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CHAPTER 1 - GENERAL INFORMATION

A. Introduction

This report is a summary of the research activities

carried out at McMaster University in the field of Nuclear

Science during 1976. Following this introductory chapter,

which briefly outlines the historical development of

research in Nuclear Science at McMaster, there follows

two chapters containing progress reports from the various

research groups using the University laboratory facilities.

Chapter 2 illustrates the range of activities in Nuclear

Structure Research while Chapter 3 deals v?ith the appli-

cations of Nuclear Techniques to research in Solid State

and Materials, Science and Engineering, and Biology and

Medicine. A final chapter contains reports from the

Superintendent of Reactor Operations and the Director of

Accelerator Operations.

For over three decades Nuclear Science has been at

the focal point of research activities'at McMaster University.

In the early 1940's, Dr. H.G. Thode began a series of mass

spectrometric studies of the stable nuclei formed in the

235
fission of U. In the years that followed, there was a

continuous expansion of the Nuclear Science programme which
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currently involves over 70 faculty, postdoctoral fellows,

research associates, and graduate students from the

Faculties of Science, Engineering, and Health Sciences.

In addition, over 50 professional and technical personnel

from other universities, government agencies, hospitals

and clinics, and industries use the reactor irradiation

services.

By the middle of the 1950's the nuclear programme

centred about isotopic and mass spectrometric studies,

and studies in nuclear decay energetics. In 1959, the

McMaster Nuclear Reactor, a 5 megawatt pool-type research

reactor, was completed. It permitted a large expansion of

research activities in the field of Nuclear Science. With

13 14
a thermal flux ranging from 2 x 10 to 1 x 10 (neutrons/

2
cm /sec) it became possible to engage in studies of

condensed matter using neutron spectroscopy as a tool, and

to embark on a wide variety of projects involving short-

lived neutron induced activities.

In 1963, planning began for the installation of a

particle accelerator so that studies of nuclear structure

and nuclear reactions could be expanded. I»-; 1969, a model

FN type Van de Graaff Accelerator having a terminal

-10-



voltage of 9.5 million volts became operational The

monoenergetic beams from this instrument made possible

a wide range of particle induced reactions as well as

acting as probes in nuclear structure studies.

With the co-operation of the University of Toronto,

a 3.5 million volt KN accelerator was transferred to

McMaster in 1970. This machine, with its larger ion

currents, complements the FN tandem in the low energy

region.

A 150 kilovolt accelerator was installed in 1974

and modifications began in order rhat ion implantation

studies could be pursued.

The accelerators and the reactor are currently being

used in a wide range of research activities. A large,

active, creative group of scientists from across the

country depend upon the facilities at McMaster for

their reseatches.

Both the reactor and the accelerators are operated

as University facilities under the direction of the Vice-

President, Academic who is responsible to the Board of

Governors of the University through the President.

-11-



As such, these facilities are available to all faculty

members without regard for departmental affiliation.

The participation of faculty from the other universities

in the research activities is encouraged and continues

to grow each year.

The Reactor Operation Control Committee is charged

with the responsibility of studying and recommending

approval of proposals for the use of the reactor. It

reports its decisions to the Atomic Energy Control

Board which has ultimate jurisdiction in the field in

Canada. The research programme, which simultaneously

accommodates up to 10 beam experiments and numerous

sample irradiations, is supported by grants-in-aid of

research to the individual investigations rather than

from reactor operating funds. The supervisory staff

is responsible for the day-to-day operation of the

reactor, working in co-operation with the various

research groups.

The accelerator operations, on the other hand,

permits use of the ion beam by only one research group

at a time. This requires a different control structure

-12-



and for this purpose responsibility rests in the hands

of an Accelerator Programme Committee. This is made

up of the Director of Accelerator Operations and all

research directors who use the machines. An Accelerator

User's Committee, made up of all machine users and

senior members of the operational staff, acts as an

advisory committee responsible for setting the beam-

time priority schedule, makes suggestions as to the

day-to-day operation of the laboratory, and makes

recommendations to the programme committee concerning

expenditures.

The Health Physics Advisory Committee is responsible

to the Atomic Energy Control Board ior the health and

safety of radiation workers at the University. Decisions

concerning the accelerators and the reactor are made

effective by the appropriate facility committee.

B. The Reactor Facility

The Nuclear Reactor, which became operational in 1959,

is contained in a reinforced concrete building located on

the University campus adjacent to a heavily populated urban

area. The Reactor Building is conveniently connected to the

-13-



Nuclear Research Building by an enclosed overhead

controlled-access ramp. The building is designed to

provide adequate containment of radioactive materials

in the unlikely event of a nuclear incident.

The reactor staff consists of a Superintendent, a

Chief Supervisor, two Supervisors, seven Operators, one

Technician and a Stenographer. Health Physics services

are provided by the Health Physics Group.

The reactor core is submerged twenty feet beneath

the surface of one or other of two connected pools

containing over 100,000 gallons of highly purified

water. This water acts as a biological shield, a

medium to slow down fast neutrons, and provides a

means of removing the thermal energy generated in the

core during operation.

The reactor is fueled with standard eighteen-plate

235,
UMTR type elements containing approximately 193 gm

235per element, at a U enrichment of about 93%. In the

initial core, criticality was reached with a U load-

ing of approximately 2700 gm. At the present time the

core loading for operation at 1.5 megawatts is about

-14-



2 35
5000 gm and the average U burn-up per element,

before replacement, is about 40%. A graphite reflector

is used with the reactor core in order to enhance the

neutron economy and to provide sample irradiation

positions. The power level of the reactor is determined

by the position of five silver-indium-cadmium shim rods

and auto-control is facilitated through the use of a

stainless steel power regulating rod. The safety rods

are attached to vertical drive mechanisms by electro-

magnets. Reactor faults de-energize the electromagnets

and the rods drop into the core under gravity.

In addition to irradiation positions in the graphite

reflector elements, a pneumatic transfer system is

available having two irradiation positions adjacent to

one side of the reactor core. In studies of short-lived

radioisotopes, rapid transfer of the irradiated samples

may be made from the reactor core to several locations

in the Reactor Building and in the Nuclear Research

Building. A third irradiation position is available for

the commercial production of isotopes in a vacant core

position.

-15-
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Six horizontal neutron beam ports penetrate the

reactor shielding wall and are directed at the reactor

core on two sides. Two beam ports are eight inches in

diameter and four are six inches in diameter. Three cf

the ports may be extended through the outer wall of the

Reactor Building to accommodate experiments requiring a

long neutron flight path.

Two of the beam ports are used in conjunction with

neutron diffraction spectrometers. One, having three

beams, is designed for studies to locate the positions

of light atoms in single crystals and to study dense

gases and molecular liquids. The second, a multiple

counter triple-axis spectrometer, is used to investi-

gate the dynamics of solids and of liquids by means

of the neutron elastic scattering process. Four other

beam ports provide neutron beams for nuclear physics

and engineering physics research.

A horizontal tangential beam tube permits the study

of the gamma radiation emitted from a sample placed close

to the core without "seeing" the intense background of

radiation originating in the core itself. A vertical

-17-



beam tube provides a neutron beam above the pool surface

and a second vertical beam tube is designed to accommod-

ate neutron radiographie studies.

A gamma irradiation room and a hot-cell are also

available, each of which can handle the equivalent of

10 kilocuries of Co. Access to these areas may be

made directly by way of pass-throughs from the pool to

the hot-cell and thence to the gamma irradiation room

without the need for special shielded transfer containers.

The hot-cell is equipped with a pair of master slave

manipulators, a three-foot thick high density glass viewing

window, and a one-ton capacity crane. The gamma irradiation

room has a flooded storage well for radioactive sources and

a remotely operated crane for adjusting the locating of the

radiation source. A Co source is available for ganma ray

irradiations.

Since the first critical reactor experiments in the

Spring of 1959, the reactor power was progressively

raised to 2 megawatts with licensing which would permit

an increase to 5 megawatts. In November 1972 the reactor

began operation at a lower level of 5 megawatts on a

-18-



continuous basis. This year the average power level

was reduced to 1.6 megawatts and continuous operation

maintained for approximately 302 days.

Initially the reactor provided an opportunity for >

researchers to study radioactive nuclei, fission

products, and to examine short-lived activities and

the gamma rays accompanying neutron capture. Details

of current nuclear structure studies are found in

Chapter 2.

To-day, the reactor is used by workers in many

areas of research. Interdisciplinary applied radiation

research and the application of nuclear techniques to

research are two broad areas of current interest (see

Chapter 3). Radioactive tracers are being used in bio-

logical studies in plants and animals. • Increasingly,

the reactor is being used to produce radioactive isotopes

for diagnostic studies in nuclear medicine. An active

research programme in nuclear medicine is in operation

in the McMaster Medical School.

The reactor provides a valuable training facility

for undergraduates, graduate students, postdoctorate
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fellows and reactor operators. The number of staff

and students at McMaster working on problems utilizing

the reactor or its products exceeds 70 and a further

50 are engaged in research programmes at laboratories

across the country.

The University offers a programme in nuclear

engineering and on-site experiments in nuclear science

are made available on a co-operative basis to students

at the University of Guelph, the University of Toronto,

and the Royal Military College, Kingston. Competent

trained personnel have been provided for nuclear

installations both in Canada and overseas. As Canada's

nuclear power programme continues to develop, the role

of the McMaster Nuclear Reactor as a training facility

for nuclear reactor operators and nuclear experts is

expected to continue.

C. The Accelerator Facility

The McMaster Accelerator Laboratory has been in

operation for eight years. The facility now houses

3 accelerators; a model FM Tandem Van de Graaff (9.5

million volts), a model KN Van de Graaff (3.5 million
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volts), and an ion implantation accelerator (150

thousand volts). These machines are located in a

specially constructed laboratory building with shield-

ing walls up to five feet thick. Offices and a reception

area are located in the adjacent General Sciences

Building. A model of the laboratory is shown on page 22.

In the model FN Van de Graaff, negative ions are

injected into one end of a straight accelerating tube

which has a high positive potential at its mid-point.

The negative ions are accelerated to this point, stripped

of several electrons, and accelerated down to the potential

gradient to the other end of the tube. They emerge from

this point with an energy of V(n+1) MeV where n is the

number of positive charges on the ion after stripping

and V is the terminal potential of the machine. The

high energy positive ions are focussed and stabilized

to ± 500V in energy by a precise magnetic analyzing

system and then directed to a beam switching magnet

which c?.n be used to deliver it to any of seven

experimental stations.

The machine operates in a horizontal plane, with

the Van de Graaff generator and accelerating tube

-21-
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housed in a cylindrical tank 44 ft. long and 12 ft.

in diameter containing insulating gas (SFg) at a

pressure of 4 atmospheres. The overall length of the

machine from ion source to the analyzing system is 75 ft.

In common with other tandem machines, this one possesses

the great advantage that both the source end and the

output end of the machine are at ground potential.

The negative ions are produced in a charge-exchange

process from an intense positive ion beam. These positive

ions are focussed into an electron adding canal at a

potential of 40 kv. About 1% of these ions acquire an

excess of electrons from the gas in the exchange canal

and are accelerated into the inflection magnet at ground

potential. In addition to the duoplasmatron source which

is suitable for proton and deuteron beams, a lithium-

exchange ion source tor negative ions of helium, nitrogen

and lithium and caesium sputter source for heavy ions.

In 1975 a polarized ion source began operation.

This complex device applies the principles of atomic

physics, to produce beams of protons and deuterons with

their nuclear spins oriented in a particular, chosen

direction. A whole new field of experimental techniques
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in nuclear structure physics are now accessible with

acquisition of this source.

At the present time, seven FM beam lines are in

use. In addition, there are two KN target lines. The

specialized equipment installed at each target position

makes it possible for a research worker to use a nunber

of alternative techniques for studying the nuclei in

the target. Special facilities are available for study-

in the products of nuclear reactions; an Enge split-

pole spectrograph for studying charged particles, a

seven-gap "oranqe" beta ray spectrometer for studying

the angular distribution of radiation produced in

reactions and so on. More detailed descriptions of

some of these instruments are given in Chapter 4.

Responsibility for the operation and maintenance

of the accelerators rests with the Director of

Accelerator Operations together with a staff of ten.

These include an engineering staff of two, and eight

technicians. A number of students, research associates

and faculty have also been trained to operate the

machines so that round-the-clock operation is regularly

maintained.
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CHAPTER 2 - NUCLEAR STRUCTURE RESEARCH

This chapter contains progress reports from all

the research groups which are engaged in nuclear

structure research. Included in this chapter are

progress reports from the research groups in

theoretical nuclear physics, even though these

investigators are not direct users of the

experimental facilities. The experimental work

reported in this chapter has involved 15 staff

members, 7 postdoctorate fellows, 15 graduate

students and 3 visiting scientists. The theoretical

physics research reported involved a further group

of 5 staff members, 7 research associates and

postdoctorate fellows, 16 graduate students, and

8 visiting professors.
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INVESTIGATIONS OF NUCLEAR STRUCTURE BY THE USE OF

NUCLEAR REACTIONS

Principal Investigator :

Research Associate:

Visiting Scientist:

Graduate Students:

Dr. D.G. Burke
Professor of Physics

Dr. 0. Straume

Dr. G. L0vh0iden
(Summer 1976)

Mr. C.R. Hirning
Mr. J.D. Panar

Objective:

The use of nuclear reactions to study the structure

of nuclei located in or near the regions of heavy deformed

nuclei.

Progress During 1976:

1) Single-Proton States in Odd Holmium Isotopes

(with J.D. Panar and 0. Straume)

Measurements of ( He,d) angular distributions and (a,t)

spectra on targets of 1 5 6» i 5 8» 1 6°» 1 6 2
D y have been made.

The (3He,d) experiments using 24 MeV 3He and the 1 6 0' 1 6 2Dy (a,t)
A

measurements with 27 MeV He beams were performed at the

McMaster Tandem accelerator laboratory. The 1 5 6» 1 5 Dy (a,t)
A

experiments required 30 MeV He beams and were done at the

University of Rochester Nuclear Structure Research Laboratory.

In each case the reaction products were analysed with a
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magnetic spectrograph and detected with nuclear emulsions.

Many new levels in the 157,159,161,163Ho f l n a l n u ci ei were

found and interpreted, particularly in the two lightest

isotopes for which very little information existed

previously. A manuscript describing these results has been

submitted for publication (to "Nuclear Physics").

These data fill in some of the gaps in the available

information on properties of single-proton states in the

deformed rare earth region. For example, some interesting

trends in the excitation energies of several states are

shown in Fig. 1. The energies of the 5/2 [402] and

7/2 [404] orbitals drop gradually for decreasing mass

numbers and connect smoothly with those of the cL/2
 a n d $7/2

shell model states in the "spherical" N=88 nuclei. The d

and g-y/o shells are the "parents" of the 5 / 2 + [402] and

7/2 [404] orbitals, respectively, and are shown as filled

circles in Fig. 1. These smooth trends are interesting as

most nuclear properties behave discontinuously in crossing

the shape transition region between N=88 and N=90.

Another set of interesting systematics is shown in

Fig. 2. The energy spacings within the rotational band

based on the V 2 ~ [541] orbital are plotted. It is seen

that the band properties vary considerably across the

5/2
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153 161 169 177 185 153 161 169 177 185

~J

153 161 169 177 185 153 161 169 177 185

Mass Number

Fig, l

Excitation energy systematics for the 7/2 7/2+ [404],

5/2 5 / 2 + 1402], V 2 1/2" [54lJ and " / 2 9/2"

in the deformed rare earth region.
states
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Energy systematics for rotational members of the ^2~ [541]

band, relative to the I=1/2 bandhead in the deformed rare

earth region. The smooth variation in the band structure

results from a monotonie change in the decoupling parameter,

due mainly to variations in e. .
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deformed rare earth region but the variation is quite

gradual. The direction of this trend is correctly pre-

dicted by the Nilsson model with z^ a n d e4 deformations

but some parameter adjustment would be required to

reproduce the magnitudes of the decoupling parameters.

2) Possible Hexadecapole Vibrations

During a sabbatical leave last year, the

l s l' 1 3 JIr (t,a) ' Os reactions were performed at

Los Alamos (in collaboration with R. Bagnell, Y. Tanaka,

R.K. Sheline and J.D. Sherman). The spectra showed strong

populations of 4 states which had previously been inter-

preted as two-phonon excitations. Such large strengths

are not expected in a single-nucleon-transfer reaction for

two-phonon states, but could be explained if the 4 + levels

were hexadecapole vibrations. (A manuscript suggesting this

possibility has been submitted to "Physics Letters B"). If

proven correct, it is believed these would be the first

hexadecapole vibrations to be found. A program of studying

these states with the (a,a1) reaction at McMaster (with

n. Shahabuddin) has been started in an attempt to distinguish

between the two-phonon and hexadecapole interpretations.

Our preliminary measurements have shown that the 4 + states of

interest are populated in the (a,af) reaction.
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3) (t,g) Studies with Polarized Tritons

(with C.R. Hirning, G. Ljrfvhtfiden plus E.R. Flynn,

J.W. Sunier, P.A. Schmelzbach and R. Haglund of the

Los Alamos Scientific Laboratory)

In May we had an opportunity to use the newly-developed

polarized triton source at Los Alamos for some (t,a) reactions

on heavy deformed nuclei. The aim was twofold:

a) The first goal was to check the magnitude of the analysing

powers. In the only other single-nucleon-transfer experiment

with polarized beams on heavy deformed nuclei {a (5,p) study

on tungsten targets, Phys. Rev. C7_ (1973) 1016} the analysing

powers were much smaller than in the nearby Pb region and

smaller than DWBA predictions. There was some suspicion that

such small analysing powers may be a general property of

deformed nuclei. However, our (t,a) measurements on Er

188 190 192
and ' ' Os targets showed analysing powers as large as

for Pb nuclei and consistent with DWBA predictions. Thus the

earlier "disappointing" results were peculiar to those

particular (5,p) measurements.

b) After demonstrating that large analysing powers were

obtained, the (t,a) reaction was used to obtain new nuclear
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structure information on 165Ho and 1 8 7' 1 8 9 / 1 9 1Re. The

results with polarized tritons were much more useful

than ordinary (t,a) data because the angular distributions

of analysing powers give information on the ^-values as

well as the j-values for the transitions. Thus many

ambiguities remaining from earlier studies were resolved.

4) (p>a) Reaction Studies in the A^150 Region

(with 0. Straume, M. Shahabuddin, J. Waddington and

G. L̂ vhjrfiden)

Levels in the odd-proton nuclei ' ' Pm and

* Eu have been studied with the (p,a) reaction. In

general, a striking correlation was found between (p,oc)

and (t,ct) strengths to the individual final states.

(The (t,a) data were collected during a sabbatical leave

at Los Alamos the previous year). However, the correlation

is lost for levels in 149Pm where the 150Sm and 152Sm

target nuclei for the (t,a). and (p,ct) processes have signifi-

cantly different deformations. These studies are being

pursued in the hope of understanding the (p,a) reaction

mechanism.

5) A Study of 166Er levels

(with J.D. Panar)

Data collection has been completed for a high-resolution
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study of Er levels using several single-nucleon

transfer processes. The reaction products were analysed

with the Enge magnetic spectrograph and detected with

photographic emulsions. Angular distribution measurements

were made for the 165Ho(3He,d)166Er and 167Er(d,t)166Er

reactions and spectra were recorded at several angles for

each of the 165Ho(a,t)166Er and 167Er(3He,ot)166Er reactions.

The angular distributions have indicated the dominant

£-values for a number of the transitions. In particular,

there are at least eight levels which have significant 1=0

transition amplitudes in the (d,t) reaction. Several new

assignments of rotational bands have been made and the

analysis is continuing.

6)
1fiQ 141

Studies of Ir and Ir

(with G. L0vh0iden)

Studies of the 191fl93Ir(p,t)189'191Ir reactions have

been started to determine whether significant L=0 strength

to excited states is found. At the beginning of the deformed

rare earth region near A^150 most (p,t) and (t,p) studies

show considerable L=0 strength to excited states when the

deformationsof the initial and final nuclei are dissimilar.

No such cases have yet been observed in the AM. 90 region,

perhaps because the deformation changes more slowly.
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Scanning of the nuclear emulsions for the present

188 3 189
experiments has just begun. In addition, 0s( He,d) Ir

experiments have also been performed as an aid in the

189
interpretation of the Ir levels.

7) Studies of Odd-Proton States in Gold Isotopes

(with B. Atwood and R.K, Sheline of Florida State

university)

Measurements of the 1 9 4' 1 9 6' 1 9 8Pt( 3He,d) 1 9 5' 1 9 7' 1 9 9Au

195 197reactions have been made. Levels in Au and Au have

198
also been studied with the (ct,t) reaction and the Pt(a,t)

experiment is yet to be done. Analysis of the data has just

begun.

8) Single Proton States in Tantalum Nuclei

(with W.P. Alford of the university of Western Ontario,

D. Elmore of the university of Rochester, and

Z. Preibisz of Warsaw)

{ He,d) angular distributions and (a,t) measurements

199Au

for levels in 1 7 9' 1 8 1
T a have been studied using 32 MeV 3He

and 30 MeV He beams from the Rochester MP tandem accelerator.

Scanning of the photographic emulsions is under way and data

will also be obtained for 177Ta levels.
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Work Planned for 1977:

Experiments and analysis will be continued for

projects 2-8 listed above. It is hoped that another

trip to Los Alamos for further (t,ct) experiments will

be possible as this technique is very powerful for

spectroscopic studies. The new tritium ion source

should be operational on the McMaster accelerator by

1977 and a number of (t,p) and (t,a) experiments are

planned (for nuclei in or near the deformed rare earth

region).

Recent Publications:

Thompson, R.C., Boyno, J.S., Huizenga, J.R., Burke, D.G.

and Elze, Th. W. "Study of the 188Os(p,t)186Os,

190Os(p,t)188Os and 192Os(p,t)190Os Reactions".

Nucl. Phys. A242, 1-12 (1975).

S t o t t , W.R., Waddington, J . C . , Burke, D.G. and LpJvh^iden, G.

"Mixed Positive Parity States in 165Er". Can. J. Phys.

52, 922-929 (1975).

Burke, D.G. and Balogh, J.M. "Proton Separation Energies

for some Rare Earth Isotopes". Can. J. Phys. 5_3_,

948-953 (1975).
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Wagner, L.K., Burke, D.G., Cheung, U.C., Kleinheintz, P.

Sheline, R.K. "A Nuclear Structure Study of 165Ho

Using the (t,a), (a,t) and ( He,d) Reactions".

Nucl. Phys. A246, 43-60 (1975).

Ljzfvĥ iden, G. and Burke, D.G. "States in the N=87 Nuclei

149Sm and 151Gd Populated by the (d,t) and (3He,a)

Reactions". Can. J. Phys. 5_3, 1182-1192 (1975).

Burke, D.G., Plynn, E.R., Sherman, J.D. and Sunier, J.W.

"Studies of States in 153Eu and 155Eu with the (t,p)

Reaction". Nucl. Phys. A258, 118-130 (1976).

Casten, R.F., Burke, D.G., and Hansen, O. "The 180'182W(t,p)

Reaction at 15 MeV". Nucl. Phys. A261, 445-452 (1976).

Sherman, J.D., Flynn, E.R., Stein, N., Sunier, J.S., and

Burke, D.G. "Comparison of the 6Li(t,3He)6He and
6 ig
Li(t,t ) Li Reactions to SupermuLtiplet Members".

Phys. Rev. C 13, 2122-2126 (1976).

Straume, O., Burke, D.G., and Thorsteinsen , T.F. "A Study of Levels

in Dy using the (d,t) and ( He,a) Reactions".

Can.J.Phys. 5£, 1258-1273 (1976).

Flynn, E.R., Burke, D.G., Sherman, J.D., and Sunier, J.W.

"A Study of Particle-Pairing Vibration Multiplets in

2 1 1Bi. Nucl. Phys. A263, 365-378 (1976).
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Hirning, C.R. and Burke, D.G. "A Study of 187Re, 189Re
191,

and """'Re Using the (t,a) Reaction". Can.J.Phys. !54,

1360-1374 (1976).

Straume, O., LjrfvhfzSiden, G., and Burke, D.G. "Proton States

in the N=88 Nuclei 149Pm, 1 5 1Eu and 153Tb Populated in

the (T,d) and (a , t ) Reactions. Nucl. Phya. A266, 390-412

(1576).

Supporting Agency:

National Research Council of Canada
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NUCLEAR REACTIONS AND STRUCTURE IN THE fp SHELL

Principal Investigator :

Research Associates:

Dr. J.A. Cameron
Professor of Physics

Graduate Students:

Dr. G.U. Din
Dr. D. Nir
Dr. R.G. Summers-Gill
Dr. T. Taylor

Mr. B. Bullimore
Mr. r. Metford

Objective:

Shell model calculations of f?/2
 a n d ^5/3 pi/2 P3/2

shell nuclei are compared with measurements of level energies,

particle transfer spectroscopic factors, g factors and y

transition rates.

Progress During 1976:

1. Perturbed angular correlations.

Integral rotation of the 193 keV 5/2- level of 63Zn was

60,observed using the (arn) reaction on a Ni10Fe„Q target.

The product gx = 2.7 x 10~ s. A reasonable estimate of g

is 0.3 yielding T = (9±3) 10"10s. The Ml rate of 5.10~3 Wi

is typical of the A-forbidden 5/2- •+ 3/2- transitions

observed in other odd Zn isotopes.

The g factor of the 126 keV 7/2- excited state of 55Iln

was measured using the (a,p) reaction on a Cr_0FeBf) target.
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A preliminary value of g = 1.3±0.2 was obtained.

2. Single nucléon transfer reactions.

Spectroscopic factors and vector analyzing powers for

(d,p) and (d,t) reactions are being investigated. Prelim-

inary measurements of the reactions Cr(d,p) Cr, and

Zn(dtt) Zn have been made, together with a more thorough

investigation of 52Cr(d,p)53Cr with W.P. Alford (Western)

and R.N. Boyd (Rochester). Second-order effects in the

transfer to 7/2- states in Cr were found to account for

the unusual analyzing powers to these states.

3. Proton-capture studies.

58
The Ni(p,Y) reactions to possible isobaric analogue

59
states in Cu was studied to establish spins and decay

schemes of resonant states at E =»1424 and 1844 keV.

Work Planned for 1977:

Nuclear g factors in f7/2
 n u c l ei will be measured. In

the cross-conjugate nucleus V, g factors of low-lying

positive parity states should be equal, but that of the 2+

level differs from that of the 4+ ground state by almost a

factor of 2. It is planned to remeasure the 2+ state using

48
the Ti(p,n) reaction. Further development of the Enge

spectrograph focal plane detectors is in progress and studies

of vector analyzing powers in reactions to odd-odd nuclei

should be possible in 1977.
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Recent Publications;

Wender, S.A. and Cameron, J.A. "Integral rotation of

3/2- levels in 65Zn and 672n". Nucl. Phys. A241,

332 (1975).

Wender, S.A. and Cameron, J.A. "Nuclear g factor of the

gQ/- level in
 65Zn". Can. J. Phys. 53, 2544 (1975).

Taylor, T. and Cameron, J.A. "The structure of low-lying

states of 54Mn". Nucl. Phys. A257, 427 (1976).

Supporting Agency:

National Research Council of Canada
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NUCLEAR STATES STUDIED THROUGH NUCLEAR REACTIONS

AND THE TECHNIQUES OF BETA AND GAMMA RAY SPECTROSCOPY

Principal Investigator:

Postdoctorate Fellows:

Research Assistant:

Graduate Student:

Dr. M. W. Johns
Professor of Physics

Dr. John V. Thompson
Dr. Nasib Singhal

Kay Marshall

Henry Mach

Objective:

The determination of the energies, spins, and parities

of nuclear states as a means of testing nuclear models.

In recent years, most of our effort has been directed to

understanding the structure of transitional nuclei in the

mass 150 region.

Progress During 1976 :

•*• a) 151cd, l49Sm (M.W. Johns and J.V. Thompson)

The properties of these transitional nuclei with N=87

have attracted a good deal of attention. While the low-

lying states can be interpreted in terms of nuclei with near

spherical shape, the (a,xn) reaction populates a large

number of band-like structures which suggest large

deformations. In the Winter of 1974-5, our internal
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conversion measurements showed that the multipolarities

assigned to a number of important transitions were in-

correct and that the currently accepted interpretation

of these structures in terms of decoupled bands was

unacceptable. Since that time, many of our measurements

have been repeated. We find that a reasonably satisfactory

interpretation of the positive parity states can be found

in terms of the triaxial model of Meyer-ter-Vehn, which has

been used with success in the transitional nucleus, 191Pt

(Khoo et al. (1976) Phys. Letters 60B, 341). Figure 1

191shows the positive parity states observed in X3XPt and in

Gd together with the predictions of the Meyer-ter-Vehn

model for Gd. This is the only theory yet proposed that

can account for the existence of two low-lying 13/2 states.

The E2 branching ratios from the two 17/2 states to the two

states are also predicted correctly.

A striking feature of odd neutron nuclei in this mass

range is the presence of a rotational band based on the

H/2~ |505| Nilsson state. The properties of this band

suggest that these nuclei are "soft" toward deformation.

A modification of the Hariscotti Variable Moment of Inertia

model applicable to odd A nuclei has been proposed by

Volkov and applied to a number of nuclei. The results are

presented in Figure 2.
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Figure 1:
(upper)

0.00 aOt 0.04 0-01 0-M 040
»• • • (MtV)1

Positive Parity States in 191Pt and 151Gd and the

theoretical predictions of the Meyer-ter-Vehn

model for Gd. The energies are all relative to

the lowest 1 3 / 2 + state.

Figure 2:
(lower)

An application of the Volkov modification of the

Mariscotti Variable Moment of Inertia model to the

11/2" [505] band in 149'151Sm and 1 5 1' 1 5 3' 1 5 5Gd.

-44-



The figure presents plots of the moment of inertia

versus the rotational energy, expressed in appropriate

units,for a number of nuclei. The striking feature of the

figure is the constancy of the slope, which suggests that

all of these nuclei shown have about the same "softness"

to deformation. The deformation parameter, ß, can be

deduced from the value of J at w=o, using the relation

ß =[204 A~ ? / 3 • 2J°/fi2]l/2 . ß appears to be

independent of proton number but increases steadily with

the addition of neutrons in both samarium and gadolinium.

The results quoted above are taken from a paper on

Gû which we have recently submitted to Canadian Journal

14°
of Physics. A similar paper on •'sm is being prepared.

b) States in a n d 43 T c <K* Marshall, H. Mach,

J. Thompson, and M.W. Johns)

955
Tc has been under study for several years, the last

in a series dealing with the odd Tc isotopes. The effort

directed in 1976 to Tc represents our first attempt tc

study an odd-odd nucleus in depth. Experiments carriec out

to date have yielded excitation functions, angular distributions,

and coincidence probabilities for a large number of transitions.

In addition, conversion electron measurements are in progress.
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95During the course of our studies, work on Tc has been

published in a number of laboratories. Although there is

a large measure of agreement, significant differences in

the published level structures exist. None of the other

groups have carried out detailed angular distributions or

conversion coefficient measurements. We hope to have our

work published early in 1977.

96The situation in Tc is much more confused. We have

not yet been able to define a unique level structure but

have been able to show that neither of the two published

level schemes bear much relationship to the true state of

affairs. We have a number of experiments planned including

conversion electron measurements and, if possible, linear

polarization measurements. This project will require at

least a year for completion.

• c) The Application of the ( Li,xn) and ( Li,xn) Reactions

to a Study of States in 147,149,151,157Tb.

(J.V. Thompson, N. Singhal, H. Mach, and M.W. Johns)

A year ago we were exploring the usefulness of lithium

beams as a means of populating high spin states and had

selected the terbium nuclei with N=82 to N=92 as a sequence

of nuclei which would provide us with a useful profile of

the changes in structure that occur across the transition

region.
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During 1976, we concentrated on Tb and have a

large body of data on this nucleus available. He have also

taken a preliminary look at Tb and Tb. The spectra

excited by the (Li,xn) reaction involve sequences of states

to high spins and high excitations, and we believe we can

obtain unique and interprétable level structures. Since

147 149
no previous work had been done on Tb and Tb, and the

reaction excites several nuclei, we are still in the

position of groping for a handle on which to develop a level

153
structure. During 1976, a rather complete study of Tb has

been published by Devous; a fairly complete job of Tb was

done by Winther in 1973.

A large fraction of the group effort will go into this

problem in 1977-78. '

Work Planned for 1977-8:

95 96
1) States in 43TC and 43TC Populated by the (a,xn) Reaction

(M.W. Johns, J.V. Thompson, H. Mach, and Kay Marshall)

E(y), O ( E ) , Y(0) and y-y measurements have been carried

out for both nuclei and analysed. The data reveals serious

inadequacies in the published level structures, particularly

96
for odd odd Tc. Internal conversion and/or linear

polarization measurements are planned for 1977 to obtain

unique parity assignments.
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2) A Study of odd-even Z=85 Nuclei with N between 82 and 92

(M.W. Johns» N. Singhal, H. Mach, and J.V. Thompson)

( Li,xn) and ( Li,xn) reactions on samarium targets are

being used to populate states in 147,149,151,157Tb< w i t h

the published data on ' Tb, this study should provide

an interesting picture of the changes in structure that

occur across the transition region.

Recent Publications:

146,
Singh, B. and Johns, M.W. "Levels in Sm Populated by

the Decay of 146Eu and the (a,2n) , (d,t) and (3Hect)

reactions". Can.J.Phys. 53_, 391-410 (1975).

Thompson, J.V., Johns, M.W., and Waddington, J.C. "A KV = 0

Octupole Band in 150Sm". Can.J.Phys. 5_3, 1229-1235 (1975).

Cook, W.B., Johns, M.W., L0vh0iden, G., and Waddington, J.C.

151Sm"."Rotational Bands in a Transitional Nucleus :

Nuclear Physics, A259, 461-480 (1975).

Smith, H.J., Johns, M.W., LjzSvh0iden, Thompson, J.V.,

Waddington, J.C., and Volkov, A.B. "A Study of High

Spin States in 151Gd". Can.J.Phys. (submitted Oct. 1, 1976).

Singhal, N.C., Thompson, J.V., and Johns, M.W. "The Level

157
Structure of Tb". Joint APS-CAP Conference,

Quebec City, June 1976.

Supporting Agencies ;

national Research Council of Canada

Mcflaster University Research Eoard
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DATA ACQUISITION SYSTEM FOR THE PAIR SPECTROMETER

USED FOR (n,y) STUDIES



NEUTRON AND PHOTON SPECTROSCOPY

Principal Investigators :

Visiting Scientist:

Postdoctorate Fellow:

Graduate Students:

Dr. T.J. Kennett
Professor of Physics and
Engineering Physics

Dr. W.V. Prestwich
Professor of Physics

Dr. A.F.M. Ishaq

Dr. A. Robertson

Mr. P. Brewster
Mr. G. Cormick
Mr. J. McFee

Objective:

A study of the spectra and partial cross-sections

associated with (n,v) and (y ,n) reactions. The results

obtained provide information about the reaction mechanisms

and the final states of the product nuclei.

Progress During 1976:

The photon flux provided by the nickel source used in

the photoneutron studies was determined by Compton scattering

the beam into a 3" x 3" Nal detector. We have thus been able

to determine the partial cross-sections for specific neutron

transitions following monoenergetic photon excitations.

The results obtained in Pb are in good agreement with estimates

made by the Argonne group of a non-resonant component which
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they obtained by analysis of their yield curve.

The nickel source used in the initial studies was

changed to chromium, thus altering the incident energy

of the photo-excitation spectrum. Spectra have been

observed for natural targets of Pb, B'i, Au, Ta and T2.

The data are being analysed.

The spectral response of the He neutron spectrometer

is characterized by a continuum arising in part from He

recoils following elastic scattering, as well as the desired

peak from full collection of the (n,p) produced ionization.

The higher specific ionization from the He results in

faster rising pulses. The rise-time distribution measured

using the time interval between leading-edge and cross-over

points consists of two distinct components as shown in the

figure. We have developed a system rejecting the fast rising

pulses, thus substantially improving detector response.

Work has begun on obtaining the spectrum of Pb following

photo-excitation by the photons from Cr(n,y) with the short

rise-time events rejected.

The photon spectra resulting from thermal neutron

capture on targets of Ni, Ni, Ni, and Ni have been

measured and the gamma-ray energies and intensities have been

determined. We have calculated reduced widths for the even
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isotopes assuming a normal electric dipole energy depend-

ence of E . These were then normalized to a common average

and correlated with the S._=l single particle neutron widths

obtained in (d,p) reaction studies. The correlation co-

efficient was observed to be P= »76 for a sample of N=42 members.

The photon spectrum for the Sc(n,y) Sc reaction has also

been measured. Since we have significantly improved the

spectrometer response, as reported last year, it is now

possible to obtain more detailed information regarding the

level density in Sc. The data is being analysed. An

experiment was performed to observe the spectrum resulting

from thermal capture in a 2mg target of V. The possible

spins of the state following s-wave capture are IV2 and

* 3/2, so that this reaction provides a mechanism for

selective excitation of very high spin states in ^r.

Unfortunately, the spectrum was found to contain a significant

contribution from chlorine. The source of this contamination

is as yet unknown.

Work Planned for 1977;

We have been fortunate to receive on loan a 20gm sample

208
of Pb. We plan to determine the photoneutron spectra

resulting from the spectra of Ni and Cr incident on this

target. We also hope to repeat measurements of the
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fore-and-aft-asymmetry. We will resume our attempt to

obtain a spectrum for the 50V(n,Y)51V reaction, as well
co

as spectra for Fe, and isotopes of selenium.

Recent Publications:

Colenbrander, A., and Kennett, T.J. "An Investigation of

the Reaction 55Mn(n,y)56Mn". Can. J. Phys. 53,

236-250 (1975).

Thomson, V.J., Lopez, A.M., Prestwich, W.V., and Kennett, T.J.

"An Energy Dispersive Method for Resonance Neutron

Capture Gamma-Ray Spectroscopy". Nucl. Instr. & Methods,

126, 263 (1975).

McFee, J.E., Ishaq, A.F.M., Kennett, T.J., and Prestwich, W.V.

"Study of the 209Bi(Y,n)208Bi Reaction at 9 MeV".

Physics Letters, 55B, 389 (1975).

Robertson, A., Cormick, G.C., Kennett, T.J., and Prestwich, W.V.

"Continuum Reduction in the Spectral Response of Ge(Li)

Pair Spectrometers". Nucl. Instr. & Methods, 127, 373-380

(1975).

Prestwich, W.V., and Lopez, A.P.M. "Capture y-ray Spectra

for the Co(n,y)60Co Reaction Using Resonance Energy

Neutrons* Can. J. Phys. 53, 4, 351-359 (1975).
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Thomson, V.J., Prestwich, W.V., and Kennett, T.J. "Resonance

Neutron Capture in Silicon". Can. J. Phys. 5£, 383-389

(1976).

McFee, J.E., Prestwich, W.V., and Kennett, T.J. "The Photo-

neutron Spectrum of Lead Following Excitation by 8999,

8533, and 8120 keV Photons". Phys. Rev. C12, 1864-1873

(1976).

Supporting Agency:

National Research Council of Canada
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PHOTON INTERACTION STUDIES

Principal Investigators :

Postdoctorate Fellow:

Graduate Students:

Dr. T. J. Kennett
Professor of Physics and
Engineering Physics

Dr. W. V. Prestwich
Professor of Physics

Dr. A. Robertson

Hr. N. Barkman
Mr. N. Ramanathan

Objective :

To study the coherent and incoherent scattering

differential cross-sections, as well as the cross-sections

of higher order interactions.

Progress During 1976:

A study has been made of the differential scattering

cross-sections at small angles by observing the spectrum

resulting from the deflection of incident gamma-rays produced

by the decay of a 5 Ci source of Eu. The scattered spectrum

was measured using a Ge(Li) spectrometer for deflection

angles of 2.5°, 4°, 6°, 8° and 10°, from targets of C, AÄ,

Cu, Cd, Ta and Pb. In several instances, experiments were

performed for targets of several thicknesses. These experi-

ments indicate no significant contribution from multiple

effects. By viewing an entire spectrum of scattered
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radiation, it is possible to determine the cross-section

corresponding to a given photon momentum transfer under

differing conditions of angle and incident energy, again

providing a check against systematic effects. The elastic

scattering data for Pb is shown in the accompanying figure,

where it is compared with a calculated form factor. The

data have a tendency to be lower than that predicted, a

trend consistent with that exhibited in calculations which

include the effect of intermediate states.

Work has begun on the observation of small angle

scattering at very high energies, using the capture y-rays

of nickel as a source in a ring geometry. This study is in

its preliminary stages and no results have as yet been

obtained.

Experiments are in progress to determine the cross-

section for the as yet undetected process predicted by

Volkovyskii in which pair creation is accompanied by a residual

photon. Earlier experiments done here have indicated the

existence of such a process.

Work Planned for 1977;

Work will be continued in the areas discussed above.

Scattering cross-sections for other targets will be

determined.

-57-



100.00

ceco

o

o
LLJ
CO
I

X

Q

1408.0
1274.2
1112.0
1085.8
364.0
778.3
443.9
344.3
244.7

10.00

1.00

.10O

1.000

SIN( THETO/2 )/LfiMBDfl
10.000

The differential cross-section for elastic scattering of photons
from lead. The solid curve is calculated using a theoretically

derived form factor.

-58-



Recent Publications;

Robertson, A., Kennett, T.J., and Prestwich, W.V. "Double

Positron-Electron Pair Production by 6.6 MeV Gamma

Rays". Phys. Rev. C 13, 1552-1565 (1976).

Kennett, V.J., Prestwich, W.V., and Robertson, A. "Dynamic

Density Measurement by High Energy Photon Scattering".

Int. J. of Appl. Radiation & Isotopes. (In Press).

Supporting Agency:

National Research Council of Canada
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NUCLEAR STRUCTURE STUDIES OF LIGHT NUCLEI

Principal Investigator:

Postdoctorate Fellows:

Graduate Student:

Dr. J.A. Kuehner
Professor of Physics

Dr. P.G. Ikossi
Dr. A.M. McDonald
Dr. J . Szvics

Mr. D.T. Petty

Objective:

To study properties of nuclear levels, particularly

in the s-d and p-f shells. Use is made of gamma-ray

spectroscopy, angular correlations, lifetimes and linear

polarizations. A recent emphasis has been the use of

polarized beams for parity measurements, angular

correlations and other measurements.

Progress During 1976:

1. Parity Measurements using the (3,a) Reaction

A new technique of parity measurement has been developed

which makes use of the fact that the (d,a) reaction with

m=0 deuterons on a spin-zero target can populate final

states at 0° or 180° only if they have ir=(-)J+1. initial

studies of 12c(d,a)10B and 160(d,a)14N, carried out partly

to evaluate the technique, have led to new assignments

for a number of levels of the final nuclei. Two aspects
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of the method have been investigated in order to establish

in order to establish its validity. Firstly, measurements

of angular distributions near 0° have shown that it is

sufficient to make measurements at angles of 2-3°. This

allows the use of the Enge magnetic spectrograph with high

resolution to detect the reaction alpha particles in the

presence of scattered deuterons but without the much higher

flux of the beam itself. Secondly, both experimental and

theoretical studies have been carried out to investigate

the effects of Ericson fluctuations on the observed values

of the tensor analyzing power. The results of these

investigations indicate that measurements at at least three

energies separated by the compound nucleus coherence width

are sufficient to make an assignment. Some measurements

using a solid-state detector at 180° were carried out on

Ti{3,a) Se in order to evaluate this technique compared

to using the spectrograph .at forward angles. The higher

resolution obtainable with the spectrograph appears to out-

weigh the disadvantage of its somewhat smaller solid angle.

2. Method II Angular Correlations with (<§,ay)

The use of either or both m=0 and m=±l deuterons aligned

along the beam axis allows a simplification in the analysis

of Method II angular correlations. Many of the usual spin

ambiguities inherent in the application of this method to
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CONTROL DECK OF THE POLARIZED ION SOURCE



spin-zero projectiles can be resolved by the use of both

m=0 and m=±l beams. Initial measurements using the

Mg(5,ay) Na reaction were carried out using an annular

solid state particle detector at 180° and five large Nal

detectors. Angular correlation data for the 4.77 MeV level

of Na have led to a J* = 3 assignment together with a

unique 6=0 ± 0.02 mixing ratio for the transition to the

1.95 MeV 2 + state. The measurements demonstrate the power

of the method since the combination of data for both m=0

and m=l together with the measurement of parity were all

required in determining the assignment and the multipole

mixing ratio. Measurements have been carried out as well

on the Si (3,ay) A4 reaction. In this case, since the

ground and first excited states are a close doublet, it is

necessary to use Ge(Li) detectors in order to resolve the

gamma rays. Data obtained so far indicate that it will be

necessary to run for times up to two weeks in order to

obtain sufficient statistical accuracy. Thus, although

the method is very powerful, the measurements are difficult

due to the low coincidence counting rates.

3. Studies of the Giant Dipole Resonance using Polarized

Proton Scattering

Elastic scattering cross sections and analyzing powers
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for the 56Fe(p,p) Fe have been measured in the giant

dipole resonance region. A phase-shift analysis of

these data has revealed a resonance in the d5«2 partial

wave having a width and energy which can be interpreted

as the GDR in 57Co (ground state 3**1/2'). Similar

studies for the c(p,p) C reaction have been carried

out. In this case the possibility of two channel spins

makes the partial wave analysis more complicated. It may

be that the larger number of parameters precludes any pos-

itive conclusions. Further work using other targets is

required to verify the usefulness of the technique as a

means of studying the GDR.

4. The Study of Possible Two-Step Processes in Ca(d*,p) Ca

Measurements of the cross section and analyzing powers

for the 40Ca(3,p)41Ca reaction to weakly-fed positive parity

levels have been carried out in order to test the validity

of a model in which these states are interpreted as f7/2
 o r

P3/2 particles coupled to a 3" or 5~ core. Calculations using

two-step CCBA appear to be able to account very well for the

data. This study, together with studies of 41Ca(a,o')41Ca

allow the determination of components of the wave function.

5. A study of High Spin States in Light Mass Nuclei using

14N-induced Reactions
1A19 1A 5 0X

The heavy ion fusion evaporation reactions C( N, H) Mg
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and 12C(14N,3He)23Na are being used to identify high

spin states in the mirror pair of residual nuclei. By

comparison with Hauser-Feshbach type of statistical model

calculations it is hoped to determine spins and resolve

spin assignment ambiguities such as in the case of the

9.8 MeV state in 23Na.

6. Study of Nb

92The states of Nb were studied using the reaction

89 92
Y(o,nY) Nb at McMaster and using the reaction

92 92
Zr(p,ny) Nb at the University of Alberta. Spins were

deduced for many states from the analysis of Y-ray angular

distribution and Y~Y angular correlation data. These include
members of the l^g/j x 2d5/o s e x t u P l e t a n d t n e ^2Pi/2^ x 2

doublet.

Recent Publications;

Kuehner, J.A., Ezücs, J, Ikossi, P., McDonald, A.M. and

Petty, D.T. "Use of Tensor Polarized Deuterons in

Method II Angular Correlations". Phys. Rev. Lett,

(in press).

Boyd. R.N., Elmore, D., Clement, H., Alford, W.P., Kuehner, J.A.

and Jones, G.D. "Positive-parity Levels in Ca Populated

in the 40Ca(3,p)41Ca (J*) Reaction". Phys. Rev. C14,

(in press).
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Petty, D.T., Ikossi, P.G., Kuehner, J.A. and Szücs, J,

"Spin and Parity Assignments in K via the (5, a)

Reaction near 0°". Phys. Rev. ÇJU, 908-911 (1976).

Petty, D.T,, Kuehner, J.A., Szücs, J., Green. P.W. and

Jones, G.D. "Tensor Analyzing Power Measurements in

the 160<d\a)14N Reaction at 0°". Phys. Rev. C14, 12-17

(1976).

Heller, H.R., Szücs, J., Kuehner, J.A., Jones, G.D. and

Petty, D.T. "Elastic Scattering of Polarized Protons from

Fe in the Giant Resonance Region of Co". Phys. Rev.

C13, 1055-1060 (1976).

Jones, G.D., Green, P.W., Kuehner, J.A., Petty, D.T., Szücs, J.

and Heller, H.R. "Identification of J^o" Levels in Odd-

Odd Nuclei and the Absolute Determination of t 2 0 for

Polarized Spin-1 Beams". Phys. Lett. 59B, 236-239 (1975).

Jones, G.D., Green. P.W., Kuehner, J.A. and Petty, D.T.

"Nuclear Spectroscopy Using (5,ay) Angular Correlations".

Nucl. Inst. & Meth. 12£, 527-536 (1975).

Green, P.H., Jones, G.D., Kelly, D.T., Kuehner, J.A. and Petty, D.T.

"The Gamma-Ray Decay of the 9.042 and 9.806 MeV States in

23Na". Phys. Rev. £12_, 887-893 (1975).
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Kuehner, J.A., Green, P.W., Jones, G.D. and Petty, D.T.

"New Technique for Parity Measurements Using Polarized

Deuterons". Phys. Rev. Lett. 35_, 423-426 (1975).

Simpson, J.J., Dunnweber, W., Wurm, J.P., Green, P.W.,

Kuehner, J.A., Dixon, W.R. and Storey, R.S. "Yrast

Levels in 44Ti". Phys. Rev. C12_, 468-473 (1975).

Jones, G.D., Green, P.W., Kelly, D.T., Frank, G.G. and

Kuehner, J.A. "5.534 MeV Level in 23Na". Phys. Rev.

C12, 132-135 (1975).

Simpson, J.J., Wilson, S.J., Green, P.W., Kuehner, J.A.,

Dixon, W.R. and Storey, R.S. "Identification of the 6H

and 8+ Yrast States in Ca". Phys. Rev. Lett. 35,

23-26 (1975).

Supporting Agency;

National Research Council of Canada
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NUCLEAR SPECTROSCOPY

Principal Investigator :

Research Associates:

Graduate Students:

Dr. R.G. Summers-Gill
Professor of Physics

Dr. T. Taylor (shared with
Dr. J.A. Cameron)

Dr. G.U. Din (visiting for the
Summer from University of Kuwait)

Mr. Arif Khan
Mr. K. LeNestour (from Sept. 1976)

Summer Assistant: Mr. R. Mann

Objective:

A study of the properties of the low-lying levels of

selected odd-odd nuclei with a view to gaining a better

understanding of the effective residual interactions

between nucléons - particularly in the T=0 state.

Progress During 1976:

Experiments have been initiated to study the low-lying

levels of La. This odd-odd nucleus has three holes in

^ ^ a ^the N=82 neutron shell, I t s

parity states should therefore be closely related to those

138
in La which we studied previously. The angular distribution

of the Ba( He,d) La reaction has been recorded on plates

using the Enge spectrometer and track counting is in progress.

One can also transfer a proton with the Ba(ct,t) La
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reaction and this can give better energy resolution and

accentuates the £ = 5 states. Exposures at three angles

have just been completed along with comparison spectra

for 134Ba(a,t) and 138Ba(aft).

132
Progress has also been made in the study of Cs,

an odd-odd nucleus farther from the neutron shell closure.

After it became apparent that the CsCi targets were deteri-

orating from exposure to the air, a better technique was

adopted and additional Cs(d,t) Cs spectra were taken

with much better resolution Cv< 6 keV) than a year ago.

Analysis of these is continuing. In order to observe the

132
Y-ray decay of the excited states of Cs, the reaction

128 7 132

Te( Li,3n) Cs can be used. After a study of the singles

spectra at several bombarding energies, address-recorded y~Y

coincidence data have been taken using a unique (for our lab)

set-up of three Ge(Li) detectors - two planar detectors best

for low energy y-rays and one large volume detector - and

multiplexing so that coincidences between all three pairs

of detectors are obtained. The sorting of the data is still

in its initial stages. It turns out, however, that the

reaction Te(Li,an) I also has an appreciable cross-

section. To assist in the identification of the y-rays that

belong to I, rather than Cs, singles spectra from

. Te(p,n) I were examined.
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A lot of effort (joint with Dr. J.A. Cameron,

Dr. P. Zkossi and workers from the Universities of

Western Ontario and Rochester) has gone into the project

aimed at measuring vector analyzing powers in (3,t) and

(3,p) reactions leading to odd-odd nuclei of the f-p shell.

To do this, one needs the resolution of the Enge, but not

having two of them rules out the customary method of using

left and right detectors. The possibility of error due to

beam spot movement between spin-up and spin-down measurements

has necessitated an arrangement of twin monitor detectors

(to look at left and right elastic scattering) and the

installation of a second set of beam-defining slits at the

entrance to the Enge scattering chamber. We also require a

focal plane counter with resolution better than the

resistance-wire model can give. The new delay-line counter,

built after the Michigan State design and just now becoming

operational, will solve that problem. In the meantime, we

have been trying out the experimental method with the old

counter using even-even (rather than odd-even) targets in

order to gain experience.

With G.U. Din (Kuwait) visiting for the Summer, a re-

investigation of the 39K(d,p)40K and 41K(d,p)42K reactions

has been undertaken. The first was studied by Enge et al.

in 1959 but the low bombarding energy (6 MeV) and the plane
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wave analysis mean that the reported spectroscopic

strengths may be considerably in error. The same group

also looked at the second reaction but that work is un-

published. An experiment was done at 12 MeV in 1969

(Lynen et al.) but only the first seven states were meas-

ured and thus most of the & =1 strength went unseen. We

have carried out preliminary plate exposures for both

isotopes at E,=12 MeV. Track counting up to 5 MeV

excitation will continue both here and in Kuwait.

In 1969, Lu et al. demonstrated the selectivity cf

the (a,d) reaction on a series of medium mass targets at

50 MeV bombarding energy. Without angular distributions,

they located the |lgo/2 J* = 9 • states from excitation

energy systematics. A number of other strong states were

not interpreted. In cooperation with NLE. Sanderson (who

visited for a week from Birmingham) using his AE-E counter

telescope and particle identifier circuit, we have looked

at 58Ni(ct,d)60Cu at E a = 26 MeV. Although the 9+ state is

only weakly visible above background, six other states up

to 3.71 MeV excitation are prominent. Angular distributions

for these are being extracted from spectra taken at angles

ranging from 10 to 60 .
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Work Planned for 1977:

Work will continue on all of the projects described

above. In an expansion of the La study, the reactions

136Ba(p,nY)136La and 133Cs(a,ny)136La will also be used.

For the latter, a special target chamber is being built so

that metallic targets can be made in situ. It is expected

that the ratio of the yields of specific Y-rays in the two

reactions will be indicative of the spins of the levels

involved.

When the new focal plane detector is fully operational

it should yield as good resolution as one obtains with plates.

It may then be easier to repeat the 39'41K(d,p)40'42K angular

distributions rather than count the remaining plates. It will

also be possible to use polarized deuterons in order to

identify separately the P3/2
 an<* Pi/2 spectroscopic strengths.

One new project will be undertaken. This involves the

observation of conversion electrons in the decay of odd-odd

isomers near N-82. The first to be studied will include the

841 keV state in 144Pm (0.71ys, J* » (9)+), the 911 keV state

in Pr (88ns, also thought to be 9 ), and the probably

similar 0.22ms isomer in 146Eu.
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Recent Publications:

Macphail, M.R. and Sununers-Gillr R.G. "The Doubly Odd

144
Nucleus Pm. (II) Interpretation". Nucl. Phys.

A263, 12-28 (1976).

Sanderson, N.E. and Summers-Gill, R.G. "Spectroscopy of

75Se Studied with the 72Ge(a,ny) Reaction". Nucl. Phys.

A261, 93-110 (1976).

Wender, S.A., Islam, A., and Summers-Gill, R.G. "The Lifetime

of the 72.6 keV Level in

1401-1403 (1975).

138La", Can. J. Phys. 53_,

Dohan, D.A. and Summers-Gill, R.G. "Spectroscopy of Ga

Using the 69Ga(d,p)70Ga and 71Ga(d,t)70Ga Reactions".

Nucl. Phys. A241, 61-78 (1975).

Macphail, M.R. and Summers-Gill, R.G. "The Doubly Odd Nucleus

144

Pm. (I) Energy Levels". Nucl. Phys. A237, 285-299 (1975).

Taylor, T. and Summers-Gill, R.G. "A Shell Model Study of the

Cobalt Nuclei". Bull. Am. Phys. Soc. 2_1, 796 (1976).

Nir, D., Islam, A., and Summers-Gill, R.G. "A New Method for

Spin Assignments?". Phys. in Canada, 31̂ , No. 3, 42 (1975).
138,Islam, A. "Shell Model States in

Supporting Agency:

National Research Council of Canada

La". Ph.D. Thesis (1975).
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MASS SPECTROMETRIC STUDIES

Principal Investigators : Dr. H. G. Thode
Professor of Chemistry

Dr. R. H. Tomlinson
Professor of Chemistry

Objective;

The determination of fission yields of specific elements

produced in the thermal fission of U, and the thermal and

235 239
epicadmium neutron fission of U and Pu.

Recent Publications:

deLaèter, J.R. and Thode, H.G. "Relative yields of stable

cadmium isotopes in neutron-induced fission." Can. J.

Phys. 53 (8), 775-785 (1975).

Thode, H.G. and Rees, C.E. "Sulphur concentrations and isotope

ratios in grain size fractions of lunar fines." In: Lunar

Science VII, Part II, The Lunar Science Institute, Houston,

Texas, pp. 861-863 (1976).

Goodwin, A.M., Monster, J., and Thode, H.G. "Carbon and

sulphur isotope abundances in Archean iron formations in

Early Precambrian life." Econ. Geol. 71, 870-891 (1976).

Thode, H.G. and Rees, C.E. "Sulphur isotopes in grain size

fractions of lunar soils." Proc. Lunar Sei. Conf. 7th

(in press).

Supporting Agency:

National Research Council of Canada
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A. NUCLEAR STRUCTURE STUDIES OP TRANSITIONAL AND
DEFORMED NUCLEI

B. X-RAYS PRODUCED DURING HEAVY ION-ATOM COLLISIONS

Principal Investigator :

Postdoctorate Fellow:

Graduate Students:

Dr. J. C. Waddington
Associate Professor of Physics

Dr. M.A.M. Shahabuddin

Miss Lily Buja-Bijunas
Miss Arlene Larabee
Mr. W.R. Stott

A. Objective:

To study the structure of deformed and transitional

nuclei with charged particle transfer and (heavy ion, xn)

reactions.

Progress During 1976 and Work Planned for 1977:

J4Gd87 2*89

Studies (in collaboration with Dr. Ç1.W. Johns) of high

spin states in the transitional odd-neutron nuclei Gd

and 151,5m have been completed. These states were populated

by means of the (a,2n) reaction. The positive parity levels

in Gd are particularly interesting since it may be possible

to explain their structure as resulting from an ii3/5 neutron

coupled to a rotating triaxial core (see Dr. M.W. Johns'

report).
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2) Single Particle Transfer Reaction Studies of Eu

and 154Gd.

The (d,t), ( He,a), { He,d) and (a,t) reactions have been

used to study two transitional nuclei: «3EU and 64<3d. This

work which formed the basis of Dr. O.P. Jolly's Ph.D. thesis,

has also been completed. Experimentally deduced values of

the splitting energies for the various two-quasiparticle

configurations have been found to be in reasonable agreement

with a calculation based upon a zero-range interaction

between the two unpaired particles.

3) The (p,a) Reaction across the shape transition near N=90

The 1 5 6' 1 5 8Gd( P,a)
1 5 3' 1 5 5Eu and 1 5 0' 1 5 2' 1 5 4Sm( P,a)

' ' Pm reactions have been studied in collaboration

with Dr. D.G. Burke. A striking correlation was generally

observed between the cross-sections in these reactions with

those of the (t,a) reactions into the same final nuclei.

An exception to this correlation was found in the Pm

spectra. This may be understood qualitatively to result

from the different deformations of the Sm and Sm

targets.

4) Search for Many-quasiparticle States near A^175

The present study (with Drs. T.L. Khoo and F. Bernthal,

M.S.U.) involves the use of the (a,3n), ( Li,4n) and
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( B,4n) reactions to populate high spin states in Ta.

A high spin isomer has been located at 2827 keV and a

conversion electron study of its decay has established its

spin and parity as /2 . Delayed and prompt Y~Y coincidence

experiments have established a number of levels which feed

the isomer (see figure). These levels are thought to be

five-quasiparticle states similar in structure to the many-

quasiparticle bands found in Hf. The present study will

be extended to Ta.

5) (p,g) Reactions

A study of the (p,ot) reaction will be made. Previous

work has shown that the proton hole states observed in

single proton pick-up reactions dominate the (p,ct) spectra.

The polarized beam will be used to study the J-dependence

in the (p,ct) reaction and to determine otherwise ambiguous

J values in experiments on targets of Si, Ni and Zr.

B. Objective :

To study X-rays produced in heavy ion-atom collisions.

Progress During 1976 and Work Planned for 1977:

1) Double K-shell vacancies

A study of double K-shell vacancies in atoms with atonic

number greater than 45 has been started. Two high resolution
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detectors were mounted near a thin target with

which was bombarded with an BO MeV iodine beam. Normal

X-rays were detected in coincidence with the transition

into the empty K shell (a hyper-satellite transition).

Preliminary results indicate that single K-vacancies

were produced approximately 1.00 more often than double

vacancies. A study of the double vacancy sharing between target

and beam particle will be made.

2) Continuum X-rays.

The continuum X-rays produced during a collision of

heavy ions with a target have been ascribed in many reports

to molecular orbital X-rays. We have been considering the

possibility that these continuua were due to some other

mechanism. A gold target was bombarded with beams of carbon

oxygen, chlorine and bromine. When the intensity of the

resultant spectra are normalized to the gold L-X-rays, the

radiation continuua are identical. Since the combined atomic

number has been varied from 85 to 114, the radiation cannot

be due entirely to molecular orbital X-rays. The Ooppler

shift of the spectra has been used to determine that the

radiation was emitted during the collision of the beam

particle with the target atom and not by the beam particles

alone, recoiling electrons or recoiling target atoms.
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Recent Publications;

Cook, W.B., Johns, M.W., L0vh0iden, G., and Waddington, J.C.

"Rotational Bands in a Transitional Nucleus : Sm".

Nucl. Phys. A259, 461-480 (1976).

Stott, W.R. and Waddington, J.C. "Observations of a New

Effect in Heavy-Ion Atom Collisions". Phys. Lett. 56A,

258-260 (1976).

Stott, W.R., Waddington, J.C., Burke, D.G. and L0vh*5iden, G.

"Mixed Positive Parity States in Er". Can. J. Phys.

52, 922-929 (1975).

Raudorf, T.W., Martini, M., Stott, W.R., and Waddington, J.C.

"Comparative Ionization Energies for Proton, Deuterons

and Alpha Particles in Si(Li) and High Purity Ce Detectors",

IEEE-NS 22, 145-148 (1975).

A K =0~

Octupole Band in ±JUSm". Can. J. Phys. 52, 1229-1235

(1975).

Thompson, J.V., Johns, M.W. and Waddington, iT.C.

150

Supporting Agency;

National Research Council of Canada
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THEORETICAL NUCLEAR PHYSICS

Principal Investigators:

Visiting Professor:

Research Associates and
Postdoctoral Fellows:

Short Term Visitors :

Graduate Students:

Dr. R. K. Bhaduri
Professor of Physics

Dr. Y. Nogami
Professor of Physics

Dr. M. A. Preston
Professor of Physics and
Applied Mathematics

Dr. D.W. L. Sprung
Professor of Physics

Dr. A. B. Volkov
Professor of Physics

Dr. C. S. Warke

Dr. H. Bando
Dr. M. Bando
Dr. I. D. Cheon
Dr. E. M. Krenciglowa
Dr. M. R. Manning
Dr. G. Rosenstee1
Dr. M. Vallières

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.
Mr.

X.
H.
S.
J.
K.
M.
W.

S.
K.
A.
D.
S.
H.
A.
D.
D.
B.
£.
M.
T.
G.
D.
L.

Campi
T.-Coelho
Das Gupta
Martorell
Srinivasa Rao
K. Srivastava
van Dijk

Abbas
Bajaj
Becke
Bell
Carr
Drummond
Dutta
Ellis
Hutchinson
Jennings
Kumar
Marconi
Murthy
Pantis
Porter
2ci.\fman
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Objectives:

Broadly speaking, the aim of nuclear theory is to under-

stand the structure and dynamics of nuclei on the basis of

quantum theory and knowledge of the fundamental interactions

among the constituent particles. A multifaceted research pro-

gramme is underway, attacking many problems of current interest:

study of two-body and many-body nuclear forces in nucléon- nucléon

scattering and in nuclei; nuclear structure calculated from a

number of realistic and/or phenomenological forces; fission

properties, including the Strutinsky method for the shell cor-

rection to nuclear binding energy; nuclear rotation, including

the backbending phenomenon; nuclear polarizability effects

evidenced as isotope, isotone and isomer shifts; meson-nucleus

interactions and intermediate energy physics; and hypernuclei.

Within these areas of interest, a number of projects are being

carried out which will contribute towards a comprehensive,

unified understanding of the nucleus.

Progress During 1976;

The area of nuclear structure continues as one of the

primary research interests in our group. The most fundamental

calculations performed begin with the free nucleon-nucleon

force and calculate the nuclear structure by solving Brueckner-

Hartree-Fock equations. The work of Dr. Preston and Dr. P.

Grange of Strasbourg falls in this class . On the other hand

there are still uncertainties concerning the nucleon-nucleon

force itself. Drs. Preston and van Dijk have been examining
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the nucleon-nucleon brensstrahlung with a view to better de-

termining the nucleon-nucleon interaction.

Dr. Sprung and his collaborators have been interested in the

response of the nucleus to the addition of a particle; in par-

ticular the isotope and isotone shifts ' .This is a development

of their self-consistent-field calculations of finite nuclei

using a density-dependent effective interaction derived from

the Reid potential. These calculations are being extended to

super heavy nuclei in view of the recently reported evidence of

a nucleus at Z = 126. Among other problems which Dr. Sprung

and his associates have investigated are phenomenological

4)
potential model for the nucleon-nucleon interaction , core

polarization effects and off-shell effects in the three-body

problem.

Dr. Volkov and his collaborators continue their study of

properties of deformed nuclei including spectra , high spin

states, electromagnetic transitions, asymmetric deformations,

etc. using their new "realistic" pairing theory and a new high

spin solution of the Bohr collective Hamiltonian . In colla-

boration with Dr. G. Rosensteel, an NRC fellow, Dr. Volk v is

also investigating the group theoretical properties of the col-

lective solution, with special emphasis on previously ignored

representations of the D and/or C_ . groups.

Drs. Bhaduri and Byron Jennings (now at Stony Brook as an

NRC fellow) continued with the application of their semiclassi-

cal partition function method for finding shell effects in
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8 9 10 )
nuclei ' ' . They proposed an improvement of the Thomas-Fermi

method which could lead to a replacement of the Hartree-Fock

method. In collaboration with Dr. S. Das Gupta of McGill and

Dr. J. C. Waddington of the McMaster Accelerator Laboratory,

Dr. Bhaduri has been doing also nuclear spectroscopic band-mixing

calculations for odd-odd nuclei in the h., ,_ and 1,0/2 s' i eH s*

Dr. Nogami and his collaborators have been examining the

validity of various approximations in the hadron-nucleus scat-

tering ' . Dr. C. S. Warke, who has been with the group on

leave from the Tata Institute/ and Dr. Nogami have been extensive-

ly studying various problems related to "solitons". They de-

veloped a novel method for constructing soliton solutions of

the so called nonlinear Schrödinger equation, which would enable

them to develop a soliton model for heavy-ion collisions

On the basis of this model they plan to explore how the time-

dependent Hartree-Fock method can be improved.

In addition to the above which have been conducted mainly

by the faculty members of the Theoretical Physics Group, the

contribution and stimulation by research associates and visiting

,15^25)
members cannot be over emphasized We also note that Drs.

Bhaduri and Nogami are trying to begin a venture in atomic and

molecular physics .

-84-



Recent Publications:

1. Density Dependence of Three-body Cluster Contributions

in Nuclear Matter, P. Grange and M.A. Preston, submit-

ted to Nucl. Phys.

2. A Note on the Val'idity of the Density Matrix Expansion,

D.W.L. Sprung, M. Vallières, X. Campi and CM. Ko,

Nucl. Phys. A253 (1975) 1-19.

3. Model Independent Determination of the Charge Density

2 09 208
Difference Between Bi and Pb, D.W.L. Sprung,

J. Martorell and /. Caropi, Nucl. Phys. A268 (1976)

301-31.

4. Third Order Perturbation Calculations in Nuclear Matter

for Realistic Potentials, J. Coté, B. Rouben, R- de

Tourreil and D.W.L. Sprung, Nucl. Phys. (accepted for

publication).

5. Infinite Partial Summations, D.W.L. Sprung, International

Topical Conference on Effective Interactions and Opera-

tors in Nuclei; Tucson Arizona, June 1975. Springer

Verlag, Heidelberg, p. 207-227.

6. A Study of High Spin in Gd, H.J. Smith, M.W. Johns,

G. L0vh0iden, J.V. Thompson, J.C. Waddington and A.B.

Volkov, Can. J. Phys.

7. Solution of the Bohr Hamiltonian for J<20, B.C. Smith

and C-M Ko, Can. J. Phys. _54 (1976) 1862-1865.

8. Semiclassical Approximation in a Realistic One-body

Potential, B.K. Jennings, R.K. Bhaduri and M. Brack,

Nucl. Phys. A253 (1975) 29-44.

-85-



9. Rotating Nuclei in a Semiclassical Description, M. Brack,

and B.K. Jennings, Nucl. Phys. A258 (1976) 264-285.

10. Many-particle Density of States in a Finite-dimensional

Vector Space, S. Das Gupta and R.K. Bhaduri, Phys.

Lett. J58B (1975) 381-383.

11. Comparison of Approximation Methods in One-dimensional

Many-body Scattering Theory, H.T. Coelho, Y. Nogami

and M. Vallières, Can. J. Phys. 5>4 (1976) 376-382.

12. Three-body Force in Nuclear Matter, P. Grange, M. Mart-

zolff, Y. Nogami, D.W.L. Sprung and C.K. Ross, Phys.

Letters 60B (1976) 237-240.

13. Soliton Solutions of Multicomponent Nonlinear Schrödinger

Equation, Y. Nogami and C.S. Warke, Phys. Letters.

14. Pion Scattering from a Bound Nucléon at Medium Energies,

K.K. Bajaj and Y. Nogami, Ann. Phys. (N.Y.) - accep-

ted, July 1976.

15. Core Polarization and Alpha-clustering in Ne, H. Bandö,

Nucl. Phys. A261 (1976) 269.

16. A Schematic Model Calculation of the Contribution to the

Effective Shell-model Interaction from High hco Core

Excitations, H. Bandö and M. Vallières, Phys. Letters

62B (1976) 377.

17. Two Particle-one Hole Multiple-scattering Contribution

to O Energies Using an Energy-Dependent Reaction

Matrix, H. Bando and E. M. Krenciglowa, Nucl. Phys. A

(in press).
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18. Multiple Scattering Equation for Two Particle-One Hole

System and Generalized Vertex in Core-polarization

of Nuclei. II and III, K. Andö, H. Bando and S.

Nagata, Prog. Theor. Phys. (Japan) to be published.

19. One, Two and Three Dimensional Alpha-Lattice Structure

of Nuclear Matter, H. Bandö, Revista Brasileira

de Fisica (Brasil) (to be published).

20. The Structure of Light p-shell Nuclei, J. M. Irvine,

G.S. Mani and M. Vallières, Ann. Phys. (N.Y.) in

press.

21. Hyperspherical Method Applied to the Three-alpha Model

of 1 2C*, M. Vallières, H.T. Coelho and T.K. Das,

Nucl. Phys. in press.

22. Generalized N-body Harmonic Oscillator Basis Functions

for the Hyperspherical Approach, M. Vallières ,

T.K. Das and H.T. Coelho, Nucl. Phys. A257 (1976) 289.

23. Note on the Harmonic Oscillator Calculations of Two-

nucleon Transfer Form Factors, M. Vallières, D.H.

Feng and R.H. Ibarra, Nucl. Phys. A256 (1976) 21.

24. Extended Basis Shell-model Study of Two-neutron Trans-

fer Reactions, R.H. Ibarra, M. Vallières and D.H.

Feng, Nucl. Phys. A241 (1975) 386.

25. Off-energy-shell Generalization of the Results in Poten-

tial Scattering, C.S. Warke and M.K. Srivastava,

Phys. Rev. C. submitted.
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26. Three-body Bound-state Problem with Coulomb Forces,

R.K. Bhaduri and Y. Nogami, Phys. Rev. A13 (1976)

1986-1988

27. Hartree-Fock Approximation for the One-dimensional

"Helium Atom", Y. Nogami, M. Vallières and W.

van Dijk, Am. J. Phys. 4± (1976) 886-888.

28. Note on the Error Function, R.K. Bhaduri and B.K.

Jennings, Am. J. Phys. £4_ (1976) 590-592.

29. Surface Corrections to the Landau Diamagnetic Suscep-

tibility, B.K. Jennings and R.K. Bhaduri, Phys.

Rev. Bl4_ (1976) 1202-1208.

30. The Three-body Problem of Two-electron Atoms, M. K.

Srivastava, R.K. Bhaduri and A.K. Dutta, Phys.

Rev. A (in press).

31. Variational Method for Two-electron Atoms, M.K.

Srivastava and R.K. Bhaduri, Am. J. Phys. (in press).

32. Contributions of the Exchange Currents to Elastic

Electron Scattering from Nuclei, I.T. Cheon, Phys.

Letters 60B (1976) 409.

Recent Theses :

Smith, B.C., Solutions of the Bohr Hamiltonian with Application

to High Spin States, Ph.D. (1975).

Bajaj, K.K., Meson-nucleus Interaction, Ph.D. (1976)

Ellis, D.D., Partly Non-local Potentials in the Model Triton,

Ph.D. (1976)

Jennings, B.K., Extended Thomas-Fermi Theory for Noninteracting

Particles, Ph.D. (1976).

Abbas, S.A., Kaon-nucleus Interaction at Low Energies, M.Sc.

(1976).
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INTRODUCTION :

Nuclear techniques have proven to be very useful

in exploring a wide variety of problems not directly

concerned with the nucleus itself. In all of these,

neutrons or charged particles are used directly as

probes of atomic structures or indirectly to produce

radioactive atoms which can then be used as tracers

for complex chemical and biochemical problems or as

sources of radiation for medical problems. This

chapter presents progress reports from research

workers who are using the nuclear facilities as a

tool to solve problems not associated directly with

the nucleus itself. For convenience, the chapter is

divided into sub-sections dealing with Research in

Solid State and Materials Research (10 staff members,

9 postdoctorate fellows, 7 graduate students);

Science and Engineering research ( 9 staff members,

5 postdoctorate fellows, 25 graduate students); and

Biological and Medical Research ( 29 staff members,

14 postdoctorate fellows and 16graduate students),

and 1 visiting scientist.
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SECTION A - SOLID STATE AND MATERIALS RESEARCH
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PERTURBED ANGULAR CORRELATIONS AND MOSSBAUER EFFECT

Principal Investigator :

Postdoctorate Fellows:

Graduate Students :

Dr. J.A. Cameron
Professor of Physics

Dr. J.S. Barrett
Dr. C.C.M. Campbell
Dr. D. Nir

Mr. B. Bullimore
Mr. T. Dececchi

Objective:

Time-differential and time-integral perturbed angular

correlations and Mössbauer spectroscopy are used to study

magnetic alloys.

Progress During 1976:

1. Weak Itinerant Ferromagnetism.

Following the study of ZrZn2 and related alloys containing

Hf and Ti' an attempt was made to investigate Sc.In which

is also reported to be ferromagnetic at 4.2K. Scandium metal

containing Ti was prepared by the (p,2n) reaction using 18

MeV protons. However, none of the alloy samples prepared

showed evidence of magnetism sc the project was temporarily

abandoned.

2. 3d Impurities in Iron and Nickel.

The systematic behaviour of hyperfine fields at d elements

as impurities in ferromagnets shows a gradual increase with
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Z attributable to conduction electron polarization and

an oscillation due to core polarization. Most of the

data come from NMR spin-echo measurements. This year we

have completed the 3d series with Ti and Cr which are

immeasurable using this technique. Measurements are

possible however using excited states of Ti, Ti and

51Cr excited by (a,n) reactions on 42Ca, 44Ca and 48Ti.

In the last case alloy targets of Ti-Fe-- and Ti5Ni95 were

used (2) Calcium is insoluble in iron and nickel and layered

targets were made. The results are, in kOe.

Ti
Fe -80±20

Cr
-10±4

- 3±2Ni -15+ 5

3. Heusler alloys.

The hyperfine fields at the X site in NijMn X show

systematic trends which help in the understanding of the

ferromagnetism of these compounds, using a polycrystalline

sample of Ni2MnSb doped with In, we have remeasured the

value and obtained the sign of the field at Cd nuclei on

the Sb site (3) The result is

H e f f = -232 ± 5 kOe.
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Work Planned for 1977;

Mössbauer absorption measurements of the Heusler

system NijMnSn containing Fe have begun and will be

continued. Samples of this material have displayed

anomalous bulk magnetic properties.

The Mössbauer effect in concentrated disordered iron

alloys such as Fe, Cr and Fe, Ni will be investigated

to support in-beam perturbed angular correlation work with

these targets.

The "sandwich target" technique used successfully in

the Ca(ct,n) Ti experiments will be exploited further to

obtain hyperfine fields at impurities normally insoluble

in iron.

Pulsed beam differential perturbed angular correlation

measurements will be used to refine the data on

Recent Publications:

51Cr.

Barrett, J.S. and Cameron, J.A. "Hyperfine magnetic fields*

181
at Ta nuclei in ZrZn- containing Ti and Hf". J. Phys«

C: Solid State Phys. 9_, 1303 (1976). (1)

Wender, S.A., Keszthelyi, L. and Cameron, J.A. "The magnetic

field at chromium nuclei in iron and nickel". Can. J.

Phys. 54, 827 (1976). (2)
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Campbell, C.C.M. and Cameron, J.A. "Negative hyperfine

field at Cd impurity sites in the Heusler alloy ?d2MnSb",

J. Phys. F: Metal Phys. £, L221 (1976). (3)

Supporting Agency:

National Research Council of Canada
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INVESTIGATIONS OF CRITICAL PHASE TRANSITIONS AND OF SPIN
WAVES BY SLOW NEUTRON SPECTROSCOPY

Principal Investigator:

Graduate Students

Dr. M.F. Collins
Professor and Chairman
Department of Physics

Mr. R. Boire
Mr. D.J. Khatamian
Mr. J.A. Oyedele

Objective:

The technique of slow neutron spectroscopy is being

used to study a variety of properties of solids, with the main

emphasis on critical phase transitions and spin wave dispersion

laws.

Progress during 1976:

This year has seen the completion of the first experi-

ment with the new two axis spectrometer at Chalk River. This

is the measurement of ordering in iron-cobalt alloys. The

alloys are body-centred cubic with ordering based on the cae-

sium chloride structure. Phase transitions to states with long

range ordering are found from 70% iron to 30% iron. The vari-

ation of the transition temperature with composition is close

to that predicted by the theory of Bienenstock and Lewis except

that the maximum transition temperature is slightly displaced

from the stoichiometry 50% alloy.

At the McMaster Nuclear Reactor an investigation has

been carried out on the magnetic phase transition in manganese

oxide, MnO. The transition is found to be clearly of first

order with a transition temperature of 117K. There does not

seem to be any appreciable critical scattering at the
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transition point.

The spin wave dispersion relations in a single crystal

of CsMnF3 have been mapped out at low temperatures using the

McMaster triple axis spectrometer at Chalk River. There are

two optic modes as well as an acoustic mode. The data can be

fitted satisfactorily tu a model with three exchange constants

and with dipole-di^ole interactions.

The variation of sublattice magnetisation with tem-

perature, has also been measured in CsMnF3. The results give

a critical exponent 3 of 0.317±0.009.

Work Planned for 1977;

It is planned to measure the magnetic stiuc^ure of

RbMnBr, at the McMaster reactor. Earlier powder measurements

indicate that this material has an unusual antiferromagnetic

structure; this needs further investigation with a single-

crystal specimen.

It is also planned to initiate further work on spin waves

and on order-disorder in alloys.

Recent Publications;

Z. Racz and M.F. Collins, A Vacancy Mechanism for Ising Critical

Dynamics, Phys. Rev. Bll, 2564 (1975).

Z. Racz, On the Difference between Linear and Nonlinear Critical

Slowing Down, Phys. Lett. 53A, 433 (1975).

Z. Racz, Nonlinear Relaxation near the Critical Point: Molecular-

field and Scaling Theory, Phys. Rev. B13, 263 (1976).

Z. Racz and M.F. Collins, Linear and Nonlinear Critical Slowing

Down in the Kinetic Ising Model: High Temperature Series,
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Phys. Rev. B13, 3074 (1976).

M.P. Collins and J.A. Oyedelc, Order-Disorder in Iron-Cobalt

Alloys, Proc. Conf. on Neutron Scattering, Gatlinburg,

Tennessee (in press) (1976).

M.F. Fisher and Z. Racz, "Scaling theory of Nonlinear Critical

Relaxation", Phys. Rev. 1̂ 1.3» 5039 (1976).

Supporting Agency;

National Research Council of Canada.

-99-



STRUCTURAL STUDIES OF TECHNETIUM COMPOUNDS

Principal Investigator: Dr. C.J.L. Lock
Professor of Chemistry
Institute for Materials Research

Objective:

Provision of accurate bond length data for bond length-

force constant calculations.

Work Planned for 1977:

Structural and spectroscopic studies of NH4TCO4.

Recent Publications:

Hughes, R.P., Krishnamachari, N., Lock, C.J.L., Powell, J., and

Turner, G. "The crystal and molecular structure of a five

coordinate rhodium(I)diene complex and the correlation of

structural parameters with C n.m.r. shifts". Inorg.

Chem. (accepted September 1976).

Faggiani, R., Lippert, B., Lock, C.J.L., and Rosenberg, B.

"Hydroxo-bridge platinum(II) complexes. I. Di-u-hydroxo-

bis[diammineplatinum(II)] nitrate, [(NH3)2Pt(NH3)2](NO3)2.

Crystalline structure and vibrational spectra". J. Amer.

Chem. Soc. (accepted August 1976).

Lock, C.J.L. ,and Turner, G. "Studies of the rhenium-oxygen

bond. III. The crystal and molecular structure of l-oxo-6-

ethoxo-2,4-dichloro-3,5-dipyridinerhenium(V)". Can. J.

Chem. (accepted September 1976).
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Lock, C.J.L., Speranzini, R.A., and Powell, J. "Heavy tr-ansi-

tion metal complexes of biologically important molecules.

I. The crystal and molecular structure of trans-dichloro-

(bis(isopropyl)sulfoxide-S_) -(1-methylcytosine-N)platinum-

(II)". Can. J. Chem. 54, 53-58 (1976).

Allen, D., Lock, C.J.L., and Turner, G. "The crystal and

molecular structure of pentane-2,4-dionato-(2,3,5,6)tetra-

hapto-2,3-dicarbomethoxo[2.2.1]bicycloheptadiene)rhodium(I),

Rh(C5H7O2) (C7H6(CO2CH3)2)". Can. J. Chem. 5_3, 2707-13

(1975).

Fredette, M.C. and Lock, C.J.L. "Studies of 3-diketone complexes

of rnenium. VIII. The reaction of 8-diketones with chloro-

pentacarbonylrhenium(I), and the preparation of complexes

of the type Re(CO)4(dik), Re2(CO)6(dik)2 Re2(CO)6Cl2(dikH)2,

Re(CO)3L(dik) and Re(CO)2 (dik)L2". Can. J. Chem. 53_, 2481-

89 (1975).

Lock, C.J.L. and Turner, G. "A reinvestigation of the crystal

structure of potassium perrhenate". Acta Cryst. B ^ , 1764-

65 (1975).

Lock, C.J.L. and Wan, Che'ng. "Studies of ß-diketone complexes

of rhenium. VII. The crystal and molecular structure of

oxodichloropentane-2,4-dionatotriphenylphosphinerhenium(V)".

Can. J. Chem. 5_3_, 1548-53 (1975) .

Brown, I.D., Lock, C.J.L., and Wan. Che'ng. "Studies of ß-dike-

tone complexes of rhenium. VI. The crystal and molecular

-101-



r

structure of cis-dichloropentane-2,4-dionato-trans-bis-

(triphenyl-phosphine) rhenium(III) ". Can. J. Chem. 52^,

1704-08 (1974).

Supporting Agency

National Research Council of Canada.
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AN INVESTIGATION OF THE SOLID ISOTOPIC METHANES USING TOTAL NEUTRON
SCATTERING CROSS-SECTION MEASUREMENTS _

Principal Investigator: Dr. J. A. Morrison

Professor of Chemistry

Graduate Student: Mr. K. J. Lushington

Objective:

The slow neutron total scattering cross-section of the solid

methanes (CH4, CH3D and CH2D2) is being used to investigate the

magnitude and kinetics of nuclear spin conversion at very low

temperatures. This research is part of a broader investigation

into the orientational ordering of the solid methanes.

Progress during 1976:

The initial experimental results, obtained early in 1976,

were inconclusive, the major problem being the low flux available

on the triple axis spectrometer. In order to overcome this problem,

the double axis spectrometer was modified to operate at longer

neutron wavelengths and at a higher neutron flux. The modified
o

spectrometer, when operated at 4.7A, had over fifty times the slow

neutron flux of the triple axis spectrometer. This increased flux

allowed very accurate determinations of the total cross-section of

CH3D to be made over a wide range of temperature (0.7K to 90.OK)

and conclusive evidence for nuclear spin species conversion was

obtained. The data showed nuclear spin species conversion starting

at about 8K and going to completion at 0.7K. The time dependence

of conversion was harder to characterise, but, with the reactor

operating at 5MW, enough data were accumulated to estimate the

half life of conversion at approximately 40 seconds. These results

are now being used to interpret existing heat capacity data for

solid CH3D and should yield valuable information about the

orientational ordering of the molecules in that solid.
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Work planned for 1977;

The investigation will be extended to include CH4 and CH2D

in order to get accurate data on the nature of spin conversion in

these molecular solids. Some powder diffraction measurements will

be made on CH-D at low temperatures (4.2K) in order to check

extrapolated structure parameters and critical behavior in the

deuterated methanes.

Publications ;

Morrison, J. A., and Sears, W. M., "Solid SiH4: Structure and

Orientational Order", J. Chem. Phys., 6£, 2736 (1975).

Koga, Y., and Morrison, J. A., "Polymorphism in Solid CC14",

J. Chem. Phys., 62, 3359 (1975).

Bansal, 0. P,, and Morrison, J. A., "Dilute Alloys of Ce in Al

Prepared by Lévitation Melting", Mat. Res. Bulletin, 10,

1181 (1975).

Jones, E. P., Morrison, J. A., and Richards, E. L., "Investigation

of the Thermal Properties of Solid CH^D at Very Low Tempera-

tures", Can. J. Phys. S3, 2546 (1975).

Ha, H., Morrison, J. A., and Richards, E. I.., "Vapour Pressures

of Solid Benzene, Cyclohexane and Their Mixtures," J. Chem.

Soc. Farad. Trans. I, 7£, 1051 (1976).

Morrison, J. A., and Richards, S. L., "Thermodynamic Study of

Phase Transitions in Carbon Tetrachloride", J. Chem. Thermo-

dynamics (in press) (1976).

Supporting Agencies :

ACS-Petroleum Research Fund

National Research Council of Canada
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QUADRUPOLE INTERACTION IN HAFNIUM COMPOUNDS

Principal Investigator:

Postdoctorate Fellow:

Dr. W. V. Prestwich
Professor of Physics

Dr. L. Lowe

Objective :

The determination of the magnitude, syvnmetry, and

dynamic properties of the electric field gradient tensor

at the Hf site in hafnium compounds.

Progress During 1976 :

Work has been completed on a comparative study of the

heptafluorate compounds (NH4)_ HfF_ and K,HfF_. The study

was initiated by reports of a significant dynamic inter-

action in ammonium heptafluorate at room, temperature.

Measurements taken here at a series of temperatures between

77°K and room temperature yielded results in good agreement

with those of the previous study. In an effort to isolate

the factor responsible for the dynamic effect, similar

experiments have been performed on K.HfF_. The behaviour

is markedly altered. In this case, the data indicates a

basically static interaction. Moreover, there is evidence

for a phase transition, since tLj low temperature data

requires a two-site model, while only one site is required
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at higher temperatures.

Work Planned for 1977:

A study will be made of the effect of other cations

in heptafluorate. Before more data can be taken, however,

it will be necessary to assemble a data acquisition system.

Recent Publications:

Lowe, L.M., Prestwich, W.V., and Zmora, H. "The Field Gradient

Tensor at the Metal Site in Hafnium Acetylacetone".

Can. J. Phys. 53., No. 14, 1327-1332 (1975).

Supporting Agency:

National Research Council of Canada
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IONIC DIFFUSION AND LATTICE DEFECT STRUCTURES IN SOLID METAL
OXIDES, NITRIDES AND SULFIDES

Principal Investigators: Dr. W.W. Smeltzer
Professor of Metallurgy and
Materials Science

Dr. R.G. Summers-Gill
Professor of Physics

Dr. J. Sheasby
Associate Professor of Materials
Science
(University of Western Ontario)

Objectives:

Our objectives are to correlate measurements and theories

of metal oxidation kinetics with diffusional, structural and com-

positional parameters of the reaction products. Experimental

techniques involve isotope exchange measurements by mass spectro-

metry and radio-tracers, defect mobility measurements by electri-

cal conductivity, structure determinations by transmission electron

microscopy and reaction rate measurements in gravimetric and

volumetric assemblies.

Progress During 1976 and Work Planned for 1977:

Radioactive Marker Techniques in the Study
of Oxygen Migration in Oxide Scales on
Niobium and NicKiT

A feasibility study is being made on the possibility of

detecting 0*8 diffusion in these scales using secondary ion beam

mass spectrometry (SIM), and 3MeV protons for 018(p,n)F18 activa-

tion and subsequent audoradiographic techniques. To the present,

we have been able to measure the 0 1 8 gradients in Nb2°5 scales

using the SIM technique.
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Nitrogen Diffusion in ZrN

Nitrogen diffusion in polycrystalline ZrNg.71-0.79 spheres,

60 y and 90 y diameter, was studied by the gas-solid exchange

technique using 15N as a tracer at a nitrogen pressure of 220 Torr

and at temperatures in the range 1000-1200°C. The tracer diffu-

sion coefficient which can be expressed as D* (cm2/s)=3.0xl0-10

exp(-23.000/RT) confirms our previous findings that nitrogen trans-

port in this polycrystalline solid at temperatures less than 1200 C

is associated with a short circuit diffusion mechanism.

Recent Publications;

Young, D.J., Smeltzer, W.W. Sulfidation Kinetics of Iron and Ferri-

tic Iron-Cobalt Alloys, J. Electrochem. Soc. 12_3, 229-34 (1976).

Whittle, D.P., Young, D.J., Smeltzer, W.W. The Criterion for Sta-

bility of a Planar Alloy-Oxide Interface upon Oxidation of

Binary Alloys, J. Electrochem. Soc. 123, 1073-79 (1976).

Mayer, P., Smeltzer, W.W. Diffusional Growth of Cobaltous-Ferrous

Oxide Scales on Cobalt-Iron Alloys, J. Electrochem. Soc. 123,

661-67 (1976).

Mayer, P., Smeltzer, W.W. The Kinetics and Morphological Develop-

ment of Oxide Scales on Cobalt-Iron Alloys (0-70 wt.% Fe), J.

Oxidation Metals 10_, 329-39 (1976).

Young, D.J., Kirkaldy, J.S., Smeltzer, W.W. Discontinuous Precipi-

tation as a Mode of Internal Oxidation, J. Electrochem. Soc.

123, 1758-60 (1976).

Supporting Agency;

National Research Council of Canada.
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ION IMPLANTATION AND CHANNELING EFFECT STUDIES IN
SEMICONDUCTORS

Principal Investigators:

Postdoctoral Fellow:

Graduate Students:

Dr. D.A. Thompson
Associate Professor
Department of Engineering Physics

Dr. J. Shewchun
Professor
Department of Engineering Physics

Dr. J.A. Davies
Professor (part-time)
Department of Engineering Physics

Dr. A. Golanski

Mr« 8.8. Johar
Mr. B. Nielson
Mr. S.M. Poehlman
Mr. T.M. Vanderwel
Mr. R.S. Walker

Objective:

The objective of this study is to investigate some of

the potential applications of ion implantation as a technique

for producing semiconductor devices and to use the channeling

behaviour of MeV protons and helium ions to investigate the

corresponding radiation damage and ion distribution.

Progress During 1975/76:

Detailed studies of the electrical characteristics,

disorder effects and impurity-atom-site location have been

undertaken in various semiconductors. Following high
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temperature implants (450 C) of nitrogen into Sic and

subsequent annealing up to 1480°C, electrically active

nitrogen donors have been observed with ^ 20-30% of the

implanted nitrogen becoming electrically active. Nitrogen

implants into GaP at 150°C have been undertaken and a

substitutional percentage of ^ 20% has been obtained after

annealing at 450°C. Higher temperature annealing results

in the nitrogen coming off the lattice sites.

The implantation accelerator has now been upgraded

and mated with the 3.5 MeV Van de Graaf along with the

construction of a low temperature irradiation stage. A

systematic program has been initiated to study the damage

created in silicon due to bombardments by light through

heavy mass ions. The results are interpreted to relate the

average cascade damage density with linear cascade theory.

Non-linear effects have been observed suggesting the existence

of spike phenomena. Also extremely low (< 1 eV) "effective

displacement energies" have been measured.

Work Planned for 197 7:

The heavy ion damage studies will continue and be

correlated with computer simulation studies. It is also

planned to initiate a new program involving the application
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of ion implantation techniques to the development of

improved efficiency solar cells.

Recent Publications:

Thompson, D.A. and Walker, R.S. "Low Energy Heavy Ion

Induced Damage at 45°K". Surface Science (in press).

Thompson, D.A., Chan, M.C., ar«d Campbell, A.B. "Nitrogen

Implanted SiC: Correlation of Channeling and Electrical

Studies". Can. J. Phys. (in press).

Thompson, D.A., Johar, S.S., and Shewchun, J. "Nitrogen

Implantation into GaP: Damage and Nitrogen Location

Studies". J. of Electronic Materials, 4.

Campbell, A.B., Mitchell, J.B., Shswchun.- J., Thompson, D.A.

and Davies, J.A. "Nitrogen Implanted Germanium: Damage,

Lattice Location and Electrical Properties". Can. J.

Phys. 52, 303 (1975).

Mitchell, J.B., Shewchun, J., Thompson, D.A. and Davies, J.A.

"Nitrogen Implanted Silicon II: Electrical Properties".

J. Appl. Phys. 4£, 335-343 (1975).

Mitchell, J.B., Pronko, P.P., Shewchun. J., Thompson D.A.

and Davies, J.A. "Nitrogen Implanted Silicon I: Damage

Annealing Lattice Location". J. Appl. Phys. 4£, 332-334

(1975).
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Campbell, A.B., Mitchell, J.B., Shewchun, J., Thomspon, D.A.

and Davies, J.A. "Nitrogen Implantation in SiC:

Lattice Disorder and Foreign Atom Location Studies".

The Fourth International Conference on Ion Implantation

Into Semiconductors and Other Materials, Osaka (1974).

Foti, G., Davies, J.A., Howe, L.M.., Mitchell, J.B., Walker, R.

and Moore, J. "The Use of Molecular Beams for Ion

Implantation Studies in Si and Ge". The Fourth International

Conference on Ion Implantation into Semiconductors and

Other Materials, Osaka (1974) p. 493.

Davies, J.A., Foti, G., Howe, L.M., Mitchell, J.B. and

Winterbon, K.B. "Polyatomic Carbon Ion Implantation of

Si". Phys. Rev. Letters 34, 1441 (1975).

Supporting Agencies:

Defence Research Board

National Research Council of Canada
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CHEMICAL APPLICATIONS OF THE MÖSSBAÜER EFFECT

Principal Investigator :

Graduate Students:

Dr. T. Birchall
Associate Professor of Chemistry

J.G. Ballard
J.P. Johnson

Objective:

Mössbauer spectroscopy is being increasingly used as a

probe to obtain information about the structure and bonding

in inorganic materials. The use of Co and mSn isotopes

to study compounds of iron and tin is now very well established,

but relatively little has been achieved in the application of

the technique to the solution of chemical problems involving

other Mössbauer nuclei. It is the object of this project to

explore the chemical usefulness of some of these other nuclei,

such as: 1 2 5Te, 1 2 7 I , 121Sb, 119Sn.

Progress During 1976:

119SnWork on tin oxide systems has continued and

Mössbauer spectra have been correlated with structural data.

119
This isotope ( Sn) has also been used to probe the hyperfine

fields in a number of Heusler alloys. The hyperfine fields in

the system RhMSn(M » Mn, Fe, Co) have been correlated with

local magnetic moments.
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Our work with the Sb isotope has been extensive.

We have shown that VSbO4 contains Sb in the V oxidation

state and hence V must be in the III oxidation state - a

rather surprising result. The stereochemistry of a number

of Sb(III) - fluoride systems has been investigated by

means of the Mössbauer effect. The Sb(V)Cl_ F system

has been carefully examined. The Mössbauer isomer shifts

and quadrupole couplings obtained have provided valuable

information about the nature of the compounds. The first

definitive evidence for SbCl,F2 has been obtained and it

has been shown to have a tetraneric structure.

Work Planned for 1977;

Work already in progress will continue. The system

N i g M n ^ ^ S n (T = Ti, V, Cr) will be investigated. Studies

on mixed oxidation states involving tin and antimony will

be commenced. It is hoped to extend our range of isotopes

by preparing mTe and mTe, and using these to investigate

the structure and bonding in compounds of iodine.

Recent Publications:

Ballard, J.G. and Birchall, T. ,119Sn Mössbauer Spectra of

some Tin(II) Oxygen Compounds". Can. J. Chem. j>3_f 3371-3373,

(1975).
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57
Birchall, T. and Tun, K.M. " Fe Mossbauer Spectroscopy

of Dithiooxalato Complexes of Iron in the Solid State

and in Frozen Aqueous Solutions". Inorg. Chem. 15_,

376-380, (1976).

Birchall, T. and Sleight, A.W. "Oxidation States in "VSbO4"".

Inorg. Chem., 1£, 868-870, (1976).

Campbell, C.C.M., Birchall, T. and Suits, J.C. "Relation of

Hyperfine Fields in Rh 2
F e S n t o those in Rh-Fe Alloys".

Solid State Communications 18_, 1535-1538, (1976).

Balla*~d, J.G. and Birchall, T. "Intercalation of Antimony

Pentafluoride and Antimony Pentachloride into Graphite:

121

Sb Mdssbauer Evidence for the Species Present".

J. Chem. Soc. Dalton Trans, (in press) (1976).

Ballard, J.G. , Birchall, T., Fourcàde, R. and Mascherpa, G.
121 *

" Sb Mossbauer Studies of Some F.luoroanti'monates (III)".

J. Chem. Soc. Dalton Trans., (in press) (1976).

Ballard, J.G., Birchall, T. and Slim, D.R. "The Crystal

Structure of Antimony Trichloride Difluoride". J. Chem.

Soc. Chem. Comm., (in press) (1976).
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i 21
ßirchall, T. and Ballard, J.G. " Sb Hössbauer Spectroscopy

of Antimony Chloro Fluorides". J. Phys. (in press)

(1976).

Supporting Agency;

National Research Council of Canada
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INERT GAS STUDIES

Principal Investigator :

Graduate Student:

Dr. W.B. Clarke
Professor of Physics

Mr. M. Bahrani

Objective;

To obtain information on the yields and energies of

light particles ( He, He, H) emitted in the fission process.

Progress During 1976 and Work Planned for 1977:

Suitable Pb foils (about a factor of 10 thinner than

we have previously used) have been obtained. Some work

has been carried out on preparation of thin U sources

for the catcher foil experiments. Using high sensitivity

3 4 3
mass spectrometry the concentrations of He, He and H

(via He) will be measured in foils after neutron irradiation

of a set of foils stacked next to a

Recent Publications:

235U source.

Jenkins, W.J., and Clarke, W.B. "The distribution of He

in the western Atlantic ocean". Deep Sea Research 2_3_,

481-494 (1976).

Clarke, W.B., Jenkins, W.J., and Top, Z. "Determination of

tritium by mass spectrometric measurements of He".

Int. J. Rad. Isotopes (in press).
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Clarke, W.B., Top, Z., Beavan, A.P., and Gandhi, S.S.

"Dissolved helium in lakes : Uranium prospecting in

the precambrian terrain of central Labrador". Econ.

Geol. (in press).

Torgerson, T., Top, Z., Clarke, W.B., Jenkins, VI.J., and

Broecker, W.S. "A new method for physical limnology

- - Tritium-Helium 3 age dating - - Results for Lakes

Erie, Huron and Ontario". Lim. and Oceaonog.

(in press).

Torgerson, T., and Clarke, W.B. "Gas Exchange rates for

small lakes - - an evaluation of basic models and

methods". Lim. and Oceanog. (submitted).

Supporting Agencies:

National Research Council of Canada

Department of Energy, Mines and Resources
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NOBLE METAL AND RARE EARTH ELEMENT GEOCHEMISTRY BY

NEUTRON ACTIVATION

Principal Investigator:

Research Assistant:

Postdoctorate Fellow:

Graduate Students:

Dr. J.H. Crocket
Professor of Geology

Mr. A. Kabir

Dr. D. Paul

Mr. W. MacRae
Mr. L. Tihor

Objective:

1) To improve the understanding of the metallogeny of

gold and platinum group mer.al ore deposits and the petro-

genesis of their associated host rocks.

2) To study the petrogenesis of various rocks, particularly

those characteristic of Archean gneiss terrain, by rare earth

element fractionation patterns.

Progress During 1976 and V7ork Planned for 1977:

la) Gold Metallogeny in the Kirkland-Larder Lake Area

Field studies in this well-known gold camp show that

carbonate rocks hosting gold mineralization are mainly

altered ultramafic rocks although other rocks including some

of trachyitic affinity may also be altered to carbonates.

Activation analyses indicate the carbonates are generally

somewhat enriched in gold relative to the local background,
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and occasionally that they are highly enriched. Ultra-

mafics are unusually poor in gold. An immediate source

for the gold in ultramafic rocks is currently regarded as

unlikely. Further studies continue to define the gold

source and mineralization process in this area.

lb) Noble metal — ultramafic rock associations

Au, Pt, Pd and Ir were determined from three flow units

of komatiitic peridotites from Munro Township. These studies

are directed toward the question of ultramafic flows as source

rocks for gold. Gold is present at a level of 2 to 3 ppb in

these rocks. It is therefore unlikely that these particular

rocks would generate economic gold mineralization through

alteration but far more extensive work is needed to asses

ultramafic flows in general.

The platinoids are in the 10 to 20 ppb range and the

Pt/Pd ratios are typical of komatiitic rocks.

le) Au, Pd, As and Se in lake sediments

Lake sediment cores have been obtained from the Temagami-

Sudbury area. They have been sectioned at 1 cm intervals and

will be analysed for heavy metals to evaluate various input

sources.

Id) Noble metals in kimberlite and ultramafic xenoliths

Activation studies of Au, Pt, Pd and Ir in kimberlite
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whole rock samples and in associated garnet peridotite

xenoliths are in progress. These studies are expected

to yield quantitative data on the fractionation of noble

metals in response to partial melting of ultramafic source

rocks.

2a) Rare earth elements (REE) in Archean granitic qneiss

The REEs, along with Th, Se, Hf, Ta and Ba, are

determined by nondestructive neutron activation. Studies

are in progress on two areas from northwestern Ontario.

The objectives are to obtain constraints on possible petro-

genetic nodels for various rocks from typical Archean gneissic

terrain. Data obtained to date indicate some very distinctive

fractionation patterns in certain rocks, particularly with

respect to extreme light REE depletion.

Recent Publications:

Crocket, J.H., Teruta, Y. and Garth, J. "The relative

importance of sulfides, spinels, and platinoid minerals

as carriers of Pt, Pd, Ir and Au in the Merensky Reef

at Western Platinum Limited, near Harikana, South Africa".

Econ. Geol. 71, No. 8, (1976).

Chyi, L. and Crocket, J.H. "Partition of Pt, Pd, Ir and Au

between coexisting minerals from the deep ore zone,

Strathcona Mine, Sudbury, Ontario". Econ. Geol. 71^

No. 8, (1976).
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Tihor, L.A. and Crocket, J.H. "Origin and distribution of

gold-bearing carbonate zones of the Kirkland Lake-Larder

Lake area, Ontario". Geol. Survey Can. Paper 76-1A,

p. 407, (1976).

Crocket, J.H. and Teruta, Y. "Pt, Pd, Au and Ir contents of

Kelley Lake bottom sediments". Can. Mineralogist 14,

p. 58, (1976).

Supporting Agencies;

National Research Council of Canada

DEMR, Geological Survey Branch

Environnent Canada
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REACTOR PHYSICS AND NUCLEAR ENGINEERING

Pr i nc ipa1 Investigator:

Graduate Students:

Dr. A.A. Harms
Associate Profesor of
Engineering Physics and Physics

Mr. H.P. Archer
Mr. E.A. Attia
Mr. M.C. Chan
Mr. C.W. Gordon
Mr. W.J. Hartmann
Mr. N.M. Roberge
Mr. T.W. stone

Mr. M.H. Younis

Objective;

The objectives of our research activity can be

summarized as follows:

(a) formulation and testing of advanced mathematical

methods for the analysis of anisotropic neutron

transport processes;

(b) experimental and theoretical correlations associated

with the diagnosis of fluidic and heterrogeneous

media using neutron transmission and scattering;

(c) development of enhanced neutron radiographie images;

(d) study of the effects of rapid spatial-temporal

neutron distributions on the local characteristics

of a nuclear reactor core;

(e) analysis and assessment of the fusion-fission

synergetic nuclear energy systems concept.
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Progress During 1976 ;

The anisotropic neutron transport research has led to

the formulation of partial-range solutions which have

subsequently been applied to high energy neutron group-to-

group scattering as well as to the assessment of the effect

of anisotropic scattering on critical mass.

Experimental and mathematical techniques have been

developed for the reconstruction of two-dimensional macro-

scopic inhomogenities in materials; in addition the onset

and spatial distributions of voids in two phase flow have

been experimentally determined.

The parameters of a neutron camera based on the (n,a)

track-etch imaging process as well as the associated image

resolution in a gadolinium converter have been analytically

identified and to a certain extent tested experimentally.

The space-time effects of rapid transients in nuclear

reactors are of considerable importance. To aid in their

analysis, we have completed the development of a new

multiple-temporal-made expansion solution and have tested

it using the Chalk River Nuclear Laboratories computer and

data facilities. Although computer time seems longer than

with current methods, substantial spatial and temporal detail

of the fission energy distribution - including important
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neutron spectrum effects - can now be effectively studied.

Our analysis of the "third nuclear energy" alternative,

that of fusion-fission synergetics, has proven to yield

significant results. We have found that such systems

concepts possess several most desirable features. Among

these we cite the following: (a) superior fissile fuel

breeding, (b) acceptability of sub-Lawson plasma, and (c)

reduction of fission-product load.

Work Planned for 1977:

Most of the current research will be continued.

Recent Publications:

Gordon, C.W., and Harms, A.A. "Characteristics of an Efficient

Fusion Breeder". Atomkernergie, (in press, 1976).

Hartmann, W.J., and Harms, A.A. "Directional Effects in Track-

Etch Imaging". Nucl. Instrum. Methods, (in press, 1976).

Harms, A.A., and Gordon, C.W. "Energy Yield and Fuel Dynamics

of the Fusion Breeder". Proc. 9th Symp. on Fusion

Technology, (in press, 1976).

Harms, A.A. "The Physical Processes and Mathematical Methods

in Neutron Radiography". Atomic Fnergy Review, (in press,

1976).

Harms, A.A., and Zeilinger. "A New Formulation of Total

Unsharpness in Radiography". Phys. Biol. Med., (in press,

1976).
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Okawara, G.S., and Harms, A.A. "Neutron Radiography of

Fast Transient Processes". Nucl. Tech., (in press, 1976).

Harms, A.A., and Gordon, C.W. "Fissile Fuel Breeding

Potential with Paired Fusion-Fission Reactors". Annals

Nucl. Energy, (in press, 1976).

Harms, A.A. "Upper Bounds of Fissile Fuel Yield with Fusion

Breeders". Can. J. Phys., 54, 1637 (1976).

Attia, E.A., and Harms, A.A. "A New Expansion for Highly

Anisotropie Neutron-Nucleus Scattering". Nucl. Sei. Eng.,

59_, 319 (1976).

Gordon, C.W., and Harms, A.A. "Comparative Energetics of

Three-Fusion-Fission Symbiotic Nuclear Reactor Systems".

Nucl. Eng. Design, 3£, 269 (1975).

Harms, A.A. "Hierarchical Systematics of Fusion-Fission

Energy Systems". Nuclear Fusion, 15_, 939 (1975).

Supporting Agency:

National Research Council of Canada
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/Yurbine-Generuior //
// *

The Fusion-Breeder; A third nuclear energy option. This figure illustrates

schematically the possible appearance of a nuclear energy complex based on

both fusion and fission processes. The fission reactor serves primarily the

function of electricity production while the fusion reactor (DT process)

breeds fissile fuel. All fissile fuel handling as well as nuclear waste

disposal occurs within this nuclear energy complex.



CAPTURE GAMMA STUDIES

Principal Investigators :

Research Associates:

Objective:

Dr. W. V. Prestwich
Professor of Physics

Dr. H. G. Thode
Professor of Chemistry

Mr. J. Monster
Dr. C. E. Rees
Dr. A. Robertson

The use of capture y~rays f° r the measurement of elemental

and isotopic abundances in natural substances.

Progress During 1976:

Preliminary calibrations and determinations were made of

the sulphur, silicon and iron concentrations in meteoritic

samples.

Work Planned for 1977:

i) The determination of elemental abundances will be extended

to more elements and different samples of interest geologi-

cally.

ii) The possibility will be examined of determining iron isotope

abundance ratios using the capture-y technique.

Supporting Agency:

National Research Council of Canada
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NUCLEAR MATERIALS AND ATOMIC SCATTERING STUDIES

Principal Investigators: Dr. J.E. Robinson
Associate Professor of
Engineering Physics

Dr. D.A. Thompson
Associate Professor of
Engineering Physics

Dr. J.A. Davies,
Professor of Physics and
Engineering Physics

Postdoctorate Fellows:

Technical Assistant:

Graduate Students:

Dr. A. Golanski
Dr. M. Shimotomai

A.R. Singh

S. Agamy
A. Ahood
S. Harvey
S.S. Johar
S. Karapetsas
A. Omar*
S. Poehlman
R. Robinson
S. Schäfer
R. Walker

Metallurgy and Materials Science

Objective:

To study the scattering and radiation damage mechanisms

for energetic neutrons and atoms in solids.

Progress During 1976:

1. Computer Simulation of keV Ion Motion in Solids

Investigations of radiation damage and sputtering in solids
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have focused attention on the motion of energetic

particles through crystalline lattices of atoms. The

theoretical problems have been especially difficult since

elastic loss processes are dominant from 100 eV to 100 keV

for a wide variety of atoms. For many problems in radiation

damage and sputtering this particular energy range is of

major importance. Computer simulation techniques can

incorporate many of the complex features of the interactions

between energetic atoms and solids: atomic potentials,

electronic stopping, thermal vibrations, and lattice effects.

A high speed code has been developed for studying the damage

and scattering of light ions in solids. Current work is on

range distribution and backscattering in amorphous and

crystalline solids.

2. Experimental Measurement of Light keV Ion Scattering

in Solids

The interaction of light ions in the upper keV and lower

MeV region has been an exceedingly useful tool for investigating

the surface and bulk properties of solids. More recently, the

energy range of interest has been extended to the low keV

region. Such an extension is of interest in radiation damage,

fusion research, and the investigation of shallow surface

layers. An experiment is underway to further investigate
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the scattering of low keV light ions from solids.

Particular emphasis is on charge fraction ratios of

scattered particles, energy distributions, and angular

distributions. Measurements are being made using a 1-30

keV ion source, a 10 Torr scattering chamber with an

in situ electron beam thin film evaporator. Time of flight

measurements using an electron gating technique are being

used to measure charge fractions and scattered particle

energy distributions.

3. Experimental Measurement of keV Ion Scattering in Solids

The investigation is similar to 2. However, the energies

are an order of magnitude higher and a broad range of project-

ile masses are being used. Experiments are being made using

an existing 150 keV accelerator, and ultra high vacuum

scattering chamber, and a high resolution 127° electrostatic

analyzer. The RF ion source on the 150 keV accelerator has

been replaced by a Danfysik 911A universal ion source to

parmit use of a wide variety of incident ions. Also, the

McMaster 2 MeV KN Van de Graaff has a beam line into the

scattering chamber to permit in situ backscattering contaminant

measurements.

4. Electronic Stopping and Nuclear Scattering in Solids

Radiation damage by 10-40 keV ions (Z=l-10) in silicon

-135-



is currently being studied using 2 MeV He channeling

techniques. Silicon is irradiated at 45°K and subsequently

annealed and analyzed at temperatures up to 300°K in situ.

Damage profiles are currently being compared to a numerical

simulation code.

5. Auger Electron Spectroscopy

Initial Auger studies are including the use of combined

Auger and Rutherford backscattering analysis to characterize

solid surfaces with particular emphasis on improving quantita-

tive data from Auger analysis.

6. Detection of Low Energy Electrons and Atomic Particles

A low intensity collimated electron source has been

constructed and tested in an ultra-high vacuum facility.

Currents as low as 10~ Amperes have been produced using a

series of current reducing apertures. "Present research

involves the absolute calibration of a low energy electron

detection system.

7. Simulation of Fast Neutron Induced Radiation Damage by

MeV Ion Beams

If fusion reactors are to become a technoloqical reality,

it will be necessary to obtain additional data on the effects

of high fluxes of 14 MeV neutrons on the structural materials.
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However, available laboratory sources of 14 MeV neutrons

are not sufficiently intense to achieve realistic flux

levels. It has recently been indicated from theoretical

studies that 10-20 MeV protons can be used to simulate the

recoil energy spectra due to fast neutrons. Our objective

is to study the effects of high energy proton (up to 18 MeV)

bombardment on various metals, i.e. sputtering, defect

production, defect motion, defect annealing kinetics, etc.

Work is currently underway in four areas:

(a) Sputtering effects. Thin (^50p) gold and niobium

foils are being bombarded with 16 MeV protons. Sputtered

atoms are being collected on thin aluminum foil and silicon

disc collectors. The collectors are then analyzed to deter-

mine the amount of sputtering ano the spatial distribution

of the sputtered atoms using standard nuclear techniques and

high energy Rutherford backscattering with 2 MeV He ions.

A cooperative program is underway with a number of American

laboratories to correlate surface sputtering with surface

preparation.

(b) Damage effects. Resistors are being fabricated

from thin (<100y) foils and wires of high purity iron and

zirconium. The resistors are cooled to about 15°K and
18 —2bombarded with 10-18 MeV protons to total doses M O cm
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The damage induced change in resistance and recovery,

upon annealing to room temperature, are being investigated.

Preliminary results indicate that the damage in iron is in

good agreement with theoretical predictions. At the present

time the measurements are being extended to lower target

temperatures (15°K).

(c) Mechanical Properties. Internal friction techniques

are being developed to directly measure changes in mechanical

properties due to fast particle irradiation. A test facility

has been constructed to evaluate excitation and measurement

techniques at low temperatures.

(d) Theoretical Studies. Theoretical studies are

currently underway to evaluate high energy proton-nucleus

collision cross section data for the purpose of radiation

damage calculations. Elastic and inelastic scattering of

10-20 MeV protons on a variety of intermediate mass nuclei

have been calculated.

8. Heavy Ion Damage

Currently studying the basic damaging properties of

energetic (10-150 keV) heavy ions in metals and semiconductors

using the ion beam channeling technique. We are attempting

to resolve the nature of the interactions between the

collision cascade and the crystal lattice and to investigate
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the role of the deposited energy density in determining

the resulting damage level.

Recent Publications :

LaVergne, G., Robinson, J.E. and Martel, J.G. "On the

Matching of Fusion Breeders to Heavy Water Reactors".

Nucl. Tech., 2£, 12-22 (1975).

Rollin, D.F. and Robinson, J.E. "A Refractory Metal Thin

Film Evaporator for Backscattering Studies". Nucl.

Instrum. Methods, 123, 465-470 (1975).

Robinson, J.E. and Agamy, S. "Numerical Simulation of Range

and Backscattering for keV Protons Incident on Random

Targets". Atomic Collisions in Solids, Plenum Press, 1975.

Robinson, J.E. and Thompson, D.A. "Neutron Sputtering Studies

Using MeV Protons". Neutron Sputtering Workshop, Battelle

Northwest Laboratories, February, 1975 (invited).

Robinson, J.E., Harms, A.A., and Karapetsas, S.K. "Calculated

Energy Distributions for Light 0.25-18 keV Ions Scattered

from Solid Surfaces". Appl. Phys. Letters, 21_, 425-427

(1975).

Thompson, D.A., Robinson, J.E., Walker, R.S., Omar, A.M., and

Campbell, A.B. "Low Temperature Recovery of 10-18 MeV

Proton Irradiated Iron". Int. Conf. on Radiation Effects

and Tritium Technology, Oak Ridge National Laboratory,

October, 1975, Vol.1, p.291-297.
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Mitchell, J.B., Pronko, P.P., Shewchun, J., Thompson, D.A.

and Davies, J.A. "Nitrogen Implanted Silicon I: Damage

Annealing and Lattice Location". J. Appl. Phys. 46,

332-34 (1975).

Mitchell, J.B., Fhewchun, J., Thompson, D.A. and Davies, J.A.

"Nitrogen Implanted Silicon II: Electrical Properties".

J. Appl. Phys. 4£, 335-43 (1975)-.

Campbell, A.B., Mitchell, J.B., Shewchun, J., Thompson, D.A.

and Davies, J./. "Nitrogen Implanted Gernanium: Damage,

Lattice Location and Electrical Properties". Can. J.

Phys. 5_3, 303-9 (1975).

Thompson, D.A., Walker, R.S., and Poehlman, S.W. "A Re-evaluation

of the Dechanneling Approximations Used in the Determination

of Damage Distributions", Rad. Effects; (in press).

deLeeuw, J.H., Haasz, A.A., Stangeby, P.C., Tong, D., and

Robinson, J.E. "Experimental Simulation of a Free Jet

Gas Target Neutron Generator". Nucl. Instrum. Methods

131, 203-11 (1975).

Thompson, D.A., Johar, S.S., and Shewchun, J. "Nitrogen

Implantation into GaP: Damage and Nitrogen Located Studies",

J. Elect. Mat. 4, 195-207 (1975).
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deLeeuw, J.H., Haasz, A.A., Stangeby, P.C., Tong, D., and

Robinson, J.E. "Intense Beam Heating of a Nozzle Flow".

Phys. Rev. Letters 35_, 1760-63 (1975).

Thompson, D.A., Chan, M.C. and Campbell, A.B. "Nitrogen

Implanted SiC: Correlation of Channeling and Electrical

Studies". Can. J. Phys. 54_, 626-32 (1976).

Robinson, J.E., Kwok, K.K., and Thompson, D.A. "Scattering

of Light keV Ions from Amorphous and Crystalline Solid

Surfaces". Nucl. Instrum. Methods 132, 667-71 (1976).

Thompson, D.A. and Robinson, J.E. "Comparison of Measured

and Calculated Damage Distributions for Light keV Ion

Bombardment of Solid Surfaces". Nucl. Instrum. Methods,

132, 261-65 (1976).

Thompson, D.A. and Walker, R.S. "Low Energy Ion Induced

Damage in Silicon at 50°K". Nucl. Instrum. Methods 132,

281-84 (1976).

Thompson, D.A. and Walker, R.S. "Channeling Measurements of

Damage in Ion Bombarded Semiconductors at 50K". Rad.

Effects, 3£, 37-46 (1976).

Walker, R.S. and Thompson, D.A. "Measurement of Damage

Distributions in Ion Bombarded Si, GaP and GaAs at 50K".

Nucl. Instrum. Methods 135, 489-95 (1976).
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Omar, A.M., Robinson, J.E., and Thompson, D.A. "Calculation

of Scattering and Radiation Damage Parameters for MeV

Neutrons and Protons on Fe, Ni, Cu, Zr, Nb and Au".

J. Nucl. Mater, (in press).

Thompson, D.A., Walker, R.S., and Davies, J.A. "Evidence

for Spike Effects in Low Energy Heavy Ion Bombardment

of Si and Ge". Rad. Effects (in press).

Nielson, J.B., Vanderwel, T.M., Shewchun, J., and Thompson, D.A.

"Ion Implanted Solar Cells". Proc. of 5th International

Conference on Ion Implantation in Semiconductors and

Other Materials, Colorado (1976); (in press).

Behrisch, R., Harling, O.K., Thomas, M.T., Brodzinski, R.L.

Jenkins, L., Roberts, J. , Kaminsky, M. , Das, S.K., Logan, C M .

Meisheimer, R., Robinson, J.E., Shimotomai, M., and

Thompson, D.A. "Sputtering of Niobium by Energetic

Neutrons and Protons: A Round Robin Experiment", J. Mucl.

Mater.; also published as PNL Report; (in press).

Campbell, A.B., Mitchell, J.B., Shewchun, J., Thompson, D.A.

and Davies, J.F. "Nitrogen Implantation in SiC: Lattice

Disorder and Foreign Atom Location Studies". 4th Inter-

national Conference on Ion Implantation into Semiconductors

and other Materials, Osaka, 1974, ed. S. Namba, Plenum

Press (1975), p. 291-97.
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Thompson, D.A., Robinson, J.E., and Walker, R.S. "Inelastic

Stopping of Medium Energy Light Ions in Si", Rad.

Effects; (in press).

Shimotomai, M., Omar, A.M., and Robinson, J.E. "A Closed

Cycle Helium Cooled Cryostat", Cryogenics; (in press).

Supporting Agencies:

National Research Council of Canada

Atomic Energy of Canada Limited (Whiteshell)
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STABLE ISOTOPE AND GEOCHRONOLOGICAL STUDIES OF CAVE

DEPOSITS AND ARCHAEOLOGICAL SITES

Principal Investigators;

Postdoctorate Fellow:

Graduate Students:

Dr. H.P. Schwarcz
Professor of Geology

Dr. D.C. Ford
Professor of Geography

Dr. A.E. Fallick

Mr. M. Gascoyne
Mr. A. Latham

Objective :

Variations in abundance of stable isotopes of oxygen

and carbon in cave-deposited travertines are used to estimate

past climates on ground surface above the cave. Th/U dating

of these deposits provides time scale. Travertines from

archaeological sites can also be dated.

Progress During 1976 and Work Planned for 1977:

Stalagmites collected from caves in Jamaica and

Vancouver Island were dated by means of Th/ U methods.

New samples were collected in England, from several well-

studied caves in Yorkshire and Lancashire. Procedures for

fluorination (with BrF,) of fluid inclusions in speleothems

were devised in order to estimate the isotopic composition

of original cave drip water. Travertines from spring
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deposits and stalagmitic crusts were collected from

archaeological sites in Hungary, Greece and Israel.

Preliminary dates were obtained for middle Paleolithic

sites between 60,000 and 100,000 y. B.P. Paleomagnetic

measurements were begun, using a SQUID cryogenic magnetom-

eter, on cores drilled out of speleothems, demonstrating

that measurable magnetic records were present in them.

Recent Publications;

Thompson, P., Schwarcz, II.P., and Ford, D.C. "Stable isotope

geochemistry, geothermometry and geochronology of

speleothems from West Virginia". Geol. Soc. America,

Bull, (in press).

Harmon, R.S., Thompson, P., Schwarcz, K.P., and Ford, D.C.

"Late Pleistocene paleoclimates of North America as

inferred from stable isotope studies of speleothems".

Quaternary Res. (in press, 1976).

Schwarcz, H.P., Harmon, R.S., Thompson, P., and Ford, D.C.

"Stable isotope studies of fluid inclusions in

speleothems and their paleoclimatic significance".

Geochim. Cosmochim. Acta. 40, p.657-665 (1976).
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Ford, D.C., Harmon, R., Schwarcz, H.P., Wigley, T., and

Thompson, P. "Geohydrologie and thermometric observations

in the vicinity of the Columbia Icefield, Alberta and

British Columbia, Canada". J. Glaciology 1£, p.219-230

(1976).

Harmon, R., Thompson, P., Ford, D.C., and Schwarcz, H.P.

"Uranium-series dating of speleothems : a review". Nat.

Speleol. Soc. Bull., v.37, p.21-33 (1975).

•Supporting Agencies:

Department of Energy, Mines and Resources

National Research Council of Canada

National Geographic Society
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SECTION C - BIOLOGICAL AND MEDICAL RESEARCH
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SYNTHESIS OF 18F LABELLED AMINO ACIDS

Principal Investigators : Dr. E.S. Garnett
Director of Nuclear Medicine

Dr. G. Firnau
Radiochemist, Nuclear Medicine

Objective:

To study intracerebral dopamine metabolism in man

18
Direct observations of F accumulation in the heads

of drug treated baboons have shown that the pattern of

accumulation of radioactivity can be altered in a predictable

manner by specific drugs, the action of which is already

known. It should, therefore, be possible to monitor simply

and atraumatically in man changes in intracerebral

neurotransmitter production. Before this can be dons

special probes will be built to focus on specific regions

within the brain. Formal toxicological studies will also

18 18
be done on our present F neurotransmitter analogue, F

dopa.

Recent Publications:

Garnett, E.S., Firnau, G., Chan, P.K.H.; Beibeck, L.W.

"Intracerebral dopamine metabolism studied by a novel

radioisotope technique". J. Pharm. Pharmac. 28, 584, 1976.
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Supporting Agencies;

Dominion Foundries and Steel Company, Hamilton, Ontario.

Medical Research Council of Canada
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MEASUREMENT OF LUKG DENSITY IN MAN

Principal Investigators : Dr. E.S. Garnett
Director of Nuclear Medicine

Dr. T.J. Kennett
Professor of Physics

Mr. C.E. Webber
Assistant Professor, Radiology

Objective;

To determine lung density in normal and disease states

in man.

Progress During 1976;

A device, based on the Compton scatter principle, was

designed and built for the measurement of bone density. The

same principle has now been applied to the construction of

a device with which lung density can be measured.

Work Planned for 1977;

A nethod will be developed by which the contribution

that blood makes to total lung density will be determined.

Recent Publications;

"Lung Density: A Clinical method for the quantitation

of pulmonary congestion and oedema". Canadian Medical

Association Journal, 1976. In press.
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APPARATUS FOR THE DETERMINATION OF
THE DENSITY OF THE OS CALCIS USING
A COMPTON SCATTERING TECHNIQUE
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"Bone Density measured by photon scattering. 1. A

System for Clinical Use". Phys. Med. Biol., 1976,

Vol. 21, No. 5, 760-769.

"Bone Density measured by photon scattering. 11.

Inherent Sources of Error". Phys. Med. Biol. 1976,

Vol. 21, No. 5, 770-780.
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TO INVESTIGATE CLIKICAL USEFULNESS OF RADIO LABELLED

COLLOIDS FOR THE TREATMENT OF ARTHRITIS

Principal Investigators: Dr. E.S. Garnett
Director of Nuclear Medicine

Dr. J. Darracott
Assistant Professor, Medicine

Mr. E.H. Bowen
Radiopharmacist, Nuclear Medicine

Objective;

90. 186,
y-citrate colloid and Re - sulphide colloids are

now used routinely for "irradiation synovectomy". Autc

radiographie studies are in progress to determine the fate

of the injected isotopes.

Supporting Agency:

Canadian Arthritis Society
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SYNTHESIS OF 7-IODO, 6-DEOXY, 6 DEMETHYL TETRACYCLINE-131,

Principal Investigators:

Graduate Student:

Dr. E.S. Garnett
Director of Nuclear Medicine

Mr. B.M. Bowen
Radiophariuacist, Nuclear Medicine

Dr. F.W. Teare
Associate Professor
Pharmaceutical Chemistry
university of Toronto

Miss T. Semenuk
University of Toronto

125,

Objective :

7-IODO, 6-DEOXY, 6 DEMETHYL TETRACYCLINE-"•'I has been

synthesised. Experiments in control and rachitic rats

125
have shown that whole body retention of I reflects osteo-

blastic activity. We hope to synthesise, electrolytically,

125
sufficient quantities of I labelled tetracycline for use

in man. It is hoped that bone activity will then bc-

assessable without the need for biopsy.
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125
1. THE USE OF I-FIBRINOGEN LEG SCANNING AS A SCREENING

TEST FOR VENOUS THROMBOSIS.

2. PRE AND POSTOPERATIVE VENTILATION AND PERFUSION LUNG

SCAN STUDIES TO DETERMINE THE ASSOCIATION BETWEEN VENOUS

THROMBOSIS AND PULMONARY EMBOLISM.

3. THE USE OF IN VIVO PLATELET AGGREGATION WITH Cr-LABELLED

PLATELETS TO TEST THE INHIBITORY EFFECTS OF DRUGS WHICH

SUPPRESS PLATELET FUNCTION.

Principal Investigator :

Associate Investigators:

Graduate Students:

J. Hirsh, M.D.

I. Walker, M.D.
R. Hull, M.D.
P. Powers, M.D.
G. Turpie, M.D.
J. McBride, M.D.
H. Chiu, M.D.

M. Buchanan
W. Yung

125,Study #1 - To Determine the Clinical Relevance of
Fibrinogen Leg Scanning as a Screening Test for
Venous Thrombosis

125
During 1976 over 600 patients were screened with I-

fibrinogen leg scanning for the detection of venous thrombosis.

Patients with positive results had bilateral venograms

performed and the results of the venogram and leg scan were

correlated. The agreement between leg scanning and venography

was greater than 90% both when the leg scan was positive or
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negative. This test is being used as a primary diagnostic

endpoint in a number of prophylactic studies including the

evaluation of inflatable/deflatable cuffs, the evaluation

of different low-dose heparin regimens, and the evaluation

of drugs which suppress platelet function. In addition,

the test is being used in combination with impedance

plethysmography to determine whether these two non-invasive

techniques combined can replace venography in patients with

suspected venous thrombosis.

Study #2 - To Determine the Relationship Between Pulmonary
Embolism and Venous Thrombosis

This study is being carried out at McMaster University

Medical Centre. Patients undergoing general surgery have

ventilation and perfusion lung scans performed preoperatively

and then are followed postoperatively with leg scanning and

impedance plethysmography and then have a postoperative

ventilation and perfusion lung scan performed between day 5

and day 10 postoperatively. The objective of the study is

to determine the frequency with which pulmonary emboli and

venous thrombi are associated and the site of venous

thrombosis that leads to pulmonary enbolism. To date,

approximately 150 patients have been entered into the study.

We plan to continue for another two years.
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Study #3 - The Use of Cr-Labelled Platelets to Test the
Inhibitory Effect of Drugs which Suppress ~
Platelet Function

An in vivo assay of platelet aggregation has been

developed. This consists of using Cr-labelled platelets in

rabbits and then aggregating these platelets in vivo by an

infusion of collagen. The inhibitory effects of drugs such

as sulphinpyrazone, aspirin and dipyridamole on platelet

aggregation can then be tested in vivo. This makes it

possible to explore the relationship between the inhibitory

effects of these drugs on platelet furction and their circulat-

ing levels, to determine the possible synergism and antagonism

between various drugs, and to compare the effects of these drugs

in vivo or in vitro tests of platelet function.

Recent Publications;

Hull, R., van Aken, W.G., Hirsh, J., Gallus, A.S., Hoicka, G.

Turpie, A.G.G., Walker, I., and Gent, M. "Impedance

Plethysmography Using the Occlusive Cuff Technique in

the Diagnosis of Venous thrombosis", circulation 53:

696-700, (1976).

Gerrity, R.G., Caplan, B.A., Richardson, M., Cade.- J.F.,

Hirsh, J., and Schwartz, C.J. "Endotoxin-Induced

Endothelial Injury and Repair. I. Endothelial Cell

Turnover in the Aorta of the Rabbit". Experimental and

Molecular Pathology 23: 379-385, (1975).
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Gerrity, R.G., Richardson, M., Caplan, B.A., Cade, J.P.

Hirsh, J., and Schwartz, C.J. "Endotoxin-Induced

Vascular Endothelial Injury and Repair. II. Focal Injury

En Face Morphology H-Thymidine Uptake and Circulating

Endothelial Cells in the Dog". Experimental and

Molecular Pathology 24: 59-69, (1976).

Cade, J.F., Regoeczi, E., Hirsh, J., and Buchanan, M.

"The Effect of Experimental Hematoma on Serum Levels of

Fibrinogen-Related Antigen". Blood 47: 855-859, (1976).

Hirsh, J. and Gallus, A.S. "Diagnosis of Venous Thromboembolism"

In: Diagnosis and Prevention of Venous Thromboembolic

Disease. S. Sherry (ed) (in press) Grune & Stratton,

New York, (1976).

Hirsh, J. and Gallus, A.S. "The Use of Low Dose Heparin in the

Prevention of Venous Thromboembolism". In: Diagnosis

and Prevention of Venous Thromboembolic Disease.

S. Sherry (ed) (in press) Grune & Stratton, New York,

(1976).

Gallus, A.S., Hirsh, J., Hull, R., and van Aken, W.G. "Diagnosis

of Venous Thromboembolism". Seminars in Thrombosis and

Haemostasis 2: 203-231, (1976).
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Gallus, A.S. and Hirsh, J. "Prevention of Venous Thrombo-

embolism". Seminars in Thrombosis and Haemostasis 2:

232-290, (1976).

Gallus, A.S. and Hirsh, J. "Treatment of Venous Thromboembolic

Disease". Seminars in Thrombosis and Haemostasis 2%

291-331, (1976).

Gallus, A.S. and Hirsh, J. "Anuithrombotic Drugs. I".

Drugs.

Gallus, A.S. and Hirsh, J. "Antithrombotic Drugs. II".

Drugs 12" 132-157, (1976).

Uarker, L.A., Hirsh, J., Gent, M., and Genton, E. "Critical

Evaluation of Platelet-Inhibiting Drugs in Thrombotic

Disease". Progress in Hematology 9: 229-254, (1975).

Hirsh, J. and Gallus, A.S. "Bleeding Disorders and Thrombosis".

In: Current Medical Treatment, Harvard, C.W.H. (ed),

4th Edn. John Wright & Sons Ltd., Bristol, P.211, (1976).

Hirsh, J. "Heparin". In: Recent Advances in Kaematology,

Hoffbrand, V., Brain, M.C. and Hirsh, .7. (eds), Churchill-

Livingstone, London (in press, 1976).

Hirsh, J. and Gallus, A.S. "Hypercoagulability". In: Recent

Advances in Haervatology. Hcffbrand, V., Brain, M.C. and

Hirsh, J. (eds), Churchill-Livingstone, London (in press,

1976).
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Reimers, H-J., Kinlough-Rathbone, R.L., Cazenave, J-P.-

Senyi, A.F., Hirsh, J., Packham, M.A., and Mustard, J.F.

"In Vitro and In Vivo Function of Thrombin-Treated

Platelets". Thrombosis and Haemostasis 35: 151-166,

(1976).

Neame, P.B., Hirsh, J., Browman, G., Denburg, J., D'Souza, T.J.

Gallus, A., and Brain, M.C. "Thrombotic Thrombocytopenic

Purpura: A Syndrome of Intravascular Platelet Consumption",

C.M.A.J. 114: 1108-1112, (1976).

Supporting Agencies :

Medical Research Council

Ontario Heart Foundation

Province of Ontario
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PLATELET FUNCTION

Principal Investigators :

Postdoctorate Fellows:

Graduate Students :

Dr. J.F. Mustard,
Professor, Department of Pathology

Dr. R.L. Rathbone
Associate Professor,
Department of Pathology

Dr. J.-P. Cazenave
Dr. P. Cieslar
Dr. H.-J. Reimers
Dr. S. Scott

Miss N.L. Leung
Mrs. H. Groves

Objective:

The interaction of platelets with damaged vessel walls

is important in the formation of haemostatic plugs and thrombi

in vivo. We are studying the mechanisms involved in platelet

responsiveness to the aggregating and release-inducing agents

that are known to be involved in thrombus formation and with

which platelets are likely to come in contact in vivo.

Progress During 1976:

Platelet Aggregation; We have continued our studies of the

initial events during platelet interaction with agents such as

thrombin and collagen and have demonstrated that there are

several pathways involved in the platelet shape change,

aggregation and release that occur in response to these
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stimuli. We have demonstrated that there are at least

three pathways responsible for these changes - (1) ADP

released from the platelets, (2) formation of prostaglandin

endoperoxides and thromboxane A2 from platelet membrane

arachidonate, and (3) another unidentified pathway(s).

125
Role of Fibrinogen in Platelet Aggregation; Using I-

fibrinogen we have demonstrated that fibrinogen associates

with platelets during the early stages of aggregation

induced by ADP and dissociates from the platelets when they

deaggregate.

Platelet Phospholipid Metabolism: Using platelets labelled

32
with P we have continued our studies of changes in platelet

phospholipids (particularly the inositol phospholipids) and

phosphatidic acid during platelet shape change, aggregation

and the release action.

Platelet; Virus Interactions; Using Cr-labelled platelets

it has been demonstrated that viruses with neuraminidase

activity (Newcastle Disease Virus and Influenza Virus) cleave

surface sialic acid from platelets. When these platelets are

injected into the circulation of rabbits they are rapidly

cleared. Their clearance is unrelated to their ability to

cause platelet aggregation or the platelet release reaction
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indicating that one of the mechanisms leading to reduced

platelet survival may be loss of specific surface components.

Platelet Adherence Studies; We have continued our studies

of the adherence of platelets to surfaces such as collagen

coated onto glass, or to exposed subendothelial structures.

The effects of a variety of drugs have been examined to

elucidate their possible usefulness as antithrombotic agents.

Work Planned for 1977;

Studies of the effect of dietary modification on

platelet phospholipid metabolism will be undertaken. We shall

examine the extent to which in vivo injury to endothelial

surfaces is able to modify platelet survival and will examine

the effect of material released or formed by platelets during

their interaction with damaged vessel walls on smooth muscle

cell proliferation in the damaged region. We shall also

determine the effect of materials released or formed by

platelets on intact endothelium and quantitate the extent of

platelet adherence to damaged endothelium.

Recent Publications;

Cazenave, J.-P., Assimeh, S.N., Painter, R.H., Packham, M.A.

and Mustard, J.F. "Clq inhibition of the interaction of

collagen with human platelets". J. Immun. 116: 162-163,

1976.
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Allen, D.J., Reimers, H.-J., Feuerstein, I.A., Mustard, J.F.

"The use and analysis of multiple responses in multi-

compartment cellular systems". Biometrics 31: 921-929,

1975.

Joist, J.H., Niewiarowski, S., Nath, N., Mustard, J.F.

"Platelet antiplasmin: its extrusion during the release

reaction, subcellular localization, characterization,

and relationship to antiheparin in pig platelets". J.

Lab. Clin. Med. 87: 659-669, 1976.

Reimers, H.-J., Kinlough-Rathbone, R.L., Cazenave, J.-P.,

Senyi, A.F., Hirsh, J., Packham, M.A., Mustard, J.F.

"In vitro and in vivo functions of thrombin-treated

platelets". Thrombos. Haemostas. 35: 151-166, 1976.

Cazenave, J.-P., Reimers, H.-J., Kinlough-Rathbone, R.L.,

Packham, M.A., Mustard, J.F. "Effects of sodium periodate

on platelet functions". Lab. Invest. 34: 471-481, 1976.

Kinlough-Rathbone, R.L., Reimers, H.-J., Mustard, J.F.,

Packham, M.A. "Sodium arachidonate can induce platelet

shape change and aggregation which are independent of the

release reaction". Science 192: 1011-1012, 1976.

Mustard, J.F. "Function of blood platelets and their role

in thrombosis". Trans. Am. Clin. Climatol. Assoc. 87:

104-127, 1976.
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Supporting Agencies:

Medical Research Council of Canada (MT 1309)

Ontario Heart Foundation
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few

LUNG AND NASAL CLEARANCE MECHANISMS IN HEALTH AND DISEASE

Principal Investigator:

Research Associates:

Dr. Michael T. Newhouse
Clinical Associate Professor
Faculty of Medicine

Mrs. M. Dolovich, P.Eng.
Mrs. C. Rossman, B.Sc.
Dr. R. Ruffin

Objective:

To study the effects of various therapeutic agents and

air pollutents on lung and nasal clearance mechanisms in

health and disease.

Method:

Radioactive agents are deposited in the lung or nasal

cavity and their removal assessed by means of an Anger

scintillation camera and appropriate data handling equipment.

Progress During 1976:

1. Study of nasal clearance in Cystic Fibrosis (CF) and the

effects of CF serum on nasal mucociliary clearance (MCC). It

was found that, a) CF clearance is similar to normal clearance,

b) CF serum applied directly to intact nasal mucosa does not

affect nasal MCC, c) mild inflammation of nasal mucosa results

in slowing of MCC in CF subjects but a speeding in normals,

d) inflammation in normals and addition of CF serum, but not
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normal serum, slows clearance.

2. Study of IgG-associated factor isolated from CF serum

and effect on nasal MCC. Pilot study: mild inflammation and

serum factor results in a slowing of clearance in normals.

3. Effects of Xylocaine on Nasal MCC: Xylocaine tends to

speed clearance in normals, whereas it produces a marked

slowing in smokers, whose nasal mucosa cannot be considered

normal.

4. Ongoing study (as subjects available) of pulmonary MCC

and the effects of quitting smoking for one month. An attempt

to correlate findings with pulmonary function data is being

made.

5. Nasal and trachéal bronchial clearance in patients with

Kartagener's Syndrome. Preliminary studies indicate defective

MCC.

6. Effect of oxygen on tracheobronchial clearance of hypoxic

bronchitic patients: This study in now in progress.

7. Studies of the effect of SchlOOO a new anticholinergic

bronchodilator on mucociliary clearance in healthy and

bronchitic subjects using 99m-Tc human serum albumin aerosal.

We found that there was no slowing of MCC caused by the new

bronchodilator.
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8. Studies on the effect of histamine aerosol deposited

centrally and diffusely in the lungs with 99m-TcO4~.

This study showed that the main site of action of histamine

is in the central airways.

9. Studies of the new adrenergic bronchodilator fenoterol.

This drug was administered by aerosol with 99m-TcO4~ to a

group of 12 asthmatics in 4 doses. The use of the radioactive

label enabled the total dose of drug to the patients, both in

lungs and throat, to be calculated and a dose response curve

to be determined.

10. Synergistic effect of sulphur dioxide (5ppm) and carbon

dust (lmg/m ) on the MCC in bronchitic workers with job

exposure exacerbation of airways obstruction. Subjects perform

intermittent light exercise to simulate working conditions.

Preliminary results indicate a speeding in MCC.

11. Effect of nebulizer output, particle size and pattern of

breathing on the delivery of aerosol to the lung. There is

variability in subject and particle size amongst the six

commonly used nebulizers. High inspiratory flowrates result

in, i) impaction of aerosol in the large airways, ii) less

total aerosol delivered to the lung.
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Work Planned for 1977:

1. Studies of the distribution of aerosol from a metered dose

inhaler containing 99m-TcO4~ solution as the label. Various

maneuvers will be tried to obtain the maximum deposition in

the lungs.

2. Studies of fenoterol and 99m-TcO4~ aerosols administered

by positive pressure.

3. Using selective deposition of isoproterenol and 99m-TcO4

aerosol to determine the site of 6-adrenoreceptors in the

human lung.

4. rffects of i) ozone (0.37ppm), and ii) ozone (0.37ppm) in

combination with sulphur dioxide (0.37ppm) on mucociliary

clearance (MCC) in normals and asthmatics.

5. Effects of i) nitrogen dioxide (l.Oppm and 5.0ppm), and

ii) nitrogen dioxide (l.Oppm) in combination with sulphur

dioxide (l.Oppm) on the mucociliary clearance in normals.

6. Distribution in the lung of 99m-TcO4~ - saline aerosol

in the presence of, i) Helium and, ii) sulphur-hexafluoride

(SPg) which is a very dense gas, to examine intropulmonary

mixing and the diffusing capacity of the lung.

7. Double-blind study to determine if there is a differential

effect on nasal MCC of isolated fractions from normal and

cystic fibrosis serum.
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8. Effects of xylocaine on pulmonary MCC in bronchitics and

normals.

9. Nasal and pulmonary clearances in patients and subjects

with diffuse bronchiectasis. Correlation with em's of nasal

biopsies will be attempted.

Recent Publications:

Wolff, R.K., Dolovich, M.B., Obminski, G. , and Newhouse, M.T.

"Effect of Exercise and Eucapnic lîyperventilation on

Bronchial Clearance in Man". J. Appl. Physiol (in press).

Dolovich, M.B., Sanchis, J., Rossman, C., and Newhouse, M.T.

"Aerosol Penetrance: a sensitive index of peripheral

airways obstruction". J. Appl. Physiol 40(3): 468-471,

(1976).

Rossman, C., Dolovich, J., Dolovich, M.B., Wilson, W., and

Newhouse, M.T. "Cystic Fibrosis - Related Inhibition

of Mucociliary Clearance in vivo in Man". J. Pediatrics

(in press).

Newhouse, M.T., and Bienenstock, J. "Lung Defense Mechanisms".

Hew Engl. J. of Med. (in pross).

Dolovich, M. B., Killian, D., Wolff, R.K., Obminski, G., and

Newhouse, M.T. "Pulmonary Aerosol Deposition in Chronic

Bronchitics: IPPB versus Quiet Breathing". (in press).
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Ruffin, R., Fitzgerald, J.D., and Rebuck, A. "Comparison

of the Bronchodilator activity of balbutamol and

SchlOOO". j. Allergy and Clinical Immunology (in press)

Supporting Agencies:

Medical Research Council

Canadian Thoracic Society

' Ontario Thoracic Society

Cystic Fibrosis Foundation of Canada

Boechringer-Ingleheim Co. of Canada
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EFFECTS OF RADIATION ON THE VIRUS-CELL INTERACTION.

Principal Investigator: Dr. Andrew J. Rainbow
Assistant Professor of
Radiological Physics,
Associate Member of Biology
Department of Radiology.

Graduate Students: Mr. Sheldon Girvitz
Mr. Patrick Jeeves

Objective:

To examine the effect of radiation exposure on the

interaction between adenovirus (Ad) and mammalian cells.

The objective is to determine the role of radiation induced

DNA damage and DNA repair mechanisms in radiation induced

and viral induced neoplasms.

Progress During 1976:

Using a sensitive host-cell reactivation (HCR) technique

for irradiated adenovirus type 2 (Ad 2) , we have detected

a deficiency in the repair of radiation induced DNA damage

in fibroblasts from patients with several different autosomal

recessive syndromes. The syndromes used include those

characterized by chromosomal instability and a predisposition

of the patients to malignant neoplasms. Non-irradiated and

irradiated suspension of adenovirus type 2 were assayed

for their ability to form viral structural antigens in the

various human fibroblasts using immunofluorescent staining.

Following UV irradiation of the virus, a reduced HCR was

detected in several Xeroderma pigmentosum (XP) fibroblasts
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(CRL 1258, 1160 and 1204) as well as fibroblasts from several

Fanconi's Anemia (FA) patients (CRL 1196, GM 368, 646, 1309

and 391) and one patient with Ataxia Telangiectasia (CRL 1347)

Following y-irradiation of the virus at -75°C a reduced HCR

was also detected in the XP and FA fibroblasts as well as two

progeria lines (P) (PS and Pll). These results implicate

defective DNA repair mechanisms in neoplastic transformation.

X-ray reactivation of UV-irradiated virus was also

examined in various fibroblast lines using the immuno-

fluorescent staining technique. Positive X-ray R was

detected in FA, P, XP and normal fibroblasts when fibroblasts

were unfected immediately after irradiation. An examination

of quantitative differences in X-ray R between the various

lines is in progress.

We have also examined the gene sequence for several Ad 2

late proteins using the technique of UV-transcription unit

mapping. UV-irradiation of Ad 2 infected cells resulted in

a differential reduction in the synthesis of several viral

proteins.

Assuming that the reduction of each particular protein

is proportional to the target size from the initiation of

transcription to the gene position of that protein on the

viral genome, a detailed physical map of the late adenovirus

gene locations was determined. Such a study also gave

information on the number of promotor sites for ?.NA synthesis

on the viral genome.
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Work Planned for 1977:

These studies will be continued to examine: (1) HCR,

UVR and X-ray R of Ad 2 and Ad 12 in fibroblasts from other

patients with a predisposition to malignant neoplasms as

well as cancer cells themselves; (2) UV-transcription unit

mapping of other adenoviruses, including the oncogenic Ad 12.

Recent Publications:

Rainbow, A.J. "Repair of radiation induced DNA breaks in

human adenovirus". Radiât. Res. £0: 155-164 (1974).

Rainbow, A.J. "Host cell reactivation of irradiated human

adenovirus". Xn: Molecular Mechanisms for the Repair

of DNA: Part B. Ed. A. Hollaender. Plenum Press, (1975).

Rainbow, A.J. "UV-induced alkaline labile DNA damage in

human adenovirus and its repair after infection of human

cells". Photochem. Photobiol. In press (1976).

Lee, P. and Rainbow, A.J. "Viral DNA synthesis and virus

production in human KB cells infected with gamma irradiated

adenovirus". (Abstract). Mutation Research. In press

(1976).

Rainbow, A.J. "Repair of UV-induced alkaline labile DNA

damage in adenovirus after infection of several human

fibroblast lines". (Abstract). Mutation Research. In

press (1976) .

Supporting Agency:

National Cancer Institute of Canada.
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THE ROLE OF CELL MEMBRANES IN NERVE TARGET INTERACTION

IN THE DEVELOPMENT AND DISEASE STATES

Principal Investigator:

Postdoctorate Fellows:

Graduate Students:

Dr. Michel Rathbone
Assistant Professor of Neuroscience
Department of Neurosciences

Dr. Michael Coughlin
Dr. Patricia Stewart
Dr. John Vickers

Ms. Bonnie Beresford
Ms. Nadia Plach

Objective:

Our objectives are to study the reciprocal interactions

between nerve cells and the target tissues (that include other

nerve cells) during development and disease states. The logical

place for these interactions to occur is at the cell surface.

Thus we have focused on this aspect of neuron target cell

interaction in development and disease.

Progress During 1976 :

1) Mechanisms of nerve muscle interactions. A muscle requires

the presence of the motor nerve to maintain its state of

differentiation and functional capacity. We have isolated

a substance that is, or that contains a peptide of molecular

weight less than 20,000 daltons that is able to mimic the

"tropic" effect of the nerve in maintaining the enzyme
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cholinesterase in dennervated cultured amphibian muscles.

We have further demonstrated that 3', 5' adenosine mono-

phosphate when added to the muscle culture medium also

maintains the cholinesterase activity of the muscles.

However, changes in the intracellular cyclic AMP levels are

not responsible for maintenance of the trophic effects.

2) The role of the nervous system in the pathogenesis of

muscular dystrophy in chickens. The role of the neural

tube in the pathogenesis of muscular dystrophy was tested

directly. Neural tubes from chicken embryos with hereditary

muscular dystrophy and from genetically normal embryos were

transplanted into normal recipient embryos. Dystrophie neural

tissue induced in muscles of normal hosts high thymidine kinase

activity characteristic of Dystrophie muscle; normal neural tubes

did not. We propose an early inductive effect of the neural

tube on the presumptive myoblasts that sets their subsequent

course of development, either normal or dystrophic.

Work Planned for 1977:

1) We shall investigate the nature of the mechanisms that

mediate the trophic influence of nerve on muscle. The

candidates under investigation for mediation of these

influences include 3', 5' guanosine monophosphate,
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intracellular Ca and phosphoinositides.

2) We shall investigate further the alteration in the

nervous system of chickens with muscular dystrophy that

induces the abnormality characteristic of muscular dystrophy

in genetically normal muscles. In particular, we shall

investigate the possibility that there exists an abnormality

in the lipids of cell membrane that is responsible for ehe

abnormal interaction.

Recent Publications:

Rathbone, M.P., Beresford, B., Yacoob, C. "Characterization

of a factor from nerve tissue that prevents post-

denervation loss of cholinesterase in cultured muscle".

Excerpta Medica International Congress Series No. 360,

Recent Advances in Myology, Proceedings of the 3rd.

International Congress on Muscle Diseases, Excerpta

Meäica, Amsterdam (1974).

Rathbone, M.P., Stewart, P.A., Vetrano, F. "Dystrophie spinal

cord transplants induce abnormal thymidine kinase

activity in normal muscles". Science £9: 1106-1107/'

(1975).
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Beresford, B., Rathbone, M.P. , Logan, D.M. "Evidence for

a selective stimulation of myosin synthesis following

muscle denervation". Experimental Neurology 52 (2) ;

177-188 (1976).

Beresford, B., Logan, D., Rathbone, M.P. "Increased incorporation

of leucine into specific proteins of denervated skeletal

muscle". Can. Fed. Biol. Soc. Proc. 17_:711 (1974).

Rathbone, M.P., Beresford, B., Yacoob, C. "Characterization

of a factor from nerve tissue that prevents post-denervation

loss of cholinesterase in cultured muscle". Ill International

Congress on Muscle Diseases, Excerpta Medica International

Congress Series 334;1 (1974).

Dimond, P., Rathbone, M.P., Vetrano, F. "The role of motoneurone

in the pathogenesis of hereditary muscular dystrophy in

domestic fowl". Ill International Congress on Muscle

Diseases, Excerpta Medica International Congress Series

334:58 (1974).

Beresford, B., Rathbone, M.P., Logan, D. "Fvidence for dual

neurotrophic effects on the metabolism of specific

muscle proteins". Society for Neuroscience Proceedings

and Abstracts of the 4th Annual Meeting, St. Louis,

138 (1974).
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Coughlin, M.D., Rathbone, M.P. "Factors involved in the

stimulation of parasympathetic nerve outgrowth".

Society for Neuroscience Abstracts of the 5th Annual

Meeting, New York, 776 (1975).

Rathbone, M.P., Beresford, B., Plach, N., Yacoob, C. "The

role of cyclic AMP in the neurotrophic regulation of

muscle cholinesterase". Fed. Proc. 35.(3) :697 (1976).

Rathbone, M.P., Hall, R.H., Logan, D.M. "Organ initiation in

tobacco callus cultures: the role of starch hydrolysis".

In Vitro 12(4):333 (1976).

Rathbone, M.P., Stewart, P.A., Vickers, J.D. "Neural

regulation of cholesterol levels in muscles of genetically

dystrophic chickens". Society for Neuroscience, Abstracts

of the 6th Annual Meeting, Toronto (1976).

Supporting Agencies:

Medical Research Council of Canada

Muscular Dystrophy Association of Canada

Dysautonomia Foundation, Inc.

Ontario Mental Health Association
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AUTOMATIC LIQUID .SCINTILLATION

COUHTEP
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THE ROLE OF HERPES SIMPLEX VIRUS TYPE 2 AND CERVICAL CANCER

Principal Investigator:

Postdoctorate Fellows:

Graduate Students:

Dr. William E. Rawls
Professor of Pathology

Dr. W.C. Leung
Dr. T. Subramanian
Dr. P. Miniter

Larry Arshoff
Sydney Gee
Jose-Campione Piccardo
Ken Rosenthal
Dwight Spicer

Objectives;

TO determine the role of herpes simplex virus type 2

in etiology of cervical carcinoma.

Progress During 1976 i

Development of sensitive methods for measuring antibodies

to the surface of virus infected cells have been developed

and applied to patient populations. Additional detection of

antibodies of the IgE class has been examined in the model

system and has now been developed for application to human

populations.

Recent Publications:

Rosenthal, K.L., Palmer, J.L., Harris, J.A., Rawls, W.E.

and Tompkins, W.A.F. "Antibody-induced redistribution

of CEA on the cell surface: Utilization in separation of

CEA and iso-anti?«n". J. Immunol. 115: 1049-1053 (1975).
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Rawls, W.E., Rawls, M.L., and Chernesky, M.A. "Analysis

of a measles epidemic; possible role of vaccine failures".

Canadian Medical Association Journal. 113: 941-944,

(1975).

Rawls, W.E. and Tompkins, W.A.F. "Consideration of the role

of viruses in human cancer". Progr. Med. Virol. 21:

72-87, (1975).

Rawls, W.E., Garfield, C.H., Seth, P., and Adam, E.

"Serological and epidemiological considerations of the

role of herpes simplex virus type 2 in cervical cancer".

Cancer Res. 36: 829-835, (1976).

Tompkins, W.A.F., Seth, P., and Rawls, W.E. "Neuraminidase

reversal of resistance to lysis of herpes simplex virus-

infected cells by antibody and complement". The J.

Immunol. 116: 489-495, (1976).

Day, R.P., Bienenstock, J., and Rawls, W.E. "Basophil-

sensitizing antibody response to herpes simplex viruses

in rabbits". J. Immunol. 117: 73-78, (1976).

South, M.A., Montegomery, J.R., and Rawls, W.E. "Immune

deficiency in congenital rubella and other viral

infections". Birth Defects II: 234-238, (1975).
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Rawls, W.E. and Buchmeier, J. "Arenaviruses: Purification

and physicochemical nature". Bull. World Hlth. Org.

52: 393-399, (1975).

Banerjee, S.N., Buchmeier, M., and Rawls, W.E. "Requirement

of cell nucleus for the replication of an arenavirus".

Intervirology 6: 190-196, (1976).

Supporting Agency:

National Cancer Institute
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DRUG ANALYSIS AND DRUG METABOLISM

Principal Investigator:

Postdoctorate Fellows:

Dr. Jack Rosenfeld
Assistant Professor
Dept. Pathology

Dr. V.Y. Taguchi
Dr. Jai Khandelwal

Objective:

To develop novel analytical methods which permit the

study of drug metabolism and drug pharmacokinetics in

humans. These techniques are then used to relate therapeutic

status to blood levels of drugs and their metabolites.

Progress During 1976 :

We have developed assays for the active constituents of

marihuana and their metabolites; two drugs used in treatment

of cancer (5-Fluorouracil and 6 Mercaptopurine); the anti-

thrombotic agent Suflinpyrazone; the antipsychotic drug

Chlorpromazine; and for several drugs used in the control of

heart beat in patients with cardiac problems. Several large

scale studies relating the plasma levels of these drugs and/or

to therapeutic status were initiated and are in progress.

Work Planned for 1977:

The alkylating agent cyclophosphamide is believed to

excert its anticancer effect by conversion to an active
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metabolite. While assays have been developed for cyclo-

phosphamide elsewhere, there is no known method for

determining the active metabolite in humans and therefore

the hypothesis remains unresolved. Future work will see

the development of a successful assay of the metabolite

and the demonstration that this material circulates in

humans. We will also initiate a research project that

will seek to develop quantitatior. techniques for polynuclear

aromatic hydrocarbons that are known to be carcinogenic and

that are generated in industrial processes and will investigate

the interaction of these compounds and their metabolites with

macro-molecules such as protein, DNA, and RNA.

The clinical work that was started in 1976 will continue

in order to accumulate sufficient data to establish a statistical

relationship between blood levels and therapeutic effect using

the analytical methods that have been developed in the past.

This work will also give information on the existence or non-

existence of any active metabolite. Should it be necessary

to invoke an active metabolite to explain the mechanism of

action of a given drug then studies to identify the

structure of this bio-transformation product will be

initiated.
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Supporting Agencies:

Medical Research Council/Non medical use of drugs

directorate

Ontario Mental Health Foundation

I.B.M. of Canada Ltd.

Ontario Heart Fund

Ciba Geigy Ltd.

G.D. Searle of Canada Ltd.
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GONADAL FUNCTION

Principal Investigator ;

Graduate Students:

Or. E.V. YoungLai
Associate Professor of
Obstetrics & Gynecology

Mr. R. Armstrong
Mr. A. J. Losier

Objective:

To study the control of gonadal steroidogenesis.

Progress During 1976;

Advances have been mads in i) elucidating control mechanisms

for the production of the male sex hormone, testosterone, by the

female gonads; ii) comparing steroid metabolism in testicular

feminized mice.

Work Planned for 1977:

To continue work on mechanisms controlling hormonal secretion

by the pituitary-gonadal axis in rabbits and genetic mutant mice.

Recent Publications:

YoungLai, E.V., Dimond, P. and Beibeck, L.W. Pituitary testicular

relationship in the adult male rabbit after experimental

cryptorchiâism. J. Steroid Biochem. 7, 151-152, 1976.

Bongso, T.A., Basrur, P.K. and YoungLai, E.V. Prediction of

fetal sex in cattle by testosterone levels in allantoic fluid.

J. Reprod. Fert. 46, 441-442, 1976.

Daley, J.D., Rosenfeld, J.M. and YoungLai, E.V. Synthesis of

estrogen methyl ethers by extractive alkylation. Steroids

27, 481-492, 1976.
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YoungLai, E.V., Moor, B.C. and Dimond, P. Effects of sexual

activity on LH and testosterone levels in the adult male

rabbit. J. Endocr. 69, 183-191, 1976.

Ruf, K.B., YoungLai, E.V., Kitchen, J.H. and Vuillet, M.

Precocious puberty in rats induced by hypothalamic lesions:

a comparison of platinum and stainless steel electrodes.

Experientia 32, 661-662, 1976.

YoungLai, E.V. Testosterone production by isolated rabbit

follicles in the presence of luteinizing hormone and

inhibitors of steroidogenic enzymes. Acta Endocrinologica

82, 637-643, 1976.

YoungLai, E.V. and Dimond, P. Immobilization does not inhibit

the post-coital ovulatory surge of luteinizing hormone (LH)

in the rabbit. Neuroendocrinology 20, 352-357, 1976.

Supporting Agency:

Medical Research Council of Canada
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CHAPTER 4

A. Summary of Reactor Operations

B. Summary of Accelerator Operations
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SECTION A - SUMMARY OF REACTOR OPERATIONS

Operations Personnel

J. B. McDougall
P. C. Ernst
M. W. Davis
K. H. Marshall
G. B. Hanas
W. W. Griffith
J. R. Thomas
R. J. Eismont
H. D. Schlichting
J. Rajari
N. D. VanderVliet
Mrs. E. A. Hall

Reactor Superintendent
Chief Reactor Supervisor
Reactor Supervisor
Assistant Supervisor
Reactor Operator
Reactor Operator
Reactor Operator
Assistant Operator
Assistant Operator
Assistant Operator
Assistant Operator
Receptionist

Reactor Operations

Operation of the McMaster Nuclear Reactor (MNR) facility

has been on a 24 hours per day, 7 days per week basis except

for statutory holidays and the summer period when vacation

entitlements for the operations personnel had been scheduled.

The basic reactor power operating level was 1.5 megawatts

with 12 short periods when the power was raised to five

megawatts to provide the highest possible neutron fluxes for

two research groups. Total reactor operating time for the

12-month period covered by this report, October 1, 1975

to September 30, 1976, was 7071.4 hours. This gives a

neutron availability value of 80.5% for the 366 days of this

Leap Year, at an average power level of 1.52 megawatts.

No new fuel assemblies were purchased during the year

but, for two reasons, an order will have to be placed within

a few months. The U.S. manufacturer has specified nine

months for delivery and they have confirmed that it requires

approximately one year to arrange an export permit.
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A shipment of "spent" irradiated fuel was made at the

beginning of the report period and the next one is scheduled

for early 1978.

Costs associated with the purchase of new fuel and the

shipment and processing of irradiated fuel have risen

considerably. A recent quotation more than doubles the

fabrication price of the previous purchase of new fuel

assemblies delivered in mid-1975 and data published in the

U.S. Federal Register indicate an increase of almost 60% in

the present day value of the enriched uranium to be contained

therein, over that which pertained to the last order. In

addition. Atomic Energy of Canada Limited has learned that the

cost of processing small batches of irradiated fuel at a U.S.

Energy Research and Development Administration plant will be

2.5 times the cost of the October, 1975, shipment.

The protection of the nuclear facility and its associated

fissionable materials is an important consideration in reactor

operations. Every effort must be made to implement those

measures necessary to achieve this goal. One aspect of the

reduction in power from a steady five megawatts to the current

mode of operation will be the ability to reduce the average

number of fuel assemblies it is necessary to keep in inventory.

The Minister of Energy, Mines and Resources, Canada,

indicated during the year that he intended to recommend to

the Governor in Council that the Nuclear Liability Act, enacted

by Parliament in 1970, be proclaimed effective October 11, 1976.

Deliberations are being made by the Atomic Energy Control Board,
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the insurance companies and McMaster officials for the

purpose of judging the amount of insurance that McMaster

University must provide to fulfill its obligations with

respect to the Act.

Research Programs

The reactor facilities are utilized by many diverse

groups, such as faculty members, graduate and undergraduate

personnel of McMaster University as well as those from other

universities, and by scientists of government departments,

hospitals and industries throughout Canada.

Much of the research is carried out by irradiating, in

the reactor, target materials which are subsequently transported

to the experimenters' laboratories for study. In other cases,

it is necessary for the research groups to locate their

equipment within the Reactor Building for on-site investigations

and data accumulation. All of the r diation sources are MNR-

dependent except the gamma radiation from the kilocurie Co

facility located in the Hot Cell within the Reactor Building.

The reactor-dependent facilities comprise six capsule

irradiation assemblies, three "rabbit" tubes, six external

beam tubes, one internal core position, one through-tube and

the Instrument Bridge that can accommodate a neutron radio-

graphic facility known as SNERF, as well as an apparatus used

by Engineering Physics undergraduate students to measure the

neutron flux distribution in the vicinity of the reactor core.

Utilization of MNR Facilities by McMaster Personnel

The users in the following lists are mostly faculty
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members, tfot included are the undergraduate students

and graduate student assistants to these research directors.

More details of the research programs performed by these

groups will be found elsewhere in this Nuclear Science Report.

A. Installed Expérimenta

Beam Port #1

Beam Port #2
(being modified)

Beam Port #3

Beam Port #4

Beam Port #5

Beam Port #6

Horizontal Through-Tube

SNERF

Hot Cell

B. Capsule & Rabbit Users

Dr. T. Birchell
Mr. B. Bowen
Dr. J. H, Crocket
Dr. 6. Firnau
Dr. K. Fritze
Dr. £. S. Garnett
Dr. A. Harms
Dr. J. A. Kuehner
Dr. W. V. Prestwich

- Dr. T. J. Kennett
- Dr. W. v. Prestwich

- Dr. W. V. Prestwich

- Dr. T. J. Kennett
- Dr. W. V. Prestwich

- Dr. A. Harms
- Dr. J. Robinson
- Dr. T. Hoffman - Chem. Eng.

- Dr. A. Harms
- Dr. P. Egelstaff, U of G

- Dr. B. Brockhouse
- Dr. M. Collins
- Dr. C. V. Stager
- Dr. J. A. Morrison

- Dr. T. J. Kennett

- Dr. A. A. Harms
- Mr. N. Wilson - Civil Eng.

- Mr. P. C. Ernst
for CARED - Cyanamid
for Dr. D. Rainbow
for Dr. S. Bacchetti

Dr. J. Robinson
Dr. D. M. Shaw
Dr. C. V. Stager
Dr. H. G. Thode
Mr. C. Webber
Physics Dept. - Lab.
Health Physics Group
Reactor Supervision
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Utilization of MNR Facilities by Non-McMaster Personnel

The following list includes brief descriptions of the

programs undertaken by personnel from outside organizations,

with the number (in brackets) of irradiation capsules (C) and

rabbits (R) inserted into the reactor or the number of special

(S) irradiations performed or the number of gamma source

runs (y) utilizing the Co source in the Hot Cell. Note

that each capsule, rabbit, special or y run might consist of

many discrete samples all irradiated at the same time (1 - 30).

In addition there are several programs which make use of

reactor facilities which do not involve discrete irradiations.

The co-operative programs with the Royal Military College,

the university of Guelph, and the University of Toronto fall

into this category.

The 265 capsule irradiations, 449 rabbit insertions, 34

special irradiations, and the 22 Y source runs associated w:lth

the outside user programs represent a significant fraction of

the total number of irradiations performed during this period.

The outside user programs involving other universities

across Canada included 22 research groups from 10 universities.

A. UNIVERSITIES

1. Univ. of Alberta: Dr. R.A. Burwash - Geology (338R)
Or. G.L. Cumming - Physics

The concentrations of Uranium and Thorium in different
geological samples are determined by delayed neutrons
from the fission of the contained Uranium and Thorium.
Data for this study are gathered on-site by the
researchers using the pneumatic rabbit station on the
Beam Port Floor.

The resulting data may also be used to date the material.
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2. Dalhousie Univ. Dr. F. Aumento - Geology (5C)
Dr. W. S. Mitchell - Geology

This group is studying irradiated volcanic glasses
with the use of lexan plastic detectors to determine
Uranium concentrations and fission track chronology.
Up to 30 samples are put into each capsule for
irradiation at low fluxes.

3. Dalhousie Univ. Dr. G. K. Muecke - Geology (IOC)

Dr. G. K. Muecke employs neutron activation analysis
(NAA) of geological samples in this research program.
Other researchers working in this group are C.A.R.
Albuquerque, C. Pride, and K. Sullivan.

4. Dalhousie Univ. Dr. P. H. Reynolds - Physics (4C)

Dr. P. H. Reynolds is dating geological samples by
the ^Az/^hr technique.

5. Dalhousie Univ. Dr. A, Chattopadhyay - Trace (2C+10R)
Analysis Research Centre.

Dr. Chattopadhyay's group is conducting programs
employing Instrumental Neutron Activation Analaysis.
(INAA). Some work was done on-site utilizing MNR's
rabbit system to identify some short-lived isotopes
in aquatic biological samples.

6. Univ. of Guelph: Dr. W. E. Rauser - Botany (4R)
and Genetics

The MNR rabbit system is used to produce Cu for
tracer experiments being conducted by Mr. G. Hogan.

7. Univ. of Guelph: Dr. J. L. Campbell - Physics (3C)

This program consists of short irradiations of
various elements to produce small sources for
Dr. J. Ii. Campbell's research group.

8. University of Guelph: Physics Department Beam Port #5

This Neutron Diffraction program conducted by
Dr. P. A. Egelstaff and his colleagues includes
studies of the structure of dense gases, molecular
liquids, variation of water structure of clays
and diffraction studies of biological samples.
Other members of the research team are Dr. K.
Jeffrey, Dr. R. MacPherson, Dr. R. Penner, Dr. R. H.
Stinson, Dr. A. Teitsma, Mr. W. G. Graham, Mr. R. K.
Hawkins, Mr. L. Hahn, and Mr. M. T. Kurg.
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9. Lakehead University: Dr. R. H, Mitchell - Geology

This program relies on MNR's high flux of neutrons
in the study of the geochemistry of Cesium and of
Gold and Iridium in mantle materials, as well as
for routine multi-element INAA at the ppra level of
geological and biological materials. The program
has been dormant this year due to counting equipment
problems which are expected to be resolved soon.

10. Univ. of Manitoba: Mr. K. Ramlal - Dept. of (IOC)
Earth Sciences.

Dr. S. Kuo's research projects are part of a
continuing study of the developmental history of the
Precambrian Shield. The techniques used include
INAA of rock and mineral samples for rare earth
elements, Sc, Co, Hf, Ta, Cr, etc. and radiochemical
NAA of gold and platimum-group elements in rock
and mineral samples. The irradiations also supply
Dr. Kuo with calibration standards and tracers for
use in these studies.

11. Royal Military College.

A co-operative on-site experimental program in nuclear
engineering was carried out for 4th year students.
Experiments investigating both Reactor Kinetics and
Nuclear Physics were performed.

12. St. Mary's University: Dr. J. Dostal - Geology (lie)

The program involves geochemical analyses of rock
and mineral specimen by both INAA and radiochemical
NAA.

13. University of Toronto: Dr. R. h, Jervis - Dept. of (3C)
Chem. Eng.

The program involves NAA of biological material
carried out by Mrs. B. Tiefenbach under supervision
of Dr. R. E. Jervis.

14. Univ. of Toronto, Dr. D. Paul - Physics Dept. (4C)

Dr. D. Paul prepared Cu samples for his research
program being carried out by Mr. Jen-San Tsai.
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15. Univ. of Toronto: Dr. D. York - Physics Dept. (4C)

Or. D. York is studying geophysics samples by NAA
with assistants Mr. G. W. Berger, Mr. R. Bottomly
and Mr» J. A. Hanes.

16. University of Toronto: Dr. C. L. Chou - (12C+4R)
Erindale College.

Dr. Chou has established a INAA laboratory to analyze
geological samples. Among those working with him are
Mr. E. Hoffman, and Mr. M. M. Kimberley.

17. Univ. of Toronto: Dr. R. M. Farquhar - Physics (1C)

Several samples of geological material were irradiated
with Solid State Track Recorders. These were used
for a seminar on the subject conducted by Dr. R. M.
McCorkell of Bondar-Clegg and Co. in co-operation
with Dr. Farquhar.

18. Univ. of Toronto: Dr. J. S. Hewitt - Chem. Eng. (2S)

The program encompassed two studies of response
curves of Self-Powered Neutron probes. This involved
the design and fabrication of a special test section
to locate the detector in a given position in ox close
to the core. Other members of the research teams
were Dr. A. Mao and Mr, J. Lau.

19. Univ. of Waterloo: Dr. R. L. Henderson - Chem. Eng. (IC)

Mr. T. Beach irradiated samples of copper to prepare
a 70 mCi 64Cu source for his program.

20. Univ. of Waterloo: Dr. H.D. Sharma - Chemistry. (1C)

The program involved the irradiation of biological
samples for analysis by y-spectroscopy.

21. University of Windsor, Department of Physics (1C)

Dr. E. Habib prepared B-spectrometry sources from
material irradiated in the reactor.

B. GOVERNMENT DEPARTMENTS

22. The Centre of Forensic Sciences, Toronto.

The Ontario Attorney General's laboratory uses NAA
to study forensic problems and to aid in criminal
investigations under supervision of Dr. S. Krishnan.

-199-

(96C)



23. Ontario Hydro, Research Division, Toronto. (36C+93R)

Dr. A. Guest is studying various environmental
pollutants via NAA. Two of the main programs
involved the analyses of stack emissions and coal
fly ash.

24. Ontario Hydro: Research Division (1 Y)

A conductivity experiment on D20 suspected of
being organically contaminated was carried out
utilizing the 5 KCi 60Co source.

25. Ontario Research Foundationi Dr. R. Glass (1C)

MNR carried out an activation analysis of asbestos
fibres for Fe and also activated asbestos to be
used as a tracer at ORF.

C. HOSPTIALS

26. McMaster University Medical Centre (MUMC). (11 Y)

Research usage of MNR by the Faculty of Nuclear
Medicine is reported elsewhere in this Nuclear
Science Research Report. It includes several
projects by the Dept. of Nuclear Medicine under
Dr. E. S. Garnett and includes work by Dr. G. Firnau,
Mr. C. E. Webber and Mr. B. Bowen. The 5 KCi 60Co
source is also utilized by two groups from MUMC;
Dr. A. J. Rainbow's group in Radiology and Dr. S.
Bacchetti from Pathology.

18
In order to produce sufficient F for Dr. Firnau's
work, the reactor is operated at its full output of
5 MW for the short periods necessary.

27. Ontario Cancer Foundation, Kingston, (5C)

198
Several cartridges of Au grains were supplied
to Dr. Lott for use in cancer treatments.

28. Ontario Cancer Foundation, London, Ontario. (24C)

198
A regularly scheduled supply cv Au grains is
prepared every two weeks for t ii.pment to
Dr. F. Haegy for treatment of ^Kin cancers.

29. Ontario Cancer Foundation, Thunder Bay Clinic (3C)

Radioactive gold grains were supplied to
Dr. W. A. Hargan for use as interstitial implants
in the treatment of cancer.
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30. St. Joseph's Hospital, Hamilton. (1C)

203.Dr. K. Ingham was supplied with a set of """Hg
marker buttons for use during scanning studies.
These were fabricated and calibrated by MNR staff.

31. W.W. Cross Cancer Institute - Edmonton
198Two cartridges of Au grains were sent to Or.

J. Scrimger for use in the treatment of cancer.

D. INDUSTRIES
32. Barringer Research, Toronto.

A research study of a tape film monitoring
technique by Dr. M. D. Silvester is continuing.

33. Bondar-Clegg t, Co. Ltd., Ottawa

Dr. R. McCorkell is attempting to extend the
sensitivity of his techniques employing sold state
track recorders for the analysis of Uranium in
geological and water samples.

34. CARED Project 181

Neutron radiography techniques were employed to
examine small electronic components.

35. CARED Project 200.

This program examined the feasibility of using
a 60co Source as a catalyst for several commercial
chemical manufacturing processes. Dr. J. w.
Hodgins, Dr. R. H. Tomlinson and Dr. H. Corver
were involved in these determinations.

36. Prciect H: Dr. A. Hamielec - Chem. Eng.

These runs utilized the 5 KCi Co source to study
effects of various doses on certain polymers.

37. Westinghouse Canada Ltd., Hamilton.

This program involved two high dosage runs
(2 x 108R) of the 60Co source to test the radiation
resistance of certain electrical components. This
work was carried out by Mr. P. C. Ernst. The two
special irradiations made use of the y-radiation from
the decaying fission products in reactor fuel via
the new Spent Assembly Gamma Exposure (SAGE) facility
designed and put into service this year by MNR staff.

(1C)

(23C)

<3C)

(30S)

(5 y)

(3

(2Y+2S)

-201-



SECTION B - SUMMARY OF ACCELERATOR OPERATIONS

Operations Personnel;

P. G. Ashbaugh

J. W. McKay

R. A. McNaught

H. J. Blanchard

L. E. DeVries

H. Harms

J. W. Stark

W. F. Williams

Y. K. Peng

J, A. Parkinson

J. F. Rosenthal

Mrs. E. Williams

Research Personnel :

Director of Operations

Accelerator Engineer

Supervisor, Electronic System

Electronics Technologist

Electronics Technologist

Accelerator Technician

Accelerator Technician

Accelerator Technician

Target Technician

Mechanical Maintenance Technician

Mechanical Maintenance Technician

Secretary

More than seventy faculty, postdoctorate fellows and_;

students have been involved in Accelerator projects in 1976.

Scientists from, Bergen (Norway), Birmingham (U.K.),

Chalk River, Gronigen (Netherlands), luelph, Kingston, Kuwait,

Liverpool (U.K.), London, North Carolina (U.S.A.), Ottawa,

Rochester (U.S.A.), St. Catharines and Toronto have visited

the laboratory to do experiments this past year.
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Accelerator Operation;

Saheduled operation has been carried on essentially

as in previous years on a 24 hour per day, 7 days par week,

basis. However, reliability has not been as good this year.

The number one, low energy tube failed (after 45,000 hours

of operation) in April and had to be rebuilt by the

manufacturer. Belt failures occured in June and again in

September. In August, the drive motor burnt out and it was

necessary to completely strip the column and wash both the

column structure and the tank walls. The table below summarizes

this year's operation and offers comparisons with previous years.

All figures cover the period Nov. 1 to October 31.

Accelerator Utilization (Table I)

(Based on accelerator tube

FN hours

% utilization

KN hours

% utilization

Maximum voltage (MV)

# days at or above 9MV

# ion species accelerated

1973

6430

73%

3402

39%

10.0

-

13

1974

7275

83%

2260

26%

9.3

15

14

timers)

1975

7214

82%

2499

29%

9.3

5

17

1976(est)

6390

73%

2044

23%

9.5

27

17
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%p + d (unpolarized)

%p + d

%JHe + MHe

Other ion species

17%

10%

42%

31%

10%

35%

30%

25%

Development Work

1. Polarized Ion Source

As noted in the section above, the Polarized Ion source

has been used during more than a third of our running time.

This device requires a fair amount of routine maintenance

between runs and therefore little time has been available for

development work. Reliability has been increased with the

addition of surge supression devices to those components

that have shown themselves to be susceptible to failure.

A new faraday cup has been installed at the exit of the high

voltage deck to assist in beam optics measurements. This in

turn has led to some preliminary experimentation with the

optical components of the injection line. Although beam

currents up to 60nA on target have routinely been possible

we believe that significantly higher currents should be

possible with better transmission.

A system for renote control of a limited number of

source functions has been constructed and installed. In

-204-



1
to
o

INSERTING THE SPUTTER SOURCE IONIZERS



addition,, this will be tied into a microprocessor based

"quench-ratio" measuring system now under construction.

This syst.~ will ultimately be under control of the on-

line data collection computer.

2. Tritium Ion Source Development

Testing of a caesium sputter source for producing

triton beams began during the summer. The source was

installed on the ion source test bench and preliminary

tests using deuteron beams were made.

Tests will be carried out to find (a) the most

efficient design of sputter cones with regard to beam

output and cone lifetime and (b) the effect of cooling

water failure with the possible release of tritium gas.

In addition, procedures are being developed for "loading"

the sputter cones with tritium under rigidly controlled

conditions.

A twelve cone holder is presently being built to replace

the present three cone model. This should reduce the number

of source openings required.

It is hoped that the source will be available to produce

tritons sometime in 1977.
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3. Caesium Sputter Source for Heavy Ions

This source was installed on the accelerator in

May 1976 and has operated successfully since that time.

The source has been extremely useful for some beams which

were difficult, if not impossible, to obtain with the old R.F.

type source, namely B~, Br~, Li", and Zr".

Table 2 lists those beams that have been obtained using

this source. An asterisk indicates the beams have been

accelerated through the Tandem.

Caesium Sputter Source Beams (Table 2)

Neg. Beam Type of cone used

H~, D~ Titanium cone loaded with hydrogen or deuterium

*Li~ Metallic Lithium pressed into a copper sleeve using a die

*B~ Boron powder pressed into a stainless steel sleeve,
then machined

*C~ Pure carbon

*NH» A 1:1 mixture of LiNH- and iron powder pressed into a
copper sleeve using a die

*0~ CaO:Fe mixture

*F~ NaF:Fe mixture

Cl~ NaCl:Fe mixture

*Br~ NaBr:Fe mixture

*I~ NaI:Fe mixture

A£~ (a) - Pure Aluminum cone (b) - Al. powder pressed on
copper

Sb~ (a) - Pure Antimony cone (b) - Antimony powder pressed
on copper

*Bi~ (a) - Pure Bismuth cone (b) - Bismuth powder pressed
on copper

*Zr~ (a) - Pure Zirconium cone (b) - Zirconium powder pressed
on copper

Cu~ Pure copper cone
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A twelve-cone holder for tliis source is presently being

constructed in our machine shop and should be available for

use in late 1976. The use of this new holder will reduce

the number of source openings required to change cones.

4. Beam Line Development

At the present time the following beam lines are developed

and fully operational:

-70°: a short stub line used for high intensity irradiations

-45 : line to Enge magnetic spectrograph

-22°: line to Toronto chamber used to calibrate damage-
track detectors followed by low-temperature
damage-annealing system

0 : line to multipurpose particle scattering chamber
followed by multipurpose gamma-ray goniumeter

15°: line to particle-gainma correlation chamber used
with deuteron beams followed by shielded beam dump

33 : line to Orange ß-ray spectrometer and gamma-ray
chamber followed by beam dump

47 : line to Lotus general purpose gamma-ray goniometer
located in low-background room

During the forthcoming year we plan to rebuild the old

+70° differentially-pumped gas target line for use with pulsed

beams. It may be that the isochronous character of this line

can be used to advantage for this purpose.
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5. Pulsed Beam

The first stage of construction of the fast pulsing

system should be complete early in 1977. This will

consist of 70 KV, 2.5-10 MH sinusoidal deflection system

to sweep the beam across a defining aperture, producing

nanosecond pulses of low duty cycle. For initial experiments

involving fast-timing gamma-ray measurements of nuclear

isomer s produced in (p,n) and (oc,n) reactions the low peak

intensity should be adequate.

6. Focal-plane detector for Enge

During the past year a 25-cm-long focal-plane detector

of the type developed at Michigan State University has been

built. It uses diagonal inductive pickup stripes connected

to a lumped delay line with 100 taps. At the present time

this detector is still under development.

7. Data Handling Systems

The data handling systems in the lab consist of a PDP-9

computer (used mostly on line) and a PDP-15 computer (used

mostly off line).

During the current fiscal year we expect to complete

a major upgrading of the PDP-15. We have added a second

disk, and are upgrading the PDP-15 to an XVM-15 system with
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56K of core. An ADC control unit will be added to

the PDP-15. This will provide the following:

1. We will be able to run programmes which we could not

run previously or could run only with difficulty due

to the lack of memory.

2. We will be able to use the PDP-15 on line when it is

necessary to perform two experiments at once, or as a

back-up to the PDP-9 system. (Although the PDP-9 has

continued to operate reliably it does fail occasionally

and can be down for a week or more while repairs are

made).

3. We will be able to upgrade the operating system. We

have been using the Advanced Software System designed

for use with DEC tape and modified to use a disk. We

plan to use DOS (Disk Operating System) which will be

more efficient.

The only addition to the PDP-9 system hardware has been

six analogue outputs which were designed to facilitate pulse

height stabilization when using an array of Nal(Tl) detectors.

The software system has remained substantially unchanged.

Some additional ADC handler routines have been written to

suit particular experiments and exploit the use of the
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analogue multiplexers.

The Solid State Physics group, who operate primarily

on the KN and 150KV machines, have developed their own

on-line computer based system around a PDP-11/05 with 20K

of core, a floppy disk, display etc.. Since they have

been using the 7̂D11OO analyser this releases it once again

for use with experiments on the FN.

8. Particle-Solid Interactions Facility

A new magnet was installed to steer and analyse the

beams from the KN and 150 keV heavy ion accelerator into

the same target chambers. The new magnet was installed to

steer and analyse the beams from the KN and 150 keV heavy ion

accelerator into the same target chambers. A new magnet

allows target bombardments with ions of mass 200 at the full

150 kV accelerating voltage. The high vacuum target chamber

for ion-surface interactions has been set up and aligned.

A PDP-11 has been interfaced for experimental control and

data acquisition and the complete system should be operational

within the next few months. In addition a new cryocooler

facility has been ordered to allow lower target temperatures

K such that the bombardment studies can be extended to

metallic targets where lower anneal temperatures exist.
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