter of

the supporting ring by about 10%. Behaviour of the analyzed

beam intensity as a function of time for a typical foil is

shown in Figure 2.20.1, and detailed results for all foils

are given in Table 2.20.1.

The difference in maximum intensity observed in the

three foil types may be due to differences in foil thick-

ness. Accurate thickness measurements will be made after

they are removed from the accelerator to determine if the

apparent intensity advantage of the JAERI foils is real.

With the long lifetimes obtained for the slackened JAERI

and ethylene foils it is now practical to use carbon stripper

foils with acceptable lifetimes for very heavy ion beams

such as copper, bromine and iodine.
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Table 2.20.1

POIL LIFETIME MEASUREMENTS AT THE TERMINAL
OP THE CHALK RIVER MP TANDEM ACCELERATOR

127 -
Injected beam 1 pA I at 4.5 MeV

Foil Type

Standard AECL

Standard AECL
Slackened

JAERI
Slackened

69.

118.

0

8

(JJA)

-

± 5.3b)

± 8.9C)

Tested

17

5

18

7 oj.

Analyzed beam ^'z° 41

Max. Intensity No. Lifetime in Minutes
to 1/2 Maximum

1.5 + 0.4a)

6.2 1 1.0b)

27.2 ± 2.9

Cracked Ethylene 5 8. 4 ± 5.3d) 1 5 44.9 ± 5.0
Slackened

a ) Previous measurement (PR-P-121: 2.27; AECL-6530).

The uncertainties quoted are the internal errors of the mean.

c)
Analyzed beam started off ^ 10% below max. and reached this
value in ^ 10 minutes.
Analyzed beam started off 'v, 20% below max. and reached this
value in ^ 20 minutes.
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2.21 Target Preparation

J.L. Gallant and D.J. Yaraskavitch

In addition to normal target preparation carbon

heat shields and thin tantalum foils used as windows were

fabricated on a routine basis for the on-line separator,

ISOL. In a search for new target making techniques,
o

3 mg/cm thick silicon foils were successfully prepared

by electron bombardment.

Work done for other branches and for universities

o
Large gold foils (9 mg/cm thick) were prepared for

the Fuels and Materials Branch. These foils are to be used

in the alpha autoradiography technique. Laser mirrors were

gold coated for the Physical Chemistry Branch. Carbon,

germanium and titanium targets were prepared for the Solid

State Science Branch. Hydride targets were fabricated

for the Department of Physics at Queen's University.

2.22 MP Tandem Electronics

An improved current amplifier for use in the control

system of the MP tandem accelerator has been bench tested.

The current range has been extended a decade lower than

previous units to 10~ amperes making the full range six
-10 -4

decades, 10 to 10 amperes. The response is logarithmic

at one volt per decade. The new amplifiers overcome a

tendency to "hang up" momentarily on reverse currents caused

by electrons generated when the beam sweeps across a surface;

speed increases as a result. A quick and easily made change

allows for either polarity input. The response is logar-

ithmic within 3% over the six decades. The input is completely

guarded and floating, with optical coupling to eliminate

errors from ground currents.
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2.23 CAMAC Interface to Ion Cage Variables

L.V. Smith, R.L. Graham, B.F. Greiner (NRX Reactor Branch)
and R.B. Walker

With the installation of fibre optic links for status

sensing, the special interface to the ion cage (cf PR-P-117;

2.21; AECL-6177) was completed. This unit will permit

monitoring and control of up to twenty-three ion-cage variables

or devices (cf. PR-P-119: 2.24; AECL-63G6 and PR-P-118: 2.26;

AECL 6216) such as power supplies, gas valves, etc. Communi-

cation to the PDP-11/34 computer is via four CAMAC modules

in a cabinet near the ion cage. Twenty^three switches on

the front panel of the interface unit are available to select

which variable or variables are to be controlled by CAMAC or

via the existing manual command modules. Computer monitoring

is possible even when the control is manual. A first test

of the monitoring feature is described in the following sec-

tion (PR-P-123: 2.24; AECL-6680). On the basis of this test

certain modifications are being incorporated. The interface

unit is expected to serve in the learning phase of computer

control until such time as installation of CAMAC crates in

the ion cage is feasible.

2.24 Colour Display of Ion-Cage Variables

A. Helleboid, N. Burn(NRX Reactor Branch), R.L. Graham and
B.F. Greiner (NRX Reactor Branch)

A program has been developed in the MUMTI language

(cf., e.g., PR-P-118: 2.25; AECL-6216) that monitors selected

ion source variables and presents the data as thermometer

bars and numbers on a colour monitor display. The user may

choose one of three possible display pages, for the Penning,

the Purser or the Unis ion source, by means of the touch

panel. This program was intended as a first experiment to
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help in deciding what type of display would be most useful

to the operators. The thermometer display is considerably

different from the VICKSI display subsystem which we expect

to be using normally for on-line monitor and control purposes.

Integration of the local display concept .with the VICKSI

derived software may be considered at a later date. The dis-

play program has proven useful in a first on-line test of

the CAMAC Ion Cage Interface (PR-P-123: 2.23; AECL-6680).

2.25 Computer Aided Control System for the Superconducting
Cyclotron

R.L. Graham, B.F. Greiner (NRX Reactor Branch) and R.B. Walker

The PDP-11/34 computer system has again been heavily

used for cyclotron field mapping for much of the past quarter.

It has continued to function reliably. It has also proved

useful in monitoring the performance of the rf systems

under various tests. A program for displaying ion source

information is described elsewhere (PR-P-123: 2.24; AECL-6680).

The two prototype CAMAC module simulators (PR-P-122:

2.20; AECL-6582) have now been completed. An order has

been placed for producing a number of these simulators.

Ten miscellaneous CAMAC modules have been acquired from

the Instrument Development Branch.

2.26 Progress on the Beam Transport System for the Superconducting
Cyclotron

W.G. Davies and A.R. Rutledge

Mechanical alignment tolerances have been computed

for all the elements in the injection line. These calcula-

tions involved displacing each element in the x and y planes
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by 0.5 mm and rotating them about the entrance x and y axes

by 0.25 mrad. Each calculation is carried out separately. For

small misalignments the errors are commutative so it is not

necessary to carry out tne extremely large number of calcula-

tions otherwise required.

The system is particularly sensitive to misalignments

of the dipoles although many of the guadrupoles must also meet

quite stringent requirements. In general, alignment tolerances

of 0.1 to 0.2 mm are required if the beam is to be transmitted

without the use of considerable steering. The elements most

sensitive to up-stream misalignments are BI5 and BI6 in the

y-z planes and QI15 in both x and y planes. Slight misalign-

ments of some very strong, large aperture quadrupoles such

as QI13 produce significant beam loss in QI15 and shifts of

the order of 1 to 2 beam widths at the cyclotron stripper.

However careful alignment, good beam diagnostics and appro-

priately located steering elements should result in straight

forward operation of the injection line.

Magnetic and electrical tolerances have been calculated

for the "Y" inflection magnet for the tandem injector.

Specifications have been written and have been sent to a

number of possible manufacturers.

2.27 Investigation of the Horizontal Steering Problem in the
MP Tandem

W.G. Davies and A.R. Rutledge

Although the alternating inclined electrodes used for

electron suppression in the Chalk River MP Tandem operate in

the vertical plane producing significant net "y" beam

steering (See PR-P-121: 2.26; AECL-6530), the net horizontal

steering is, in fact, twice as great, even though it should

be zero. This large steering problem can arise in a number

of ways: a) a misalignment of the terminal, b) a gross-

defect in one or more of the tubes, c) a small error in each
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electrode which is cumulative over the length of the accelera-

tor. The latter is the most likely cause and is assumed in

the following analysis. The problem is particularly severe

in the low energy end of the accelerator, where a horizontal

beam displacement of about 2.5 cm is required in order for

the beam to pass through the terminal stripper.

The program OPTIC written by J.D. Larson was used to

investigate the problem. A small uniform horizontal inclina-

tion of 0.20 for all electrodes is compatible with the known

steering requirements.

Two different methods were tried to overcome the

problem. The one that gives the best results is to rotate

tubes 2 and 3 about the optic axis by 180°. This reduces

the horizontal steering to negligible proportions without

unduly upsetting the optics in the vertical plane, although

somewhat more vertical steering is required with this

configuration. A test is scheduled in October to test these

assumptions and analysis.

2.28 Second Order Aberrations in the Transport of Bunched Beams

W.G. Davies

The extremely short beam bunches required for injec-

tion into the Chalk River Superconducting Cyclotron (150-300

ps; 2-3 mm) make it necessary to understand the second order

behaviour of the injection beam line. The work on second

order effects described in (PR-P-117: 2,20; AECL-6177 and

PR-P-107: 2.19; AECL-5256) has been generalized to include

all relativistic effects up to second order. Thus the

results obtained earlier which were only valid at very low

velocities or in the extreme relativistic limit have now been

extended into the intermediate domain. The second order matrix

elements for the bunch length aberrations have been tabulated

for a drift space, a magnetic or electrostatic quadrupole

and a uniform field bending magnet, with or without rotated

pole edges, in a form suitable for incorporation into the
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SLAC Transport code. (K.L. Brown and S.K. Howey, SLAC report

#91, 1970.) A paper on this work has been submitted to

Nuclear Instruments and Methods

2.29 MP Tandem Operation

J.C.D. Milton

The availability of the accelerator during the

summer was very good (See Table 2.29.1), better than the

recent high point last fall and the best since 1971. The

tank was opened only once (to replace the corona points)

and as a result the number of experiments run, 19, was the

largest ever in any quarter. As is usual during the summer,

outside participation was high. Sixteen visiting scientists

participated in experiments occupying 77% of the time and

in which their average participation was 53%.

Table 2.29.1

MP Tandem Operating Times June 20 to Sept. 17

Hours %__

Beam available 1670.5

Scheduled shutdown 88.0

Unscheduled shutdown 401.5

2160.0

2.30 Counting Losses in a Pulsed Optical Feedback Preamplifier

L.V. Smith, R.L. Graham, J.S. Geiger and J.S. Merritt

In the last quarter, we reported on a simple modi-

fication to a pulsed optical feedback preamplifier which

reduced but did not entirely eliminate pulse-height dependent

losses (PR-P-122: 2.25; AECL-6582). Since then we have

incorporated a better system, designed by W. Pessara of

Physikalisch-Technische Bundesanstalt. This newer
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modification allows the delay of the reset pulse to be fixed

within the range 20-70 ys (a delay of 35 JJS was chosen in

our case). This delay permits the pulse that causes the re-

set to be encoded regardless of its pulse height. Initial

tests verify pulse-height independence consistent with the

experimental precision of 0.3%.

2.31 Improved Convenience in Calculations for the Radioisotope
Standards Laboratory

A.R. Rutledge

The standardization laboratory has acquired a TI59

(programmable, printing) calculator which has proved very

useful for routine calculations of a recurring nature.

Several programs for corrections to counting data have been

written. These include corrections for dead time, resolving

time, radioactive decay, and background. A program for y~Y

coincidence counting corrects for accidental coincidences

and dead time, and calculates activity values. Two of the

Master Library programs are used frequently, one gives the

mean and standard deviation of a set of data and the other

the days-between-dates for decay corrections.

2.32 International Comparison of Fe

J.S. Merritt, A.R. Rutledge and L.V. Smith

We participated in a small (=8 international labora-

tories) comparison of activity measurement of a Fe solution,

sponsored by Bureau International des Poids et Mesures (BIPM).

Our method was X-ray counting with the source mounted close

to and between a pair of thin Nal(T&) detectors. Counting

windows were set with single channel analyzers to accept

only the K X-ray peak, and the scaled outputs from the two

detectors were summed. With this procedure the total X-ray

counting efficiency is high and unaffected by small differences
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in source position; but summing corrections are important.

A calibration curve of the ratio, X-ray counting rate/

activity, versus atomic number was obtained from measurements
51 r* 57

with sources of Cr, "*Mn and Co which had been standard-

ized by 4TT(PC)-Y coincidence counting. Assuming that PKwR,

where pw is the K capture probability and uv is the K shell

fluorescence yield, changes linearly with atomic number over

this range, our calibration curve is valid for deducing the

ratio, X-ray counting rate/activity, for manganese K X-rays

from Fe sources, and hence Fe activity values. This

method differs from the usual X-ray counting method in that

p^w,, values for individual nuclides are required for calcu-

lations of corrections for summing and for K X-rays from

internal conversion of y~rays. The precision of the final

result was 0.7% (one standard deviation).

2.33 IAEA Intercomparison of High Precision Germanium Y~Spectrometry
Results

A.R. Rutledge, L.V. Smith and J.S. Merritt

We have contributed results to International Atomic

Energy Agency (IAEA) for an intercomparison of high precision

Ge(Li) y spectrometry. This comparison is designed to test

the accuracy of dead-time/pile-up corractions, and is spon-

sored by the spectrometry working group of International

Committee for Radionuclide Metrology (ICRM). Five sources

each containing Co, Ba, Mn and Zn but in different

and unstated amounts, were received from IAEA. The relative

activities of the five sources were about 1:3:6:10:15.

Spectra were recorded, dead-time/pile-up corrections were

determined via the puiser method (Nucl. Instr. Meth. 140,

337, 1970) and photopeak areas were evaluated. Values con-

sistent within 2% were obtained for dead-time/pile-up corrections

of up to « 30%, but for corrections of = 50% the systematic

uncertainty was * 5% for the system used (100-MHz ADC, 2-ps

amplifier time constant and random tail puiser).
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2.34 Standards Issued

J.S. Merritt, A.R. Rutledge and L.V. Smith

Accelerator Physics/TRIUMF Na, Au
54General Chemistry Mn
133

Neutron and Solid State Physics Ba

Nuclear Physics 22Na, 8 8Y, 1 3 3Ba, 1 3 7Cs

2.35 Miscellaneous Services

J.S. Merritt

Mass values of several wires were measured with the

ME-22 balance for Neutron and Solid State Physics Branch.
152

A stainless steel tube was filled with Eu solution,

thickened with silica gel and sealed, to calibrate a y-ray

spectrometer that measures similar gas-filled tubes on-line

for the NRX sweep-gas experimental program of the Fuels and

Materials and Reactor Control Branches.

A series of Eu sources was prepared quantitatively

for Reactor Control Branch to extend the IAEA dead-time/pile-up

type of test upward to higher input rates (» 2 x 10 s ).

Other sources prepared:

Reactor Control Branch Co
go

Nuclear Physics Branch Y(3)

2.36 K X-Ray Cross Sections for 88.2 MeV Cu g + on Kr and He

G.C. Ball with W.N. Lennard and I.V. Mitchell (Solid State
Science Branch)

See PR-CMa-50: 1.2.1

2.37 Laser Magnetic Resonance (L.M.R.)

J.S. Geiger with D.R. Smith and J.D. Bonnett (Physical
Chemistry Branch)

See PR-CMa-50: 3.2.4
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2.38 Parity Violation in the Photodisintegration of Deuterium

A.B. McDonald, J.J. Hill and W. Zaleski with E.D. Earle and
J.W. Knowles (Neutron and Solid State Physics Branch)

See PR-P-123: 3.18

2.39 MP Tandem Accelerator Measurement of Natural Isotope Ratios

H.R. Andrews, G.C. Ball, W.G. Davies and J.C.D. Milton with
Y. Imahori (NRX Reactor Branch) and R.M. Brown (Environmental
Research Branch)

See PR-B-123: 3.15; AECL-6679

2.40 Publications and Lectures

a) Publications

A PRECISE DETERMINATION OF THE EXCITATION ENERGY OF THE
LOWEST T=3/2 STATE IN 35Ar
L.C. Carraz, G.T. Ewan, E. Hagberg, J.C. Hardy, B. Jonson,
S. Mattsson, H.L. Ravn and P. Tideman-Petersson
?hys. Lett. 85B (1979) 212

BETA-RAY ASYMMETRY FROM ORIENTED 1 1 0Ag m

E.J. Cohen, H.R. Andrews, T.F. Knott, F.M. Pipkin and
D.C. Santry
Phys. Rev. C2£ (1979) 847

DOUBLE SPECTATOR POLES AND QUASI-FREE INELASTIC SCATTERING
IN THE 6Li + Li •* 2a + 2d REACTION
R.E. Warner and D.C. Martin, G.C. Ball, W.G. Davies,
A.J. Ferguson and D. Horn
Nuclear Physics A326 (1979) 1

MULTIWIRE PROPORTIONAL CHAMBER FOCAL PLANE DETECTOR SYSTEMS
WITH DIGITAL READOUT
G.C. Ball
Nucl. Instr. and Meth. 162 (1979) 263

POLARIZATION SENSITIVE DETECTORS
A.J. Ferguson
Nucl. Instr. and Meth. 16_2_ (1979) 565-586
SINGLE PARTICLE NATURE OF THE YRAST LINE AND HIGH ANGULAR
MOMENTUM IN 152Qy
B. Haas, H.R. Andrews, O. Hausser, D. Horn, J.F. Sharpey-
Schafer, P. Taras, W. Trautmann, D. Ward, T.L. Khoo and
R. Smither
Physics Letters J34B (1979) 178

THE USE OF EXOTIC HEAVY ION TRANSFER REACTIONS TO STUDY
LIGHT NEUTRON RICH NUCLEI
G.C. Ball, W.G. Davies, J.S. Forster, H.R. Andrews, D. Horn
Nuclear Physics A325 (1979) 305
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THE WEAK NEUTRAL CURRENT: SEARCH FOR A 0 ISOMER IN Sc
AND 4 6V
K.P. Jackson, R.E. Azuma, I. Berka, T. Faestermann, J.5.
Geiger, J.C. Hardy and H. Schmeing
Canadian Journal of Physics 52 (19791 411

b) Lectures

Lecture presented at CERN, 1979 June 27 by J.C. Hardy:

THE CHALK RIVER ON-LINE ISOTOPE SEPARATOR

Talk given at the Nuclear Structure Gordon Conference, New
Hampshire, 1979 July 12 by D. Ward:

g-FACTORS FOR SHORT-LIVED, HIGH SPIN STATES

Paper presented at the Tenth International Radiocarbon
Conference, Berne and Heidelberg, 1979 August 19-26:

PROGRESS IN RADIOCARBON DATING WITH THE CHALK RIVER MP
TANDEM ACCELERATOR
H.R. Andrews, G.C. Ball, R.M. Brown, W.G. Davies, Y. Imahori
and J.C.D. Milton

Talk given at the Nordic Symposium on Nuclear Physics, Lysekil,
Sweden, 1979 August 20-24 by J.S. Forster:

APPLICATION OF BLOCKING LIFETIME TECHNIQUES IN THE STUDY OF
HEAVY-ION INDUCED FISSION

Invited paper presented at The Queen's Summer Theoretical
Physics Conference 1979 August 31 by A.B. McDonald:

PARITY VIOLATION IN NUCLEI: STUDIES OF THE WEAK NUCLEON-
NUCLEON INTERACTION

Invited talk given at Conference on Theory and Applications
of Moment Methods in Many Fermion Systems, 1979 September
10-15, by J.C. Hardy:

BETA DECAY AND STRENGTH DISTRIBUTIONS

Talk given at the ACS Meeting, Washington, 1979 September 13,
by D. Ward:

LIFETIMES AND g-FACTORS FROM HIGH SPIN STATES

Invited talk was given at the University of Guelph on
1979 September 18 by A.B. McDonald:

PARITY VIOLATION IN NUCLEI: TESTS OF THE UNIFIED MODEL OF
WEAK AND ELECTROMAGNETIC INTERACTIONS

Invited talk given at AMCO II Conference, 1979 September 18-21,
by J.C. Hardy:

PROGRESS AND FUTURE OF FAR FROM STABILITY MEASUREMENTS



- 51 -

Lecture presented at Daresbury Laboratory, Max Planck
Institute, Heidelberg, Technical University, Munich, CNRS,
Strasbourg and Catholic University, Louvaine-la-Neuve
by H.R. Andrews:

TRANSIENT FIELD MEASURuwiJiîï OF g-FACTORS OF COLLECTIVE
NUCLEAR STATES

Lecture presented at the Institute of Radiohydrology,
Munich by H.R. Andrews:

RADIOISOTOPE DATING WITH ACCELERATORS

A paper was submitted at the IAEA Symposium on Physics and
Chemistry of Fission, Julien, 1979 May 14-18, by J.S. Forster.

Colloquia were given by j.s. Forster during visits to the
following laboratories: CNRS, Strasbourg; MPI, Heidelberg;
GSI, Darmstadt; and Institute of Physcis, Oslo.

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

G. DOLLING

3.1 Staff

3.2 Lattice Dynamics of CuQ 9 2
G e0 08

3.3 On the Relationship between the Condensate Fraction
and the Superfluid Fraction in Liquid 4He

3.4 Phonons in Carbon Disulphide

3.5 Crystal Structure of Carbon Disulphide

3.6 Structure of Ammonium Periodate and Perrhenate

3.7 UV Damage in Crystalline 1-Methylthymine

3.8 Neutron Scattering from DNA Gels

3.9 Spin-Waves in One-Dimension

3.10 C5 Control System: A Simple Program for Generating
and Storing Scan Data

3.11 Structure of Intercalation Batteries: Li:TiS2

3.12 Structure of Heavy Water at High Pressures

3.13 Positron Trapping at Mono- and Divacancies in 3-Brass

4
3.15 The Condensate Fraction in Superfluid He and

3.14 Atomic Pair Correlations in Liquid Helium

The Condensate Fraction in
Its Temperature Dependence

A

3.16 Refinement of the One-Phonon Intensities in Liquid He

3.17 Improved Resolution and Counting Efficiency of the
Bremsstrahlung Monochromator

3.18 Parity Violation in the Photodisintegration of
Deuterium

21
3.19 Parity Mixing in Ne
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3.20 Gamma-Ray Transitions in C from Thermal Neutron
Capture in 12c

3.21 Photon Strength Functions from the Au(p,y) and Ag(p,y)
Reaction

3.22 N4 - External Thermal Neutron Beam

3.23 Status of Equipment Construction

3.24 Reactor Beam-Hole Use

3.25 Ge Detector Systems

1.26 Gas Counters

3.27 Ion-Chamber Sample Changer

3.28 Trace Impurities in CdTe

3.29 Photoconductivity Measurements of CdTe

3.30 Glassblowing Services

3.31 Machine Shop Services
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3.1 Staff

SECTION I

G. Dolling
W.J.L. Buyers
T.M. Holden (1)
S.M. Kim
P. Martel
A.F. Murray (2)
B.M. Powell
E.C. Svensson

SECTION II

J.W. Knowles

BRANCH HEAD; G. Dolling

Technical Staff

SOLID STATE PHYSICS

J.C.
H.F.
M.M.
D.C.

Evans
Nieman
Potter
Tennant

E.D.
M.A.

Earle
Lone

NEUTRON NUCLEAR PHYSICS

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

SECTION III COUNTER DEVELOPMENT

J.G.V. Taylor
R.G.C. McElroy (3)
H. Schmeing

GLASSBLOWING

J.G. Wesanko

DESIGN

W. McAlpin
J• Dunn (4)

M.A. Gulick
L. Milani
W.F. Slater
R.3. Toone

Summer Staff

J.M. Yamanaka (5)

D.A. Harrison (6)
B.C. Robertson (7)

C.J. Virtue (8)

WORKSHOPS

A.H. Hewitt
H.C. Spenceley
K.H. Whitlock

SECRETARIAL STAFF

D.M. Mitchell

(1) Returned from leave of absence Sept. 17, 1979.
(2) Postdoctoral Fellow from University of Edinburgh, Scotland.
(3) Postdoctoral Fellow from University of Toronto;

resigned Sept. 30, 1979 to join Health Physics Branch.
(4) Seconded from Design and Technical Service Branch.
(5) McMaster University student; left Sept. 7, 1979.
(6) University of Toronto student; left August 29, 1979.
(7) Summer visitor from Queen's University; arrived July 23,1979.
(8) Queen's University student; left August 31, 1979.
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3.2 Lattice Dynamics of CuQ g2
Ge0.0S

E.C. Svensson with E.D. Hallman (Laurentian University)

The analysis uf zne results commenced in the

previous quarter (PR-P-122:3.2, AECL-S582) was continued.

From the force-constant models we have now calculated the

frequency-distribution function, g(v), the Debye-Waller

coefficient, 2W(T), the Debye temperature, 8_{T), and the

elastic constants, C^A- ^H and C^2
 a r e about 7% larger

than for copper while C 4 4 is about 9% smaller. The first

and second-neighbor force constants for fee iron-group

elements and alloys, when plotted against the total

electron concentration, exhibit very definite systematic

trends (E.D. Hallman, Ph.D. Thesis, McMaster University,

1969). The force constants for CuQ q2
Gen 08' w n * c n n a s a n

electron concentration close to the upper limit for which

the fee structure is stable in this series, fit very nicely

into the established patterns.

3.3 On the Relationship between the Condensate Fraction and the

Superfluid Fraction in Liquid He

E.C. Svensson with V.F. Sears (Theoretical Physics Branch)

Although it is generally believed that superfluidity

in liquid He is a direct consequence of the macroscopic

occupation of the zero-momentum state.- the relationship

between the reduced superfluid density n_ = p_/p and the
S S

condensate fraction n has never been established by any

theory. It is known, however, that, at T = 0, n =1 whereas

nQ is only about 0.13 (see PR-P-123:4.5, AECL-6680) and that

both n and n tend to zero at T •+• T, .
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Last year, Woods and Svensson (Phys. Rev. Lett.

41 (1978) 974 and PR-P-118:3.7, AECL-6216) found empirically
~ ~ A

that the dynamic structure factor S(Q,u>) for superfluid He

at temperature T could be separated into "superfluid" and

"normal-fluid" components with weights n (T) and

n (T) = l-n_(T) , i.e.,
Il a

S(Q,w) = n (T)S (Q,w) +n(T)S_(Q,u>). (1)

Theoretical justification for this decomposition has recently

been given by Griffin (Phys. Rev. B 19_ (1979) 5946). A formal

extension of (1) leads to analogous relationships for the

static structure factor S(Q) and the pair-correlation

function g(r), namely,

and

S(Q) = n _(T)S_(Q) + n (T)S(Q) , (2)

g(r) = ng(T)gs(r) +n n(T)g n(r) . (3)

Except in the limit Q •*• 0 where (1) is known not to apply,

(2) and (3) are indeed satisfied very well by our new results

for S(Q) and g(r) (PR-P-122:4.3, AECL-6582).

Combining (3) with the relationship

g(r) - 1 = { l - n o ( T ) }
2 {gn(r) -1} (4)

proposed by Hyland et al. (Phys. Lett. A 3U (1970) 465) gives

n (T) [2-n_(T)l

n (T) = -2 2 . (5)
s nQ(0) [2-n o(0)]

If we then calculate n (T) from (5) using the values of n (T)
S O

recently obtained (PR-P-122:4.4, AECL-6582) by applying (4)

to our g(r) results, we find values that are in excellent
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agreement with the values of ng(T) known from macroscopic

measurements (Dash and Taylor, Phys. Rev. 105 (1957) 7).

Note that (5) indicates that, near T^ where n (T) -t-0,

n (T) and n (T) will have the same temperature dependence

and hence that the critical exponent product nv' (Josephson,

Phys. Lett. 2^ (1966) 608) will be identically zero.

Phonons in Carbon Disulphide

G. Dolling and B.M. Powell with B.H. Torrie (University of

Waterloo)

Carbon disulphide is a linear molecule which

crystallizes in an orthorhombic structure with two molecules

in the primitive unit cell. There are ten intermolecular

modes for a general propagation vector in the solid.

Measurements of the frequencies of intermolecular modes

propagating in a single crystal of carbon disulphide have

been made at 134 K on the N5 and L3 spectrometers. The

experiments concentrated on measurements at the symmetry

points K(|||)» B ( | o | ) , and the point (|||) , midway

along the line RB. Group theory shows that all modes are

doubly degenerate at these points and so only five distinct

intermolecular frequencies exist. Preliminary analysis of

the results indicates that five distinct modes have indeed

been observed at each of these points. However, due to the

high temperature at which the crystal had to be maintained,

the neutron groups are broad and in many cases proved

difficult to resolve experimentally. A more detailed

analysis of the results thus requires calculations of the

inelastic structure factors and these are not yet available.
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3.5 Crystal Structure of Carbon Disulphide

B.M. Powell and G. Dolling, with B.H. Torrie (University of

Waterloo)

From the melting point (154 K) to 100 K the crystal

structure of CS, is known to be orthorhombic (space

group C mca). In this range the "c" lattice parameter shows

an unusual increase as the temperature decreases, and below

100 K the structure is unknown. We have attempted to deter-

mine the structure and follow the temperature dependence of

"c" at temperatures below 100 K by neutron diffraction

measurements on polycrystalline CS,.

The polycrystalline specimen was prepared by rapid

quenching of liquid CS, in liquid nitrogen and diffraction

measurements were made at temperatures of 130 K, 78 K, 30 K

and 8 K on the C5 spectrometer. The results were analysed

assuming CS, to be a rigid molecule, by means of the program

EDINP (Pawley, G.S., Mackenzie, G.A. and Dietrich, O.W.,

Acta. Cryst. A3_3 (1977) 142). The "c" lattice parameter was

found to become constant as the temperature is lowered below

~78 K, and at 8 K preliminary analysis shows the lattice

parameters to be a = 6.097±0.001, b = 5.299 ±0.001,

c = 9.428 ±0.006. The detailed structure determined at 130 K

differed significantly from that published (Baenziger, N.C.

and Duax, W.L., Phys. Rev. 4J3 (1968) 2974), but for all

temperatures the structures could not be refined to R factors

less than ~20%. Poor polycrystalline quality is thought to

be the reason for this failure. An attempt to improve the

powder quality was made by packing the specimen chamber with

quartz glass wool before quenching. However, this did not

lead to any significant improvement in the data.
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Structure of Ammonium Periodate and Perrhenate

G. Dolling, with S. Segel and R.J.C. Brown (Queen's

University)

Neutron powder diffraction results obtained

previously (PR-P-119:3.3, AECL-6366) for ND4IO4 and ND4Re04

have been analysed by means of the Rietveld powder profile

refinement program (H.M. Rietveld, J. Appl. Cryst. £(1969) 65).

At 100 K, a satisfactory refinement of the structural para-

meters was achieved for both materials, with R-factors 2.7%

and 2.9% respectively. The deuterium positions obtained

differ substantially from those obtained for the analogous

hydrogenous compounds by X-ray diffraction methods. Some

difficulty was experienced in refining the room temperature

structures, however: the best fit to date involves pairs of

deuterium sites with random occupation instead of single,

well-defined sites. More experimental data may be needed in

order to resolve this unsatisfactory situation, and hence to

understand the changes in atomic behaviour which occur in the

neighbourhood of 200 K.

UV Damage in Crystalline 1-Methylthymine

P. Martel and B.M. Powell

An extensive series of elastic neutron scattering

measurements of irradiated 1-methylthymine (PR-P-112:3.8,

AECL-5696) has been analysed by means of the Rietveld

procedure. The commonly accepted nature of UV damage in DNA

pyrimidines involves the formation of a square (1.55x1.55 & )

cyclobutane ring connecting the C5 and C6 carbons of adjacent

molecules to form a dimer. In the Rietveld analysis we

assumed the 1-methylthymine molecules to remain undeformed

but free to rotate and translate from their "unirradiated"
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positions and orientations. It was also assumed that only

the trans-syn type dirtier was formed. The calculated

diffraction pattern was then fitted to that observed. The

dimensions and configurations of the cyclobutane rings

obtained from this fitting procedure differ significantly

from those of the "classical" cyclobutane ring. The results

indicate that UV damage in the pyrimidines can occur for

intermolecular geometries which are less restrictive than

those previously considered.

3.8 Neutron Scattering from DNA Gels

P. Martel

In order to interpret elastic neutron scattering

data of the type measured previously (PR-P-121:3.6,

AECL-6530) a computer program has been developed to calcu-

late the diffraction profile expected for scattering from

short strands of DNA. Such a program makes use of the

Debye equation (Maniatis et al., J. Mol. Biol. j}£ (1974) 37).

Calculations have been carried out for both X-ray and

neutron scattering. X-ray diffraction appears to give more

details about interstrand structure but neutron scattering

gives comparable information about internucleotide features.

3.9 Spin-Waves in One-Dimension

W.J.L. Buyers and J. Yamanaka with S. Nagler and

R.L. Armstrong (University of Toronto)

Studies of the magnetic response of the

one-dimensional antiferromagnet CsCoCl, have been carried out

with the N5 triple-axis neutron spectrometer at NRU. In this

crystal the magnetic cobalt atoms are arranged in chains
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parallel with the hexagonal c-axis, with an intra-chain

exchange coupling that is much larger than the inter-chain

coupling, making the system effectively one-dimensional.

The following results have been obtained:

1) At 77 K, 23.4 K and 8.5 K, the spin-wave branch is

found to correspond to strongly anisotropic exchange and

has a frequency variation from zone-centre to the c* zone

boundary of only 13%; the main effect of temperature is the

reduction of spin-wave intensity.

2) The dispersion of the spin-wave branch perpendicular

to c* is found to be negligible as expected for a

one-dimensional system.

3) The transition to the first spin-orbit level has been

observed at ~9.0 THz and identified as the transition

|j = l/2, j z = l/2> * 1 j = 3/2, j z = -l/2>.

4) The spin-wave lineshape is found to be sharp and

symmetrical at the zone boundary, but broad with a

high-frequency shoulder at the zone centre.

5) Similar results are obtained in a 4.0 Tesla magnetic

field applied along the b direction.

6) No direct evidence for the predicted longitudinal or ZZ

scattering has been found, suggesting that it must be weak

and possibly lying under the strong XX + YY response, as

might be expected for the two-magnon ZZ scattering in a

one-dimensional antiferromagnet.

3.10 C5 Control System; A Simple Program for Generating and

Storing Scan Data

J. Yamanaka, W.J.L. Buyers and M. Potter with G.H. Keech

(Mathematics and Computation Branch)

Control of the new C5 neutron spectrometer at

NRU involves a Camac crate driven by a PDP 11/03 satellite
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microprocessor which in turn is linked to a host 11/34.

Fortran software has been written to prompt the user for

information, accept the user's scan instructions and test,

display and store spectrometer angles. The program is

suitable for constant-Q scans at fixed scattered neutron

energy. The user may choose either of two modes of

operation. In the host mode, angles are calculated for

all scan points and stored on a direct access disk file of

the host, thus freeing more satellite memory (28K maximum).

In the satellite mode, up to 20 scan specifications are

stored in a buffer in the satellite, but angles for each

scan point are calculated only when needed.

3.11 Structure of Intercalation Batteries: Li;TiSg

W.J.L. Buyers with J. Dahn and R.R. Haering (University of

British Columbia)

A new type of battery for electrical storage

and motor applications (including electric cars) has

recently been developed by Exxon, Bell Laboratories, and

the University of British Columbia. These batteries,

constructed from layered materials such as TiS, into which

Li is allowed to intercalate, have about 5 times the energy

density of conventional lead-acid types. The binding energy

(strictly the chemical potential) difference between a

Li atom in the Li cathode and a Li atom trapped at one of

the possible inter-layer sites, is the source of the

electromotive force of the battery. The battery voltage,

as a function of Li concentration, x, with a cathode of

composition Li TiS», falls from ~2.4 volts for x close to

zero to -1.7 volts for the equiatomic x = l anode and to

~0.5 volts for x > 2. The steps in the curve were thought

to arise from the filling of one of the two types of
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intercalation sites which have tetrahedral and octahedral

symmetry. To determine which of these sites is occupied,

neutron diffraction patterns were measured at the C5

spectrometer from cylindrical powder specimens of TiS_,

LiQ 25
TiS2* LÎQ 33T*-S2' Li/TiS and also from batteries

specially designed for neutron experiments with cathodes

of composition, before discharge, TiS, and LiTiS2« Pre-

ferred orientation effects were rendered negligible by

randomizing the powder packing and then correcting for the

rémanent preferred orientation by measuring with the powder

cylinder horizontal and vertical. The results were analysed

by means of the Rietveld refinement technique to yield the

crystal structure. The following results were obtained:

1) The Li atoms in powders produced by n-butyl lithiation

of TiS» are located in sites of octahedral symmetry; an

excellent (R = 5%) description of the structure was obtained.

2) In anodes intercalated to a nominal x = l composition

by in-battery discharge, a large satellite peak is observed

at a spacing ~3c, which is caused by entry of the propylene

carbonate electrolyte into the cathode; the satellite was

also observed on discharging the pure TiS, battery by a

few percent. This peak had been previously weakly observed

in X-ray experiments, and interpreted as due to staging

(the Li atoms intercalate only in every third layer).

3) In powders of concentrations x = 1/4 and x = 1/3

where gradient changes in the voltage characteristic had

been associated in the literature with the formation of a

commensurate superlattice, no superlattice peaks were

observed.

4) The samples contain hitherto unsuspected quantities of

organic molecules.

These results have stimulated, at UBC, improved

methods for electrolyte purification and cathode synthesis.
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3.12 Structure of Heavy Water at High Pressures

G. Dolling with A.Y. Wu and E. Whalley (National Research

Council)

The neutron diffraction experiments reported

previously (PR-P-114:3.2, AECL-5845) have been continued,

with a neutron beam of wavelength 1.096 Â obtained from a

Si(111) monochromator crystal at the N5 triple axis spectro-

meter, NRU. After several unsuccessful attempts, a D,0

pressure of 1600 MPa (16 kbar) was achieved and maintained

for the 3-day period required for 5 separate measurements

of the static structure factor S(Q) over the Q range

0.7 to 9.3 Â . The sample temperature was maintained at

85°C so that the D2O remained in the liquid phase. Similar

measurements were made at 8 other pressures between 1600

and 6 MPa. Analysis of these results is in progress.

3.13 Positron Trapping at Mono- and Divacancies in g-Brass

S.M. Kim

The temperature dependence of positron annihilation

peak coincidence rate in ordered and disordered 6-brass

(PR-P-122:3.10, AECL-6582) has been analysed using a model

which takes into account positron trapping at both mono- and

divacancies. The steep rise of peak rate above 430°C could

not be understood unless the divacancy formation energy,
f f B f B

E 2 v = 2Ev - E_ , where E and E,v are the monovacancy

formation energy and divacancy binding energy respectively,

is assumed to be strongly temperature (or order parameter)

dependent. This result is consistent with the earlieranalysis of peak rate data in ordered 8-brass (PR-P-121:3.2,

AECL-6530)

dependent.

AECL-6530), which showed that E v is strongly temperature
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An excellent fit (X = 1.04) to the whole peak

rate data between 8°C to 560°C has been obtained with

Ef(eV) = (0.34 ± 0.05) + 0.4 (1 - T/T ) 1 / ' 2 , where T is the

order-disorder transition temperature (735 K). Other

parameters obtained in this fit are E^ = (0.07 ± 0.11) eV,

monovacancy trapping parameter A = (7.2 ±8.8) « 10 ,

divacancy trapping parameter A_ = 26 A , and the peak rate

for positrons trapped at divacancies F, - (1.047 ±0.014)F ,

where Fv is the peak rate for positrons trapped at

monovacancies.

3.14 Atomic Pair Correlations in Liquid Helium

E.C. Svensson with V.F. Sears (Theoretical Physics Branch)

See PR-P-123:4.4 .

3.15 The Condensate Fraction in Superfluid He and Its Temperature

Dependence

E.C. Svensson with V.F. Sears (Theoretical Physics Branch)

See PR-P-123:4.5 .

3.16 Refinement of the One-Phonon Intensities in Liquid He

E.C. Svensson with V.F. Sears (Theoretical Physics Branch)

See PR-P-123:4.6 .

3.17 Improved Resolution and Counting Efficiency of the

Bremsstrahlung Monochromator

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

and B. Pich (University of Toronto)

For this spectrometer, described in PR-P-117:3.14,

AECL-6177, electrons of 2 - 5 MeV, scattered from a thin Ni
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foil, are focussed by a 180° inclined-plane magnet and

detected by 12 NE102 plastic scintillators and a multi-wire

gas counter, each scintillator behind a set of 6 wires.

Bremsstrahlung emitted by the Ni foil is incident on a

target and photons emitted by the target (see PR-P-122:3.12,

AECL-6582) are detected in coincidence with pulses from

scintillators and wire-counters. The limit of energy

resolution, determined primarily by the 3 mm wire counter-

spacing, is 11-14 keV for 3.5 MeV electrons and <10 keV

for 2 MeV electrons. The counting rate efficiency, defined

as the counting time required to attain a given statistical

precision, is limited by the 6 ns resolving time of the

coincidence system and by the ratio of extraneous background

to electron count for the plastic scintillator. Recently

this background count has been reduced from 50 to <5% by

shortening the length of the light pipe between phototube

and scintillator from 10 to 3 cm. This modification

increases the amplitude of the light pulse from the electrons

relative to that from the background. Studies of photofission
2 38 2 32

in U and Th will proceed, following these improvements,

as soon as the University of Illinois microtron is available.

3.18 Parity Violation in the Photodisintegration of Deuterium

E.D. Earle and J.W. Knowles with A.B. McDonald, J.J. Hill

and W. Zaleski (Nuclear Physics Branch)

Preparatory work continues on this experiment

(PR-P-122:2.2, AECL-6582). Measurements with a Y-ray

compensated B neutron detector were consistent with the

gamma-ray and neutron flux measurements made earlier. These

indicated the need for y-ray shielding several centimetres,

thick between target and detector in the final assembly.

Calculations are in progress to assist in assembly design

following procedures described in Section 4.3 .
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A configuration which thermalizes and detects more than 30%

of the neutrons produced by 3.2 MeV protons has been obtained.

An investigation of the depolarization of

longitudinally F°larize(3 electrons by multiple scattering is

in progress. Electron currents up to 3 mA and lifetimes in

excess of 5 hours have been obtained in the low voltage test

chamber. Satisfactory vacuum has been obtained in the

65 kilovolt electron source chamber and GaAs activation will

continue there.

3.19 Parity Mixing in 21Ne

E.D. Earle et al.

See PR-P-123:2.2 .

3.20 Gamma-Ray Transitions in C from Thermal Neutron Capture

in 12C

M.A. Lone, B.C. Robertson, W.M. Inglis and D.A. Harrison

Gamma-rays following thermal neutron capture in a
12high-purity C sample were recorded with a Ge(Li) detector

at the NRU external thermal neutron facility. Table 1 shows

results of a preliminary analysis of the data.

Table 1. Gamma-Ray Transitions in 13,

(keV) Decay Mode

4946

3684

3088

1855

1260

595

67.47 + 0.92

32.14 ± 0.64

0.43 ± 0.02

0.16 ± 0.01

32.36 ± 0.44

0.24 ± 0.01

4946 (l/2+) ->• 0(1/2")

3684(1/2") + 0(1/2")

3088 (l/2+) ->• 0(1/2")

4946 (l/2+) -> 3088(l/2H

4946(l/2+) + 3684(1/2"

3684(1/2") •*• 3088(l/2H
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In previous C(n,Y)13C studies only the

transitions 4946, 3684, and 1260 keV had been reported

(Spilling et al., Nucl. Phys. A U 8 (1968) 395). The

strength of the 595 keV isovector El transition from the

3684 to 3088 keV states is equivalent to (37.6 4 1.5) x 10"3

Weisskopf units which represents one of the strongest low

energy El transitions observed (P.M. Endt and

C. Van der Leun, Nucl. Phys. A 235_ (1974) 27).

3.21 Photon Strength Functions from the Au(p,y) and Ag(p,y)

Reaction

B.C. Robertson and M.A. Lone with S.K. Saha (Queen's

University)

The non-statistical El strength distribution

observed via the (d,py) or (n,y) reactions in the

E = 5 to 6 MeV region in heavy elements has been ascribed

to different mechanisms. It has been pointed out

(Harvey and Khanna, Nucl. Phys. A 221 (1974) 77) that the

difference in particle-hole excitation energies between

proton and neutron configurations for a range of heavy

nuclei should lead to the decoupling of some of the giant

dipole resonance strength, moving it to the 5-8 MeV region.

Alternatively, it has been proposed (Gyarmati et al.,

Phys. Lett. 50B (1974) 316) that the large external

component of low-8. neutron states located at an excitation

energy just above the neutron binding energy will produce

both strong coupling to the incident channel of either the

(d,pY) or (n,y) reaction and significant decoupling of

that particular configuration from the giant dipole state

and therefore an enhancement of the El y strength in the

corresponding Y-ray energy region.
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It should be possible to determine the relative

importance of these two mechanisms by comparing (p,y)

measurements with the presently available (n,y) and (d,py)

measurements, since the threshold decoupling should not

occur for protons.

Gamma-ray yields from the (P,Y) reaction on

Au and Ag targets have been measured at E = 4.0 MeV with

a Nal detector using the Queen's University Van de Graaff.

The measurements were found to be very sensitive to the

presence of light-element surface contaminants such as

fluorine, so that it was necessary both to minimize the

presence of contaminants by chemical processing and to use

a Ge(Li) detector to ascertain or put limits on the presence

of residual contaminants. In addition the production of

neutrons was monitored during experiments and their con-

tribution was accounted for in subsequent calculations.

Preliminary analysis of the results gives an

integrated cross section for E > 3.5 MeV of 0.82 ±0.15 yb

for Au and 140 ± 20 yb for Ag. The Au value is approximately

40 times smaller than the only previous measurement

(Brzosko et al., Acta Physica Polonica ~&2_ (1971) 489), but

is comparable in magnitude to the value expected from the

compound nuclear capture mechanism. The yray spectral

shape analysis for both Au and Ag shows an excess of strength

(a bump) centred about E * 6 MeV, qualitatively similar to

that seen in the neutron transfer reactions. This obser-

vation seems to support the Harvey-Khanna model; quantitative

analysis is proceeding.

3.22 N4 - External Thermal Neutron Beam

M.A. Lone and W.M. Inglis

The installation of the Nal - GeLi pair

spectrometer and the total energy detector system has been



- 70 -

delay <_' ~3cause of difficulties in fabrication of a new

LiF-lined target chamber required for proper positioning

of the samples in the neutron beam. A new beam dump lined

with borated wax (instead of LiP) is also being installed

in order to reduce the fast neutron and Y-ray background

produced by capture of tritium in fluorine; the tritons

are produced by neutron capture in Li. The lead shielding

and electronic circuitry for the pair spectrometer and the

total energy detector have been fabricated.

3.23 Status of Equipment. Construction

G. Dolling

Modifications are being made by the manufacturer

to two liquid helium cryostats capable of maintaining

samples at temperatures down to 1.1 K. These cryostats

are expected to be back in service by December 1979. The

mechanical components of the furnace/cryostat for positron

annihilation experiments over the range 4.2 to 1000 K have

been assembled. Testing and commissioning of the device

will be carried out during the next few months.

3.24 Reactor Beam-Hole Use

G. Dolling and H.F. Nieman

The McMaster and Guelph University spectrometers

were operated for 60% and 30% of the period, respectively.

The C2 fast-neutron chopper shutdown continued. Utilization

at the other occupied beam holes was as follows?
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Beam Hole

Cl

C4

C5

L3

N4

N5

NO. of
Expérimente

2

1

5

2

3

2

NO. Of
Participating

CBNL
scientists

1

2

4

4

1

2

No. of
Participating
non-CRNL
scientists

1

0

4

1

2

2

Efficiency
(% of available

reactor operating
time used for
experiments)

95

98

96

34

90

99

The L3 spectrometer modifications (PR-P-122:3.13, AECL-6582)

were completed by early September.

Total reactor operating time was 79 days.

3.25 Ge Detector Systems

R.J. Toone

A backshielded, high-purity Ge detector has been

assembled in a new design of vertical cryostat for Reactor

Control Branch. One of the high-purity Ge double-diode

detectors is being reworked.

3.26 Gas Counters

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

Backgrounds on several He counters used by

Section I have been reduced by cleaning the insulators and

covering the anode terminals with heat-shrinkable insulation.

The second guarded low-background counter was delivered to

Environmental Research Branch. Three BF., counters have been
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successfully refilled. It was observed that the outgassing

that occurs just as the glass filling tube is sealed

noticeably degrades the resolution of small-volume counters

(BP-24) but not large ones (BP-llB). Some BP-24 counters

are being made up with copper filling tubes that can be

pinched off cold.

3.27 Ion-Chamber Sample Changer

J.G.V. Taylor and W.F. Slater

The drawings for the mechanical parts of this

system have been completed. The major parts have been

ordered from the main shops while some smaller sub-assemblies

are being made in the Branch shop. The turntable drive was

redesigned to eliminate the need for major changes in

existing SUCCESS software when it turned out that these

would be more extensive than originally anticipated.

3.28 Trace Impurities in CdTe

C.J. Virtue, H. Schmeing, L. Milani, R.J. Toone and

W.F. Slater

The source of copper which has been observed in

our crystal growth ampoules (PR-P-122:3.14, AECL-6582) and

which is likely an importar . active trace impurity in our

CdTe, has been identified as the furnaces themselves.

Systematic mock production runs showed that all five of

our growth furnaces (four Kanthal, one Sic) generate copper

deposits in the cold trap of quartz ampoules, though in

various amounts. The observed deposition rate is

characteristic for a given furnace. Additional tests

have shown that the amounts of Cu observed cannot be

introduced inadvertently into the walls of the quartz vessels

from the brass tips of glassblowing torches, as was previously

suggested.
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To stop the diffusion of Cu into the ampoules,

we intend to equip several furnaces with platinum liners.

A series of tests is in progress aimed at measuring the

diffusion constant o* n" *r. quartz in the range of 1300 K,

and to demonstrate the effectiveness of Pt as a diffusion

barrier.

3.29 Photoconductivity Measurements of CdTe

R.G.C. McElroy, W.P. Slater, R.J. Toone and L. Milani

The testing of the new cryostat and temperature

control system (PR-P-122:3.15, AECL-6582) and planned

low-temperature photoconductivity measurements were

substantially delayed due to a defective temperature

controller. The manufacturer has recently supplied a

replacement. Preliminary testing of the system is again

underway.

Due to the non-availability of the cryostat for

most of this quarter, no further photoconductivity measure-

ments were performed. Advantage was taken of this time to

track down noise sources within the experimental apparatus.

Some success was achieved through minor circuit changes in

the video amplifier stage of the marginal oscillator; a

change in the feedback configuration resulted in greater

high frequency stability. Performance was further improved

by mounting the oscillator tank circuit adjacent to the

sample holder rather than at the top of the cryostat.

3.30 Glassblowing Services

J.G. Wesanko and M.A. Gulick

Glass systems for the quantitative analysis of

gas samples and for preparing mass spectroscopy standards

were built for Physical Chemistry and General Chemistry
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Branches respectively. The reaction-volume apparatus and

gas-flow system for the infrared laser was modified for

Physical Chemistry Branch. Several quartz containers were

supplied to Section III for copper diffusion studies.

Several quartz ampoules for use in Section I were etched

to reduce the wall thickness by a controlled amount.

3.31 Machine Shop Services

A.H. Hewitt, H.C. Spenceley and K.H. Whitlock

The 'T' section of flight tube for N4 detector

station, and various stainless steel specimens for the

positron annihilation experiment, were made during this

review period. Two jobs were undertaken for the Mathematics

and Computation Branch. Also work was done for visiting

personnel from University of British Columbia, University of

Toronto, and National Research Council.

Nuclear Physics Branch jobs took 70% of the

Building 116 shop time. A tape station for the isotope

separator and parts for the Beta-Neutrino Correlation

experiment each accounted for a third of this. Furnace

modifications and gas-counter parts took most of the 30%

spent on Section III jobs.

3.32 Mass Difference Measurements with the Isotope Separator

H. Schmeing et al.

See PR-P-123:2.15 .

3.33 A Small Tape-Transport System for the Isotope Separator

H. Schmeing et al.

See PR-P-123:2.16 .
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3.34 Manganese-49

H. Schmeing et al.

See PR-P-123:2.17 .

3.35 Isotope Separator Operation

H. Schmeing et al.

See PR-P-123;?,14 .

3.36 The T = 3/2 Series of Beta-Delayed Proton Precursors

H. Schmeing et al.

See PR-P-123:2.18 .

3.37 Publications and Lectures

Publications

NEUTRON DIFFRACTION STUDY OF THE PLASTIC PHASES OF
POLYCRYSTALLINE SFg AND CBr4
G. Dolling, B.M. Powell and V.F. Sears
Molecular Physics 32 (1979) 1859
Atomic Energy of Canada Limited publication AECL-6556

ORIENTATIONAL DISORDER IN THE PLASTIC PHASES OF SF6

AND CBr4

B.M. Powell and G. Dolling
Molecular Crystals & Liquid Crystals 5£ (1979) 331
Atomic Energy of Canada Limited publication AECL-6462

SOFT ROTARY MODE IN THE ANTIFLUORITE CRYSTAL ^ g
D. Mintz, R.L. Armstrong, B.M. Powell and W.J.L. Buyers
Phys. Rev. B 1£ (1979) 448
Atomic Energy of Canada Limited publication AECL-6373
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BASE CRYSTALLIZATION AND BASE STACKING IN WATER
P. Martel
Eur. J. Biochem. 96̂  (1979) 213
Atomic Energy of Canada Limited publication AECL-6514

CRYSTAL DIFFRACTION SPECTROMETERS
J.W. Knowles
Nucl. Instr. & Meth. 162, (1979) 677
Atomic Energy of Canada Limited publication AECL-6551

PROTON CAPTURE BY 1 7 6Yb IN THE GIANT DIPOLE RESONANCE REGION
B. Palsson, I. Bergqvist, L. Nilsson, A. Lindholm,
D.C. Santry and E.D. Earle
University of Lund Report (1978)

UPPER LIMITS FOR THE ^ ( n ^ Y ) 2 ! ! CROSS SECTION
E.D. Earle and A.B. McDonald
in "Neutron Capture Gamma-Ray Spectroscopy", edited by
R.E. Chrien and W.R. Kane, Plenum Publishing Corp., N.Y.
(1979) p. 609

PHOTON STRENGTH FUNCTIONS
M.A. Lone
in "Neutron Capture Gamma-Ray Spectroscopy", edited by
R.E. Chrien and W.R. Kane, Plenum Publishing Corp., N.Y.
(1979) p. 161

NEW EXTERNAL THERMAL FACILITY AT NRU AND 17O(n,Y)18O REACTION
M.A. Lone and W.M. Inglis
in "Neutron Capture Gamma-Ray Spectroscopy", edited by
R.E. Chrien and W.R. Kane, Plenum Publishing Corp., N.Y.
(1979) p. 678

an
Zr(n,Y) STUDIES WITH THERMAL NEUTRONS

M.A. Lone and G.A. Bartholomew
in "Neutron Capture Gamma-Ray Spectroscopy", edited by
R.E. Chrien and W.R. Kane, Plenum Publishing Corp., N.Y.
(1979) p. 675
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Lectures

NEUTRON SCATTERING STUDIES ON LIQUID 4He
E.C. Svensson
Ames Laboratory - USDOE and Dept. of Physics,
Iowa State University, Ames, Iowa
July 13, 1979

THE CONDENSATE PROBLEM: A REVIEW AND NEW VALUES FOR nQ(T)
E.C. Svensson
Fourth Oregon Conference on Liquid Helium,
Mount Hood, Oregon
Ju3/ 16-20, 1979

A SIMPLE PICTURE OF THE DYNAMIC STRUCTURE OF LIQUID 4He
E.C. Svensson
Fourth Oregon Conference on Liquid Helium,
Mount Hood, Oregon
July 16-20, 1979

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

Branch Head:

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

G.E. Lee-W

Harvey
Khanna
Kushneriuk
Lee
Sears
Towner
Winterbon

Visitors

M.G. Vassanji (1)
A. Gagliardi (2)
D. Charlesworth (3)

Secretarial Staff

M.E. Carey

NRC Post-Doctoral Fellow; from the University of
Pennsylvania; arrived September 18, 1973

Summer student from Concordia University - May 3 - July 6,
1979 returning to Concordia Univ.

Summer student from Queen's University - Aug. 13 - Sept. 11,
1979 returning to Queen's Univ.
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4.2 Fissile Fuel Breeding in the LLL/Bechtel-Designed Hybrid

Fusion Reactor

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

A. Gagliardi, and D. Charlesworth

Lawrence Livermore Laboratory and Bechtel Cor-

poration have recently published a description of a conceptual

design of a laser-fusion hybrid reactor (UCRL-13796, July,

1977; UCRL-81510 preprint, May, 1978) whose main functions are

the production of fissile fuel and electricity, with emphasis

on the production of fissile fuel. The reactor consists essen-

tially of a cylindrical shell, approximately lm thick, surround-

ing a fusion chamber approximately 10 m in diameter and 10 m high,

and closed at the top and bottom by spherical caps. The fissile

fuel producing zones are located in the cylindrical shell of the

reactor while the top and bottom structures contain the princi-

pal tritium breeding assemblies. The centre of the fusion

chamber is the focal point of six laser beams. Pellet injection

for fusion is from the top.

We have now applied the Monte Carlo code MORSE
233

to make neutronic evaluations of the U breeding potential

of the LLL/Bechtel design for a few fuel-coolant-neutron multi-

plier arrangements in the reactor. This study is in line with

our objective of extending our neutronic evaluations capability

to systems with more complex geometries (PR-P-116:5.8 (AECL-6083)

Further evaluations for this design are in progress.

4.3 Leakage-Neutron and Gamma-Ray Spectra from D?O Samples Subjected

to Gamma Irradiation

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

Monte Carlo calculations of neutron leakage out

of D-0 target assemblies, and the temporal resolution of this

leakage, reported on in PR-P-122:4.2 (AECL-6582), have been

extended to include studies of assemblies whose walls are made
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of AH or Zr rather than stainless steel. The effects of sur-

rounding the curved surface of the assembly walls by a thin

layer of water, or lead, or both, have also been considered.

Generally, it was found that from the neutronics aspects, AIL

and Zr are better than SS as wall materials, with Zr being

superior to AH. Also, a layer of Pb outside the curved sur-

face of the assembly wall is neutronically beneficial, while

a thin layer of H-0 similarly located produces no advantage.

The temporal resolution of neutron leakage out of the assem-

blies is not affected appreciably by changes in the wall

material, the dominating factor in leakage time being the

influence of the relatively large volume of D-O contained in

the assembly.

This study is now completed. A summary of our

results and conclusions, as well as the computer codes we have

adapted, developed and used and our comments regarding the

codes, have been passed on to A.B. McDonald (Nuclear Physics)

and E.D. Earle (Neutron and Solid State Physics).

4.4 Atomic Pair Correlations in Liquid Helium

V.F. Sears, with E.C. Svansson (N.S.S.P. Branch)

The comparison of our S(Q) and g(r) results

with available theoretical calculations, which was commenced

in the previous quarter (PR-P-122:4.3 (AECL-6582)), has now

been completed.

Chang and Campbell (Phys. Rev. B 1J5, 4238 (1977))

have presented detailed variational calculations showing the

dependence of S(Q) and g(r) on the interatomic potential and on

the form of the wave function at T = 0 . We find that the

potential of Bruch and McGee gives better agreement with our

experimental results than does the conventional Lennard-Jones

potential. Also, the agreement is improved if three-body

factors are included in the wave function.
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The best agreement is obtained with the calcu-

lations of Whitlock et al. (Phys. Rev. B 1£, 5598 (1979))

which are based on a direct Monte Carlo integration of the

many-body Schrôdinger equation. The residual discrepancies

indicate that a somewhat greater degree of spatial order is
4

present in liquid He at T = 0 than the calculation would
suggest. All the above calculations ignore many-body forces.

De Michelis et al. (Phys. Lett. 66A, 484 (1978))

have calculated the temperature variation of S(Q) due to thtr-

mal excitation of rotons out of a Jastrow ground state. Their

results for the change in S (Q) between T = 0 and 2.1 K are in

fair agreement with our findings.

This work is now being prepared for publication.

A detailed tabulation of our S(Q) and g(r) results will also

be issued as an AECL report.

4
4.5 The Condensate Fraction in Superfluid He and its Temperature

Dependence

V.F. Sears, with E.C. Svensson (N.S.S.P. Branch)

The work described in our previous report

(PR-P-122:4.4 (AECL-6582)) has now been completed and is being

prepared for publication. Our final least-squares adjusted

values for the parameters in the expression for the condensate

fraction,

nQ(T) = n o(O)U - (T/TA)
a},

are nQ(0) = 0.133 ± 0.012 and a = 6.2 ± 1.6.

4
4.6 Refinement of the One-Phonon Intensities in Liquid He

V.F. Sears, with E.C. Svensson (N.S.S.P. Branch)

Our neutron diffraction results for the static

structure factor, S(Q), which were described in the previous



- 83 -

report (PR-P-122:4.3 (AECL-6582)), have been used to refine

the one-phonon intensities obtained by Cowley and Woods

(Can. J, Phys. 4£, 177 (1971)) from neutron inelastic-scat-

tering measurements. The new values give better agreement

with the theory of Gotze and Lucke (Phys. Rev. B 13_, 3825

(1976)). A comparison has also been made, at seven Q values,

with the more recent and accurate neutron-scattering measure-

ments of Svensson et al. (Can. J. Phys. _54_, 2178 (1976)) and

Woods and Svensson (Phys. Rev. Lett. £1̂ , 974 (1978)). Good

agreement is obtained. This work is now being prepared for

publication.

4.7 The Nuclear Force in the Quark Model

M. Harvey

In the continuation of this study (PR-P-122:4.7

(AECL-6582)) we have now written a computer program that, by

a least-squares fitting procedure, determines the few matrix

elements of a quark-quark interaction that will reproduce the

N and A resonances up to 2 GeV. A second program determines

classes of phenomenological potentials all of which have the

desired matrix elements mentioned above. These potentials

have been used in a program, written earlier, to calculate the

effective NN interaction and the coupling of this channel to

the AA and hidden color channel for (TS) = (01) and (10).

Calculations can be done in either the inappropriate non-rela-

tivistic approximation or a better minimal relativistic approx-

imation with harmonic oscillator cluster wave functions. Work

continues on procedures to determine the optimum values for the

quark mass and the size parameter of the oscillator potential

- the latter being associated with the size of the nucléon.
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4.8 Axial Charge in Nuclei

F.C. Khanna and I.S. Towner

It is well known that the fourth component of

the vector current, the charge, is a good quantum number -

i.e. Q = [Q,H] = 0 - and that the total charge of the system

is the sum of the individual charges. In the case of the

axial-vector current axial charge is a good quantum number

only in the limit of exact chiral symmetry. Also, the total

charge is not the sum of contributions associated with the

individual particles of the system, but arises as a result of

many-particle interaction among these particles. In order to

investigate the spontaneous breaking of chiral symmetry,

and hence the distribution of axial charge, we may examine

"pionic-type" excitations of the form

0 + (T = 0) Î 0~ (T = l) .

These may be studied in the complementary processes of g-decay

and y-capture.

The transition amplitude has a single-particle

part ^ 0 ^ 5 ^ arising from the time-component of the axial cur-

rent. In the non-relativistic limit this part gives rise to

an operator of order p/m, where p and m are nucléon momentum

and mass, and is thus greatly suppressed compared to the other

weak-interaction operators. It is expected that as a result

of meson-exchange effects the many-body part of the transition

operator will produce a significant contribution (Kubodera,

Delorme and Rho, Phys. Rev. Lett. £0^(1978)755). Confirmation

of this expectation requires consistent calculetion of the

effect of core-polarization on the single-particle transition

operator and on the one-pion-exchange two-body operator. We

have begun such calculations for the ft-decay
16N(0", T = l) •* 1 6O(0 +, T = 0) and for the n-capture
1 6O(0 +, T = 0) -»- 16N(0~, T = l).
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4.9 Hindrance in M2 Decays

I.S. Tov/ner and B. Castel (Queen's University)

Isoscalar and isovector M2 gamma transitions

and the analogous unique first-forbidden beta transitions

characteristically have lifetimes longer than those predicted

in single-particle models using free- nucléon g-factors. To

understand this phenomenon, we are examining the 2~ to 0

transitions in mass-16 using particle-hole models for the

negative parity states. The particle-hole force is here repul-

sive with the consequence that the M2 giant resonance is pushed

to higher and higher energies and the transition strength from

the low-lying 2 states depleted more and more as the strength

of the particle-hole force increases. This depletion is

responsible for the observed hindrance. Meson-exchange currents

play only a minor role in this phenomenon.

4.10 Non-Lepton Weak Decays

H.C. Lee and K.B. Winterbon

Our interest in the quantum chromodynamical

(QCD) renormalization of the weak interaction (PR-P-121:4.11

(AECL-6530)) has lead us to study all strangeness changing

non-leptonic weak decays: K+TTTT and TTTTTT, A-*NTT, E->NIT, H+ATT,

Û -*5TT and AK. It has been known for some time that these

decays have the common characteristic that, compared to their

leptonic counterparts (such as K->n V , A-*Pe\7 , etc.) the

isospin AI=l/2 component is strongly enhanced while the AI=3/2

component is strongly suppressed. Recent studies in QCD

renormalization may have provided part of the reason for this

enhancement/suppression mechanism but as yet there has not been

a satisfactory explanation for all the data. Our present effort

is to examine these data in the hope that a coherent under-

lying theory will emerge.



- 86 -

4.11 \7 D ->• v pn and the Isovector, Axial, Weak Neutral Current

H.C. Lee

Recently the neutral-current cross section for

v D ->- \T pn was measured (Pasierb et al., Phys. Rev. Lett. 43

(1979)96) to be (3.8 +0.9) x 10 *3 cm . The theoretical

value for the cross section, folded over the reactor

\7 -spectrum of Avignone and Greenwood (Phys. Rev. D17(1978)154)
2 -45 2

is (7.0 ± 0.4) 3 x 10 cm , where 3 is the coefficient for

the isovector, axial component of the weak neutral current.

In the standard Weinberg-Salam model, which so far has with-

stood all experimental tests, 3 = 1 . The new measurement

either implies that f5 "u 0.8 or that Avignone1 s v -spectrum is

incorrect. In order to reconcile theory with experiment, we

have speculated that the high-energy tail (E— > 4 MeV) of
_ ve

the v -spectrum should have an approximately 20% faster

exponential decay than that given by Avignone. This view

seems to be supported by very recent analysis of the decay

of fission products in nuclear reactors, (Rudstam and Aleklett,

Nucl. Sc. & Eng. 71(1979)301).

4.12 AutoResonant Accelerator

G.E. Lee-Whiting

The "AutoResonant Accelerator" concept (M.L.

Sloan and W.E. Drummond, PRL 3_1 (1973) 1234) requires the exci-

tation of electromagnetic waves in a circular wave-guide

partially filled by a relativistic electron beam moving in a

strong longitudinal magnetic field. Exact axially symmetric

small-amplitude solutions have been found for the limiting

case of a beam of uniform density completely filling the wave-

guide; they are not in good agreement with the approximate

solutions given in a report issued by Autin Research Associates,

Inc. (W.E. Drummond et al., ARA 205, June 1975.. Preliminary

calculations indicate that it will be possible to choose the
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parameters in such a way that only one axiaily symmetric

wave is excited. One can arrange to make the phase velocity

of the unique wave suitably small for the collective accel-

eration of ions, but not necessarily with the parameter values

chosen by Drummond et al.

4.13 Quadrupole Moments of Isomeric States in Pb

H.-E. Mahnke, O. Hausser, T.K. Alexander, H.R. Andrews,

J.F. Sharpey-Schafer, P. Taras, D. Ward (Nuclear Physics),

and I.S. Towner

(See PR-P-123:2.12 (AECL-6680)).

4.14 On the Relationship between the Condensate Fraction and the
4

Superfluid Fraction in Liquid He

E.C. Svensson (N.S.S.P. Branch) and V.F. Sears

(See PR-P-123:3.3 (AECL-6680)).

4.15 Reports, Publications, and Lectures

Publications

MAGNETIC DETECTORS - C) PHOTONS
1. Magnetic Pair and Compton Spectrometers
G.A. Bartholomew and G.E. Lee-Whiting
Nuclear Instruments and Methods 162(1979)239

COLLECTED PAPERS OF BORIS DAVISON, Vols. I-V,
Compiled by S.A. Kushneriuk and B. Gay, July, 1979

NEUTRON DIFFRACTION STUDY OF THE PLASTIC PHASES OF
POLYCRYSTALLINE SFg AND CBr4
G. Dolling, B.M. Powell, and V.F. Sears
Molecular Physics 3_7 (1979) 1859

TESTS OF QUANTUM ELECTRODYNAMICS WITH NEUTRON CAPTURE GAMMA-RAYS
H.C. Lee
Proc. of Third Int. Symp. on Neutron Capture Gamma-Ray Spectro-
scopy and Related Topics, Eds. R.E. Chrien and W.R. Kane,
(Plenum Press, New York) 1979, p.353
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NUCLEAR SHAPE TRANSITIONS AT FINITE TEMPERATURE
H.C. Lee and S. Das Gupta
Physical Review C19(1979)2369

RENORMALIZATION OF THE FOUR-QUARK WEAK INTERACTION IN QCD
H.C. Lee and K.B. Winterbon
8th Int. Conf. on High Energy and Nuclear Structure,
Vancouver, B.C. August 13-17, 1979, p.141

MESON-EXCHANGE CURRENTS IN THERMAL n-3He RADIATIVE CAPTURE
I.S. Towner and F.C. Khanna
ibid, p.104

Ypol + N -> TT* + N AND THE WEAK NNir CONSTANT
H.C. Lee
ibid, p.141

V g + D + V g + p + n AND THE ISOVECTOR, AXIAL, WEAK NEUTRAL CURRENT
H.C. Lee
ibid, p.142

Lectures

QUARK STRUCTURE OF THE NUCLEON INTERACTION
M. Harvey
Summer Seminar in Nuclear Theory, Queen's University,
Kingston, August 31 - September 1, 1979

QCD AND THE WEAK NNTT VERTEX
H.C. Lee
Pion-Nucleus Workshop, TRIUMF, July 23 - August 3, 1979 '

PIONIC EFFECTS IN WEAK INTERACTIONS INVOLVING FINITE NUCLEI
F.C. Khanna
Seminar given at the Summer Institute on the Future of Pion-
Nuclear Physics, July 23 - August 3, 1979

REPORT ON INT. CONF. ON HIGH ENERGY PHYSICS AND NUCLEAR STRUCTURE
I.S. Towner
given to the Physics Dept. of Queen's Univ., August 27, 1979

AN INTRODUCTION TO MESON-EXCHANGE CURRENTS
I.S. Towner
given to the Physics Dept. of Queen's Univ., August 29, 1979

MESON-EXCHANGE CURRENTS
I.S. Towner
given at the Summer Seminar in Nuclear Theory, August 31, 1979

ON RECOIL MOTION
K.B. Winterbon
given ac Sandia Laboratories, September 17, 197 9;
given at Cai Tech., September 19, 1979

The lectures above may not be available in print.
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MATHEMATICS AND COMPUTATION BRANCH

D. McPherson

5.1 Staff

5.2 CDC 6600/CYBER 170 SYSTEM

5.3 CDC 3300 System

5.4 PDP-10 System

5.5 Tandem - SCC Computer-aided Control System

5.6 Transient Response of a Microphone to a
Laser-generated Sound Pulse

5.7 Simulation and Solution of Differential
Equations

5.8 Stress Analysis Packages

5.9 Data Processing System for Analysis of
Fuel Defect Experiment

5.10 Information Processing Programs

5.11 JAGSPOT

5.12 Fissile Fuel Breeding in the LLL/Bectel
Design Hybrid Fusion Reactor

5.13 Leakage Neutron and Gamma-ray Spectra from
D_O Samples Subjected to Gamma Irradiation

5.14 C5 Control System: A Simple Program for
Generating and Storing Scan Data

5.15 Operations

5.16 Publications, Reports and Lectures



- 90 -

5.1 Staff

Branch Head: D. McPherson

Section I : Systems

Head:
D. McPherson

Programmer/Analysts :
J.F. Steljes
C.J. Tanner

Programmers :
E.A. Okazaki
M.A. Peterson

Section II: Operations

Head:
B.B. Ostrom

Operations Supervisor:
P. McGandy

Operator Supervisor:
A.A. Laroche

Computer Operators :
H.D.J. Ball (1)
K.M. Bjarbo
L.A. Delaney (2)
M.E. Edwards
S. Gardner
C M . Hepburn
N.E. oelke (3)
M.R. Park
M. Robinson
M. Sargent
C.L. Steljes (4)

Section III: Mathematical
Services and Applications

Head:
J.M. Blair

Mathematical Analysts:
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(1) Nee Zdrazil.
(2) Summer student from Mackenzie High School, terminated

1979 August 31.
(3) Transferred to Administration Division, 1979 July 3.
(4) Summer student from Ottawa University, terminated 1979

August 24.
(5) Joined branch 1979 August 2.
(6) Attached half time from Office of the Director of

Research.
(7) Joined branch 1979 August 20.
(8) Waterloo student, joined branch 1979 September 4.
(9) Joined branch 1979 September 17.
(10) Waterloo student, terminated 1979 August 31.
(11) Terminated 1979 August 10.
(12) Joined branch 1979 August 20.
(13) Summer student from McMaster University, terminated

1979 September 7.
(14) One-year assignment (1978 September to 1979 August) at

Hahn-Meitner Institute, Berlin, Federal Republic of
Germany.

(15) Summer student from University of Waterloo, terminated
1979 August 29.
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5.2 CDC 6600/CYBER 170 System

(i) Operating System Change

D. McPherson

On August 20, the operating system was upgraded to

CDC's latest release, NOS/BE 1.3. Along with the operating

system change, the FORTRAN compiler was replaced with the

new version 4.8 release? changes to other compilers and

utilities were less drastic, being mainly the addition of

corrective code to remedy minor deficiencies and errors of

previous versions. The principal reasons for the operating

system change were to prepare for the support of new com-

munications equipment, and to take advantage of new features

added to CDC s system in the past three years. The new

features include a control statement language, a much-

improved technique for assignment of extended core storage,

and a more efficient mechanism for load-sharing between the

6600 and 170.

Internally, there are many major differences

between NOS/BE 1.3 ai:d the version 1.1 used at CRNL prior to

August 20. Externally, the differences are not as marked,

and about 5o local modifications served to make the system

compatible in all but one respect. The exception is a new

memory-management feature that conflicts with an oft-used

FORTRAN programming technique for the dynamic adjustment of

storage requirements. The interim method adopted to allow

continued execution of programs using this technique is to

provide a library containing the compilers and input/ output

routines of the earlier system, in'.arfaced to the new

operating system proper. It is expected that this library

will have to be maintained for one to two years, since quite

extensive restructuring will be required for some programs

to accommodate them to CDC s memory management system.

Approximately 25 errors have been identified, and the
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most critical of these corrected. Most problems in the new

system have been operational déficiences, not directly

affecting the execution of users' jobs. It is noteworthy

that in four weeks of operation, there has not been a system

collapse due to software error. CRNL is the first site to

install NOS/BE 1.3 on a production basis.

(ii) Memory Management in the New FORTRAN System

M.B. Carver

Tests of an interface between the new central

memory manager routine (CMM) and FORTRAN have yielded

encouraging results. The routines permit the user to expand

his field length to extend his working storage area dynam-

ically during execution. The method of doing this is now

somewhat more complicated than in the old system as CMM also

uses the same area dynamically. The new system, however,

does offer more flexibility. The FORSIM program has been

converted to use dynamic field length expansion on the new

system. The MAKSIM program which operates in a more complex

manner has also been converted and runs successfully except

for one minor aspect which should be corrected shortly.

(iii) COBOL

C.J. Tanner

Two proposals for new features in the report writer

in COBOL were presented to the CODASYL COBOL Committee.

The one proposal accepted allows report specifications to

be used to put a report onto more than one file. This

feature will be useful for creating multiple reports with

some common oortions.
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(iv) C0PY1P Utility

E.G. Long

This utility translates Editor files into C D C s

standard coded file structure. It has been re-written to

correct two errors: it did not properly preserve the empty

records that can occur in Editor files, and it could not

handle files containing ASCII records.

(v) SPITBOL and Some Applications

G.H. Keech

Several modifications have been made to the

SPITBOL compiler, Version 3.4, to incorporate new features.

These include a provision for handling more than one record

in the data file to be processed by the compiled program,

the adoption of the same positioning conventions for the

file INPUT that are used by C D C s compilers, and improved

flexibility in the controls for listing compilation and

execution statistics.

Two utility programs have been created using

SPITBOL:

(a) IBMCDC2

This character code conversion program performs

any user-specified permutation of the standard CDC 6 4-

character set. A two-card data record is input, the first

containing the old punch codes, the second, the new punch

codes. An empty record gives the default action of a com-

plete 029 to 026 conversion.

(b) TIDY

A SPITBOL version of TIDY,, a program for re-

formatting and re-labelling FORTRAN source code, has been

constructed from the SNOBOL version with small improvements.
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(vi) Subroutine Libraries

(a) AELIB Modifications

L.E. Evans, G.N. Williams and M.A. Peterson

On 1979 July 30 changes were made to AELIB. The

most significant changes were made to the plotting routine

PLOT to allow users more flexibility in specifying a drawing

area and in plotting axes. Previously these two functions

were combined in a one subroutine call to PLOT with the MODE

parameter 1 and following the change, these functions are

separate. A drawing area is specified by calling PLOT with

the MODE parameter 10 and axes are drawn by calling PLOT

with the MODE parameter 11.

Other AELIB changes at this time included the

removal of three obsolete routines for the solution of

differential equations (CORK, RKBIG and STIFFS), the in-

troduction of new routines for error message control and

retrieving the job name, and minor changes to existing

routines.

Revision A to the AELIB Users' Manual, AECL-6076,

was prepared and distributed to users. This revision in-

cludes the changes required for the July revision to AELIB

and some other corrections of errors present in the original

release of the manual.

(b) AELIB Changes Required by August 20 System Change

L.E. Evans and M.A. Peterson

The error function subroutines ERF and ERFC were

removed from AELIB because the new FORTRAN mathematical

library contains versions of these subroutines that are

slightly more accurate and execute faster (see (c) below).

Minor modifications were required to 11 other system-

dependent library routines by the change to the NOS/BE 1.3

operating system.



- 96 -

(c) Tests of New CDC-supplied Error Function

G.L. Klawitter and J.M. Blair

C D C s FORTRAN mathematical library for FTN 4.8

contains an error function routine with entry points ERF and

ERFC. Accuracy tests were carried out by comparing the

function evaluations with those obtained by a local double

precision routine DERFA for 5000 pseudo random arguments.

For comparison the same tests were performed on the AELIB

version of the error function. Timing tests were carried

out for one value of the argument. The results are sum-

marized below.

Min. Accuracy of Min. Accuracy of Time(us)
ERF (sig. dig.) ERFC (sig. dig.)

AELIB Version 13.84 12.77 32
CDC Version 13.92 13.55 23

Since the CDC version is more accurate and faster than the

AELIB version, we shalL continue to use the FCL version.

The version in AELIB has been removed.

(vii) Graphics

G.N. Williams, J.W. Wendorf, and P.J. Bumbulis

The device-independent graphics system supported
by the Computing Centre has been modified and further
developed in the following areas :

(a) Device drives have been written for a Hewlett-Packard

2648A graphics terminal, and a Tektronix 4662 hard copy

plotter terminal.

(b) The calling sequence of GRVIEW, the program which sup-

ports the device Independent graphics, has been re-

designed to make it easier for users to understand.

Modification of the GRVIEW program to conform to the

new sequence is btîing undertaken.
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(c) An independent program, called TRAPLOT, has been

written to translate information in the files produced

by the AELIB program PLOT, into device-independent

form, ready for use bv GRVIEW.

5.3 CDC 3300 System

(i) Plotting

J.F. Steljes

Some changes have been made to the plotting pro-

gram in the 3300 computer to make it compatible with the

device-independent system. In particular, the facility to

handle the new axes relocation calls of PLOT has been added.

Currently further changes are being developed so that

clipping of lines and symbols that would fall outside the

defined plotting area will be performed by PLOT and GRVIEW

in the same way.

(ii) SIMPR Changes

E.A. Okazaki

Improvements to the SIMPR operating system in-
cluded:

(a) Simplication of magnetic tape drivers.

(b) Improvements to error recovery for printer and card-
reader drivers.

(c) Development of diagnostics for better identification of

errors in card decks.
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5.4 PDP-10 System

J.A. Edgecombe

The monitor was upgraded to release 6.03A, local

level 2. Identification and elimination of errors in the

magnetic tape subsystem delayed conversion considerably.

COBOL and the utilities SYSINF and BACKUP were

upgraded by the installation of Digital-distributed patches.

The programs FUR (from National Institutes of

Health), TYPE (from Catholic University of America), and

DDDT (from Datability Software Systems) were installed.

These programs have already proved a great help, both in

reducing resource requirements and adding new capabilities.

Testing of the QD3 mass spectrometer micropro-

cessor controller continued. Interface routines were

written to control a HP8002A digital volt meter; the con-

trolling software and hardware were completed.

The module allowing users to specify the spectra

wanted in the MASTER data base was rewritten for simplicity

and added capabilities. So far this module has been uti-

lized in the display program; work is in progress on the

hard copy plotter program and effort is planned on the other

components of the MASTER system. Informal discussions with

users of the system have identified a number of improvements

which are needed.

Hardware enhancements to the system (i.e. more

magnetic tapes and controllers, extra memory, and a second

central processor) have arrived on site; installation is

delayed pending the completion of building renovations to

house the equipment.
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5.5 Tandem - SCC Computer-aided Control System

L.D. Hansen

Since the last report period, progress can be

reported in the following areas:

(a) Hahn-Meitner Software

Copies of software, produced by the VICKSI group

at the Hahn-Meitner-Institute in Berlin, have been obtained

and installation of this software has begun.

(b) Dynamic External Page Mapping

A system for program controlled, dynamic hardware

page mapping for a PDP11 in an RSX11D operating system

environment has been designed and implemented. It consists

of a set of macros that can be used by user level code and

by device drivers to implement the system. It has been

shown to be particularly useful in the Hahn-Meitner-

Institute software since it makes 4K more virtual memory

available to most tasks in that system as well as providing

better system integrity protection.

(c) SCC Control System RSX11D System Re-generation

The RSC11D system in use by the SCC control group

has been re-generated to reflect changes in hardware and the

requirements of the latest Hahn-Meitner software.

5.6 Transient Response of a Microphone
to a Laser-Generated Sound Pulse

W.N. Selander

Inspection of the experimental data suggests that

the two-exponential and possibly the one-exponential model

of energy deposition in the beam are adequate to describe

the process mathematically. However, the observed relation

between peak response and gas pressure makes it clear that a

linear model cannot be assumed, that is, the energy density
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E L caused by laser excitation and the time constant tQ for

the relaxation of the energy transient are not independent.

This means that in the vibrational energy equation,

de/dt = A[(l+e)e~9-e]

where A is the transition probability per unit time and

0 = hv/kT, the vibrational energy e will not decay as a

simple exponential, but will generate a more complicated

family of curves depending on E T, requiring different times

to relax to final values. This nonlinearity is caused by

the energy dependence of A and 6 for the larger values of

E L. The solution of the above equation is currently being

worked on.

5.7 Simulation and Solution of Differential Equations

(i) Chemical Reaction Simulation

(a) Mass Action Kinetics

M.B. Carver, A.W. Boyd and J.W. Fletcher
(Physical Chemistry Branch)

Work continues on the simulation of the radiolysis

of water. Some changes have been made to the MAKSIM pro-

gram, primarily to detect any duplication, ambiguity or

omission in the input data.

(b) Chemical Equilibria

M.B. Carver, K.R. Chaplin and P.V. Balakrishnan
(System Materials Branch)

The program for the simultaneous solution of the

equations of chemical equilibria and the equations des-

cribing flow of chemical species in steam generator feed-

water is in continued use. Some modifications have been

made to the program's method of handling the mathematical

discontinuity caused by the onset of precipitation of

species in solid phase.
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(c) Optimization of Kinetic Data

M.B. Carver, N.R. Ross and C.F. Austin

An option for the MAKSIM program has been de-

veloped to aid parameter identification by means of opti-

mization of selected reaction rates with respect to avail-

able experimental data.

In a system of N reactions involving N chemical
3T S

species, the new option includes a simple method for the

user to request that n (<N ) reaction rates be dynamically

modified by the program to produce a best fit to experi-

mental data on concentrations of n (<N ) species at n
S S t.

selected times. This is done by using the results obtained

from integrating the differential equations in a manner

analogous to an algebraic function which is to be minimized.

The program uses the Harwell routine VA05A to modify the

selected n parameters towards minimizing the n *n devia-

tion functions. As in any least squares approach, over

specification greatly improves the results and n *n >>n

is advised.

One area of difficulty arises from the non-

linearity of the equations. The results of integrating the

differential equations, over the large time spans normally

required, are extremely sensitive to small parameter changes.

Thus the computed and desired results may deviate by several

orders of magnitude. This behaviour is quite unlike that

expected from fitting algebraic functions, where the de-

viations are minor in most cases. Thus the normal deviation

function which is merely the difference in computed and

desired results had to be discarded. The log function of

the ratio of the two results was found more suitable.
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(ii) Simulation of Radionuclide Ingestion

M.B. Carver, D.G. Stewart, N.E. Ross and
J.R. Johnson (Medical Research Branch)

The report described in PR-P-122; 5.7(ii); AECL--

6582, is now complete to final proof-reading stage.

The associated problem of optimizing the param-

eters of the radium metabolism model, also described in PR-

P-122; 5.7(vi); AECL-6582, has been completed. This problem

was solved by writing a specialized program. Experience

with the model suggests that an optimizing option built into

FORSIM would be much more generally useful. Preliminary

plans have been made to accomplish this.

(iii) Simulation of Two-Dimensional Two-Phase Flow

M.B. Carver, K.R. Chaplin and D.A. Scott
(Engineering Research Branch)

The equations describing the transient two-

dimensional flow of a two-phase air/water mixture through an

elbow have been formulated for solution by FORSIM. The

resulting six two-dimensional partial differential equations

generate 600 ordinary differential equations, which are

very stiff and thus difficult to solve. Solutions have been

obtained, but the computation is too time consuming to

permit effective parameter studies. Under the conditions

considered, the pressure appears to remain almost constant.

However, an attempt to speed the calculation by removing the

equations associated with pressure variation gave unstable

results, indicating that pressure must be allowed to vary.

Alternative means to speed up the solution are

being sought, and a completely different approach is also

being considered.
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(iv) Steam Generator Simulation

M.B. Carver, D.G. Stewart, W.R. Inch and
M.N. Sandier (Engineering Research Branch)

The Boss tiiermdi nydraulic code has been converted

to modular form with each module corresponding to a par-

ticular function of the numerical procedure. The input has

been redesigned in a versatile block oriented form, and

inconsistencies in the placement of some operations have

been removed. An investigation of the effects of iteration

parameters on convergence is underway. The skeletal outline

of a user's manual has been formed and responsibilities for

completing various sections assigned.

(v) Bias Effects in the Micro-
Structure of Irradiated Matter

M.B. Carver, K.R. Chaplin and S.R. MacEwen
(Materials Science Branch)

The study of the coupled two-dimensional partial

differential equations describing the migration of vacancies

and interstitials in a biased irradiated medium continues.

The problem has been successfully scaled to permit the

numerical analysis to concentrate on magnitudes of order

unity. The scaling has removed some of the difficulties of

integration.

(vi) Pseudo-sparse Partitioning of
Ordinary Differential Equations

M.B. Carver

The stiff ordinary differential equations arising

from partial differential equations or from chemical kinetics

may be solved efficiently only by implicit integration

techniques. These require a solution of matrix equations

involving the system Jacobian. For large systems, this

consumes considerable storage. Required storage and execu-

tion time can be reduced by the use of sparse matrix
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techniques, but for the very large systems, typical of

PDE's, even this reduction is not sufficient.

Preliminary investigations of automatic parti-

tioning of the Jacobian are underway. Basically, the cal-

culation depends heavily on Jacobian elements of large

magnitudes, relatively small elements resulting from weakly

coupled variables being less important. Omitting the

smaller element from the matrix renders the integration of

some of the equations explicit while the strongly coupled

equations are still integrated in implicit form. The

accuracy of the results remains unaffected. The only

detrimental effect of the approximation is a reduction of

the permissible time step, and frequently this reduction is

minor, whereas the improvements in matrix manipulation space

and time is marked. In preliminary tests on the MAKSIM and

PORSIM programs using the cases discussed above the com-

puting times have decreased by a factor of three, for some

cases, but as no fixed relationship is apparent, the parti-

tioning scheme has been written as an option which the user

may control by selecting a relative accuracy parameter c.

In the automatic sparsity structure of the Jacobian matrix,

elements J.. are now included only if

If e=0, all non zero elements are included in the sparse

matrix structure.



- 105 -

5.8 Stress Analysis Packages

(i) MARC - General

S.B. Baset

A new revision, H.4, has been released by MARC

Analysis Research Corporation. The installation of this

revision on CRNL's computer has not been completed yet due

to errors on the tape provided by MARC. A new copy of the

tape is to be sent.

(ii) TPIPE - General

S.B. Baset

A tape containing 21 relocatable binary modules

for version 4.3 of TPIPE has been received from PMB System

Engineering Inc. TPIPE 4.3 has been successfully installed

and tested on CRNL's computer. This latest version of

TPIPE is being made available for testing by users, and

should replace the running version in the near future.

5.9 Data Processing System for Analysis
of Fuel Defect Experiment

C.A. Wills

Several small improvements have been made to the

GRAAS program, at the request of R.D. Delaney(Reactor Loops

Branch): (a) Sidestream data, and data from the miscel-

laneous experiments which can be present on the same mass

storage input file, may now be processed in one run of

GRAAS. Previously they had to be processed separately; (b)

A better method was developed for matching peaks in sample

and calibration spectra to make it possible to process input

tapes where the spectrometer has not been calibrated; (c)

The equation from which the background counts in a peak are

calculated was obtained more precisely by substituting real

arithmetic for integer. (d) Previously GRAAS allowed the

use of a tape with data already on it, positioning it where
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requested and continuing to write information. The routines

implementing this unsafe procedure have been removed. (e)

The larger subroutines are being broken down into smaller

ones and collected in a user library in preparation for

testing new methods for finding peaks and calculating their

areas. (f) A user's guide for this version of GRAAS has

been written.

A new version of SUMRT has been written and is

currently being tested. The program has been divided into

modules and the subroutines have been broken up into many

smaller ones making it easier to extract portions of the

program for application to other sets of data.

J.J. Lipsett (Reactor Control Branch) has data

from a number of power boost tests. These data are similar

to the ones SUMRT has been analyzing, but covering a period

of one or two days rather than one or two months. Pre-

liminary plots of concentration and release rate have been

produced using the curve fitting routines in SUMRT. These

have shown problems with the smoothing routines, indicating

the need for more refinements. A further series of plots

will be added to show the escape rate coefficient. This

coefficient requires the power history of the reactor during

the test, and work is in progress to determine how this

information can best be made available to the program.

5.10 Information Processing Programs

(i) Port Hawkesbury Heavy Water Plant
Valves Data Project

K.D. Clark

A COBOL program PHVALVS was written for the Port

Hawkesbury Heavy Water Plant to create a file of valve

data, valve designation (identifier), valve location, valve

manufacturer, valve size, etc. Each valve is represented by
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a record in the data file. Program PHVALVS may be directed

to print a report of all valves in the data file, sorted by

valve designation field. Data file editing will be accom-

plished by the use o^ «-̂ e QUERY UPDATE data storage and

retrieval facility.

(ii) WNRE Applicants Data F*le Project

K.D, Clark

A data file of applicants data has been initiated

for the WNRE Employment Office. Each record in the file

contains an applicant's name, sex, education, occupation,

etc. The QU3RY UPDATE utility is being used for data file

creation, file editing, and report generation. Reports may

be produced listing the applicants meeting specified cri-

teria. This project is currently in the user testing phase.

5.11 JAGSPOT

G.H. Keech

The spectrum-fitting program, JAGSPOT, was modified

to accommodate some differences in error-handling conventions

in the new FORTRAN system.

5.12 Fissile Fuel Breeding in the LLL/Bectel
Designed Hybrid Fusion Reactor

P.Y. Wong, et al.

See PR-P-123; 4.2; AECL-6680.

5.13 Leakage Neutron and Gamma-ray Spectra from D_O
Samples Subjected to Gamma Irradiation

S.A. Kushneriuk (Theoretical Physics) end P.Y. Wong

See PR-P-123; 4.3; AECL-6680.
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5.14 C5 Control System: A Simple Program
for Generating and Storing Scan Data

G.H. Keech, et al.

See PR-P-123; 3.10; AECL-6680.

5.15 Operations

(i) Magnetic Tape Facilities

B.B, Ostrom

An expansion of the magnetic tape storage facil-

ities was completed during the quarter. This area is

separate from the active magnetic tape library and is to be

used to store records that are infrequently used.

(ii) Emergency Procedures

B.B. Ostrom

Emergency procedures for Building 508 were completed

and forwarded to RI&S. These procedures cover the complete

building with emphasis on the computer facility. Procedure

development, equipment procurement and training will com-

mence next quarter.

(iii) Tektronix 4006 Terminal in User Work Room

G.N. Williams

A Tektronix 4006 graphics terminal has been

installed in the Computing Centre's User Work Room. This is

the first graphics terminal that has been made available at

CRNL for public use. It will be used primarily for the

previewing of graphical information produced by users'

programs.
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(iv) Computer Use by Division

The following table is an analysis of the jobs

processed during the quarter:

Utilization

Radiochemical Company

Chemical Company

Engineering Company

WNRE

CRNL:

Computing Centre

Contracts

Technical Information
& University Relations

Health Sciences

Chemistry & Materials

Physics

Electronics, Instrument
and Control

Advanced Projects &
Reactor Physics

Fuels & Materials

Administration

Financial

Operations

Maintenance &
Construction

General Services

Plant Design

Special Projects

Others

Number

1

18

3

35

1

i 2

3

2

6

9

10

2

3

2,

107,

1

,305

,732

,152

,543

,468

,657

,056

,818

,862

111

,936

,792

885

,752

,841

1

167

580

,327

28

,674

of

(0

(1

(17

(2

(33

(1

(2

(2

(2

(6

(0

(9

(10

(0

(2

(3

(0

(0

(0

(2

(0,

Jobs

.00%)

.21%)

.40%)

.93%)

.01%)

.36%)

.47%)

.84%)

.62%)

.37%)

.72%)

.23%)

.02%)

.82%)

.56%)

.57%)

.00%)

.15%)

.54%)

.16%)

.02%)

3

System Seconds

19

772

365

356

106

23

65

122

192

165

277

210

4

99

105'

16

8

119

1

,032

19

,390

,797

,779

,442

,778

,037

,440

,999

,373

,015

,320,

,250,

,448,

,260.

,585.

32.

,630.

,431.

,633.

,010.

,680.

.60

.98

.40

.55

.46

.42

.93

.29

.41

.55

.95

.86

.96

.79

.53

.17

,78

14

29

70

81

57

(0.00%)

(0.64%)

(25.48%)

(12.06%)

(11.75%)

(3.52%)

(0.76%)

(2.16%)

(4.06%)

(6.34%)

(5.44%)

(9.15%)

(6.93%)

(0.15%)

(3.27%)

(3.48%)

(0.00%)

(0.55%)

(0.28%)

(3.95%)

(0.03%)
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5.16 Publications, Reports and Lectures

Reports

Revision A to AELIB USERS' MANUAL
Compiled and Edited by L.E. Evans
AECL-6076, 1979 July.

COMPUTING CENTRE NEWSLETTER, Vol. 6, Nos. 7, 8 and 9
L.E. Evans, Editor.
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ACCELERATOR PHYSICS BRANCH

by

J.S. Fraser

6.1 Staff

6.2 Nuclear Power Applications

6.2.1 Injector Test Experiment
6.2.2 Ion Source Development
6.2.3 High Current Test Facility
6.2.4 Electron Test Accelerator
6.2.5 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
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BRANCH HEAD: J.S. Fraser

Professional Staff
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(2)
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Mechanical Laboratory

J.E.
R.J.
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J.F.
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Bakewell
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G. Labrie
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Weaver

Laboratory Services

Technical Staff

R.T.
L.F.
R.J.
H.F.
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K.A.
L.E.
B.A.
K. J.
A.B.
J.C.
S.H.
P.J.
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W.M. Smith

Summer Students
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0. Lichtarge
R. Wray

Secretarial Staff

(5)

(6)

(7)
(8)
(9)

Mrs. M.A. Trecartin

K.T. McKee
J.J. Murphy

(1) Posted to Los Alamos Scientific Laboratory effective
1979 August 13.

(2) Attached staff from Centre de Recherches Nucléaires,
67037 Strasbourg, France, arrived 1979 March 27.

(3) Posted to Los Alamos Scientific Laboratory effective
1978 July 10.

(4) Attached staff from University of Saskatchewan, Saskatoon,
arrived 1979 July 09, left 1979 August 03.

(5) Waterloo student, arrived 1979 September 04.
(6) Summer visitor from McMaster University, Hamilton,

Ontario, resigned 1979 September 07.
(7) Resigned 1979 August 31.
(8) Resigned 1979 August 31.
(9) Resigned 1979 August 24.
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6.2 Nuclear Power Applications

6.2.1 Injector Test Experiment
M.R. Shubaly

Phase I of the Injector Test Experiment covers the

design, construction and commissioning of a pre-accelerator

to give a high quality, 50 keV, 0.5 A dc proton beam.

Installation of services is continuing. Plumbing is

essentially complete and installation of electrical service

has started. The high voltage dome and enclosure fence

have been fabricated. Some of the electronic subsystems

are being tested on the Ion Source Test Stand.

6.2.2 Ion Source Development

M.R. Shubaly

Development of high current dc ion sources is

continuing. Operation with larger plasma apertures has given

improved beam quality and a greater increase in current than

expected.

a) Ion Source Test Stand

Water lines to the beam dump have been changed to

give a 10-fold increase in flow rate in an effort to reduce

beam-induced erosion. However, sputtering and copper

deposition on viewports and insulators are still a problem.

A spare beam dump liner is on hand.

b) High Current Ion Source

The plasma apertures were increased from 4.5 mm

diameter to 5 mm diameter improving the transparency from

36% to 43%. Although the area increased 24%, the extracted

current for a given set of source parameters increased 40%

for both hydrogen and argon. The larger apertures also give

a smaller diameter beam. This may be because the molecular

ions are focused better by this geometry.
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An article in New Scientist (12 July 1979, p. 104)

on the use of nitrogen ion beams for surface hardening of

steel prompted an attempt to run nitrogen in the source. A

current of 0.19 A at 42 keV was achieved. Comparison of the

I-V curves for nitrogen and argon suggest that the beam is

predominantly N« . Source operation was very stable.

c) Beam Diagnostics

J.S. Fraser and M.R. Shubaly

Spectroscopic studies of beam-generated light have

been initiated with the objective of developing a non-

destructive beam profile monitor. A 50 cm Ebert scanning

spectrometer was used to record the spectrum of light

emitted by a hydrogen ion beam in the ion source test stand.

In addition to the very prominent Balmer series lines from

atomic hydrogen, many lines in the spectrum of molecular

hydrogen (H-) were observed. A segmented electrode has been

installed in the beam line to allow measurements on

unneutralized beams. Components of the spectrum whose

intensity is independent of electron density are expected to

be useful as an indicator of the beam current density.

6.2.3 High Current Test Facility

J. Ungrin

Work continues on the commissioning of the 3 MeV

100% duty factor proton linear accelerator which will be

used to study problems associated with the low energy portion

of an accelerator for an accelerator breeder.

a) Injector

J. Ungrin
!

The column cleaning procedure reported last quarter

(PR-P-122, 6.2.3 a); AECL-6582) was successful in removing

all traces of oil contamination and beams up to 35 mA have

been accelerated by the column. Beam conditioning of the
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2.1 MV/m column occurs more rapidly than that experienced

with the 3.1 MV/m version. Arc down rates for the new column

with beams up to 35 mA are about one per hour as compared

with the previously observed rate of 1.3 per hour. On purely

gradient considerations, improvements by a factor of 3 to 5

are expected. Total voltage effects, therefore, seem to be

the dominant factor on reliability.

The nominal upper limit of the injector high

voltage power supply is 780 kV so it became standard procedure

to condition the column at this voltage for about a half hour

before accelerating beam. Column reliability at 650 kV with

beam is about twice that at 750 kV. However the effect of

voltage conditioning to voltages up to 130 kV above operating

level had not been explored. To test this effect the supply

reference voltage limits were altered and the column was

conditioned initially to 800 kV and finally to 820 kV. The

column was able to withstand 800 kV for greater than 7 hours

without an arc down and operated for greater than 2 hours

with a 20 mA beam at 800 kV.

As no effect was observed on the reliability at

750 kV after conditioning to 820 kV, it is concluded that the

voltage limits of the supply are therefore not an important

factor on reliability.

To prepare for initial beam tests with the Alvarez

tank, a 3 mm aperture ion source was installed on the column.

A 1.2 mA beam (̂  50% protons) was accelerated from this source

for periods of up to 8 hours without arc downs and slightly

less than 0.6 mA of protons were drifted through the low

energy beam line and the Alvarez tank. No fuither source

changes are required for operation into the tank.

The extraction electrode with a higher voltage

gradient in the vicinity of the ion source aperture (PR-P-122,

6.2.3 a); AECL-6582) failed to improve column reliability and
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complicated beam turn-on because of the change in focusing

produced by the new electric field distribution. Improved

modelling of the beam characteristics at the duoplasmatron

aperture is needed before an optimum extractor shape can be

defined.

b) Rf System

J.C. Brown and B.G. Chidley

The tetrode amplifier's plate resonator has proven

inadequate for handling the large transient voltages developed

during pulse mode conditioning of the Alvarez tank at power

levels > 25-30 kW. When the amplifier was first received the

resonator centre conductor was fitted with an insulating

sleeve to eliminate breakdown problems during tuning and load

adjustments. While pulse mode conditioning at these power

levels, the resonator voltages developed by load mismatch

during the tank fill period and tank sparking, were large

enough to cause spark-over and puncture of the insulating

sleeve. The damage progressed until the resonator could no

longer hold normal voltages. A stress analysis indicated that

for an interim repair, a teflon sleeve placed on the inner

wall of the A/4 matching plunger would provide a small

improvement. However, for pulse conditioning at higher

power levels, the resonator should be rebuilt with increased

wall spacing.

After the resonator was repaired and conditioning

was resumed, it became apparent that the internal mica

by-pass capacitor for the tetrode screen grid also had been

damaged. The initial failure is attributed to internal

plate-to-screen grid arcs which raised the screen potential

well above the maximum safe level of 2500 V. The external

spark gap protection was not fast enough or of sufficiently

low inductance to hold the screen voltage below the safe

level throughout the transient. Further conditioning
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operation gradually reduced the screen hold-off capability

to 400 V and the amplifier output deteriorated accordingly.

The tetrode was replaced with a used spare purchased from

Daresbury.

The rf modulator was modified to reduce the number

of over-stress transients. Pulse drive is started manually

at a safe low power level. During the first pulse to break-

through multipactor levels, the drive is locked to cw

operation. Then power is increased manually and drive is

removed automatically when the tank field drops due to

sparking or arcing. Additional protection is being investi-

gated.

First operation of the triode amplifier with a

resonant load proved very satisfactory. For these runs a

combination of self and fixed bias set at maximum values to

ensure stability was employed. Operation was stable up to

the power level for tank design field and with zero drive.

Pulse operation was attempted but there was evidence of

oscillations at 1-1.5 GHz following the end of the drive pulse.

At 148 kW, overheating damage of the centre con-

ductor connector for the Alvarez tank drive loop due to lack

of air cooling shutdown the system. The centre conductor

cooling air was found to be blocked at the transmission line

elbows near the Alvarez tank. Unfortunately there was

sufficient leakage at the connectors upstream of the fault to

satisfy the supply flow monitoring. Repairs and modifications

have been made.

c) Alvarez Tank

B.G. Chidley, r. Ungrin and J.C. Brown

A new rf collar design has been tested,,on the drift

tube stems and ha ; beer, successful in preventing heating of

the bellows up to 1's kW. The collars which are manufactured
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in two sections for installation in situ over the steins are

shown in Figs. 6.2.3.1 and 6.2.3.2. Short projection finger

stock is brazed to both the inside and outside collar surfaces

to provide good electrical contact and heat transfer. No

further development work appears to be necessary for operation

at full tank field levels.

DRIFT-TUBE STEU

Fig. 6.2.3.1 Cross-sectional view of final design of

drift tube stem and bellows assembly for

3 MeV tank. The rf shield is a collar made

in two sections. The finger stock is not

shown.

The tank quality factor Q, has been carefully

remeasured with a network analyzer (PR-P-116, 6.2.1 d);

AECL-6083) and has been found to be ^ 42,000 (± 1%). This
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Fig. 6.2.3.2 Bellows rf collar showing the finger

stock on the inner and outer surfaces.

value is about 75% of that calculated for a pure copper

cavity, and implies that a power level of about 150 kW is

necessary to excite the tank to the design gradient of 2.0

MV/m. The ratio of observed to calculated Q is slightly

lower than that found for other Alvarez tanks and is believed

to be due mainly to the quality of the end plate-to-cavity

wall rf joint.

Following rf conditioning with the driver stage up

to 50 kW, the tank was coupled to the triode amplifier and

conditioning resumed. At a power level of 148 kW, the input

connector of the drive loop overheated due to lack of air

cooling caused by an assembly fault. The tank was opened to

permit cleaning of tank surfaces, replacement of the leaking

half drift tube bellows and modifications to end-plate

cooling.
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The frequency shift of the tank with power has

been measured and is ^ -0.8 kHz/kW for power levels up to

120 kW. Above this power level, run lengths were too short

for reliable power coefficient measurements.

Significant radiation fields have been observed

around the tank during high power operation, but the levels

are found to decrease as the surface becomes cleaned during

conditioning. For example, when the 80 kW power level was

first reached the radiation level 3 cm from the tank side

wall was about 100 mR/h. After 20 h of operation at 80 kW

or higher, the level was down to 3 mR/h. The long term

levels at full design field are not yet known.

A 0.6 mA beam of protons from the injector was

successfully drifted through tank to an electrically isolated

beam dump. With the drift tube quadrupoles excited to a

level of 2 kG/cm (0.2 T/cm) no beam losses in the tank could

be detected. At zero quadrupole excitation about 60% of the

beam was lost.

6.2.4 Electron Test Accelerator

J. McKeown

This accelerator is intended to study problems

associated with the main portion of an accelerator breeder

based on a proton linear accelerator. It consists of two

structures operating at 100% duty factor and accelerator

experiments continue using currents up to 25 mA in the energy

range 1.0 to 4.0 MeV.

a) Accelerator Operation

G.E. McMichael and J. McKeown

Beam loading experiments with the 3=1 structure

were continued during the past quarter. 85% beam loading was
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achieved at accelerating gradients of 0.1 to 0.2 MeV/m, with

no indications that a limit has been reached. A report on

this work is being presented at the Proton Linear Accelerator

Conference (September 10-14) at Brookhaven National Laboratory

and published in the Conference proceedings.

Resistive beam loading experiments included an

investigation of transmission line impedance match changes,

accelerating field stability, and changes in structure Q.

Good agreement with theory was found in all cases, the varia-

tion of QT with beam loading (Fig. 6.2.4.1) being an example.

BEAM LOADING FACTOR BL = p / p
(fi)

Fig. 6.2.4.1 Variation of Q_ with beam loading.
LJ
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Stability of the accelerating field to ± 1% in amplitude and

± 1° in phase for beam loading variations of 0 to 85° and

synchronous phase angles of -45 to +85° was achieved.

Up to 22 mA beams at 1.4 MeV have been used to

excite the 3=1 structure (external generator off). Results

of these experiments are summarized in Fig. 6.2.4.2. The

shunt impedance discrepancy (maximum 15.2 Mfi/m when beam

excited as compared to 33.4 MS2/m when externally powered)

is under investigation.
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impedance measured with the cavity

excited by bunched 1.4 MeV beam.

Some inconsistencies in rf measurements have brought

into question the assumed values of the directivity of the
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waveguide directional couplers. An experiment to measure

possible changes of directivity at high voltage standing wave

ratio was unsuccessful because of the difficulty in measuring

phase and amplitude. Work on this problem continues.

Numerous changes had to be made to the amplitude,

phase, resonance and temperature control systems to achieve

stable operation at the low accelerating gradients used in

the above experiments. As implemented, many of these changes

are incompatible with high-gradient operation. A program is

now underway to further modify the control systems so that

operation anywhere in the range 0.1 to 0.8 MeV/m (structure

dissipation power range of 1 to 64 kW) is possible.

Failure of the beam sweeper magnets, or operator

errors, can cause loss of vacuum in the beam stop area in

seconds or less. Such faults are indicated by either loss

of sweep in one or both directions on the beam stop, or

change in position of the swept area. A detection and trip

system to shut down the accelerator in the event of such an

indication is essential. The matrix of self-powered detectors

(PR-P-122, 6.2.4 a); AECL-6582) provide the necessary position

and sweep information, and a module is being constructed to

interpret this information and provide the fault protection.

b) Beam Position Monitor

J. McKeown with Prof. Y.M. Shin (University of Saskatchewan)

An aluminum model of this non-intercepting monitor

using the same fundamental principles as that described in

IEEE Trans. Nucl. Sci., NS-26, 3423 (June 1979) was built

and bench tested during the period. The new design uses

magnetic trimers to resolve the mode degeneracy and the modes

are sampled with electric probes. Bead pull measurements

showed that for a 2.5 cm diameter beam hole in a cavity

resonating at 2.2 GHz the electric field distribution differs
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from the J, function by only a few percent. Reducing the

diameter to 1.9 cm increased the frequency by 3.6 MHz.

The new design is mechanically simpler than the

previous model and it can be fabricated with standard

production methods. A copper prototype is being designed for

beam testing at higher frequency.

c) Bremsstrahlung Calculations

R. Campbell and J. McKeown

A comparison was made between analytical and

numerical methods for the calculation of bremsstrahlung

production in fully stopping copper targets with a 4 MeV

electron beam. The intensity-energy distribution was obtained

by integrating the Schiff thin target equation (L.I. Schiff,

Phys. Rev., ^3, 252 (1951)) over the scattered photon angles.

In addition, a Monte Carlo method of generating and tracing

electron and photon histories was used in the computer code

ETRAN to obtain the .same distribution. Both methods agreed

particularly well in this energy region with the smooth

analytical curves following a best fit curve through the

statistical variations in the ETRAN data.

The ETRAN code was used to calculate the energy

spectrum at different points in the beam dump. This informa-

tion is of interest for interpretation of the data from the

matrix of self-powered detectors which thread the beam dump

on two different planes. A sketch of the beam dump is shown

in Fig. 6.2.4.3 along with intensity-energy curves. The

curves show a hardening of the spectrum at increasing thickness
2

with the peak following an E dependence. Also the thicker

layers reduce the total intensity; the present ETA beam

dump which is 13 times the fully stopping thickness, absorbs

88.5% of the total bremsstrahlung produced.
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5.00g/cm2

8.9feg/cm2

28.67g/cm2

35.39g/cm2

I I
0.25 0.5. 0.75 1.0 1.25

PHOTON ENERGY (MeV)

8.96g/cm2

28.fc1g/cm2

35.39g/cm2

Pig. 6.2.4.3 Energy spectra of 4.0 MeV electron beam on

copper beam stops of various thicknesses. The

inset shows a top view of the beam dump made

up of three slabs of copper with milled slots

to receive self-powered gamma-ray detectors.
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d) Water Target Test Facility

S.B. Hodge and J.S. Fraser

The small section of a wastewater target facility

is still in the process of fabrication. The crevice corrosion,

and vacuum integrity tests are still running and exhibit no

signs for concern.

Regarding the Parity Violation in the Photo-

disintegration of the Deuteron experiment (see PR-P-122,

Section 2=2; AECL-6582), a series of weld tests indicate that

a high-Z material vacuum window (which acts as a bremsstrahlung

target for this experiment) can be welded into the stainless

steel beam line manifold. Metallurgical Engineering Branch

examined the test specimens and concluded that tantalum to

nickel provided the best joint for mechanical strength and

vacuum integrity. Second choice was platinum to nickel. A

final test of bending the weld specimen to the curvature of

the vacuum window will be made before the ultimate choice is

made.

,2.5 Fertile-to-Fissile Conversion Experiments at TRIUMF

B.D. Pate (University of British Columbia), I.M. Thorson,

F.M. Kiely (Simon Fraser University) with J.S. Fraser and

P.M. Garvey (Reactor Physics Branch)

This work is intended to provide experimental

measurements of neutron and; fissile material production in

spallation targeus for an accelerator breeder and to provide

a verified base for calculations of yields.

A close collaboration has been established with

the Los Alamos Scientific Laboratory (LASL) where à parallel

program will extend measurements to 800 MeV incident energy

protons.
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a) Counter Calibration

A set of 1 yCi (37 kBq) calibrated sources was obtained

from Amersham-Searle Company. The dead time of the system used

was measured by counting two of the standards ( Hg and Co)

at a number of total count rates (effected by positioning an
241

Am source at various distances to the detector). The

results indicate a system dead time of ^ 10 ys. Although

the sources were counted in the same mounts as are the gold

and aluminum foils, the detector-source distance was slightly

different due to the manner in which the standards were

mounted by the manufacturer. To measure the effect on

detector sensitivity due to difference in the counting

geometry, three standards ( Hg, Cs and Co) were

counted at varying distances from the detector. Sines the

normal counting position is 1.0 mm closer to the detector

than the position of the standard sources, the efficiencies

calculated from the standard sources should be increased by

'V/ 4.1% at low gamma ray energies and by ^ 4.9% for high

energies (> 1.0 MeV).

The counting rates of the standard sources,

corrected for dead time, can be used to calculate detector

efficiency using the absolute disintegration rates supplied

by the manufacturer. The results indicate efficiencies

somewhat higher than previously calculated, but with

approximately the same photon energy dependence as previously

determined. A least square fit to the data with a single

term power function yielded the parameters

Eff. = 0.0125 E~ 1 > 0 5

where E is the y~raY energy in MeV. Adjustment for the

sensitivity dependence on foil position to that used in

assaying the gold and aluminum foil would change the

parameters to

Eff. = 0.0130 E~ 1 - 0 4
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b) Intercalibration of Counting Systems between Simon Fraser

University and CRNL

A number of gold foils were irradiated at CRNL with
198

thermal neutrons to produce Au. One of the foils was

counted by the Radioisotope Standardization Group at CRNL in

a 4TT -y-ionization chamber while the others were shipped to

SFU for assay on the Ge(Li) detector system.

Six aluminum foils were irradiated in the in-air

irradiation facility in beam line 4A at TRIUMF. All were

counted in a low geometry at TRIUMF before shipping three of

them to CRNL for assay on a calibrated Ge(Li) system. The

other three were later assayed at TRIUMF in the standard

geometry. The results are listed in Tables 6.2.5.1 and 6.2.5.2

and indicate that the absolute disintegration rates calculated
198

at the two laboratories differ by 6% for Au and by 2% for
24 198
Na. The ratio of the sensitivities for assaying Au and

24

Na activities therefore differs by ^ 4% between the two

laboratories. Taking the CRNL results as standard, a corre-

sponding increase of 4% in the measured neutron source

strengths obtained from the water bath experiments is

indicated.
Table 6.2.5.1

•I g o

SFU-CRNL Au Intercalibration

Foil No. Weight Specific Activity Specific Activity
(mg) (yCi/mg)* (uCi/mg)

obtained by SFU obtained by CRNL

3

6

10

Average

47

46

"5

.01

.96

.92

1.400 ±

1.400 ±

1.408 ±

1.403 ±

0.028

0.034

0.022

0.024 1.487 ± 0.01

1

1

1

1

.062

.062

.056

.060

1 Ci = 37 GBq
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Table 6.2.5.2 SFU-CRNL Na Intercalibration

Foil

2

4

6

*

c)

NO

1

Activity
(SFU)

12.4 ± 0.

12.5 ± 0.

13.1 + 0.

(PCD

3

3

4

Ci = 37 GBq

Conversion Measurements

Activity
(CRNL)

12,

12.

13,

.768 ±

.70 ±

.32 ±

(yci)

0.1

0.14

0.15

AVERAGE

ACRNl/ASFU

1.023

1.016

1.017

1.019

Two irradiations on a Th-7 target were carried out

during the current quarter. Since data collection is not yet

complete, no results are available.

The analysis of earlier runs on U-7 and Th-19

targets was carried out in the following way.

Two of the detector foils, one lying along the beam

axis and the other near the edge of the target, were selected

for detailed analysis. All of the measurable peaks in the

spectra were fitted to single component decay curves to deter-

mine the half-lives. In a few cases, two-component curves

were used if indicated by a visual inspection of the data.

From the resulting lists of gamma-ray energies and half-lives,

certain nuclides of interest were identified. These are

listed in Table 6.2.5.3.

Data for these gamma-rays were then collected from

the spectra for all the detector foils. They were subsequently

least-squares fitted to decay curves with half-lives corre-

sponding to the literature values quoted in Table 6.2.5.3.

The decay curves were extrapolated to yield activities at the



Table 6.2.5.3 Nuclides of Interest observed in U and Th Targets

Nuclide

239Np

2 3 7U

231Th

2 3 3Pa

99Mo

132Te

135Xe

122Sb

9 7
Zr

14OLa(14OBa)

Target

U

U

Th

Th

BOTH

BOTH

BOTH

BOTH

BOTH

BOTH

E
YI

0

0

0

0

0

0

0

0

0

1

(MeV)

.2776

.2080

.0842

.3119

.1405

.2282

.250

.5639

.7434

.5962

Branching

Ratio

0.141

0.23

0.065

0.37

0.88

0.88

0.90

0.70

0.928

0.954

t

2.

6.

25.

26.

66

78.

9.

64.

16.

40.2

1/2

346 d

752 d

5 h

95 d

h

2 h

1 h

3 h

9 h

h (12

fcl/2
(observed)

2.35 d

6.7 d

^25.6 h

27.0 d

67 h

76 h

10 h

68 h

18 h

.8 h) 13 d
(after grow-in)

i

(-•

O

1
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"centre-of bombardment", A°. The A°'s are then converted to

atoms per incident proton per gram, using the branching

ratios listed in Table 6.2.5.3, the foil weights and the

number of protons incident- on the target (obtained using an

aluminum monitor foil in the usual way). Spline-function

interpolation routines were then used to obtain smooth curves

such as those illustrated in Fig. 6.2.5.1. These are to be

used in a numerical integration to obtain the total yield of

a particular nuclide throughout the target volume.

6.3 Research Applications

6.3.1 Fast Intense Neutron Source

J.D. Hepburn and B.G. Chidley

Development of the 300 kV, 25 mA deuteron accelerator
12

for the 4 x 10 n/s neutron source continues. The accelerator

now operates well at 80% of design current.

The problem of beam instabilities in the column

(PR-P-122, 6.3.1; AECL-6582) has been solved by having the

surfaces of the copper accelerating electrodes r3machined

without abrasives. Therefore abrasives should be avoided on

copper electrodes, and probably also on harder materials such

as stainless steel or molybdenum. While life tests have not

been carried out, the accelerator is now being used for beam

optics experiments at up to 30 mA total beam (̂  20 mA D ).

Outgassing of the tritiated target under bombardment

still occurs. Now that the accelerator is reliable, detailed

examination of the target problem has begun, using three

approaches. The first approach - largely completed - involves

computer analysis of the doubly focusing bending magnet and

experiments with magnet pole shims, with the aim of minimizing

peak bean1, power density for given beam current. Final choice

of magnet parameters awaits results of other studies. Secondly,

beam properties are being measured by several methods.
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"'Up

I (INCHES)

Fig. 6.2.5.1 Variation in product nuclide concentration over

the target length at various radial positions.

1 inch = 2.54 cm



- 133 -

Preliminary calorimetric results agree well with electrical

measurements and the predicted ion species percentages from

the ion source. Thirdly, experiments have been started to

determine what fraction of the gas desorbed from the target

is tritium as opposed to contaminants adsorbed on the surface.

6.3.2 Heavy-Ion Superconducting Cyclotron

J.H. Ormrod

Design and development of a superconducting

cyclotron for a post-tandem accelerator continues. The magnet

is dismantled to modify the cryostat for the radiofrequency

accelerating system, drill the flutter poles for the remaining

80 trim rods and isolate and repair a short circuit between

the main coil and the helium can.

a) Cryogenic System

(i) Cryostat Development

J.A. Hulbert

With the initial field mapping completed at the end

of June the cryostat was warmed up, removed from the yoke and

the vacuum tank casing removed. It was found possible to

remove the inner cylindrical section of the radiation shield

without materially disturbing the superinsulation and the

inner wall of the helium vessels is now exposed (apart from

covering of superinsulation) to permit x-ray examination of

the coil windings near the bridge. It is hoped that a careful

localization of the coil ground fault will minimize the

disturbance of the insulation necessary to gain access to,

and to correct the ground fault.

The design for the planned modification to the inner

vacuum tank wall which will enable the addition of the rf

acceleration system has been revised. The midplane cooling

lines now pass down the vacuum tank wall in shallow grooves

and leave the vacuum space by one of the lower vacuum ports.
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Work on the wall modifications will begin as soon as workshop

scheduling permits.

(ii) Helium Liquéfier Automatic Control

J.A. Hulbert

All stepping motors for the valve drives and pressure

transducers for computer monitoring are to hand. Work on the

electronics interfacing is proceeding but at low priority.

(iii) Magnet Leads

J.A. Hulbert

The performance of the magnet leads is now considered

satisfactory, but there are two aspects of lead behaviour

which should be better understood before we proceed to the

lead design and installation for the extraction channel.

These aspects are the slow temperature drift experienced at
1 self-sustaining' cooling flow and the passage of the lead

into an overload condition. The study of the first may lead

to an improved, more efficient design and the study of the

second may help quantify the permissable time delays in the

detection and correction of overloads and the degree of

monitoring necessary. The FORSIM simulation package available

on the CRNL CDC CYBER 170 computer system has been utilized

to solve the Berard formulation (Cryogenics £, 314 (1968)) of

the equilibrium of a gas cooled magnet lead with finite heat

exchange. Equilibrium conditions will be followed over a

range of cooling flows, material properties and heat exchange

coefficients. The program is now being developed to study

time dependent behaviour.

(iv) Cryopump Development

J.-M. Helleboid and J.A. Hulbert

After correcting the possible sources of heat leak

reported previously (PR-P-122, 6.3.2 b ) , (v); AECL-6582) the

prototype cryopump was again cooled. The heat influx with the
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low temperature pumping baffle obscured by aluminized mylar

is less than 0.5 watts, but with the baffle open the influx

rises to about 3 watts, which is about twice the design

figure. The cooldown liquid requirements are also excessive.

Three factors are under study to improve this performance:

the starting vacuum in the test tank, the efficiency of

liquid helium transfer and the related design of the liquid

helium tank, and the emissivity of the baffle coating.

b) Magnet

(i) Orbit Dynamics

E.A. Heighway

Examination of the first complete set of measured

field maps has continued. The approach has been to create a

map from within the set which best matches (interpolative

least squares fit) the isochronous field for a given ion.

The calculated fields from the trim rods (already demonstrated

to agree with measured fields (J.H. Ormrod et al., IEEE Trans.

Nucl. Sci., NS-26, No. 2, 2034 (April 1979)) are then used to

find the rod retractions necessary to complete the isochroni-

zation.

This can be extremely good as seen in Pig. 6.3.2.1

for 3 MeV/u uranium (the least relativistic ion) and 10 MeV/u

iodine (the commissioning ion). The phase slip is small and

the axial betatron frequencies v are greater than 0.1 over
z

the acceleration region. Also shown is 50 MeV/u carbon which

is a difficult ion to isochronize. Isochronism can be easily

met but results in a low v at outside radii. The case shown
z

is a compromise where some isochronism has been sacrificed to

improve v . However even in this case the particles can be

accelerated to the entrance of the extraction system. The

generation of isochronous fields for several more ions in

this manner will establish what small changes in the flutter

poles would best improve the cyclotron operating range.
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10 MeV/u
IODINE

3 MeV/u

URANIUM

50 MeV/u
CARBON

R A D I U S ( m m )

Fig. 6.3.2.1 Average field <B>, phase slip <t> and axial

betatron frequency v after isochronization

of measured fields using calculated trim rod fields.
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(ii) Yoke

Q.A. Walker (Civil & Mechanical Design Branch)

The flutter pole assemblies have been removed from

the yoke and prepareu for shipping to the manufacturer for

the completion of trim rod hole drilling. Crates for the

assemblies are ready but there will be some delay before

shipping since the manufacturer must order new tooling.

One of the lower pole jack screws was examined for

wear. In an estimated 200 metres of travel under load the

bronze thread showed about 15% reduction in axial length. At

this rate the original nuts can operate safely for another

similar period before examination. New nuts are on hand when

required.

(iii) Trim Rods

Q.A. Walker (Civil & Mechanical Design Branch)

For the next phase of the program, manually adjust-

able, vacuum sealed trim rod supports will be used. A com-

parison of designs with cost estimates for the supports has

been drafted. It is anticipated that the supports selected

will be used for eventual motor driving. The layout of an

assembly of motors and clutches for the final drive has been

drawn up, based on the chain driven unit successfully tested

earlier; a gear train will replace the chain to improve rigidity.

(iv) Magnet Coils

H.R. Schneider

During the final stages of field mapping in June an

intermittent short circuit between the coil and helium can

developed. This was first observed after a magnet run at full

excitation. Subsequent attempts to charge the coils resulted

in large differential voltages (fault signals) across the coil

at currents of only a few amperes.
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Preliminary determination of the short location,

while the magnet was still cold,, was made by measuring the

inductive voltages between the voltage taps and the helium

can when the coil was charged at a constant rate to ^ 5 A,

and by measuring the magnetic field when the coil was excited

with a small current through the short.

Both measurements indicated that the short was at

the inner turn of the first pancake winding above the bridge,

near the transition bend in the conductor going to the second

pancake winding above the bridge.

On warming up the coil the short disappeared, but

was re-established when a 300 V battery was momentarily

connected between the coil and the helium can.

With the coil at room temperature and a small

current in it, the voltage tap potentials relative to the

helium can still indicate a short at the first pancake winding

above the bridge. Now however it appears to be 6 metres from

the transition bend. This is a significant difference from

the earlier measurements and suggests some foreign object

may be moving about between the coil and the bridge.

Radiographie inspection is in progress.

c) Accelerating Structure

C.B. Bigham

Commissioning experiments with the rf accelerating

structure in the dummy vacuum vessel continue. The 0.5 MHz

spaced scan of the full frequency range of the upper resonator

operating alone was completed. No additional "bad frequencies"

were found. Subsequently the upper tuner failed after 160 hours

operation and the structure was disassembled to repair it and

the lower tuner which had failed earlier (PR-P-122, 6.3.2 d);

AECL-6582). The outer contacts had failed on both shorts and

were replaced with a larger size. The inner contacts were in
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very good condition and were replaced with new contacts the

same size as before. (The old inner contacts had to be removed

during modifications to the outer contacts.) These have so

far operated for 45 hours at 32, 47 and 60 MHz and up to 80 kV.

Testing is continuing towards the nominal 100 kV rating.

Since the replacement of the tetrode (PR-P-122,

6.3.2 d); AECL-6582) in the rf power amplifier output stage,

a parasitic oscillation occurs in several regions of the tuning

ranges. Rf probes were installed in the plate and grid cavities

and tests showed the parasitic to be an approximately 1 GHz

oscillation in the plate cavity. It starts typically above

5 A plate current and causes an increase in plate current,

sometimes to the overload limit. It can however be suppressed

at most frequencies by adjusting the plate cavity tuning. It

may be a characteristic of this particular 4CW100,000 Eimac

tetrode; another tetrode will be installed if structure testing

is limited too severely by this parasitic.

The fine tuner was removed for this series of tests

since it does not seem to improve the operating characteristics

and adds some capacitance to dee 23, i.e. adding to the voltage

unbalance (PR-P-122, 6.3.2 d); AECL-6582) of dee pair 23-41.

It is now just possible to correct this unbalance with the

balance capacitor at its limit.

A small tungsten filament was placed near a hill

edge in one sector. Tests indicate that it may be possible

to measure the radial variation in dee voltage by measuring

the x-rays produced by electrons accelerated across the gap

from the filament.

d) Injection

(i) Injection Dipole

J•H. Ormrod

The injection dipole is located inside a 300 mm

diameter hole in the cyclotron yoke wall. It is designed to
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give a ± 2° deflection to any incident ion, and for the moét

rigid ion, U at 143 MeV, requires a full range of 1.2 T.

It has been operated with the cyclotron excited to give a

midplane average induction <B> = 3.2 T. Measurements at

maximum cyclotron excitation of <B> = 5 T were not completed

because of the short between the coil and the helium can

(see section 6.3.2 b), (iv)).

At <B> = 3.2 T, the dipole's magnetization curve

was not measurably displaced. The changes in the first

harmonic magnetic field component at a radius of 609 mm

(near v,, = 1) when the dipole is introduced and when operated

at maximum excitation of ± 11 kA-turns are within the

uncertainty of the measurements, 0.035 mT.

(ii) Foil Changer

C.R.J. Hoffmann

A mechanical system is required to load foils from

a supply magazine onto a conveyor chain and to transport these

foils from the top of the cyclotron to an appropriate midplane

position in a dee where an injected ion beam would be charge

stripped. Work on this system is being resumed after being

temporarily set aside for one year. Since resumption, a

significant design modification was made which places a

protective, shroud at each foil position on the conveyor chain

rather than require that a shroud be moved to cover a foil as

the foil enters the dee gap. Methods are presently being

developed for securely and accurately fixing new foils onto

the chain and efficiently removing spent foils.

e) Extraction

C.R.J. Hoffmann

Fabrication of a vacuum chamber for high voltage

tests of electrostatic deflector components is complete. A

vacuum system, high voltage power supply, control cabinet and
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interlock system have been installed and commissioned. An

oil insulated cable transition needed to connect to a semi-

rigid cable feeding high voltage into the test chamber has

been operated reliably at 100 kV. Fabrication of deflector

system test components continues.

Experiments have been performed on metallizing

machinable glass ceramic (macor). Satisfactory gold and

silver films 0.05 mm thick have been produced via a transfer

tape method with controlled heating in air. An acceptable

solder bond could not be obtained without nickel plating.

Insulators in the electrostatic deflector system will be

metallized where they contact electrodes.

Successful bonding of macor to teflon with a strong,

thin, void-free epoxy joint has been demonstrated. This

technique will be used to mount a macor stress relief cone

onto the teflon insulation of a high voltage feed cable (see

PR-P-121, 6.3.2 e); AECL-6530).

A vacuum potting oven, sized to accommodate the

superconducting windings of the magnetic channel elements, has

been designed and a work order raised for its fabrication. The

approximate inside clear dimensions are 90 cm x 20 cm x 20 cm.

A change to the geometry of the magnetic channel

dipole windings is being studied. Preliminary calculations

show that if the windings are placed on a 20 mm diameter

cylinder whose axis lies along the reference extraction

trajectory three advantages result compared with the original

layout: less superconductor is required, winding the con-

ductor should be easier, and perturbation fields can be com-

pensated in a straightforward manner with the first harmonic

field less than 0.1 mT out to the extractor. The original

layout has the dipole windings in vertical surfaces perpen-

dicular to the midplane.
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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

construction, assembly, repairs and vacuum testing for the

Accelerator Physics Branch and the Reactor Physics Branch.

Total laboratory time breakdown in the quarter is

as follows:

Accelerator Physics Branch - 94.4%

Reactor Physics Branch - 5.6%

6.4.1 Injector Test Experiment

Three beam dumps incorporating copper swirl tubes

were fabricated. Fittings were installed in beam dump

chamber ports to support these dumps. Two adapter flanges

and six valve adapter fittings were also made.

6.4.2 Ion Source Development

The filament holder, anode, bucket electrode and

target cathode for the new high current ion source were

fabricated. An unsuccessful attempt was made to fabricate

a tungsten shell for a hollow cathode assembly. An inter-

mediate electrode was repaired and four copper and iron nose

pieces were made.

The neutralizer tube made previously was modified

to improve cooling and a segmented electron-sweeping electrode

was fabricated.

6.4.3 High Current Test Facility

Repairs and modifications were made to beam

monitoring and transport components. New tips were installed

on four beam sensing probes and a number of special confiât

gaskets were fabricated. Aluminum liners were made for a

beam stop and a copper beam line section. Three high purity

aluminum targets were made for beam energy calibration.
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The Alvarez tank rf drive loop was repaired to

correct rf arc damage and to improve air cooling of the input

centre conductor connector.

Modification» were made to the sublimator assembly

of the electron beam sublimation pump to improve sublimator

operating life. A holder was fabricated for a lead glass

window to permit viewing of the tank interior during rf

power operation.

A number of modifications were made to the rf input

assembly of the high power dummy load including construction

of a teflon centre conductor support arrangement to eliminate

dielectrics and cooling water from the high field region.

Repairs and changes were made to the tetrode plate resonator

to correct voltage breakdown damage. This included replace-

ment of the insulating sleeve on the centre conductor section

with a new sleeve on the inside of the A/4 matching plunger.

The water cooling connectors were modified to accommodate

O-ring seals.

Components were made for the buncher rf amplifier

development work. This included metal work and heat sink

assemblies for three 500 W air cooled dummy loads.

New stainless steel end plates were made for two

of the water column resistors in the modular dc power supplies

to reduce electrolytic erosion problems.

6.4.4 Electron Test Accelerator

The main ceramic standoff was fitted and a mirror

mount fabricated for the SLAC type polarized electron source

and several weld test pieces were made for parity violation

experiments.

A MK III beam posiition monitor was modified and

several beam line components were repaired, modified or

fabricated.
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6.4.5 Fast Intense Neutron Source

Several copper electrodes were refurbished, a

source was overhauled and four new iron magnet shims were

manufactured for this program.

6.4.6 Heavy-Ion Superconducting Cyclotron

Work is continuing on thr, electrostatic deflector

cable to electrode transition test apparatus.

Repairs were again made to the rf fingers of both

the upper and lower sliding shorts.

A high vacuum pump adapter for transfer tube tests

was manufactured together with mounting brackets for transducers

which will be used to monitor the helium liquéfier by the

system computer.

Miscellaneous parts for a prototype cryopump were

made along with a special device to hold the flip coil

arrangement in the QD, spectrometer for calibration.

6.4.7 Reactor Physics

End plates and holding hardware for six demountable

plutonium uranium fuel bundles and seven 28-element fuel

bundle end plates were made for experiments in the ZED-II

reactor.

Ten dry fuel storage tubes for PTR were fabricated

and 4000 different sized aluminum foils for the counting

room were machined.
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6.5 Publications, Reports, Papers, Lectures and Patents

Publications

HIGH CURRENT DC ION SOURCE DEVELOPMENT AT CRNL
M.R. Shubaly
IEEE Trans. Nucl. Sci., NS-26, No. 3, 3065 (June 1979).

BEAM POSITION MONITOR USING A SINGLE CAVITY
J. McKeown
ibid., 3423.

A SINGLE-CAVITY DOUBLE-FREQUENCY BUNCHER
S.O. Schriber and D.A. Swenson
ibid., 3705.

EXPERIMENTAL AND CALCULATED RP PROPERTIES OF THE DISK-AND-
WASHER STRUCTURE
J.M. Potter, S.O. Schriber and F.J. Humphry
ibid., 3763.

OPERATIONAL EXPERIENCE WITH COUPLED-CAVITY STRUCTURES IN A
HIGH DUTY FACTOR ACCELERATOR
G.E. McMichael and J. McKeown
ibid., 4108.

EXPERIENCE AT CHALK RIVER WITH A CW ELECTRON ACCELERATOR
J. McKeown
Proc. of Conf. on Future Possibilities for Electron Accelerators,
University of Virginia, Charlottesville, VA, K-l (January 1979).

ROOM-TEMPERATURE CAVITIES FOR HIGH-BETA ACCELERATING STRUCTURES
S.O. Schriber
ibid., L-l.

CHOOSING A THERAPY ELECTRON ACCELERATOR TARGET
R.M. Hutcheon, S.O. Schriber, L.W. Funk and N.K. Sherman
Med.Phys. 6_ (3), (May/June 1979).
Also Atomic Energy of Canada Limited, Report AECL-6572.

THE CHALK RIVER SUPERCONDUCTING CYCLOTRON
E.A. Heighway, C.B. Bigham, C.R.J. Hoffmann, J.A. Hulbert,
J.H. Ormrod, H.R. Schneider and Q.A. Walker
Paper presented at the Symposium on Heavy Ion Physics from
10 to 200 MeV/amu, Brookhaven National Laboratory, Upton, NY,
1979 July 16-20.
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The following papers were presented at the 1979 Linear
Accelerator Conference, Brookhaven National Laboratory,
Upton, NY, 1979 September 10-14.

DESIGN CRITERIA FOR HIGH VOLTAGE HIGH CURRENT ACCELERATING
COLUMNS
J.D. Hepburn, J. Ungrin, M.R. Shubaly and B.G. Chidley.

BEAM LOADING EXPERIMENTS WITH A SIDE-COUPLED STRUCTURE
G.E. McMichael, J. McKeown and J.S. Fraser.

CONDITIONING EXPERIMENTS ON THE 100% DUTY FACTOR 3 MeV
ALVAREZ LINAC
B.G. Chidley, J. Ungrin and J.C. Brown.
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