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I I INTRODUCTION

This report covers the period from November 1978 until

I October 1979. It summarizes the operation and develop-

m ment of facilities in the Foster Radiation Laboratory

and the research carried out using these facilities.

I
There are two main groups of personnel using the

| Laboratory facilities; the resident personnel, who

_ occupy office space in the Laboratory and the non-

™ resident personnel, who come from the Chemistry

B Department and the Montreal Neurological Institute.

The resident personnel are charged with the

| responsibility of operating and developing the

_ facilities in the Laboratory. It has been the

• tradition in the Laboratory that the research

• personnel associate with each other to form groups to

investigate particular problems of their common

J interest. Collaboration among resident and non-

resident researchers are also common and frequent.

• During the last few years, the synchrocyclotron has

been undergoing a continuous upgrading process. In

I the past year, we have further developed its I
3operating capabilities. The He and alpha beam

I I
I I
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intensities have been improved. A stochastic beam

g stretcher for the alpha and the deuteron beams has

- been installed. Experiments are now being carried

' out with these stretched beams.

I
The data handling facilities in the Laboratory arecentered around a PDP-15 and a PDP-11 computer.

m The PDP-11 memory has been expanded to 96K, and a

* display scope and plotter has been interfaced to it.

1 In the past year, it was used for software develop-

ment and off-line data analysis. The PDP-15 is

ĵ used primarily for on-line data acquisition, and a

remote control terminal for the computer has been

™ installed at the cyclotron control desk.

i
The angular correlation facility for on-line

H Y-spectroscopic studies has been completed. Also,

a microprocessor controlled tape transport system

* has been integrated into the helium-jet transport

I facilities. Research programs based on these

facilities are in progress.

1
The research activities in the past year have been

w satisfactory. The main interests continued to be

1
1
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the systematic properties of nuclei far from beta

I stability, complex nuclear reactions and the

» nuclear fission mechanism. The positron tomography

• work progressed well. A second ring of Bi-Ge

1 detectors was added. This unique facility permits

the observation of the three-dimensional blood flow

I pattern in the brain. At present, personnel in the

Laboratory are also participating in the

• installation of a small cyclotron in the Montreal

Neurological Institute.

Dr. S.K. Mark, director of the Foster Radiation

Laboratory since 1971, went on sabbatical leave in

June 1979 and Dr. J.K.P. Lee was appointed as

director of the Laboratory.jf

I The operation and development of the facilities in

the Laboratory were supported by a core grant from

m the Natural Science and Engineering Research

m t. Council (NSERC) of Canada. In addition, direct

financial contributions from the University were

• also received. All the research activities were

funded through grants from NSERC, Medical Research

m Council and le Ministere de 1'Education du Quebec.

1
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The generosity of these supporters is gratefully

I acknowledged.
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I
• II LABORATORY OPERATION and DEVELOPMENT

I A. The Synchrocyclotron

During the past few years, the synchrocyclotron has

I been undergoing a steady upgrading program. At

• present, the following capability has been achieved.

I
I
I
• When operated in the time-stretched mode, about 25%

I
I beams do not seem to be inherent but rather due to

I
I

1
1

Particle

Proton

Deuteron

Helium-3

Alpha

Maximum Energy
(Mev)

100

50

133

100

Internal
uA

2

1.5

1.0

1.3

External
nA

300

100

15

25

Time-
Stretch

-

Yes

in progress

Yes

of the normal beam intensity is obtained. The
3 4

slightly reduced intensities of He relative to He

3
the short time spent on He beam development at the

time of writing. From preliminary results we
3

expect, in fact, that the He beam will be of

slightly higher intensity than He.

I
Planned for the coming year are improvements to the

m cyclotron operation by the installation of a sextu-

M pole magnet to correct second order distortions of the

external beam phase space and steering dipoles to
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allow fine alignment of the external beam; the

installation of the new diffusion pumps with

baffles and automatic gates to prohibit

diffusion pump oil contamination of the cyclotron

tank and improvement to the ion source operation.

Also, new ion source designs will be tested and

the cyclotron magnet current stabilization will

be investigated.

I
1

I
I
I
I

(a) Synchrocyclotron Operation

The synchrocyclotron operated very satisfactorily

in the past year without major interruption due

to faults. The general distribution of the

cyclotron operation hours are:

Regular Maintenance

Upgradi ng

Proton Beam

Deuteron Beam

Helium-3 Beam

Alpha Beam

Down Time Due to Faults

Total:

500 hours

300

2400

400

50

800

25C

4700 hours
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I About 80% of the beam time was used by the nuclear

M physics program and the remaining 20% was used by

researchers from the Chemistry Department and the

I Montreal Neurological Institute.

Requests for helium-3 and alpha beams are

» increasing and will probably occupy more than 50%

of the operation time in the coming year. The

V helium-3 recovery system has been tested on-line.

It operated smoothly over a two week testing

period with no detectable loss of helium-3.

(b) Machine Development

• The improved capability of the synchrocyclotron

is the result of several developments during the

past year. They are:

0 ) Installation of a Stochastic Beam Extraction
System

I This system consists of a 72° sector CEE

m electrode placed at the maximum orbit

radius of the cyclotron. A radiofrequency

I waveform which sweeps down from the

extraction frequency with superimposed noise

I signals, "randomizes" the extracted beam so
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that it resembles a continuous beam. ThisI
system has been applied to the alpha beam

• and about 25% efficiency was obtained. The

resultant few nanoamperes of stretched beam

B is adequate for most of the on-line

a Y-spectroscopy studies planned. During the

coming year, the system will be adapted also

• to the helium-3 beam.

I (2) Ion Source Development

We have modified the 2 kW, axial extraction

_ cold cathode PIG ion source and optimized

™ its orifice dimension, resulting in improved

I beam intensities. It is also capable of

sustaining steady long operation for the

| alpha beam (>7 days), a vast improvement over

» the earlier version (<1 day). The internal

" helium beams have a large radial oscillation

1 . amplitude spread. This reduces their

effectiveness for internal bombardment and

I ' extraction efficiencies. This could be

caused by the much more violent arc required

• for the helium ionization, resulting in a

• much greater spread of vertical velocity of

ions from the axial ion source, and
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J| consequently a much more haphazard capture into

the acceleration mode. Presently, we are

investigating several new designs of ion

_ sources, including a radial extraction cold

• cathode source.

(3) RF Feed-Line Modification

|

The change of RF frequency range for

I acceleration of various particles is accomplished

by inserting proper lengths of RF feed-line

| between the rotating condenser and the active Dee.

- For proton acceleration, the RF voltage minimum

' occurs near the cyclotron wall where the ceramic

1 feedthroughs are located. For alpha particles

and deuterons, this is not the case and

| frequently RF breakdown occurs at the ceramic

joints. If severe sparking occurs, it could

cause the cracking of the ceramic feedthroughs

ft and burnout of the high voltage supply tube.

This problem was solved by (i) redesign of the

• ' RF feed loop and relocation of its feed point,

and (ii) redesign of the RF feed line such that

the space between the lines and the ceramic

m feedthroughs can be filled with a special oil
(Ge 10-C transformer o i l ) . Since these changes

1
1
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wore made, it has been possible fcc operate the-a

cvclotron at higher f?F voltancs rrr,i.i7t i fin in

I hiqher beam currents.

I {4) ^xtojrr.'T^ rŝ -nm Upgrading

In April 1979, two regulated prw^r supplies

wore i m p l i e d for the 6" q u a d r u p l e m^iRets,

" roplaciTi the old motor generator sets. This

completes the transition towards refMil.'tnd

supplies for all the external hear magnets.

We have also initiated a program to re!'irld

the beam lines and beam monitor rysteir. Tho

external boarn characteristic ha- l-.een rf.udiGd.

m We plan to insert a sextupole ami riipclo

maqnots near tho cyclotron exit ivirt to

I correct for the second order c! i -, ̂ ortioii

effect of the extraction channel,

alignment for degraded energy external '>o?r;:

will be carried out. Also» studies will be

made to install another beam line in the

middle vault.

fJaî ta Ha_H!lU..n3 Facilities

The data handling facilities in our Laboratory are

centered around a PDP-15 and a PCP-ll/?4

I

7
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m The PDP-15 is primarily used for on-line data )

acquisition. The off-line data analysis is gradually

I shifting to the PDP-11 as more software capability is I

developed. At present, the PDP-15 is located in the

I control room and the PDP-11 is situated in the second I

• floor counting room. 1

f The control room is a fairly open area. It is I

connected directly to the delivery door of the

I Laboratory. Also, the room is constantly at 1

» negative pressure wher the cyclotron venting fan is •

turned on. Consequently, the temperature and

M humidity in the control room is not very well I

regulated. This has caused some computer failures,

| particularly on humid hot days. To remedy this |

— situation, we have planned to partition the control .

* room such that a computer area will be isolated to *

I accommodate both the computers. This is scheduled I

to proceed in November, at the time when the

jj cyclotron will be shut down for vacuum improvements. g

1 I
m A remote station for the PDP-15 control, consisting *

M of a video terminal, switch register, display scope •

and light pen, has been constructed. This is a

B duplication of functions available at the computer £

console and is to be installed at the cyclotron

I " I
I I
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control desk. A high speed plotter (Zeta 1553) has

been purchased. It will be interfaced to the I

I computer via a CAMAC RS232 module. The plotter a

will be accessible from both computers.

i I
We have added a 64K word MOS memory to the PDP-11,

• bringing the total memory to 96K words. This I

I extended memory will be mainly used for buffers, >

data array and resident overlays. A second DL11WB

j asynchronous serial interface has been added 1

recently to operate a video terminal. Other inter-

• faces and linkage to the PDP-15 will be added when |

| the need arises. The software development for the _

PDP-11 is progressing. Basic programs such as data *

I display, plotting, and analysis, were written that I

permit easy modification by users to add new or

I specific features. |
m

C. Other General Experimental Facilities •
• (a) Isotope separator 9

ft . The isotope separator is used in two modes: g

as an isotope separator or as a mass

£ spectrometer for fission yield studies. It M

has an ion source using Re or Ta foil as the

™ ionization surface, and is capable of producing J§

1 I
I I
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separated 6a, Rb, In and Cs isotopes from

fission yield. The intensity of Ga isotopes

is low, and not sufficient for spectroscopic

studies.

In August 1979, a vacuum leak developed in

the target chamber at the inner wall of the

cooling water layer. A new chamber was

constructed and installed. The performance

of the separator was restored in six weeks.

At the collection position of the separated

isotopes, a conversion electron set-up was

installed. A 15 mm thick high purity Ge

detector was purchased for beta end-point-

energy measurements. The tape transport

system designed for use at this position was

adapted for the helium jet transport facility

and another modified version is being

constructed.

At present, the isotope separator is located

in the external beam hall with the separated

ions collected at a position near the entrance

door to the external beam hall. It is a

congested area, shielded from the beam hall

I
I
I
I
I
I
I
I
I
I
I
I
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- background by a two foot thick concrete door.

During the beam burst, the background is f

1 moderately high, limiting the effective use -

of the separator. During the coming year, we •

I plan to study the option of movfng the ft

- s e p a r a t o r to the m i d d l e v a u l t and l e a d i n g t he

• s e p a r a t e d ions to the e x t e r n a l beam h a l l . T h i s |

ft will a l l e v i a t e the p r o b l e m s m e n t i o n e d a b o v e ,

w i t h the added a d v a n t a g e of u t i l i z i n g the full •

I potential of the upgraded cyclotron. >

I

• (b) Beta spectrometer using a superconducting I
_ solenoid
1 1

In this spectrometer, the radioactive source is

8 usually placed along the axis of the solenoid I

• bore with a high purity Ge detector located

about 7 cm away. In this geometry, the detector j|

has an effective solid angle of 2u for most of _

the energy range of the electronswhile theI
1 ' _ „_.„.._ „. „

I

effect of the solid angle for the y-rays is 9

about 50 times smaller. With a good response

function, the beta end-point-energy can be I

I determined quite accurately (~10 keV). The

spectrometer is also suitable for e-y

coincidence measurements and has been I
— extensively used for this purpose.1 I

I



It was mentioned in last year's report that the
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I

It was mentioned in last year's report that the •

I detector performance has deteriorated noticeably.

m It was repaired by the manufacturer and since 1

then- the spectrometer has operated quite

B reliably. However, during this past year, the I

consumption rate of liquid helium is gradually &

* increasing and also some of the metering wires

« in the solenoid chamber appear to have broken. 1

* It is still operational, but some refurbishing

1 is due. 1

p At p r e s e n t , we are des i g n i n g a new s p e c t r o m e t e r

3
using a 4" bore s o l e n o i d . This bore size will 1

I
allow us to use our tape transport system inside

• the bore or to couple the spectrometer j|

directly to the isotope separator. There is

H also the possibility of inserting an annular '

large volume datector for v-rays, free from beta M

* contamination, making it a very efficient e-y

• coincidence spectrometer. We are hopeful that •

this spectrometer will be operational during

I this coming year. ™

I i
I I
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» (c) On-line v-ray spectroscopy facility

This facility is used in conjunction with the

I time-stretched alpha beam. The beam dump is

* placed 4m down stream to minimize the beam

background. The target area can accommodate

1 up to four detectors which are interfaced to

the PDP-15 computer. At present, we are

1 improving the beam alignment, particularly

( for the energy degraded beams. The time-
3

stretching capability for the He beam is

1 now being tested.

(d) Helium-jet system for internal bombardment

I The helium jet transport technique has been

successfully adapted to rapid extraction of

short-lived radioactivities produced in the

m internal cyclotron beam irradiation. A

microprocessor controlled tape transport

• . system has been completed and integrated I

into the operation. A skimmer has been

S constructed, and the sources can be trans- I

— ported to a high vacuum area for charged

particle emission studies. |

I
1 •
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I (e) Pneumatic target transport systems

There exist in our Laboratory two pneumatic

• target transport systems for internal

I bombardments: one utilizes a straight 1"

bore aluminum tube and the other a flexible

1 3/8" plastic tube. The 1" bore system is

designed for gas targets enclosed in Be

I containers. It can have a transport time

as low as 0.1 sec. The other system is

used for solid or powder targets, and the

transport time is about 2 sec. With the

helium jet transport system operational,

demand for its use is reducing. It is

still used for targets in powder forms and

for isotopes with low production cross-

1 sections.

I
I

1
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III PROGRESS IN RESEARCH*

I

I. Rare Earth Nuclei Far From Beta Stability
(J. Deslauriers, S.C. Gujrathi and S.K. Mark)

I We have continued our effort on the systematic study

of nuclei in the region of Aal40, N<82. The decay

I schemes of N=77 isotones, namely Eu, Sm and
1 38

Pm, have been completed. Studies are extended to

N=76 (139Eu) and N=75 (136Pm) nuclei. A theoretical

I calculation was made, using a BCS formalism with a

semi-realistic interaction derived from the Tabakin

H potential. The agreement between theory and

m experiment was not as good as the cases for heavier

nuclei closer to the N=S2 shell. The even-even nuclei

I level structure was also analysed in terms of the

Variable Moment of Inertia (VMI) model. Results
indicated that nuclei lying farther from the Z=50 and

N=82 closed shells become more deformed and exhibit

more rigid shapes. Contour lines for different values

• of the ground state moment of inertia were computed

and clearly illustrated the systematic trends of

deformation in this specific nuclear region. A Ph.D.

*Results presented in this report should not be quoted
without specific permission of the investigators.

I



I
I
I
I thesis, based on these and earlier works, has been

approved. During this coming year, we plan to

I extend our studies to more neutron deficient nuclei

I and to use Sm ( He,xn) reactions to produce Gd

isotopes.

I 2. Shape Transition in Deformed Nuclei
(S.C. Gujrathi, A. Kogan and S.K. Mark)

We have initiated a systematic investigation of the

I neutron deficient nuclei in the region 67«Z$72. The

stable and near-stable nuclei in this region are

I strongly deformed and they are expected to exhibit

m transitional behaviour when N approaches the N=82

shell. We have completed the study of the level

I structure of Ir and further work is in progress.

3. Neutron Deficient Nuclei Near N=50
(S.K. Mark and K. Oxorn)

1 94The study of the Ru structure have been completed.

A paper has been accepted for publication.

• 90Two beta-decaying isomers in Tc have been identified,

and has a Q E C of 8.8 ± 0.3 MeV, while
 9 0 mTc (J1T=6+,7+)

9 0 gTc (J^l*) decays with a half-life of 8.7 ± 0.25

| EC

I
I
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I has a half-life of 49.2 + 0.4 s and a Q,-r of i

9.3 ± 0.3 MeV. States of the quasi-ground state
I band up to 6 as well as a 5" state have been I

I
I

an on

identified in 3 U M o . The decay of o y T c is in
progress. Preliminary results indicate a half-

life of about 2m. Further work or. these nuclei

and others are in progress.

I
4. Delayed Charged Particle Emission

(G. Lolos, S.K. Mark and R. Turcotte)

This project is concerned with the investigation

of neutron deficient nuclei of the rare earth

_ region, through the study of delayed particle

* emission. Eu isotopes of mass 141 or less and

• Gd isotopes of mass 143 or less are all potential

delayed proton precursors with half-lives in the

j| seconds range. These nuclei can be produced via

(p,xn) and ( He,xn) reactions using a ' Sm

• target. The difficulty lies in the low proton

• emission branches (<10~ ) and the presence of hig

positron flux.

1
We have constructed a magnetic sweeping device to

m deflect the p o s i t r o n s . A AE-E Si counter t e l e -

I
1
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' scope is monntod for particle identification. This

1 apparatus is housed inside a vacuum chamber, and is

to bo used with the helium jet transport, system.

I Tests using a high energy p source and the standard

a source indicated that over 90% of the positrons

can be swept away with little change in the

effective solid angle for the heavy particles. This

apparatus is in the final stage of testing. The

tape transport system and skimmers for the helium

jet arc to be incorporated for actual test runs.

i 5- Structure of 1 2 1 > 1 2 3 X P

* (O.E. Crawford, K. Sofia and B.N. Subba Rao)

I We have extended our study of the neutron deficient

Xe isotopes to the odd A 1 2 1 > 1 2 3 X e via the decay of

! 1 2 1 > 1 2 3 C s produced by 1 2 4Xe(p,xn) reactions. The
123

1 study for the decay of Cs is basically completed.
1 23The 252 keV state in Xe was suggested to have

I possible spin of (9/2") and a half-life of 6.3 ^sec.

This level was also populated in our present study.

I Since the ground state of 1 2 3 C s has J11 of l/2 +, we

m have attempted to identify the source of its feeding,

but fail to establish the existence of another high

1 spin isomer in Cs, or the cascade y-rays

feeding this level. Most likely, the level observed

I
I
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in this work is not the high spin state suggested in
121the early work. Preliminary data for Cs and its

tentative decay scheme have been obtained. Detailed

measurements are now in progress. During 1980 we

plan to study high spin states in the neutron-deficient
120Xe isotopes via Te(a,xn) on-line spectroscopy.

I
I
I
I
I
I
I
I
I
I

6. High-Spin States in Heavy Sn Isotopes
(R. Iafigliola, J.K.P. Lee and K. Shahien)

In each of the heavy odd-odd indium isotopes, there

exists a low lying 8 isomer, a member of the

~ (v"(irg9/,2) ]]/2^ multiplet. They decay via

transitions to the 7", f!~ and 9~ levels in Sn

isotopes with neutron configurations of

( g 7 / 2 ) ( h 1 1 / 2 ) .

We have? investigated those levels in heavy Sn

(A•> 1 ?!0) using separated In isotopes produced via the

' ''H(p,f) reaction. Recently, results from the

OSIRIS isotope separator in Sweden on the same

nuclei were published. While the results for

A=l20,122 were compatible with our publications, n

serious discrepancy existed for the case of '•'Sn.

They reported two isomers in 124 In, decaying with
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half-lives of 2.4 sec (8") and 3.2 sec ( 4 + , 5 + ) , i-hi l

our results show a similar half-life of 3.9 sec for

both isomers. In addition, the 5" half-life was

reported to he 0.27 us while our result was 0.66 IJS.

8 To resolve this difficulty, we are planning to produce

In via the (n,p) reaction and to further invnsti-

• qate its decay properties.

We havp also attempted to measure the magnetic moment.

a of the first 7~ levels in Sn isotopes via the

perturbed angular correlation method. Tho life-times

I of these levels are long (psec range) and the signal

• to background ratio is low. After 48 hours of dsta

acquisition, no precession effect is evident. We arc

I at present improving the isotope production and

counting efficiencies. Renewed efforts will be mada

m in the near future.

I
I

M''Xr.0.1_Deficient Nuclei Near Z=50
(G. Riles, J.E. Kitching, R.B. Moore and B. Varlpy)

We have developed a technique for producing small

self-supporting targets of enriched Cd and S

to be placed at the tip of the helium jet chamber._

• Preliminary runs using proton and alpha internal

I
I
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beams have been made to determine the relative yield

I of light In (A<104), Sn (A<106), and Sb (A<110)

nuclei. The results are encouraging. Some of these

I nuclei are candidates for delayed particle emission.

I Plans are made to couple the jet to the magnetic

filter system.

I
8. Beta Response Function

I (D. Hetherington, J.E. Kitching, R.B. Moore and
B. Varley)

I A reliable general deconvolution process for beta

spectra for the purpose of determining beta branching

1 ratios and shape factors has proven to be more

• elusive than anticipated. Recently, it was found

that back-scattered electrons from the source backing

I material have shown up at higher energies than

anticipated. This and other effects associated with

m particular experimental set-up are being investigated.

m Positron spectra for numerous sources have been

accumulated to test the reliability of its

M deconvolution process.

As an intermediate step, we have used a more realistic

» response function than the flat tail shape used before

* and applied it to the beta spectra analysis. The

1
1
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( effect on the end-point energies is minimal. In the ^

78 1

case of the decay of Rb, the shape factor which ™

I persistently shown up in the early analysis is no I

longer present. Also, the branching ratios for the

| caseof Rb are in good agreement with those I

_ deduced from y-spectroscopic studies. It seems that

• this particular response function is reasonably •

I representative and can be applied to actual data •

analysi s.

I I
During the past year, we have purchased a 15 mm

• thick intrinsic planar Ge detector for the study of 1

• beta decay with high end-point energies. It is used m

mainly in association with the isotope separator

I and the helium jet transport system. Its response I

function is being investigated with the aim of

I obtaining results consistent with measurements from 9

m the superconducting solenoid beta spectrometer. m

While general agreement in the end-point energies

• can be obtained, the detailed result for the branching

ratio is complicated by various experimental effects.

• The nature of these effects are being studied. 9

I I
I I
I I
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m 9. Precise Q Determination 1

(S. Gujrathi, J.K.P. Lee, R.B. Moore and K. Shahien)

I We have earlier accumulated the beta spectra from 8

• sources obtained from the isotope separator using •

the 6 superconducting solenoid beta spectrometer.

1 These spectra are now being analysed using the I
88- 93modified response function. For ~ Rb, our

| results produced 3-end-point energies in agreement I

. to those reported in the literature. The beta •

branching ratios are also generally consistent with
no ^

I Y-spectroscopic studies. The shape factor for Rb I
91

decay was reproduced. For Rb decay, our results

5 on the analysis of the branches feeding the higher 1

— excited levels suggest that the highest energy branch m

• feeds the 93 keV first excited state in 9 1Sr, ™

M resulting in a Q value about 90 keV higher than the I

currently accepted one. Further investigation is in

progress. Results from separated In and Cs isotopes g

are being analysed. ~

I . 1
• For short-lived separated isotopes, the 15 mm thick U

intrinsic Ge detector is used directly on-line at

I the ion collection station. Measurements and £

analysis are in progress.

1 * 1

I 1
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I |
• I
1 10. On-Line y-Ray Spectroscopic Studies

(J.E. Crawford, G. Giles, J.E. Kitching, R.B. Moore, I
K. Sofia, R. Tacik, M. Turcotte and B. Varley)

• Much of our effort last year was directed towards the |

• completion of this facility. Further improvements -

are in progress as outlined in the general laboratory *

I facility section above. I

I Preliminary data for Cd ( He,xnv) have been obtained I

( for 100 MeV and 80 MeV bombarding energy. Other
QA 00 I I 9 I

targets of Sr, Mo and '^Sn are planned. Detailed •

I work for lower bombarding energies and multi-detector |

experiments will follow.

1 I
233

I I1. Charged Particle Induced Fission in U

(P. Beeley, M. Chatterjee, J.K.P. Lee, N. Mobed and I
L. Yaffe)

1 I
• During the past year, we have completed our study on |

233

• the deuteron and proton induced fission of U using ^

the on-line mass spectrometric method. The isotopic ™

• distribution for Rb, Cs and In were obtained for |

(d,f) reaction in the energy range 18-44 MeV, and
I ' •
S distribution for Rb, Cs, In and Ge were obtained for jj

m . (p,f) reaction in 40-98 MeV energy range. In both

cases, the results from the near-complementary ™

I I
1 1
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1 i
( fragments of Rb and Cs indicated that the Equal

a
Charge Displacement (ECD) mechanism is the g

I dominating process. The pre-equi1ibrium particle _

emission is estimated via the computer code ALICE •

1 and the effect of fragment excitation energies on •

| post-fission neutron emission is studied using

relations extrapolated from low energy data. I

3 I

With improved He and alpha external beam intensities, •

I we have also started to extend our present studies to •

( these incident particles. Preliminary results for

" J U ( a , f ) have been obtained. |

1 „,.,„., ,„„. ,... ..„ ,.,.„. .,.. i
1 the relative isotopic yields. The absolute cross- •

• sections and the relative importance of near

symmetric and asymmetric fissioning events can only I

I be obtained via radiochemical analysis. To minimize

I
the number of sample bombardments, techniques were I

f og ioc

developed to measure Rb and Cs yields in one •

« run, likewise for In and Ga. These

determinations are in progress. I

:1 i
i
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I I2. Proton and Alpha Particle Induced Nuclear Reactions m

(K.I. Burns, C. Chung, J.J. Hogan and E. Gadioli •
(Milan, Italy)

• In the past few years, we have studied proton-induced ™

• reactions at energies between 10 and 100 MeV. •

Particular reference was made to the emission of

I high energy alpha particles as part of complex I

de-excitation sequences. Some seventy-five

I excitation functions from four targets were •

• measured. Theoretical calculations were made, •

extending the pre-equi1ibriurn model of nuclear

I reactions to include alpha emission. Results I

successfully reproduced a wide range of excitation

I functions. I

During the past year, we have extended our work to

1 alpha-induced reactions. Some excitation functions I

using facilities at Maryland and Berkeley have been

I obtained with a niobium target. These measurements I

m will continue and be extended to other targets •

using the internal alpha beam at the Foster Radiation

I Laboratory. 1

I I
I I
I I
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13. Positron Emission Tomography for Three Dimensional
Mapping of Regional Cerebral Blood Flows and
Regional Cerebral Metabolism

(Y.L. Yamamoto, C.J. Thompson, E. Meyer, M. Diksic,
L. Nikkinen, W. Feindel, S.K. Mark and L. Yaffe)

The new technique of 3 dimensional measurement of

regional cerebral blood flow by Krypton-77 positron

emission tomography was developed through the joint

effort of research groups at the Montreal Neurological

Institute and the Foster Radiation Laboratory,

McGill University. The advantages of measuring

regional crebral blood flow by this technique are

substantial in that the method is non-invasive and

provides true topographic information on regional

cerebral blood flow. In April, 1978, we developed

a high efficiency positron emission tomographic

device using 64 Bismuth Germanate detectors and this

new positron device was found to be the most

efficient positron emission tomographic device in

existence. In 1979, we added an additional ring so

that we can measure three cerebral hemodynamic studies

simultaneously following inhalation of Krypton-77.

We have appraised this positron emission tomography in

over 600 patients with neurological disorders,

particularly occlusive cerebrovascular disease. We

have obtained unique, valuable information for

I
I
I

I



I
I

evaluating cerebrovascular patients, particularly in

I cases of transient ischemic attacks, mild strokes

and localization of the intra cerebral steal phenomena

• in arteriovenous malformation cases for which we may

m not obtain information from other diagnostic

procedures.

I
The positron emission tomography technique is not only

I able to measure regional cerebral blood flow with the

— Krypton-77 study but is also capable of measuring

* regional metabolism by using positron emitti-ng

I Carbon-11 or Fluorine-18 labelled specific chemical

compounds. Therefore, this positron physiological

J tomography technique has great potential for providing

— new information for pathophysiology and assessment of

™ the effectiveness of treatment in. various neurological

ft disorders. A 7 MeV proton "mini-cyclotron" has been

purchased for the production of these labelled

| compounds and is scheduled to be installed early in

m 1980 at the Montreal Neurological Institute.

| We are planning to further investigate regional

cerebral blood flow as well as regional metabolic I



I
I
I understanding of the underlying physiological process

m which is crucial for the proper treatment of

neurological disorders.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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IV.

A.

1

SCIENTIFIC PUBLICATIONS DURING 1978-79

This list includes articles published in 1978,
which did not appear in last year's Annual Report.

Publications in Refereed Journals

"An Iterative Technique for the Analysis of Detector-

Distorted Data and its Application to Beta-Ray

Spectroscopy", D.M. Rehfield, Nucl. Instr. & Meth.
I I

157 (1979) 351. ! •
j

2. "Energies and Intensities of Weak Transitions in the j 1

1 Decay of 1 3 2I», B.N. Subba Rao, J.H. Hamilton and A. ' .

• V. Ramayya: W.G. Nettles, R.K. Scoggins, W.K. James

and L. C. Whitlock, Phys. Rev. CJ_8 (1978) 5. I

3. "A Study of the Beta-Ray Response Function and t

I Performance of an Intrinsic-Germanium Detector

Mounted in a Superconducting Solenoid", D.M. Rehfield I

I and R.B. Moore, Nucl. Instr. and Meth. 157 (1978) 365.

I
I 4. "On the Influence of the Mean Free Path Parameter on

1
Intranuc'ear Cascade Calculations", James J. Hogan, |

I K.I. Burns, E. Gadioli and E. Gadioli-Erba, Nuovo -

I Cimento 23 (1978) 89. •
5. "Structure of 6 9Ge", B.N. Subba Rao, J.E. Crawford and I

• S.K. Mark, Z. Physik A289 (1979) 299. m

I
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I
I
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6. "Structure of Ba from the Decay of La", P.

Brodeur, B.P. Pathak and S.K. Mark, Z. Physik

A289 (1979) 289.

7. "Internal Conversion Electron Measurements Following

the Decay of Eu", J. Deslauriers and S.K. Mark,

Nucl. Instr. and Meth. 151 (1979) 243.

8. " 0 + Excited States in 1 2 2 ) 1 2 4 > 1 2 6 « 1 2 8 X e " , B. Singh,

R. Iafigliola, K. Sofia, J.E. Crawford and J.K.P.

Lee, Phys. Rev. CJ1 (1979) 6.

9. "Decay of l 2 2In", H.C. Cheung, H. H ,,ng and J.K.P.

Lee, Can. Journ. of Phys. 5]_ (1979. '60.

10. "Absolute Cross-Section Cu and Cu Produced by

Deuteron-Induced Reactions in Copper", M. Diksic,

J.L. Galinier, H. Marshall, L. Yaffe, R.B. Moore and

D. Santry, Nucl. Instr. and Meth. 1_59 (1979) 171.

11. "Total Reaction Cross-Section for the 9Be + 1 0P

System at Sub-Coulomb Energies", M.L. Chatterjee, H.

C. Cheung and B. Cujec, Nucl. Phys. A323 (1979) 461.

12. "Excitation Functions for 40-140 MeV Alpha Particles

Incident Upon Niobium", James J. Hogan and Barbara V.

Jacak, Res. Ace. 4 (1979) 55.
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79 81
14. " Br and B r ( p , x n ) and (p ,pxn ) E x c i t a t i o n

I
I
I
1 13. "Charge Dispersion Studies of Light-Mass Nuclides

232
in the Fission of Th by Protons of Energies

I 35-85 MeV11, M. Diksic, J.-L. Galinier, H. Marshall

and L. Yaffe, J. Inorg. Nucl. Chem. 4J_ (1979) 795.

| Functions in the Energy Range 10-85 MeV11, M. Diksic,

m J.-L. Galinier, H. Marshall and L. Yaffe, Phys. Rev.

* C_l_9 No. 5 (1979) 1753.

• 15. "X-Ray Fluorescence Analysis of Turkish Clays and

• Pottery", 0. Birgul, M. Diksic and L. Yaffe,

Archaeometry 21 No. 2 (1979) 203.

* ' 16. "Superficial Temporal Artery to Middle Cerebral

I Artery Anastomosis", J. Little, Y.L. Yamamoto, W.

Feindel, E. Meyer and C. Hodge, J. Neurosurgery

I J50 (1979) 560.

1 13817. "Structure of Even-Even Nd from the Decay of

Pm", J. Deslauriers, S.C. Gujrathi and S.K. Mark,

I Z. Physik A (Accepted).

18. "Decay of 94gRh and 94mRh", K. Oxorn, B. Singh and

S.K. Mark, Z. Physik A (Accepted).

I
I
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19. "Fusion Cross-Section for C + C at Low Energies",

M.L. Chatterjee, L. Potvin and B. Cujec, Nucl . Phys.

(Accepted).

20. "Fissionability of Nuclides in the Thorium Region at

Excitation Energies to 100 MeV", *J.J. Hogan, E.

Gadioli, E. Gadioli-Erba and C. Chung, Phys. Rev.

(In Press).

I 21. "Barbados and the Archaeology of the Caribbean",

M. Diksic, J.-L. Galinier and L. Yaffe; J. Barbados

I Mus. Hist. Soc. (In Press).

I 22. "Topographical Regional Cerebral Blood Flow by

Positron Emission Tomography with Krypton-77 Before

I and After Vascular Bypass to the Brain", Y.L. Yamamoto,

J.R. Little, E. Meyer, C. Thompson and W. Feindel,

1 J. Neurosurgery (In Press).

I
I
1
I
I
I
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I B. Papers Presented at Conferences and Symposia

1
I

1. "Structure of 9 0Mo", K. Oxorn, B. Singh and S.K. Mark,

Eastern Regional Nuclear Physics Conference, University

of Ottawa, March 30-31, 1979.

I 2. "Deuteron Induced Fission in U" , N. Mobed, P. Beeley,

" M.L. Chatterjee and J.K.P. Lee, Eastern Regional

I Nuclear Physics Conference, University of Ottawa,

March 30-31, 1979.

3. "Study of the 1 2 3Xe Level Structure", K. Sofia, B.N.

1 Subba Rao and J.E. Crawford, C.A.P. Conference,

University of British Columbia, Vancouver, June 18-21,

I • 1979.

I 4. "Proton Induced Fission in 2 3 3U", P.A. Beeley, N.

Mobed, J.K.P. Lee, H. Marshall, M.L. Chatt-.rjee and

I
M 5. "A Helium Jet for Internal Synchrocyclotron

Irradiations", B. Varley and J.E. Kitching, Bull.

1 C.A.P. 35. (1979) 37.

I
I
I

L. Yaffe, C.A.P. Conference, University of British

Columbia, Vancouver, June 18-21, 1979.
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I
1 6. "Total Reaction Cross-Section for l 3C + 1 3C at Low

Energies", M.L. Chatterjee, L. Potvin and B. Cujec,

| Eastern Regional Nuclear Physics Conference,

University of Ottawa, March 30-31, 1979.

7. "Exciton Model Calculations of Fissionability",

1 James J. Hogan and E. Gadioli, Int. Symp. on

a Chemistry and Physics of Fission", (Vienna, 1979).

8. "Competition Between Fission and Particle Emission

• in the De-Excitation of Heavy Nuclides", J.J. Hogan

a and E. Gadioli, 2nd. Int. Conf. on Nuclear

Mechanisms, (Varenna, Italy, June 1979, Invited

Paper).

I 9. "Three Dimensional Topographical Regional Cerebral

Blood Flow in Man, Measured with High Efficiency

I MNI-BGO Two Ring Positron Device Using Krypton-77",

_ Y.L. Yamamoto, C. Thompson, E. Meyer, H. Nukui, M.

™ Matsunaga, W. Feindel, Acta Neurologica

• Scandinavica Supplementum £0 (1979) 186.

m 10. "Positron Tomography with Krypton-77 for Evaluation

of Topographical rCBF Changes Following EC-IC Bypass

B Surgery", Y.L. Yamamoto, J. Little, C. Thompson, E.

Meyer and W. Faindel, Acta Neurologica Scandinavica

1 Supplements J50 (1979) 552.

I
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I I
I I
i 11. "Enhancement of Perfusion Flow in an Ischemic, Non- •

Infarcted Brain Tissue by Mild Hypercapnia", Y.

I Nakagawa, M. Tsuru, Y.L. Yamamoto and W. Feindel, I

Acta Neurologica Scandinavica Supplementum 6^ (1979)

1 278. I

I 12. "Positome II: A High Efficiency Positron Imaging g

Device for Dynamic Brain Studies", C.J. Thompson, «

* Y.L. Yamamoto and E. Meyer, IEEE Transactions on *

1 Nuclear Science, NS-26(1): (1979) 583. 1

I 1
I i
I 1
I I
i 1
1 I
I I
1 1
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I SUBBA RAO, B.N. Research Associate §

VARLEY, B. National Research Associate a

I '
2. Professional and Technical Staff

1 BAVARIA, Dr. 6.K. Accelerator Physicist 1

DAVIES, E. Machinist »

I f
DELLA NEVE, M. Cyclotron Technician

m EGYED, J. Chief Machinist 1
JORGENSEN C Electronics Technician

1
I

V.

A.

1.

2.

PERSONNEL

Resident Personnel

Academic and Research Staff

LEE, J.K.P.

CRAWFORD, J.E.

KITCHING, J.E.

MARK, S.K.

MOORE, R.B.

GUJRATHI, S.C.

CHATTERJEE, M.L.

HUANG, H.

KOGAN, A.

LOLOS, G.

SUBBA RAO, B.N.

VARLEY, B.

Associate Professor, Director

Associate Professor

Associate Professor

Professor

Professor

Staff at Dawson College, Montreal

Visiting Scientist from Saha
Institute of Nuclear Physics,
India

Research Associate (resigned
Feb. 1, 1979)

Research Associate (resigned
Sept. 1, 1979)

Research Associate (resigned
Sept. 1, 1979)

Research Associate

National Research Associate

Professional and Technical Staff

BAVARIA, Dr. G.K.

DAVIES, E.

DELLA NEVE, M.

EGYED, J.

JORGENSEN, C.

Accelerator Physicist

Machinist

Cyclotron Technician

Chief Machinist

Electronics Technician
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2. Professional and Technical Staff (cont'd.)

I

1
I
1
1
I

KAY, A.R.

KECANI, S.A.

KUCHELA, Dr. K.S.

LALEFF, S.

MILLS, R.H.

NIKKINEN, L.

PAYMANI, R.

Graduate Students

BANGOURA, J.M.

DESLAURIERS, J.

GILES, G.

HETHERINGTON, D.

IAFIGLIOLA, R.

L'HEUREUX, P.

MOBED, N.

OXORN, K.

SHAHIEN, K.

SOFIA, K.

TACIK, R.

TURCOTTE, M.

TURCOTTE, R.

Cyclotron Technician

Machinist

Electronics Supervisor

Administrative Secretary

Laboratory Superintendent

Project Assistant (resigned
Feb. 1979)

Electronics Technician

M.Sc. (resigned Sept. 1, 1979)

Ph.D. (completed May 1979)

M.Sc.

Ph.D.

Ph.D.

M.Sc.

M.Sc. (completed Sept. 1979)

Ph.D.

M.Sc.

Ph.D.

M.Sc.

M.Sc.

M.Sc.

I
I
I
I
I
I
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I
I
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4. Summer Students

BOOTHROYD, A.

LITWIN, L.

SHIER, S.

TRUDEL, A.

B.

1.

Non-Resident Personnel

Chemistry Department

YAFFE, L.

HOGAN, J.J.

DIKSIC, M.

MARSHALL, H.

AtTAS, M.

BEELEY, P.

EDWARDS, J.

BURNS, K.

CHUNG, C.

Professor and Vice-Principal

Associate Professor

Research Associate (resigned
Feb. 1979)

Postdoctoral Fellow(resigned
June 1979)

Graduate Student

Graduate Student

Graduate Student

Graduate Student

Graduate Student

2. Montreal Neurological Institute

FEINDEL, W.

YAMAMOTO, Y.L.

DIKSIC, M.

THOMPSON, C.

NIKKINEN, L.

MEYER, E.

Professor and Director

Assistant Professor

Associate Professor (commenced
Feb. 1979)

Lecturer

Research Fellow

Graduate Student


