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INTRODUCTION

'Make no little plans. They have no power to stir men's souls!'

Daniel H. Burnham 1846-1912

(deviser of Lake Front Park in Chicago)

The year 1982-83 has been one in which a major rebuilding of the

University of Manitoba Spiral Ridge Cyclotron has been initiated, and

several imaginative plans laid for the future of the laboratory. The

projected conversion of the accelerator to operation in the push-push

mode, as first suggested two years ago, has begun, and details of this

major rebuilding and restructuring program are to be found :where

in this report. In the issue for 1984-85 we hope to report that

separated turn extraction for deuterons has been achieved up to an

energy of 15 MeV, and that high intensity, high quality beams of

deuterons of energies up to 25 MeV and protons up to 50 MeV are now

available. Useful polarised deuteron beams are also anticipated at

that time.

The first experiments using the upgraded cyclotron facility are

scheduled for February, 1984.

While the laboratory has been maintaining a high level of

activity on the local scene, every Faculty member associated with the

cyclotron has also been involved in collaborative projects at other

laboratories ranging from TRIUMF in Canada to L.B.L. (U.S.A.),



S.I.N. and CHRN (Switzerland). The new Masters Option in Accelerator

Physics described in last year's report has increased the graduate

student population at the laboratory significantly, and the first

students should graduate from this program in February 1984. The

Department of Physics is indebted to Chalk River Nuclear Laboratories

and to the TRIUMK Laboratory in particular for supplying several guest

lecturers on specialist topics in the first year, adding a breadth and

flavour to the course that might otherwise have been lacking. The

cyclotron laboratory and the University of Manitoba are also grateful

to those laboratories which offered to employ a student for the period

of the practicum component of the Accelerator Physics course. We hope

that this innovative exchange scheme has proved beneficial to the

laboratories concerned in addition to being essential for the

education of the students. It is hoped that graduates from this

program will serve to meet a growing need for accelerator physicists

within Canada, and that laboratories across the country will continue

to support the program for this reason.

Early in 1983 a detailed proposal for funds to mount a

feasibility study for a new accelerator was transmitted to the Natural

Sciences and Engineering Research Council on behalf of the cyclotron

laboratory, the Department of Physics and Faculty of Science of the

University of Manitoba. The proposal was for the provision of funds

for construction of an injection system, a half scale model RF system,

computer studies of a magnet system, orbit dynamics studies, shielding
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studies and an International workshop for refining the physics case

for the proposed facility. The accelerator was named PAULI, standing

for Polarised and Unpolarised Light Ion Facility. Some details of its

capabilities are to be found in Section A of the present report. The

cyclotron would be unique in its capability to accelerate polarised

light heavy ions to significant energy without depolarisation. It is

shown that only a 6-sector facility of the kind proposed can meet this

objective. (Copies of the proposal are available to anyone on

r ?ques t.)

Recently, a more modest request has been transmitted to NSERC

requesting early funding for two items only, namely the construction

of a central mini-Dee system unique to the proposed accelerator, and

the holding of an International workshop on the physics of polarised

light-heavy ions. These two components of the feasability study can

stand in their own right and will be of value whether or not funding

for the full feasability study is made available. The central region

development is particularly interesting as the need for a

pre-accelerator as injector can be circumvented leading to a

significant reduction in the overall cost of the proposed accelerator

and the removal of limitations imposed by the parameters of the

pre-accelerator. This project, if successful can be of value to the

design of any cyclotron requiring similar injection energy, and does

not pre-suppose that the PAULT accelerator will necessarily be built.

At present we await the outcome of the request for funds for this

purpose.



During 1983 another far reaching proposal, this one concerning

Canadian participation in the HERA electron-proton colliding beam

facility at DESY, became a focus for physics in the next decade, and

the prospect of building magiets for tho electron ring in Manitoba was

studied in detail. The cyclotron laboratory is already building

magnets for use with the existing local spiral ridge cyclotron

facility, and it is felt that in collaboration with a local

manufacturing firm, KsS Tool and Die Ltd. the construction and testing

of the magnets could be accomplished within the time-frame suggested.

Detailed studies of the project have been completed and there is

considerable enthusiasm for this opportunity to further develop the

significant technological base existing at the University of Manitoba

and within Winnipeg. Undoubtedly the quality control of the final

product will involve a considerable amount of physics even if the

manufacturing of the magnets does not. The excitement of having a

foot in the door leading to probably the most exciting physics of the

next decade is a real incentive and if the opportunity to acquire this

project becomes reality, then it must be grasped with alacrity and

enthusiasm.

Pendant quatres mois de printemps et d'été, Andre Croteau de

l'Université de Quebec a Trois-Riviéres a travaillé avec Claude

Lapointe sur quelques ameliorations de la chambre P.I.X.E. Le travail

a ete complete et est le sujet d'un report dans la Section E. De
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plus, au commencement de Septembre, Cannelle Robert de l'Université de

Sherbrooke est devenue une membre de personnel du laboratoire du

cyclotron à l'Université de Manitoba. Cannelle est associée avec

l'Accélérateur Narodny et restera ici jusqu' a la fin de Décembre.

Nous avons ete tres heureux de les accueillir.

Highlights of the year 1982-83 from the point of view of

research included preparatory work at Manitoba for studies of tensor

polarisation in dp breakup, to be carried out at S.I.N. later this

year; improvements to the neutron beam facility and preliminary

studies relevant to a future np radiative capture experiment; the

completion of an important part of the (p,n) reaction program

involving analogue states of mirror nuclei; the completion of a major

phase of studies of the mass-4 system; further studies of recoil

polarisation effects in transfer reactions, and the identification of

1 32
Cs as a unique tumor marker. Details of much of this work is to

be found in the pages of this Annual Report.

Throughout the year 1982-83 the Narodny Ion Accelerator was used

extensively as an ion implantation device. The study of Raman

scattering from implanted materials has proved a fertile field of

physics and four papers on the subject have been completed, two of

which have already been accepted for publication and should appear in

the literature shortly. The ion accelerator has also proved



invaluable to the Acer-1<' r.u >> r Physics proprem, and may be- suitable for

use as injector in Pl'.iso 1 of the feasibility study for the PAULI

facility nu-ntioned earlier in this introduction.

Finally, I would ,ij»ain rei-oni my th.inks to all members of the

Cyclotron Laboratory for their continued enthusiasm and industry

during the past year. The technical support has, as usual, been first

class, and the role of the electrical and mechanical workshops of the

Department of Physics fundamental to our success. I would like also

to congratulate two members of our support staff on their appointments

elsewhere - namely Alan Mcllwain (A.E.C.L. Pinawa) and Robert Pogson

(King Feisal Hospital, Saudi Arabia). Both were excellent people and

we wish them and their families well in their new positions.

J.S.C. McKee

Footnote :

A graduate student, C. Haddock, with a Masters degree in Nuclear Physics
was recently awarded a Mobil Oil Scholarship for 1983/84, and has now
completed construction of a solar concentrator facility in conjunction
with two NSERC funded summer students. This facility will be used to
study energy release and storage and vitrification of nuclear waste. The
support of the University of Manitoba Research Board, the Department of
Physics, Manitoba Telephone System and Manitoba Hydro is gratefully
acknowledged. Summer student reports relating to this project are
included in Section E of this Annual Report for the interest of readers.
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A Comment on the Structure of the Annual Report for 1982/83

This Annual Research Report covers the work of the laboratory between

1st November, 1982 and 31st October, 1983. It is divided into five sections

as follows:

Section A concerns the University of Manitoba Spiral Ridge Cyclotron,

its performance, development program and on-line facilities.

Section B deals with nuclear and atomic physics, experimental and

theoretical.

Section C concerns applied nuclear and environmental physics currently

of interest to the laboratory.

Section D lists papers published by members of the cyclotron laboratory

between 1st November, 1982 and 31st October, 1983. There is also a listing

of papers submitted or accepted for publication within this period.

Section E contains a list of cyclotron laboratory personnel, titles of

Ph.D. theses completed during the year and a selection of reports submitted

by summer students.



SECTION A
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A Proposal for the University of Manitoba Polarised and

Unpolarised Light Ion Facility

V. Derenchuk, F. Konopasek, I. Gusdal, A. Mcllwain, S. Oh,

R.Pogson and J.S.C.Mckee

As a long term project for the University of Manitoba Nuclear

Physics Laboratory a variable energy cyclotron with six sectors was

proposed. This cyclotron would accelerate polarised and unpolarised

... . . , , 3,, -H- 4,. -H- 6T .+++ , 7T .+++light positive (p,d, He , He , Li , and Li

etc.) and light negative (H and D ) charge state ions up to 120

MeV per nucleon. For this purpose separated sector cyclotrons with 3

to 8 sectors were studied. Those with an odd number of sectors were

eliminated from consideration at an early stage because such

cyclotrons would require the same number of dees as sector magnets in

order to avoid gap crossing resonances. Therefore no space would be

left for flat topping dees and for the extraction of the beam. For an

8 sector cyclotron on the other hand we would be faced with problems

associated with the injection of ions unless we give up the idea of

low energy injection in favour of a combination of an injector

cyclotron and the main cyclotron. Having an injector cyclotron (or a

pre-accelerator) adds too much to the overall cost and therefore this

idea was rejected. Then, we studied horizontal and vertical beam

optics for both A ai>d 6 sector cyclotrons. Both h and 6 sector

cyclotrons were acceptable from the beam optics point of view provided

that we choose the angular width of the sector magnets properly.

Inclusion of the spin motion during acceleration restricts the choice



in the range of the angular width of the sector magnets and in fact,

for a 4 sector cyclotron and for the light ions we studied, it was not

possible to avoid depolarisation arising from an intrinsic

imperfection resonance. The expected degree of depolarisation is hard

to estimate. However, under certain assumptions for the type and

degree of geometrical imperfections the depolarisation could be as

large as several percent and therefore was not acceptable. In the end

we chose a 6 sector cyclotron with a 33 degree angular width for the

sector magnets in our proposal. In conjunction with such a cyclotron,

we further studied an accompanying RF system (with main and the flat

topping Dees); injection at low energy (200 keV maximum), and

extraction. These studies were then presented at the 1983 Particle

Accelerator Conference, Santa Fe, U.S.A. and published in the

Conference proceedings. Cost estimates (excluding the building) were

made, and together with the study of the physics case for its

justification, the basic material for a proposal for a new accelerator

facility at the University of Manitoba Nuclear Physics Laboratory was

compiled. A request for funds to initiate the feasability study for

this machine was then submitted to NSERC in April, 1983.
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Cyclotron Operation and Modification

I. Gusdal

The Dasic weekly operation of thp cyclotron continued on a 24

hour day, 7 day per week basis. Mondays characteristically remained

as maintenance days and Tuesday mornings were set aside for isotope

production.

Some problems were experienced during the year due to inadequate

cooling. This problem, however, was rectified in July with the

installation of a new and more efficient well pump. The increased

cooling resulted in a more stable operation of the facility and marked

a return to its 4 to 5yA extracted beam current.

During the year we successfully tested a modified design for our

central region electrostatic mirror that is much simpler to

manufacture and works equally as well as the old mirroi.

The major modification project this year has been completion of

the design and construction of new Dees and a new R.F. system which is

scheduled for installation in the final months of 1983. Coincident

with the project has been the preparation and slight modification of

the magnetic field mapping apparatus sine*3 new magnetic shims will be

installed on the cyclotron magnet along with the new Dees and

R.F. system.
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Other projects completed during the year included:

a) Design work on a new beam line inside the cyclotron vault to
handle irradiations and collaboration projects.

b) Magnet construction and associated facilities.

c) Completion of the Ehlers ion source.

123
d) Installation of the new TeO. target system for I

production.

e) Development and operation of the Narodny Ion Accelerator.

The forthcoming year promises plenty of excitement as the

previously mentioned projects are completed.
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RF System and Dees

F. Konopasek, G. Knote, W. Uzat and J. Lancaster

The new RF and Dee systems are presently being installed and

should be operational shortly after this report is published.

The new Dees are radically different from the old and should

give us major improvements in performance, in particular separated

orbits for D- acceleration at some energies.

1. Major Dee System Improvements and Changes

a) The old V 2 Dees, tuned by a shorting bar, have been replaced by

two independently tuneable A/4 Dees.

b) Tuning is now by means of coaxial shorts on each Dee stem, each

stem being the inner conductor of a low impedance rectangular

coaxial line. The new coaxial stems have been designed to be

vacuum tight so that in the future it may be possible to remove

the large RF box, improving access to the machine.

c) Dee gaps have been reduced to about 10mm from 18mm. This should

improve shunt impedances.

d) Dees have been widened slightly to give a larger accelerating

angle close to 50 at all radii for H- and to 100

for D-.
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e) Dee cooling has been almost doubled by extra cooling lines.

Liner cooling has been improved by doubling its thickness and

adding extra cooling lines.

f) The two dees are now operable either in phase or 180 out of

phase. In phase operation means we can accelerate D- at second

harmonic, I.e. at almost the same frequency as for H- and

therefore a much higher effective energy gain per turn.

g) The mechanical supports for the Dee structure have been improved

with the aim of more stable Dee positioning, and less Dee sag.

2. Major Changes in the RF System

a) A second symmetrically placed coupling loop has been installed

so that the two Dees can be driven independently.

b) Two identical 20kw RF final amplifiers using 3CW 20,000 A7s

have been built and tested. These are very similar to the well

tried 25kW amplifier used in the old RF system.

c) Independent driver chains using commercial wide band amplifiers

from E.N.I, and two modified commercial lkW linear amplifiers

from Henry Radio are operational, and work well with lots of

power in reserve.

d) A 0°/180° phase shifter/splitter has been installed to drive

the two amplifier chains either in phase or 180 out of phase.
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e) A commercial frequency synthesizer has replaced the precision

quartz oscillator to give more flexibility to the cyclotron

operation.

It Is hoped that these major changes will give us at least a 50%

improvement in H- energy gain per turn and a doubling in energy gain

per turn for D- acceleration. A lot depends on how much voltage the

new Dees can take. Dee sagging at higher voltages was a serious

problem in the old system. We hope the higher shunt impederice and

better cooling of the new system will enable us to maintain

significantly higher voltage on the new Dees, without sagging or

sparking.

3. Control System

At present we do not plan to automate most of the RF controls

until some experience with the new system is under our belts.

Amplitude control will be by analog feedback on both Dees via manual

setting on the control desk.

Phasing of the two Dees will be performed manually until we have

had some experience. A Rhode-Schwarz vector voltmeter provides an

analog signal indicating phase difference between Dees. A phase

shifter in one chain can be set manually to give the correct 0 or

180 phase difference between Dees. There is bound to be

considerable interaction between Dee phasing and final tune because of

the large inter-Dee capacitive coupling inherent in the central region

design.
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The interaction between the phase/tuning controls of each Dee

system and the . "-Dee phase control has proved impossible to model

or calculate because of the many interacting parameters. We therefore

need to get some experience of the system before attempting automatic

phase control. It could be that inter-Dee phase differences are

stable enough that automatic control is unnecessary. In the old

system, considerable problems were experienced with harmonics at

higher RF levels which upset the amplitude and phase controls. We

hope these problems will be less serious with the more conservative

design of the new amplifier chains.

New, thicker and better cooled liners have been installed.

Improved Dee tips and a new injector will also help beam quality.

The attached diagrams show:-

Fig. 1 Dee layout without Dee tips

Fig. 2 A schematic of the new RF system
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Fig. 2 A schematic of the new RE system
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A New Dees/Dee-Tips Installation Program

J. Bruckshaw, V. Derenchuk, I. Cusdal, F. Konopasek, J. Lancaster,

A. Mcllwain , S. Oh, R. Pogson , C.A. Smith,

M. Yoon and J.S.C. Mckee

In 1982, we carried out a cyclotron magnetic field mapping

program and then analysed the data. This was reported in the 1981/82

Annual Research Report (pages 22-31). Based on these analyses the

central region of the dee system (which includes the dee tips and

ground shield) was designed with the aid of a computer. This region

contains the injection of ions into the cyclotron orbit and the first

30 turns after injection for H ions (first 15 turns for D ions).

The beam quality and injection efficiency is therefore determined

mainly by the geometry of the centre region.

Two papers that describe the computer programs developed for the

design of the centre region and some of the results of these computer

calculations will be presented at the "Computing in Accelerator Design

and Operation Europhysics Conference" held in Berlin between September

20 and 23, 1983.

+ Now working at WNRE, Pinawa, Manitoba

++ Now working at King Faisal Specialist Hospital and Research
Centre, Riyadh, Saudi Arabia
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The dee system itself and the associated power supplies are

reported separately by F. Konopasek in this Annual Research Report.

The old dees and centre region are being replaced for the

following reasons.

1) The dee voltage can be increased to 40 kV from the present 29 kV

for H and 14.5 kV for D (for D ions we actually operate the

dee at higher voltage to compensate for other effects).

2) D acceleration will take place with the dee system in the second

harmonic push-push mode. In this mode of operation the energy gain

per turn increases by 85%.

3) The vertical focussing at large radii inside the cyclotron will be

improved by magnetic shimming.

4)The imperfection magnetic field will be reduced at small radii. The

latter two points will require the installation of new magnetic shims

during the dee installation.

Two alternative dee tip geometries were considered. With one

configuration, both H and D ions can be accelerated using the

same central region design. This design requires a compromise in the

beam quality between the two types of ions. Only the injection

voltage and the dee voltage are optimised for each type of Ion. The

second configuration requires the use of two different central region

geometries, each optimized for the type of ion to be accelerated.



Tht-ro ,sre advantages and limitations Co both solutions. With

the second approach one can opiimise the design parameters for H

and D acceleration. However, a machine shutdown of a few days

would be required to change the centre region. With the first

approach, on the other hand, there is the obvious advantage that the

switch from 11 to D (and back) is easy and much less time

consiimi:1.,; - a very important factor from the practical point of view.

At first the study was concentrated on the first configuration but i\w

results were not promising. We therefore proceeded to the second

approach and designed two dee tip assemblies. The vertical views of

these are shown in fig. 1 and fig. 2. Fig. 1 shows the dee tips for

H ions which are under construction. Fig. 2 is the computer model

for the D ion central region. The quality of the H ion beam

will improve modestly with the new system. However, for D ions,

the new system increases the energy gain per turn by nearly a factor

of four and allows injection of D ions at a much higher energy (16

keV instead of 5.5 keV). This will bring in a substantial improvement

in the beam orbit dynamics, reduce the effect of the imperfection

field, and reduce loss from gas stripping. The dee tip assembly for

D ions will be ready for testing early next year.

To improve the vertical focussing at large radii, we designed a

new set of magnetic shims. The required shape was deduced from the

previous magnetic field mapping which was taken with and without a set

of trial shims (see pages 22-31 of 1981/82 Annual Research Report).

Tin's new set of shim;; will be tried during the installation period of
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the new dee system. We will carry out another field mapping during

this time to assess the effectiveness of these shims.

To reduce the imperfection field at small radii, we will try a

set of miniature shims which will be mounted on the dee tip assembly.

Because of the severe restriction in available space in this region,

neither positioning of these shims for optimisation nor another field

mapping with these shims in place is possible. Therefore the

effectiveness of these shims can be assessed only through actual

acceleration of beara and subsequent operational experience.

The installation of the new dees and centre region is scheduled

to start on October 19, 1983. The existing dee system will be removed

and then new dee liners will be installed. Field mappings will be

carried out. Then, the dee system with the H ion dee-tips

configuration will be installed followed by a RF resonance test.

Because of the nature of this test (which will include high voltage

sparking problems, local parasitic RF oscillation, outgassing and

vacuum holding among other things) the time table from this point on

is rather uncertain. We plan to be accelerating H ions by December

19,1983, and in January 1984 the H~ beam will be available for

nuclear physics experiments. The testing of the central region for

D ions is scheduled for the end of January/beginning of February,

1984.
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THE VAX COMPUTING FACILITY

J.R. Anderson and C.A. Smith

The VAX 11/750 computer has become an increasingly popular

facility in the last year. In excess of 50 users are known to the

system and, of these, 10 to 15 are generally logged on during peak

working hours. This has necessitated a realignment of the duties of

the Computer Services Unit which, currently, consists of the two

authors of this report although, during the summer, this was augmented

by the hiring of a summer student. The first author and head of the

Computer Services Unit has the responsibility for the maintenance and

continued development of the data acquisition system, both hardware

and software, as well as performing such trouble shooting on the

system that is within the capabilities of the laboratory. The second

author has the responsibility of essentially managing the system,

i.e., monitoring usage, gathering and correlating statistics,

implementing policies, etc., as well as providing such programming

support, particularly in the area of data analysis, as is required by

the laboratory.

The increased usage of the system is reflected in increasingly

large demands being placed on system resources. In order to maintain

resonable system performance, it is necessary to upgrade these

resources. In particular, an additional half megabyte of memory was

added bringing the total memory up to two megabytes; a large, fast

disk has been added and a floating point accelerator (FPA) is
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currently on order (expected arrival in November). The two megabytes

of memory appear adequate to handle our usage about 95% of the time.

The only difficulties appear when a large experiment (that is, one

with data storage requirements in excess of 300 to 400 kilobytes) runs

concurrently with large batch jobs and/or a large number of

interactive users. In this case, it is still necessary to restrict

the number of users or reduce the number of batch jobs which are

allowed to run concurrently. It is unlikely that the amount of memory

will be expanded above two megabytes in the near future. To do so

would require switching from 16K chips to 64K chips with the

consequence of having to replace all of the existing memory.

The new disk, which arrived in June, is a Fujitsu "Eagle" and

provides 414 megabytes of formated disk storage. Prior to its

arrival, the lack of available disk space on the two RK07s constituted

a major impediment to the development of the computing facility. For

example, it was very difficult to implement software updates for the

operating system since adequate space was not available on the system

disk. In addition, large data files had to be analyzed from tape

since there was insufficient disk space to hold them.

At times, upwards of 70% of the available CPU time is used in

analyzing data. Since this involves main]y floating point operations,

an FPA, which would reduce the time involved in such operations by 60

to 70%, will provide a substantial increase in the amount of CPU time

available for other operations.



In addition to thi- above-, an Ortec model 74r>0 4K multichannel

analyzer is being acquired to handle offline data acquisition in

routine situations (e.g., isotope work). Data will be relayed to the

VAX via one of the DZ-11 (or ABLE VMZ/32) ports, with the VAX

providing only minimal control. Also, the acquisition of a serial

CAMAC crate is planned. This will be located in the experimental area

to reduce noise and cabling problems for complicated experiments. A

diagram of the computing facility is shown in Figure 1. This includes

all of the planned acquisitions as well as those received.

Software development has been concentrated in the area of data

acquisition with both the sealer and display routines in XSYS being

modified. The modifications in the sealer routine were made to allow

for changes in the MBD program which will be needed when the serial

CAMAC crate is added. The changes to the display routine, with the

exception of an improved facility for transferring graphic displays

from a terminal to the line printer, were largely cosmetic changes

requested by the users. In addition, a standalone test program,

SATEST.MBD, has been developed for use with the VAX. This is a

modified version of the original PDP-15 program. The VAX loads the

program in the MBD where it runs continuously without additional

support from the VAX. It tests all registers in both banks, all

memory locations and nearly all MBD instructions. The program is

essentially a reliability test, taking about 12 hours to cover all

possible combinations. If an error is detected, no attempt is made at



diagnosis, the program -just stops. However, examination of the

internal registers will often give a good indication of the problem.

A more flexible graphics package, PLOT, was obtained from TRIUMF

and several utility routines such as a calculator package and a

dictionary program were obtained from DFXUS and other sources.

As mentioned above, the usage of the VAX has become increasingly

heavy. This is shown in Figure 2 where the percentage of CPU time

used is shown on a weekly basis for roughly the first 8 months of

1983. The heaviest usage has occured over the last 12 weeks shown and

has averaged over 80%, once hitting 100%. The large dip shown for

week 18 is not real; it represents a corruption of the system

accounting file. Batch jobs, primarily for data analysis, account for

roughly 60 to 70% of the total usage. The rest of the time is divided

mainly between data acquistion and the development of programs and

procedures, with word processing taking a very small fraction of the

available time.

One of the major goals of the Computer Services Unit over the

last year has to been to provide a computing facility which operates

in an efficient and reliable manner. In line with this, one of us

(CAS) took a one week course sponsored by DEC in VAX System

Management. Furthermore, the hardware acquisitions described above

were marie with this in mind. It is "well-known" among VAX users that

the two most important things that can be done to insure reliable

performance of the system are to (a) have plenty of memory, and



(b) to have lots of fast disk space. Understanding the capabilities

of the system has also proven to be an important factor in increasing

the reliability of the system. A year ago, the computing facility was

being plagued by system crashes. Some of these were alleviated by

upgrading the hardware, but others were attributable to improper

allocation of resources (e.g., using insufficient nonpaged dynamic

memory) or not knowing when to limit the load on the system. However,

with increasing experience, these problems have been identified and

dealt with, with the result that the computer, itself, has performed

quite reliably over the last several months, even with CPU usage

averaging over 80%.

Although the computer has performed reliably, there is still one

area which is causing some concern. This is the MBD11 CAMAC

interface. There have been a nuirber of failures recently directly

attributable to this device. Generally, replacing a few ICs has cured

the problem. However, there is really only one person in the

laboratory (JRA) with the knowledge and experience necessary to

accurately diagnose problems with the MBD. Thus, situations have

arisen in which experiments have been delayed because the appropriate

person was not immediately available. One solution to this problem

would be the purchase of a second MBD so that if a failure occurred,

an experiment could be quickly shifted to the other MBD and continue

with only a minimal loss of time.
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In summary, the increased demand placed on the computing

facility has necessitated a realignment of the duties of the Computer

Services Unit. The primary emphasis has been to develop an efficient,

reliable system, with somewhat less emphasis being placed on

developmental work. Hardware acquisitions have been made with this

goal in mind. Increased understanding of the capabilities and

limitations oi' the system have enabled us to anticipate some problems

before they develop, thus minimizing their impact on the system. The

one area in which a problem still exists is the reliability of the

MBD11 interface. The most obvious solution here is to purchase a

second MBD for backup.
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Operation of the Narodny Ion Accelerator

V.P. Derenchuk

The Narodny Ion Accelerator was maintained in an operational

st.ite throughout the previous year. Despite a severe shortage of

funds for operation and maintenance, many implantations were completed

and new projects initiated.

In order to proceed with the implantations, a target chamber was

constructed. This chamber consisted of; a four inch gate valve to

enable the removal and insertion of targets while the vacuum integrity

of the machine is maintained, a pumping port, a sample holder made

from solid copper with a large thermal mass, and a liquid nitrogen

cooled jacket in order to keep the sample area free of condensible

gases (such as oil vapour). The samples were implanted with 0. ,

N D , H and Ar to doses on the order of 10 to 10 ions/cm .

Most of the implantation work concentrated on the implantation

of crystalline silicon and graphite with the intention of studying the

implanted surface with the Surface-Raman Scattering technique. The

crystalline silicon was implanted with 0 and N at

+ The laboratory benefited greatly by the visit of Leo Narodny
this spring. His suggestions and enthusiasm gave us much
incentive to carry on with our work.
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an energy of 30 keV and a dose of 10 ions/cm ~. The graphite

+ 17 2

was implanted with 30 keV D9 ions to a dose of 10 ions/cm .

The implantations were carried out in a vacuum of less than 10

mbar. The results of the Surface-Raman studies were submitted in two
2 3

papers to the Canadian Journal of Physics for publication ' (See

reoort of M. Mathur).

Other projects completed include the implantation of Ar and

subsequent l.R. transmission studies of polyethylene. The

implantation of garnet with H- for Mossbauer spectroscopy and the

implantation of a light pipe with FL for transmission studies is

currently underway. Now in progress is the modification of the

computer controlled target table. It will be fitted with motors which

will enable it to be interfaced with an LSI 11.

Given the proper incentive and motivation, the N.I.A. can be

available for the preparation of nuclear targets by focused ion beam

sputter deposition. This technique is used in laboratories to make

thin targets from small quantities of expensive, isotopically pure

k 5
elements ' • Targets of many materials including refractory metals

can be prepared efficiently.

The fall of 1982 signalled the start of the new Accelerator

Physics Course. A requirement of the students enrolled in that course

was to successfully complete a laboratory course which included work

on the N.I.A. During the first term, students completed two week

rotations so that every alternate week brought new faces into the



laboratory. These students were marginally useful- however manv of

the simpler tasks were completed. During the second term, Brett

McClelland chose to work with the N.I.A. as his major project. The

experience lie acquired during the first term of the laboratory course

was enough to make him a very valuable assistant in the laboratory.

Many of the implantations proceeded successfully because of his

assistance.

In the spring of 1983, an application to the University of

Manitoba Academic Development Fund was made for the purchase of the

N.I.A. The application was made on the basis that the accelerator

would be suitably modified to study the effect of protons, deuterons

and other particles of fusion plasma energies on materials used in the

construction of liners and containment vessels of fusion reactors.

Within such a research program, the physics department mechanical and

electronics shops, the cyclotron R and I) technicians, and notably the

cyclotron itself could become involved in the development of this new

fusion research facility. The use of the cyclotron in conjunction

with the N.I.A. in a fusion research program can be illustrated with

the following example. A samp It: of liner material could be irradiated

with low energy (about 16 MeV) protons in order to simulate the

bombardment of 14 MeV neutrons in the fusion reai.-tor . This

1 Q 9

material would then be implanted with high doses (> 1D ions/cm 1")

7 8
of 20-3(1 keV H, P, or lit- ions. " B l i s t e r i n g " of the su r f a c e ' ' of



this doubly i rrad i ;t t <-d material can be compared to samples that have

had no previous proton dose. Facilities (a S.E.M., I.R. spectrometer,

etc.) within the Physics department are available to observe such

damage.
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An Automatic Beam Position Controller

C.A. Smith, J.R. Anderson. R.H. McCamis, J.J.G. Durocher

and P.J.T. Verheijen

An automatic beam position controller, which maintains the

position of a proton (or deuteron) beam on target during an experiment

has been developed. One change in design philosophy from previous

concepts which was adopted, was to use the VAX-11/750 instead of a

dedicated microprocessor to run the control programs. This change

facilitates programming, which can now be done in a high level

language (FORTRAN) instead of microprocessor machine code, and enables

access to, and control by, the XSYS data acquisition system.

The present system (cf.Ref.2) uses two fixed monitor counters

(located at 20 on either side of the proton beam, viewing the

3
polarized He target cc.l exit window) to detect elastically

scattered protons. Signals from these detectors are counted with the

CAMAC sealers, using the XSYS data acquisition program. It should be

1 2)
noted that any other monitor system ' could be easily accommodated

within the present programs.

A separate beam position control program reads the values of

these two sealers, and integrates their counts for a fixed period.

Then it calculates their ratio and compares it to a user-defined value

(determined during beam tuning). A deviation (assumed to be caused by

beam movement at the target) causes the program to reset a digital



signal which controls a dedicated steering magnet power supply. (This

power supply is portable, and can be easily connected to any steering

magnet in the laboratory.) This process is repeated every 8 seconds.

This system was used for a lengthy experiment involving the

polarized He target. The system worked very satisfactorily, with

no observable change in beam position over an interval of almost one

week, of continuous running, without any manual beam tuning.

A problem with the present system is that, due to the use of the

data acquisition program, no beam control is possible between runs, or

when data acquisition is not enabled. Further, whenever the data

acquisition is re-enabled, and the controller restarted, the

controller tends to move the beam back and forth about its intended

position for a short period of time, before settling down. Both

difficulties should be solved by planned changes in the methods of

enabling/disabling data acquisition.
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IMPROVEMENTS TO THE NEUTRON FACILITY

F. Adams, P. Adzic, R. Aryaeinejad, D. Bandyopadhyay,

J. Campbell, N.E. Davlson, J. Diamond, W. Falk,

J. Jovanovich, J. Knudson, R. Tkachuk

During the past year, improvements have been made to the neutron

facility so as to improve radiation safety, reliability and neutron

yield. We have also made significant progress toward constructing

detection systems with good energy, time and spatial resolution over

solid angles on the order of 1 steradian. Finally, we have begun

studies of gamma ray background with the goal of making the facility

useful for a program on neutron radiative capture. The latter work is

discussed in another section of this report.

I Safety

Our major concern has been residual radiation immediately after

the completion of a run, due either to the primary proton beam or to

activation by neutrons. In all cases, the activity has been bhort

lived, but of concern while servicing the apparatus during an

experiment. This problem has been solved, by replacing most of the

iron shielding in the vicinity of the neutron production target by

lead and by shielding with carbon all objects exposed to the primary

proton beam. Exterior to the lead shielding, we have placed

approximately 20 cm of paraffin loaded to approximately 30% (weight)

with sodium tetraborate decahydrate (borax). These two measures have



drastically reduced radiation levels both during the operation of the

beam, as measured by prompt and neutron capture gamma rays, and

subsequent to operation as measured with radiation survey meters. The

radiation levels exterior to shielding on the neutron line are now

similar to those on other lines in the laboratory.

It is worth noting that although the neutron beam experiments use

by far the most intense currents of any experiments in this

laboratory, the radiation produced in the vault area and the

irradiation of beam line elements such as defining slits are

significantly less than in most other experiments. Under normal

operating conditions, 95% of the beam incident on the stripping foil

is transported to the Faraday Cup beyond the neutron production

target. Under these conditions, radiation levels in the vault are

approximately half that for most experiments.

II Neutron Production

Over the past year, we have brought into operation a natural

lithium neutron production target to replace the beryllium target

previously used. The yield is higher from a lithium target and the

energy resolution is significantly better. Most importantly, the

ratio of the number of neutrons in the primary neutron peak to that in

the low energy tail is much better.
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This target has operated successfully for some time without

buildup of an excessive layer of lithium nitride on the surface. It

is clear, however, that with the present system, the lifetime of the

target will be less than ideal. We are therefore planning to plaee

ii'Mitional pumping near the neutron production target during the

cyclotron shutdown schtduled for the later fall of this year. In

addition, we are designing a new target system which will allow

completely remote handling of several targets.

Ill Collimation

During the past summer, we have begun the study of the

collimation system using the Monte Carlo program developed by

R. Tkachuk as part of his M.Sc. work. The program traces histories of

neutrons as they pass through collimator material, taking into account

various scattering and reaction processes. To date we have

investigated a number of straight bore, tapered bore and forced

reflection collimator configurations with the goal of minimizing the

flux of high energy neutrons outside t!ij .nain beam. It is expected

that this study v/i1! be finished this winter and that a new collimator

will be submitted for construction.



IV Time Pickoff

A capaciiive time pickoff (TPO1) has been installed in the

beamline just upstream from the neutron production target, and tested

in August of this year. The TPO consists of two concentric conducting

tubes electrically isolated from each other and from the local ground.

The length of 25 cm is thought to approximately match the length of

the beam burst, the condition under which maximum signal should be

obtained. The separation of the two cyclinders is chosen so that the

impedance (for non-relativistic beam bursts) will be 50 ohms. The

signal is thus easily transported the roughly 80 m to the control

room, although amplification close to the TPO makes the signal less

sensitive to noise.

Such a device is expected to yield better time-of-flight

information than timing against the cyclotron rf as it should be

insensitive to "time slip" between the proton burst and the cyclotron

rf. During the tests, the signal from the TPO has been seen and used

to trigger discriminators, but it was found to be sensitive to pickup

of cyclotron rf noise probably between the TPO and the vacuum

feedthroughs. We intend to rewire the device with greater care to rf

isolation during the fall shutdown and retest the device in the spring

of 1984.



V Detection S_vt; terns

In the past, we have used silicon surface barrier detector

telescopes for ail experimental work on the neutron line. Typically,

such a telescope has a solid angle of a few millisteradians with

additional degradation of the angular resolution due to the large

neutron beam "spot size" on the scattering target. In addition, the

low intensity of neutron beams with respect to that of charged

particle beams discourages many experiments especially those involving

the coincident detection of two particles in the final state. Both

the intensity problem and the solid angle problem can be solved in a

large measure by the development of detector systems covering a large

solid angle and having track reconstruction capabilities.

We have recently tested a system consisting of two NE102A

scintillators for detection and indentification of protons from

1 28
H(n,p) and Al(n,p). While resolution in a scintillator system

is, of course, inferior to that obtainable with surface barrier

detectors, it is well matched to that required for most neutron beam

experiment.-,, being of the order of 1 MeV at 30 MeV.

Three important types of background appear with this system:

electrons passing through the detectors, elastic scattering of

neutrons within the scintiLlators , and reactions elsewhere than in the

target, for instance in the air or helium that fills the reaction

chamber. Signals due to electrons are Tar more important than in

silicon surface barrier detectors because electrons generally give a



much larger pulse in a scintillator than do particles such as protons

or deuterons. They therefore tend to underlie a larger area of a

spectrum than with surface barrier detectors. While it has been found

possible to remove the majority of the electron background by timing

with respect to the cyclotron rf, and by comparing pulse heights in

the two scintillators, some background does remain- Background due to

neutron scattering in the detectors is unavoidable if the

scintillators are close to the neutron beam. However, if the front

detector can be made very thin, the problem is much reduced.

Elimination of reactions other than in the target require some means

of track reconstruction.

These background sources will be greatly reduced with the

addition of wire chambers which we hope to test this fall. Not only

will the addition of two wire chambers make possible track

reconstruction, but they will provide two additional coincidence

requirements on a valid event, thus minimizing background due to

neutron interactions in the scintillators. A rough estimate based on

the amounts of material present in which background events can be

produced suggests that neutron interactions will be reduced by a

factor of 300. It is presently difficult to estimate the effects of

the wire chambers on electron background. In the best case, it will

be possible to set discriminator levels such as to totally eliminate

the electron background; in the worst case, there will be some

reduction due to track reconstruction.



VI Energy Calibration

The neutron facility at the University of Manitoba has been

constructed on the "zero degree line"; that is, there is no analyzing

magnet between the cyclotron and the neutron production target.

Determination of the energy of the beam and rapid monitoring of the

beam energy therefore present a problem. The beam energy can, of

course, be determined by deflecting the proton beam down another beam

line using the analyzing magnet or by observing the difference of

arrival times of the gamma flash as the proton beam strikes two

successive screens along the line. However, neither of these methods

is particularly good for periodically monitoring the beam given the

heavily shielded nature of the neutron line.

Instead, we have begun to use the beam of neutral hydrogen atoms

which are produced in the neutron production target along with

neutrons. Normally, protons which pass through the neutron production

target are deflected into a Faraday Cup by a magnet. A small number

of protons, however, pick up an electron in the last few microns of

the target and emerge as neutral atoms. They therefore proceed down

the neutron collimator and emerge through the thin foil at the far

end. The fLight path of some 2m to the neutron beam monitor

sci.nt il lators causes relatively little energy loss and the now

stripped atoms constitute a beam whose energy is less than that of the

primary beam by the "thickness" of the production target and whose

energy width is due primarily to that of the proton beam. Although

the number of protons from stripped atoms constitutes only a few



percent of the neutron intensity, at 5 m from the production target we

4
detect approximately 3 x 10 per second per raicroamp of primary

protons incident on the production target. These protons stand out as

a distinct band of high energy particles well above background as may

be seen in figure 1 which was obtained with a pair of scintillators

placed directly in the neutron beam.

At present, these protons are removed from the neutron beam with

a few millimaters of Al shielding. In the future, we shall install a

thin stripping foil and a steering magnet to remove the protons except

when they are needed for calibration or monitoring.

With the development of the n^w target ladder, we intend to

include space for a thin foil which will produce few neutrons but a

significant number of neutral atoms for calibration and monitoring.
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Details of the Nucleon-Nucleon Interaction from the <T+p->p+p+n

Three Body Breakup Reaction

J. Birchall, J.S.C. McKee and W.D. Ramsay

Collaboration with the University of Basel, Switzerland

The state-of-the-art in three-body theory is now such that it is

possible to make a direct connection between three-body observables

and the two-body interaction. Recent Faddeev calculations at

1) 2
Manitoba for H(p,2p)n at 26 MeV proton energy show that not far

removed from "collinearity" (the condition where the neutron is at

rest in the centre of mass and the three final state particles lie in

a straight line) there exists a point where two-body S-waves do not

contribute to the three-body breakup cross section. Such a kinematic

condition appears to be ideal for investigating higher order partial

waves in the two-body interaction. We have investigated sensitivity

3 3
to the S - D1 coupled partial wave by using the Doleshall

Faddeev code and varying only the parameters of the tensor force

3 3
mixing the S and D waves. Two versions of the tensor

force were tried, one giving rise to 4% deuteron D-state and one

giving rise to 7% deuteron D-state.

The deuteron tensor analyzing power A at the zero S-wave

point was found to change sign from +0.12 to 0.18 when the weaker

tensor force was replaced by the stronger one; an exciting result

bearing in mind the previous lack of sensitivity of most three-body

calculations to details of the two-body input. The effect on cross



section van not so dramatic, but cross section measurements at

Manitoba favour the tensor force producing U7 deuteron D-state.

Wo plan to measure A under the same kinematic conditions in the

yy

centre of mass as used for the Manitoba cross section measures. This

can be done using a 51.4 MeV tensor polarized deuteron beam from the

Phillips cyclotron at SIN, Switzerland. Because of the nature of the

separable two-body interaction used in the Doleshall code, it is

possible that the above results can only be trusted qualitatively.

For this reason we intend to measure A for a series of angles

yy

encompassing the predicted point of maximum sensitivity. Depending on

the results of these measurements and on the results of other

three-body calculations, we may decide to investigate other three-body

breakup observables. In any case, the existence of a kinematic

condition where three-body observables are insensitive to two-body

S-waves promises to provide the first experimental test of

nucleon-nucleon potentials not already provided by two-body

experiments.

In order to obtain useful statistics in a reasonable amount of

beam time, we pl3n to use a liquid hydrogen target already available

at SIN from the University of Basel group. We plan to use small fast

plastic scintillators and associated fast electronics in order to

handle the resultant very high count rate of recoil protons from

elastic scattering. Such a system is now being assembled at Manitoba.
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We have used 35 ram x 15 mm x 10 mm blocks of NE102A fast plastic

scintillator directly coupled to RCA8575 photomultipliers. The

detectors were tested using protons scattered elastically from carbon

(CH? target) and were found to have an energy resolution of 3% FWHM

at 20 MeV.

For convenience in measuring several angles, the entire detector

assemblies, including the photomultiplier divider chains, are mounted

on moveable arms in the scattering chamber and are operated in vacuum.

We se resistors with a power rating of at least five times the actual

power dissipated. In this way the resistors run as cool in vacuum as

they would in air at their rated dissipation.
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NEUTRON RADIATIVR CAPTUK"'.

P. Adzic, R. Aryaeini'jad, D. Bandyopadhyay, J. Birchall,

J. Campbell, N.F.. Davison, W.R. Falk, J. Jovanovich,

K.N. Knudson, C. Lapoint.-, R. VC-niis, J.S.C. McKee,

J. Svenne, R. Tkachnk, S. W(lk

With the neutron line now a usi-ful facility, we have considered

the possibility of studying radiative c-ipture in several systems and

particularly in few nucleon systems. Although our attention has been

directed mainly to reactions such np+dgamma and nd^tg.imma, it is clear

that only minor changes would have to be made in order to study

4
reactions such as dd̂ - He g.mni.

As a model problem suitable for defining the experimental setup

and identifying problems, we have studied the np radiative capture

reaction at 20 MeV incident neutron energy. Experimentally, this is a

particularly difficult reaction, but since the yield of fundamental

information is particularly high, it is well worth a m-ijor '--fFoct.

" •<,)'•! r imeutally, the reaction becomes mort> difficult to study as the

energy is decreased: the opening angle of the recoil deuterons

becomes smaller; the range of the deuterons becomes smaller, making

track reconstruction more difficult than at higher energies, and the

energy of gamma rays approaches that produced by thermal neutron

29 54
capture in common materials such as Si and Fe. In addition,
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the number of neutrons that can be produced while still maintaining a

"monoenergetic" peak of a given breadth becomes smaller as the proton

stopping power increases.

We have approached this study assuming that the deuteron and

gamma ray will be detected in coincidence. We have further assumed

that the target will also serve as detector. The following sections

outline work that has been done on theoetical considerations, gamma

ray background studies and on a number of detection systems.



THEORETICAL CONSIDERATIONS

J.P. Svenne and S.F.J. WiIk

On-shell nucleon-nuc]con srattering data and the experimentally

observed deuteron properties have not been adequate in imposing

constraints on the short and intermediate range of the NN interaction.

On the other hand, recent developments in quantum chromodynamics

suggest that at short distances when two nucleonic quark bags overlap,

there is an alternative scenario to the traditional one of the nuclear

force mediated by meson exchange. In this case it may not be

appropriate to describe the two-nucleon system as that of two point

particles. Recent experimental and theoretical interest in radiative

capture of neutrons by protons, and the time-reversed process:

photodisintegration of deuterons, suggest that this system might

reveal new experimental information on these questions.

The effect of the quark degrees of freedom has been investigated

for thermal neutron capture by Mathiot et al . They find, in the

chiral bag model, that meson exchange corrections are sensitive to the

bag radius, even at these very low energies. The value of the bag

radius has been a subject of some controversy, between the big bags (1

fm) of the MIT group versus the small bag of the Stony Brook

group . Though no work has been done at higher energy, it is

conceivable that the sensitivity will be greater at larger energies.

2)
On the other hand, Greben and Woloshyn have investigated the



degree of variability, within the conventional NN interaction plus

meson exchange model, of the observables in n-p capture to details of

the NN interaction at short range. They find that the differential

cross section and neutron analysing power are relatively insensitive

to phase-equivalent short-range variations in the NN interaction,

whereas the phot MI polarization shows strong sensitivity. Their

calculations, iiowevcr are at intermedate energies (160-240 M e V ) , and

it is not clear how their conclusions extrapolate to lower energies.

The stong sensitivity is, however, relatively independent of energy

over the energy range considered by these authors. They suggest that

in the observables for which there is little sensitivity to the NN

interaction model, such as the cross section and neutron analysing

power, any deviation between experimental data and theory must be due

to break-down of the conventional potential model, and should require

inclusion of the quark degrees of freedom.

On the time-reversi-d process, photodisintegration of the

3 4)
deuteron, there has been a recent controversy ' whether the data

show any need for theory hevond the convential potential model plus

meson exchange currents. Had Hiv.i chap 1 and Savior investigate the

data in Thf er:eri;v r.iiijv1 iron ! !' to 1 Oil MeV and all theoretical work,

and Find that, (special!'-' in the range :'0-70 MeV the band of results

obtained hv flic r!:<ori.'; <l i *..t'.\ fee seriously with av,i i 1 able

c ross-sect. i on ,'ai i. b..ili in absolute magnitude and trend with energy.

Arenhove! , <>n the other hand, disagrees and finds that the data do

not in.lir.ite a >. v, t • •tn-i t i< de»'iat ion between conventional theory and
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experiment. However, he does state that "high-quality data for

deuteron photodisintegration are urgently needed to assess the

validity and the limits of the conventional nuclear theory, in

particular above 40 MeV."
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GAMMA RAY BACKGROUND NEAR NEUTRON LINF

P. Adztc, R. Aryaeinejad, D. Bandyopadhyay, J. Birchall,

J. Campbell, N.K. Davison, W.R. Fa]k, J. Jovanovich,

J.N. Knud.son, C. Lapointe, R. McCamis, J.S.C. McKee, R. Tkachuk

In ordt>r to carry out a study of np radiative capture, the gamma

ray background in the energy range 10 to 14 MeV must not exceed 0.05

counts per second per microamp of primary proton beam on the neutron

production target. With the 12cm diameter Nal detectors and 2 uA

proton current used in the background studies, this corresponded to

roughly twice the background due to cosmic rays (without cosmic ray

anticoincidence shielding).

Several background sources were identified: prompt gamma rays

from inelastic neutron scattering in iron, inelastic scattering in

0, neutron capture in various isotopes of iron, neutron capture in

the Nal detectors and associated structures, neutron capture in the

concrete walls of. the target area.

It was found to be important to remove any iron shieJding from

the immediate vicinity of the neutron production target, because

inelastic neutron scattering is very important here. Replacement of

this iron by lead reduced the low energy background greatly. In

addition, thc-mal neutron capture on lead is much less important than

on iron for two reasons. Firstly, the capture on Fe occurs at

roughly one MeV higher energy than it does in Pb. This difference.



although apparently slight, makes a great difference in the

probability of pileup signals interfering with the region of interest.

54
Secondly, neutron capture to Fe produces a gamma ray of 9.6 MeV.

While this is just below the range of interest for np->dgamma. any

high energy tail could have serious consequences. It was also found

that shielding the iron collimator with borax-loaded paraffin on the

side nearest the Nal detectors significantly decreased background.

This indicates that it will ultimately be necessary to use lead at

least for the downstream face of the collimator.

Care must be taken to avoid exposure of oxygen to the neutron

beam or any neutrons with energies in excess of 10 MeV. The

0(n,n') reaction is particularly large in the energy range 10 to

12 MeV and produces several gamma rays with energies in the vicinity

of 7 MeV.

It was found possible to shield the Nal detectors satisfactorily

with approximately 10 cm of Pb on five sides, and with 10 cm of

paraffin loaded to 30% (weight) with borax on all sides except that

next to the neutron beam. It was important to have several cm of

loaded paraffin across the face of the Nal detectors. There is

geometically plenty of space to increase the thickness of the

shielding on most sides and this would seem to be desirable.

29
Thermal neutron capture in Si is very important because the

gamma rays, although weak, directly underly the region of interest for

np->dgamma. As it seems impractical to remove the concrete walls,
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reduction of background from this source must rely on controlling

thermal neutrons. In particular, it will be important to increase the

thickness of loaded paraffin around the neutron production target, and

to construct a neutron beam dump. Both these improvements have been

designed, and since they would improve the neutron facility in any

case, will likely be installed over the next year-

Figure 1 shows the gamma ray background measured on the neutron

line with the Nal detectors placed approximately as they would be

during an np->dgamma experiment. It must be emphasized that this is a

raw Nal spectrum with no coincidence requirements. The neutron

collimator is of iron, there is no neutron beam dump and no cosmic ray

anticoincidence shield. In addition, the detector shielding consists

merely of piled blocks of Pb and loaded paraffin. Although there is

much room for upgrading the neutron line as outlined above, the gamma

ray background is already at a level where running the np->dgamma

experiment is possible.
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FEASIBILITY OF USING A FILAMENTARY DETECTION SYSTEM

FOR AN NP-HXJAMMA EXPERIMENT

J. Birchall

An experiment is currently being investigated at this laboratory

in which the ratio of the 0 deg. to the 180 deg. c m . cross-sect Jons

will be measured in the np-higamma reaction induced by 20 MeV neutrons.

The characteristics required of the detection system are -

1) the ability to identify np-+dgamma events in the presence of a

large number of recoil protons and background gamma rays, an.i

2) the possibility of measuring the angle of recoil of the

deuteron, which lies between 0 deg. and approximately 3.5 deg. in the

laboratory.

In the following the design of one possible system and the results of

a Monte Carlo simulation of its operation are outlined.

The yield of deuterons is maximised by using a thick targe r. in

the form of a 10 cm. Long plastic scintillator (NE102). The angle of

i.'.nussjion of the deuteron is deduced from LV J gamma ray angle, rh'j

gamma rav be. ing detected in coincidence with the deuteron. Two gamma

detectors are envisioned, each positioned around the neutron beam, one

subtending angles between 1 deg. and 5 deg. lab., the other from 175

deg. to 179 deg.



Performance of the detection system is greatly improved by

taking advantage of the fact that the capture deuterons are highly

directional in the lab. frame (0 to 3.5 deg.), whereas protons recoil

at any angle up to 90 deg. This improvement is achieved by splitting

the block of plastic scintillator into straight filaments aligned with

che direction of the neutron beam. Deuterons, which recoil at a small

angle with respect to the axis of the filaments, are almost all

stopped and give a large signal in a single filament. Protons,

however, typically travel through many filaments, depositing a small

amount of energy in any one. By connecting neighbouring filaments to

different phototubes and requiring no more than one tube to be fired,

most proton events can be discarded.

A Monte Carlo program has been written to simulate the response

of this type of detector to recoil protons from n-p scattering and

capture deuterons. The neutron beam is assumed to have a flat peak

from 19 to 21 MeV with an angular spread of + 1 deg. and a flat tail

extending from 0 to 15 MeV of total intensity 40% of the peak. Proton

and deuteron ranges and light response functions in NE102 have been

parametrised for ease of computation. Energy loss and light output

are calculated correctly, ie. taking proper account of the

non-linearity, but multiple scattering has been ignored. A further

approximation is to assume an isotropic n-p differential cross-section

in the centre of mass system.
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The fraction of deuterons stopping in the filament in which they

originate depends on the diameter of the filament. For diameters of

0.25 mm and 0.5 mm the fraction is >84% and >92%, respectively.

Assuming a neutron flux on the target of 1.E6 sec and 1 count/sec in

each gamma detector in the region of the neutron capture gamma rays,

the random proton-gamma coincidence rate is <6.5% of the np—>d gamma

rate for 0.25 mm. filaments and <43% if the filaments are 0.5 mm. in

diameter. Timing resolution within a beam burst (<35 ns) has been

assumed.

12 13
Protons from ' C(n,p) reactions in the NE102 target could

produce pulses in the target of the same size as good deuteron events.

The random C(n,p)-gamma coincidence rate should be approximately 6% or

25% of the capture rate, for 0.25 and 0.5 mm. diameter filaments,

respectively.

A further problem could arise from gamma rays of 3 MeV, which would

generate Compton electrons in the target, some of which could simulate

a deuteron event. A high flux of these gamma rays would be needed,

however, to cause a problem. For example, the random gamma - gamma

rate would be 10% of the capture rate LF the 3 MeV gamma flux at the

target were 1.E7 sec or 2.K6 sec, for 0.25 and 0.5 mm filaments.

To conclude, a filamentary detector should provide good

discrimination between capture deuterons and background. The



disadvantage of the method lies in the fact that several hundred fine

filaments would need to be coupled to phototubes. Of the order of 6

phototubes should be sufficient to reject protons efficiently.



Simulation of a np^dgamma Experiment

D. Bandyopadhyay and J.V. Jovanovich

Due to relatively low deuteron energies it is necessary to

perform a detailed simulation in order to choose the best possible

experimental setup.

A decision has been made to perform a Monte Carlo simulation

using the MANSA (Manitoba Simulation and Analysis) program which was

written several years ago and used in some simulations for a TRIUMF

p-p bremsstrahlung and CERN Tr-p bremsstrahlung experiments. The MANSA

program is very versatile and can be adapted to different experiments,

but usually some subroutines have to be modified and some old, more or

less important bugs, have to be corrected.

The work on the adaptation of MANSA has started and some results

are expected in the near future. Initially, it is expected to

simulate two experimental setups. In the first, the deuterons will be

detected in a multi-layered scintillation counter, each layer

sufficiently thin so that deuterons traverse several layers. In the

second setup, deuterons will be detected in a drift chamber, possibly

at a higher than atmospheric pressure.



THE PROTON-3HE ELASTIC SCATTERING SYSTEM

P.J.T. Verheijen, J. Birchall, P. Drakopoulos,

R.H. McCamis, and W.T.H. van Oers

Differencial cross sections, total reaction cross sections,

3 1

proton analyzfng powers and He analyzing powers have been

determined through cooperation between scientists from The University

of Manitoba, the Lawrence Berkeley Laboratory and Los Alamos National

Laboratory. Over the past decade this has culminated in a data base

of about 800 points in the energy range from 19 to 49 MeV. A
2

preliminary phase shift analysis has been performed using the

R-matrtx parametrization, but it did not include data with polarized

3He.

The remaining experimental activity is connected with the

polarized He target which is set up at the Cyclotron Laboratory.

This year marked the first occasion that glass target cells were

completely produced in Manitoba rather than at the University of

Toronto as previously done. A system was built consisting of a

furnace (for a bakeout temperature of 280 C) and a glass vacuum

system (lowest pressure 10 Torr) to fill the cells with high

purity He by diffusion through quartz. Due to the use of

alternative construction techniques, the new cells were more reliable.



Early burn-up due to proton bombardment has been solved, and

background proton scattering from glass was further reduced. The data

acquisition system was set up to run the experiment with the least

3
operator intervention. Notably, the He polarization measurement is

now done remotely under the control of a LSI-11/23 microprocessor. A

three-week run at the cyclotron in February/March of this year

3

resulted in completed angular distributions of the He analyzing

powers at 30 and 35 MeV with measurements between 90 and 140 at

10 intervals. The main uncertainty in these data is the

normalization error in the polarization measurement (^5%), and work is

in progress to eliminate this by alternative measurement techniques.

The earlier data and the new He analyzing powers have been

input to the program SH0SH2, that performs a single-energy phase shift

analysis of the scattering system of two non-identical particles with

spin 1/2. SHOSH2 was developed out of an earlier code . It can

search on a complete set of complex phases and coupling parameters for

any number of partial waves. The phase shift analysis proved to be a

good test for all the data. Good fits were generally obtained when

real phases up to 1, = 4, imaginary phases up to L = 3 and coupling

parameters n\i to J - 2 were allowed in the search. Especially,

singlet-triplet mixing (Fig. 1) was better resolved than before,

because of the availability of both proton and "He analyzing powers.

Smooth trends are seen in the partial waves with J = 0, or 1, but some

structure is visible in the partial waves with higher angular

momentum . It. should be not oil that the present data set is still
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not sufficient to derive the complex phases unambigaously. A set of

spin-correlation parameters of the quality of those at 19.4 MeV are

needed at an higher energy to achieve this aim.
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Measurement of Neutron Polarization

in the C(p,n) N Reaction

N. Videla, J. Birchall, C. Lapointe and J.S.C. McKee

The polarization of neutrons produced in the reaction

13 13

C(p,n) N has been measured at three energies: 23.2, 26.8 and

31.1 Mev. A high pressure He polarimeter has been used as an

analyzer, and two NE-213 detectors located at 120 degrees from the

polarimeter measured the polarization via the left right asymmetry.

The study of the polarization and the analyzing power for

4
n- He elastic scattering has long been of interest from both

practical and theoretical viewpoints. Theoretically, the scattering

of spin 1/2 from spin 0 target is the simplest process yielding

insight into the spin-dependent part of the nuclear interaction, and a

4 4
comparison of p- He and n- He scattering provides a test of our

ability to separate Coulomb from nuclear effects and leads to a test

of the charge symmetry hypothesis for nuclear forces.

Practically, the fact that n-He elastic scattering has a large

analyzing power at certain angles and the fact that Helium

4 4
scintillates make the reaction He(n,n) He attractive as the basis

for construction of a neutron polarimeter, and measurements of

polarization are important for its calibration.



These measurements form the first part of a series in which

neutron polarization will be compared with proton analyzing power in

the same reaction in the energy range of the University of Manitoba

Cyclot ron.

EXPERIMENTAL DETAILS

The unpolarized proton beam from the Cyclotron impinge on a

13 1)
C target producing partially polarized neutrons. These

neutrons are then scattered from a high pressure helium

2)
polarimeter . The left-right asymmetry is measured by two NE-213

detectors located at 120 degrees from the analyzer . The effects

of unequal neutron detection efficiencies, solid angle and possible

scattering angle differences of the left and right detectors were

minimized by use of a superconducting solenoid to reverse the

direction of the neutron spin.

The asymmetry calculation must be performed using the neutrons

due to the reaction of interest only all others must be either

suppressed or corrected for. In order to achieve this during the

experiment, we have used two very powerful techniques:

a) Recoil Energy Analysis. The energy pulse is usually analyzed

according to both its pulse height and pulse shape. The pulse height

gives the total energy deposited in the. detector by the event while

the shape gives decay time information which varies with the type of

particle. There is thus a straightforward connection between the type

of particle and the decay time of its recoil pulse.



b) Time of Flight. Basically the time ot flight requirement

provides a coincidence condition between two events, it could be

target and detector, very effectively distinguishing in this case the

tIme-uncorrelated room background neutrons.

The offline analysis as wel] as online data acquisition was

performed by using an"Eval"-sorting routine. This program allowed us

to set a series of one dimendisional and two dimensional gates to

achieve a selection of the real events needed to calculate the

asymmetries.

Fig. 1 is a time of flight spectrum from the carbon 13 target to

the neutron chamber. A stop pulse is applied only every other RF

cycle so that te time of flight spectrum include two beam burst.

Fig. 2 is aneutron time of flight spectrum from the He

polaritneter to the side detector after the gates has been set in

Fig. 1.

Fig. 3 shows the spectrum of flight time of neutrons from tbe He

polarimeter to the side detector after imposing all cut and selecting

neutron events. The neutrons from the ground state are well separated

from the first and second excitesd states.

The total number of neutrons from the ground state have been

extracted using the computer code "MULTID" which essentially allows

the user to fit, one, two, or three gaussian distribution with, or

without subtraction of background.
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Table 1. represent the results of the asymmetry calculation.

NEUTRON ANALYZING ASYMMETRY ERROR POLARIZATION
ENERGY(Mev) POWER

19.38 +0.91 0.33 +0.033 0.36

22.85 +0.85 0.34 +0.035 0.40

27.31 +0.82 0.19 +0.012 0.23
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Study Of (p, 0 And (p,"'He) Reactions On l"C

R. Aryaeinejad, J. Knudson, W.R. Falk, N.E. Davison, J. Campbell,

R. Tkachuk, D. Bmidyopadhyay, and P. Azdic

The pickup reactions (p,d), (p,t), and (p. He) on l"C have been

previously investigated at 27 and 54 MeV proton bombarding energy

(Ref.1-3). Thus far, there has been no experimental investigation of

the (p,1-1) reaction in this enegy range. The purpose of this

experiment was to investigate the particle-hole structure of states in

11 i ̂

B. Few pickup reactions except the present (p, x) reaction on C,

lead to B as a final nucleus.

In the present work, we have studied the C(p,a) B and C(p,

He) B at a proton bombarding energy of 41.9 MeV. A 524 Ugm/cm

1 h

self supporting target enriched to >95% C was used in the experiment.

The target was placed in the center of a 25.4 cm diameter cell with a

0.86 mg/cm thick mylar exit foil. This cell was designed to prevent

any contamination of the rest of the chamber in the case of accidental

target breakup.

Outgoing a and He particles, after passing through the mylar of

the target cell, were detected by four AE-E surface barrier detector

telescopes with thicknesses of A E = 1 0 0 ^ m an& E=1000 Mm, each having a

solid angle of about 0.4 msr, positioned at angular separations Of 10

degrees (lab). To protect the detectors from the C S-rays,

permanent magnets with B^lOO gauss at 2.5 cm distance were used.



The (p, t) and (p, 3He) angular distributions were measured from

10 to 155 degrees(lab). Figure 1 shows the a and 3He spectra obtained

at 10 > The peaks are labled by their excitation energies, spins and

parities. Differential cross- sections for the (p,oO reaction to the

ground state (3/2-), 2.15 MeV (1/2-), 4.46 MeV (5/2-), and 6.74 MeV

(7/2-) states of i:lB are shown in Figure 2. The high spin 6.74 MeV

(7/2-) state is strongly populated over the entire angular range. The

strongest transitions observed are all negative parity states ;

positive parity states in the C(p,ct) B reaction are very weakly

excited. This suggests a dominant pickup, as opposed to a knockout,

mechanism. In the knockout mechanism one would expect to observe

transitions to both negative and positive parity levels, in which the

incident proton can be captured into lp or 2s-ld orbits.

The angular distributions to the three low-lying levels in B

as measured from (p,3He) reaction are shown in Figure 3.

A finite range DWBA analysis of the data is being carried out.

The (p,a) reaction will be described in terms of a microscopic

three-nuclon transfer formalism (Ref.4).
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Proton-induced fission of Mg

J. Birchall, J. R. Campbell, N. E. Davison, W. R. Falk,

J . N. Knudson R. H. McCamis, and R. Tkachuk

The completion of measurements and the experimental detai ls on

the fission of 2Slg was reported in the 1981-1982 Annual Report1^.

12The experiment was designed to detect the two C ions produced in the

reaction

2 4Mg(P > P ')2V

L 1 2 C + 1 2 C

using a two-armed detection system- One arm was made up of a three-

element (AE,, AE2, stopping E) surface-barrier detector telescope with

thicknesses 2.lym, 4.2ym and 200ym respectively, with a fourth silicon

detector behind the others to veto energetic protons. The second arm

consisted of an 8 x 47 mm x lOOytn thick position sensitive detector

(PSD) mounted with its long axis perpendicular to the reaction plane.

Measurements were made at several angle pairs at a proton bombarding

energy of 42.4 MeV. Coincidence events between the two arms were

recorded for further processing.

Particle identification incorporating the thin AE detectors

could be performed down to energies of 2.75 MeV for C ions. In figure

1 we show a typical plot of AE. vs. AF-2 for this experiment. The

vertical bands represent different ion species, separated by charge Z;



the lower sections result from those ions that penetrate £Ej and stop

in AE2, while the oval structures at the upper ends of the bands are

caused by higher-energy ions that stop in the E detector. Placing a

two-dimensional gate around such a band allows for nearly unambiguous

element identification, althougti isotopes of a given element could not

be separated.

Calibration of the telescope was accomplished by collecting

singles data from two-body reactions. By identifying reactions for

each ion species seen (Z = 2 through 6) an energy calibration for the

1 9

C ions of interest was determined. Corrections were made to the

energy deposited in the telescope by C ions for energy losses in the

dead layers of the silicon detectors. Further corrections were made

to ions detected in both arms of the detection system for energy

losses in the 0.140 mg/cm thick Mg target.

The energy deposited in each of the detectors and time-of-flight

(TOF) data were recorded for each event. Ion flight times to AEj and

AE2 were measured using the timing signal from the PSD as the timing

reference. A two-dimensional gate on position in the PSD vs. TOF for

each of the AE detectors was used as an added constraint on the data,

allowing selection of only those events having proper flight times.

Figure 2 shows a typical Kte^e vs. E , spectrum (total energy depos-

ited in the telescope versus energy deposited in the PSD) for those

events passing the AE^ V S . AE2 test for C ions and the TOF tests.
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The vertical orientation of the long axis of the PSD allowtd

discrimination between two- and three-body events in the Et , vs.

Epsd s P e c t r a - F° r most of the angle pairs studied two-body reactions

are kineraatically forbidden from causing a coincidence between the

telescope and the PSD, but they are allowed and were seen for the

(telescope, PSD) angles of (20°, 140°) and (30°, 110°). As two-body

reactions are confined to the reaction plane defined by the incident

proton beam direction and the telescope, the signature of these events

in the PSD is an enhancement in the PSD position spectrum at the lo-

cation of the reaction plane on the detector. Three-body events, on

the other hand, are not so constrained. Figure 3 shows position

spectra in the PSD for typical two- and three-body reactions. A

three-body signature is thus a necessary condition for any cluster of

events in the E t •• vs. E . spectrum to be considered as arising from

the fission of Mg.

Special consideration has been placed on determining the extent

to which contaminant reactions, particularly those involving 0 or

C deposited on the Mg target, may be present in the data. For

many of the angle pairs studied, the loci of the contaminant reactions

interfere minimally the the Mg(p; C, C)p locus. In figure 4 we

show the E C e L o vs. E . data for (30°, 139°) with kinematically al-

lowed loci for 0(p: C , He)p superimposed. The band of events

running into the upper-center section of the plot is described by the

1 2loci corresponding to leaving the C in either of its first two

excited states. This one angle setting provided the only clear

evidence of oxygen in the target. No such evidence of C contami-

nation was found.



At those angle pairs where two-body contatni nat ion is not a

problem, there i s evidence for c lus t e r s of events on the Mg(p-

C , C)p loci corresponding to Mg f iss ioning at rig exc i ta t ion

energies in the expected range of 20-28 MeV. An example is given in

figure 5, which presents the data at (40°, 129°), with the kinematic

loci of 24Mg(p; 1 2C, 12C)p and 24Mg(p: 12C(4.44 MeV), 12C)p super-

imposed on the da ta . Clustering of events near the loci i s apparent.

The or igin of many events found in the band between Tt , = 3

MeV and T , = 1 0 MeV i s as yet not understood. Numerous events

having zero time-to-amplitude outputs are found to have a s t ruc tu re

s imi la r to events within the band. The el imination of the events

within the band by methods based on the l a t t e r observation i s being

inves t iga ted .

Reference:

1. J . B i rcha l l , J . R. Campbell, N. E. Davison, W. R. Falk, R. H.
McCamis, and R. Tkachuk, University of Manitoba Cyclotron
Laboratory Annual Research Report, 1981-1982, p . 90.
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Recoil Polarization !• '••. i i owi rig .1 Direct Reaction

J. Campbel 1 ,W.R. Kalk.p. Adzic.R. Aryaeinejad,
D. Bhandyopadlivay , N.!.. Dnvisun,.!. Knudson,R. Tkachuk

Angular correlation measurements have been made between the

deuterons and the C g.s. product nuclei in the reaction

13C(p,d)12C*(15.11 MeV,l+)

->12C(g.s.,0+) +

at deuteron scattering angles of 30,40,50,60, and 75 degrees (lab.),

and a proton bombarding energy of 40 MeV. The goal of these

measurements is to extract information concerning the spin density

matrix of the excited C nucleus produced in the direct (p,d)

reaction.

The experiment was performed using standard fast-slow

coincidence techniques.The deuterons were detected and identified

using a solid state AE-E particle telescope , while the recoil

2
distributions were recorded in a 8X47 mm Ortec position sensitive

1 ?detector (PSD) set in the recoil direction of the C nucleus. The

target consisted ot a 50 up,/cm self-supporting carbon enriched to

greater than 99 % 1 3C.

The PSD could be positioned either horizontally or vertically

to the reaction plane. This was necessary because the functions

describing the decay are not linearly independant in a fixed plane.The

recoil data from the PSD is in the form of an Energy-Position locus

extracted from the signals given by the PSD. Figure 1 shows one of

the loci extracted at ()(j
 = 50 degrees.
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The center-of-mass correlation distributions may be generally

written as (1)

wee,4» = z t k q A k Ykq*(e,4o
k ,q

where k-2J (J is the spin of the decaying particle),-k < q < k . The

ti are the complex statistical tensors describing the polarization of

the decaying particle in the center of mass frame of arbitrary

orientation. (They may be directly expressed as linear combinations

of the spin-density matrix.) The Â . are real terms determining the

analyzing power of the decay ; they are completly determined for the

decay under study. If the quantization axis is chosen perpendicular

to the reaction plane, then application of symmetry with respect to

reflection through the reaction plane plus parity conservation reduces

the number of t^ involved to tQg,t2g,and t22 (for a 1 state).

Monte-Carlo calculations of the laboratory distribution

functions associated with the tk have been performed on the

VAX-11/750 at the Cyclotron Laboratory. The code includes the finite

geometry of the experiment plus a Gaussian multiple scattering

1'distribution to account for the passage of the "C nuclei through the

target material.The fitting procedure fits the horizontal and vertical

data simultaneously. Figure 2 shows a fit of the position-projections

of the "horizontal" and "vertical" recoil correlation (0^=50 deg.lab)

to the functions associated with too>t2O » a n d Re(t2o)- (The function

corresponding to the Im(t2o) position-projection is negligible.) The

continuous curves are "area-true" spline functions computed from the

Monte-Carlo generated histograms. Figures 3a) and b) shows the

current status of the extracted density matrix elements
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QQ and Re( j _j)> which may be directly extracted from fits to the

t. _.The error bars do not yet include the uncertainties due to the
K ,q

geometrical parameters , however present calculations suggest that

they do not greatly affect the fits.

The extracted information will be compared with predictions of

the DWBA theory in the near future .

Reference

1) Simonius.M.," Theory of Polarization Measurements , Observables ,
Amplitudes, and Symmetries " , Polarization Nuclear Physics ,
Lecture Notes in Physics , 30 , Springer Verlag , 1974.
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Multiple Scattering and Energy Loss

of llC Ions through a Thin (50 Pg/cm2)13C foil

Present in the data of the previously described correlation

experiment is the observation of a strong contribution from the

C(p,d) C(g.s-) reaction . Investigation of the recoil energy locus

reveals a double energy peak (fig. 1). This effect is attributable

to hydrocarbon buildup on both sides of the C target during the

experiment. Since these events arise from a correlated deuteron- C

pair , the C nuclei are emitted with a well defined energy and

direction from both sides of the target . The distributions arising

from nuclei which must pass through the target will thus give usefull

measurements of the multiple scattering (from their position

projections) and energy loss (from their energy-projections). Figure

2) shows the values of the stopping power as a function of energy per

mass unit (computed from the centroids of the two peaks). For

comparison ,the asterisks are the stopping powers given by Northcliffe

and Schilling (1) for 12C ions in a C medium .

Computations using Monte-Carlo generated distributions to fit

the ground state position distributions have been carried out and are

being improved upon . The calculation uses a Gaussian distribution to

simulate the multiple scattering, plus a rectangular beam spot of

variable dimensions in the target plane . Figure 3 shows the current

results of the multiple scattering FWHM extracted from the fit as a

function of energy (the error bars have not yet been assigned ) .

These FWHM will be compared with the predictions of existing multiple

scattering theories (2,3,4).
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Proton Loss by Nuclear Inelastic Interactions in BaF_,

CaF , and BGO

R.F. Carlson , A.J. Cox , P. Drakopoulos,

T. Eliyakut, D. If ft , R.H. McCarais and P.J.T. Verheijen

There has been growing interest, lately, in the use of "new"

scintillation crystals (such as BaF~, CaF^, and Bl,Ge~O._,

or BGO) as charged particle detectors in nuclear physics experiments

and, moreover, in a rapidly increasing number of applied science

3
projects. These crystals are dense (pBf, =7.13g/cm ), and have

high proportions of heavy ions, increasing their stopping powers for

charged particles, and are also non-hygroscopic (in contrast to Nal,

for example). However, relatively little is known about the nuclear

reaction probabilities when charged particles are incident upon such a

detector.

Therefore, we have measured the fraction of protons undergoing

nuclear inelastic interactions in BaF_, CaF? and BGO between 21

and 40 MeV (the maximum proton energy available at the time of the

experiment) using a direct counting procedure, which has been

previously described ' .

University of Redlands, California
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Also, additional measurements of the small angle elastic

scattering correction to the total reaction cross sections for

vanadium, cobalt and the iron isotopes Fe. Fe and Fe were

made at the above energies, to aid the data analysis of previous

3)
experiments

References

1) A.M. Sourkes, M.S. de Jong, C.A. Goulding, W.T.H. van Oers,
E.A. Ginkel, R.F. Carlson, A.J. Cox and D.J. Margaziotis. N.I.M. 143
(1977) 589-594.

2) R.F. Carlson, A.J. Cox, R. Abegg, N.E. Davison, D.K. Hasell,
R.H. McCamis, T.N. Nasr and W.T.H. van Oers, N.I.M. 188 (1981)
465-468.

3) R.F. Carlson, A.J. Cox, N.E. Davison, P. Drakopoulos, G.R. Maughan,
R.H. McCamis, W.T.H. van Oers and L. Wheeler, Annual Report,
University of Manitoba Cyclotron Laboratory, 1980-1981, pg. *9.
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STUDY OF THE * l6Sn(d,p)117Sn REACTION

AT 8.22, 12.2 AND 15.1 MeV

C. Lapointe, J. Birchall, N. Videla and J.S.C. McKee

University of Manitoba

H.E. Conzett, R. Larimer, D. Eversheim , and C. Rioux

Lawrence Berkeley Laboratory

J. Brown and S. Roman

University of Birmingham

We reported last year the results of the study of the

Sn(d,p) Sn reaction at 15.1 MeV. A second measurement at

12.2 MeV has been completed this year and the results of these two

measurements have been analysed with the results of an earlier

measurement at 8.22 MeV made by Cadmus and Haeberli . The

theoretical justification of the experiment and the experimental

method have been described in last year's Annual Report and will not

be repeated here.

DWBA calculations for the reaction were done using the computer

code PTOLEMY (from Pieper and Macfarlane) obtained from L.D. Knudson

at the University of Madison. The original DWBA calculations for the

data at 15.1 MeV had been made using the code DWCODE (from J.D. Harvey

Present address: Institut fur Kernphysik, Universitat Bonn,
W. Germany.
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and F.D. Santos, University of Surrey). PTOLEMY presents the great

advantage over DWCODE that It can be run on the VAX11/750 of the

Cyclotron Laboratory. The calculations have been repeated for the

data at 15.1 MeV for comparison with the previous calculations made

with DWCODE. The results were almost identical.

The DWBA calculations did not have much success in firting the

experimental data. Much time has been devoted to searching for a

better optical potential for the elastic scattering deuteron data

which are more difficult to fit than the elastic scattering proton

data. Several optical potentials were obtained, sometimes with quite

different parameters, all of them giving about equally good fit to the

elastic scattering data, but no real improvement on the reaction data.

In fact, the deuteron potential that gives the overall best fit is not

a potential that fits the elastic scattering data, but an adiabatic

2)
potential obtained following the prescription of Johnson and Soper

In fitting the elastic scattering data, the deuteron breakup is

neglected and the potential obtained leads to a poor fit. The

adiabatic potential takes into account explicitly the deuteron

breakup. The calculations made so far have shown that the fits

obtained using the adiabatic potential are the best ones which shows

that deuteron breakup is important. Figure 1 illustrates this by

showing a comparison between the DWBA fits obtained on the
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cross-sections of the Sn(d,p) Sn reaction at 12.2 and 15-1 MeV

with a deuteron potential obtained from Daehnick , and from the

adiabatic prescription.

References

1. Ca79 R.R. Cadmus Jr. and W. Haeberli, Nuc. Phys. A327 (1979) 419.
2. Jo70 R.C. Johnson, and P.J.R. Soper, Phys. Rev. C^, 976 (1970).
3. Da80 W.W. Daehnick, J.D. Childs and Z. Vrcelj, Phys. Rev. £,

Vol 21, No 6, 1980.
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A Liquid Helium Polarimeter

A. Helaly, J. Birchall and J.S.C. McKee

The following is a description of a new neutron polarimeter

which uses liquid helium both as the polarisation analyser and as a

neutron detector. The design contains several improvements on that

used previously . Neutrons scattering from the liquid helium

produce recoil a-particles which generate scintillations as they are

stopped in the helium. These scintillations are conveyed to the top

of the polarimeter by a solid quartz light-pipe which dips into the

liquid helium.

A cross-section of the polarimeter is shown in the figure. The

2)
scintillating liquid is located in a copper Isoangular Volume

(^418 cm") and in a reservoir located above the scintillation

volume. The total capacity is about 1.6 litres.

To minimize boil-off, the space surrounding the scintillation

volume is maintained at a vacuum of approximately 10 pascal. The

scintillation volume is also surrounded by copper radiation shields

maintained at liquid nitrogen temperature. Moreover, by wrapping the

upper ends of the filling and boil-off tubes with copper shim stock so

as to make thermal contact with liquid nitrogen jacket, the

temperature of the upper end of these tubes should be lowered

considerably. This should reduce the heat leak resulting in lower

boil-off.



In the old version of the polarimeter the main sources of

heat-leak were:

a) along the quartz light pipe (^27OmW. cm K )

b) along the stainless steel filling and boil-off tubes

These sources have been reduced considerably in the present design by

1) doubling the length of the light-pipe (76.2 cm)

2) placing a liquid nitrogen thermal clamp (8.7 cm) from the top

of the light-pipe to assure a low temperature gradient below

the clamp

3) reducing the number of helium filling/boil-off tubes from three

to two

4) making the helium filling/boil-off tubes be long (80.7 cm).

Liquid helium scintillates in the ultraviolet. For this reason

the inside of the scintillation volume and the end of the light-pipe

are coated with the wavelength shifter diphenyl stilbene (DPS) which

converts the light to the blue violet. Titanium dioxide is used as

2
reflector point and 100yg/cm DPS is deposited on the inside of the

2
iso-angular volume and 30)-!g/cm DPS on the end of the light-pipe.

The quartz light-pipe provides direct optical coupling between the

scintillation volume and an RCA8575 photomultiplier which is spring

2)
loaded and mounted vertically above the long light-pipe .
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In the coming weeks, the polarimeter will be completed and then

210
tested first with an a-source (Po , 5.3 MeV) and secondly neutron

beam generated by means of a proton beam from the cyclotron.

References

1) J. Birchall, M.J. Kenny, J.S.C. McKee and B.L. Reece,
Nucl. Instr. and Meth. 65 (1968) 117.

2) N. Videla, J. Birchall, J.S.C. McKee and W.D. Ramsay,
Nucl. Instr. and Meth. 192 (1982) 611.
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Low-Energy Expansions and Parameters

D. Bolle, C. Danneels, F. Gesztesy and S.F.J. Wilk

A systematic and rigorous treatment of low-energy expansions in

non-relativistic quantum mechanics is acheived for a quite wide class

of potentials.

In our work, we discuss the low-energy scattering for

Schroedinger hamiltonians taking explicitely into account the

possibility of zero-energy bound states and/or resonances.

In collaboration with D. Bolle" (Leuven), we considered the low-

energy expansions of the operators describing two-particle scattering

in three-dimensions . Recursions relations for the expansions

coefficients were derived for a complete case distinction with general

(non-necessarily spherically symmetric) potentials allowing

zero-energy bound states and/or resonances. Low-energy sum-rules were

proved and Levinson's theorem generalised to all these cases.

Applications including low-energy expansions of the two-body total

cross-section, low-temperature behaviour of the second virial

coefficient, were looked at. Closed expressions for the expansion

coefficients were also derived.

In collaboration with D. Bolle, and F. Gesztesy (Graz), the same

problem was looked at for the two-particle scattering on the

2 3)
line ' taking explicitely into account, the possibility of
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zero-energy resonances. Analytic expansions are presented for the

reflection and transmission coefficients, the phase-shift, and

resolvent difference. A set of sum-rules is obtained. In particular,

it is found that Levinson's theorem completely changes it's structure

in comparison with it's three-dimensional analogue (this is due of

course, to the additional Dirichlet's boundary condition at the origin

when considering Schroedinger operators on the half-line).

Finally, we would like to report that in collaboration with

D. Bolle, C. Danneels (Leuven) and F. Gesztesy, two-particle

scattering in two-dimensions is looked at and results will be soon

available for publication

References
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Cluster Expansions in Few-Body Scattering Problems.

D.Eyre*, T.A. Osborn and J.P. Svenne

Further progress on the cluster expansion for the solution of

1 2)
multi-channel few-body scattering problems ' has been achieved

3)since the last annual report . This work is progressing in a

number of directions:

(a) The calculations can now be done with local potentials

which have both attractive and repulsive parts, such as the

4)
Malfliet-Tjon potential. A calculation of the bound-state energy

of the three identical boson problem with this potential was reported

at the Karlsruhe Few-Body conference • Calculations of the

scattering of both three bosons and three fermions with this potential

are under way. Future work will include use of the more realistic

Reid soft-core potential. In addition, the calculations will be

extended above the break-up threshold (see (d), below).

(b) New mathematical techniques have been investigated, which

promise considerable reduction in computation time especially above

the break-up threshold. This involves the use of spline moment

functions in a Galerkin method for solving the integral equations

obtained for three-body scattering above the break-up threshold. By

* Present address: C.S.I.R., Pretoria, South Africa.
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the use of multiple knots in the spline interpolates, the

discontinuous behaviour of the scattering solution above break—up can

be approximated with good accuracy using a relatively small number of

interpolation points. A paper on this work for separable interactions

has been submitted for publication to the Journa.'. of Computational

Physics7).

2)
(c) In the context of the multi-channel model problem of ref ,

a study of resonances in multi-channel scattering has been begun.

This uses the time-delay formalism of Bolle and Osborn and will

show how to identify unambiguously the presence of resonances in the

three-body system. The multi-channel model has been modified to

include a resonance in one of the two-body subsystems, to see how such

a two-body resonance manifests itself in the three-body scattering

problem. A computer code has been constructed to compute the

three-body scattering matrix S(E) over a spline mesh in the energy E,

and from the spline interpolates, the time-delay matrix, q(E) is

calculated according to the equation :

q(E) = -i S+(E) ̂  S(E)

This code has been essentially debugged, and then the q-matrix will be

diagonalized. Any resonant behaviour should show up as sharp maxima

in the eigenvalues of this matrix, since a resonance represents a

large time delay, as the scattered particle must spend a substantial

amount of time in the scattering region. What is not clear, however,



- 99 -

is whether this behaviour will manifest itself in a single eigenvalue,

or in all of them. It is also of interest to see whether purely

three-body resonances, not originating from two-body resonances, are

possible in this system, and whether they lead to a behaviour of the

q-matrix distinguishable from that due to two-body resonances. These

questions, and others, can be Investigated in this model problem as a

function of the parameters of the model. It is anticipated that this

work can be largely completed by the end of calendar year 1983.

(d) The solution of the cluster expansion equations is being

continued to energies above the three-body break-up threshold. In

this energy region, additional singularities appear in the kernels of

the integral equations, but methods have been found to solve these

equations numerically. The computer time required, however, is

considerably greater than for energies below the break-up threshold.

For. that reason, the major thrust at present is to develop more

efficient computer subroutines, with the assistance of computer

programmers at C.S.I.R., Pretoria. These codes have not yet been

fully debugged, but when they are, calculations will be carried out

using both separable and local potentials of the Malfliet-Tjon

9)
type. In the latter case, comparison with calculations by Tjon

using Pade-approximant techniques will enable an investigation of the

rate of convergence of the cluster approximation technique, both at

low energy, and at medium energies, where the first term in the

expansion is closely related to the impulse approximation, but with

full two-body unitarity. It is hoped that in this energy range, the
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lowest-order term in the cluster expansion will be a significant

improvement over the conventional DWIA.

(e) To date all calculations with the cluster expansion have been

carried out using only s-waves in both the three-body system and the

two-body subsystems. A full angular-momentum reduction of the

Karlsson-Zeiger equations on which this theory is based has never

been done. This problem poses unique difficulties because of the

interact ing-basis states in which these equations are written. Work

is under way to construct the angular momentum reduction of the

Karlsson-Zeiger equations, and therefore the cluster expansion. When

this is done all the calculations can be carried with higher angular

momentum states with the aim eventually to get away from model

problems and treat realistic nuclear reactions. As part of this work

it is also necessary to allow for unequal-mass particles and spin.
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APPLIED RESEARCH PROJECTS

J.J.G. Durocher, h.\. Gusdal, V.P. Derenchuk and D. Gallop

The past year once again saw applied projects making an

important contribution to the Physics research being done in the

Cyclotron Laboratory. During this time projects ranged from the

production of radioisotopes for the study of brook trout to

obtaining accurate measurements of the radioactive emissions of dental

porcelains

One of the most important areas of applied research during the

past year involved the production of radioisotopes using the Cyclotron

facilities. On November 8, 1982 a workshop was held in this

department concerning "Cyclotron Involvement in Radioisotope

3)Production and Applied Research" . This day-long meeting between

members of the Cyclotron staff and those of other departments involved

in isotope work provided a valuable forum for the exchange of ideas

between those involved in isotope production and those involved in the

steps leading up to the products' use in diagnosis, treatment or

research. Besides expressing support for continued research and

development within the existing isotope production programme, workshop

participants called for work to begin on the production of a number of

other radioisotopes which included isotopes of Gold, Gallium, Bromine,

Sodium and others which had not previously been studied in this lab.

Interest was also expressed in the production of a number of positron

emitting isotopes.
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The raost important facet of the isotope programme remains the

123
production of I. During the past year, weekly Tuesday morning

production runs continued with only two occasions on which scheduled

runs were cancelled due to technical difficulties.

123
A major technical advance in I production however took

4)
place in March, 1983 when a new solid target system replaced the

target of compressed TeO. powder which had been used up to that

time. The new system is shown in Fig. I. Use of the solid target

provides for higher yields, easier handling and preparation, simpler

i 23
extraction techniques for the * I and for reduced radiation

exposure to production personnel.

Work is also continuing on the routine production of Kr in

the form of Rb/ Kr generators for lung imaging. Effort is

being concentrated on the development of more adequate remote handling

techniques which would allow for sufficiently large amounts of the

isotope being produced while maintaining the exposure to personnel at

a safe level.

84Production of Rb is continuing on a schedule determined by

the demand of the user, Dr. G. Sharma of the St. Boniface Hospital.

We are presently developing a target system which will ensure a higher

recovery of the very expensive Kr gas used in the irradiation.
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132
Production of Cs, discussed in last year's Annual

Report ' , has continued since that time. Two papers describing

the initial results of this work were presented at the recent meeting

of the Canadian Nuclear Association . Current work at this lab

involves Investigating target preparation and cooling systems aimed at

132
increasing the yield and specific activity of the CsCl product.

Production runs have thus far resulted in yields of up to

0,56PCi/PAhr/gra of CsCl (dry weight) These figures refer to the

positron portion of the radioactivity.

Work also continued in 1982-83 in the production of Al for

use in research conducted by R. Playle at the Fresh Water

Institute . Initial trials indicated the presence of Fe

27
impurities in the Al target used in the irradiations. The Fe,

along with a number of less signifigant impurities resulted in the

production of a number of unwanted radioisotopes which competed with

the Al produced. Future work is awaiting the aquisition of more

suitable target material.

One of the most recent additions to the list of isotopes

produced in this lab is the " """Hg/ mAu generator for the

production of Au used in cardiac studies . A target system

197for Au has been developed and an initial irradiation has been

carried out to investigate yields and contaminants. Our initial test

gave a yield of 4.1 mCi/yAhr. This compares well with the results of

other investigaters. Future work will investigate the yield as a

function of proton energy to determine the optimum bombarding energy.
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In addition to these isotopes, initial work on the production of

a number of others is underway. Cross-section and bombardment energy

calculations have been completed for ' ' Ga and ' Po. At

present work is continuing on target development with plans to conduct

initial irradiations this year.

Besides isotope production, there was a number of requests for

proton irradiations from researchers outside the Cyclotron Laboratory

this year. Samples of metallic glass ribbon were irradiated for

Mr. M. El-Gammel, a graduate student working under Dr. Morrish in the

Mossbauer spectroscopy laboratory. His work involves study of changes

in araorphicity after proton irradiation. An isotopically pure alloy

of Ni ( Ni. O,,V. 1 O /) was irradiated for Dr. Z. Stadnik of the
U »o / o U. Yl"

same laboratory. Here protons were used to produce Co via the

Ni(p,a) Co reaction which then decays via a 67.40 keV y~^ay to

populate the Mossbauer line in Ni. As a result of this work, the

Mossbauer lab of the Physics Dept. becomes one of four laboratories in

the world capable of doing Mossbauer spectroscopy on Ni.

Solar cells, Si films and Si wafers were irradiated for

Dr. H. Kezuka of Electrical Engineering as part of his research into

the electrical properties of Si. The same element was also irradiated

for Dr. B.G. Hogg of the Dept. of Physics at the University of

3) 22
Winnipeg . In this case protons were used to produce Na via

oo 99 99

the Si(p,2p n a) Na reaction. Na is a positron emitter and

this technique results in a positron source being uniformily

distributed in the Si wafer. This type of internal source is an
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extremely valuable tool in the study of positrcn decay in materials

being conducted by Dr. Hogg's research group.

In conjunction with irradiations it should be mentioned that

work is underway on the design of a short, dedicated beam line to be

installed in the vault to be used for isotope production and other

irradiations. Installation of such a beam line would allow

irradiations to continue with far less effect on the experimental

Physics research which is the main function of the Cyclotron facility.

It would also allow for easier introduction of remote handling

facilities for dealing with hot targets.

In other applied research, work is continuing in the field of

proton induced x-ray emission (PIXE). The main areas of study this

year were once again collaborative projects in the study of the

biological effects of Cesium with C. Pinsky et. al. of the Dept. of

Pharmacology and Therapeutics and the study of Rubidium uptake in

cardiac tissue involving G.P. Sharma et. al. of the St. Boniface

General Hospital. It is expected that these projects will continue

during the coining year.

The apparatus used in the PIXE studies underwent a major

upgrading in the past few months with the construction and

installation of a new remote controlled target ladder. This system,

built by Andre Croteau, a summer student working in the lab, will

greatly reduce the time required for changing targets while providing

for consistent, reproduceable target positioning.
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A project which saw considerable progress being made during the

past twelve months was the study of radioactive emissions from dental

porcelains ' . Using the detection system which had been upgraded

in 1982, Mr. A. Lockshin, a summer B.Sc. Dent, student from the School

of Dentistry, was able to obtain a number of accurate and

reproduceable spectra of alpha particles emitted from dental

prosthesis. A more detailed report of this work may be found

elsewhere

Finally, the Cyclotron Laboratory has recently purchased a piece

of equipment which will prove extrememly valuable in earring out

applied research such as is described in this report. Delivery of an

Ortec Model 7450, 4k channel multichannel analyser system is expected

by early November 1983. While awaiting delivery we have on loan from

Ortec a Model 7150, Ik MCA system. This unit has been used

extensively in past months in our isotope development programme. This

type of stand-alone, portable system allows f ,r the running of

"off-line" experiments such as studying the radioactive decay without

interfering with the "on-line" Nuclear Physics experiments which make

up the bulk of the lab's research programme. This is because the

system can collect data without having to tie up the data collection

system of the VAX/750 computer. The Model 7450 MCA will also have the

capability of transfering data directly to the VAX system for later

detailed analysis and bulk storage.
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Analysis of Large Biomolecules and Molecular Clusters

by Time-of-Flight Mass Spectrometry

R. Beavis, W. Ens, D. Main, B. Schueler and K.G. Standing

1 2)
Continuing our studies of alkali halide clusters ' . we have

observed a marked increase in the yield of cations, anions, and all

> 14
cluster ions after irradiating alkali halide samples with ~ 10

2
alkali ions/cm . Figure 1 shows the spectrum of Csl before and

after irradiation with -10 Cs ions/cm'. Irradiation has

increased the yield of Cs ions by a factor of ~100 and has given

correspondingly large increases in the abundance of cluster ions.

After the initial change, furtlier irradiation produces little effect,

as shown in Figure 2 for KI. Surface cleaning may account for part of

the increase, but it appears that other factors are involved, since

most of the improvement remains even after a sample is exposed to air

for more than a week. Further experiments are planned in co-operation

with the Orsay group, who have observed similar effects

In the study of organic materials, sensitivity is an Important

factor, since the amount of material available may be very small. One

of the factors determining sensitivity is the method of target

preparation. The area of the target hit by the primary beam depends

on the beam divergence. In our geometry the beam spot on the target

2
is ~I mm in diameter, considerably smaller than the M cm normally

used in a fission fragment spectrometer. In that instrument a

significant loss in intensity would occur if the target size were
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9 S 9

reduced, since Ci fission fragments are emitted isotropically
from the source. However, in our case it is clearly desirable to

2
deposit the target material only on the 1 mm struck by the primary

beam, at least if the amount of target material is limited.

Ct'

LL

••fora Irradiation

>100

Tim*

C»*
Aftar Irradiation
With -icTca'/cm*

1100

n.1
1 f f ? '

Tim*

Fig. 1 Time-of-flight spectra of ions from 8 keV Cs ion
bombardment of electros prayed Csl before and after bombardment
with ~1016 Cs+ ions/cm (at 18 keV). The scale on the spectrum
before irradiation has been magnified by a factor of 100;
i.e. irradiation has increased the yield of Cs+ions by
a factor ~100.

A convenient method of target preparation is the electrospray

technique , which normally deposits target material over several

square centimetres.
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We have developed a modification of this technique which concentrates

the deposit onto a much smaller area.

Cs+ Irradiation of Kl

33

c
o

o
o>

-• .•

n=2

n=3
n=4

2.0
Particles/cm2 (x io1 5)

4.0

Fig. 2 Ion yield for K ions and various clusters [(Kl)nK]
from 8 keV Cs+ ion bombardment of electrosprayed KI, as a
function of the; total number of incident Cs+ ions (at 18 keV)
per cm .
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The method is illustrated in Figure 3. Here the charged droplets

emerging from a small orifice are:

Field Plan*

Ring

Fig. 3 The left illustration shows a normal electrospray.
Droplets are spread over an area of several cm2. The
focused electrospray is shown on the right. The electrostatic
lens (a simple metal ring set to a potential between the
needle and the target potentials) can be adjusted to focus
the droplets onto an area ~ mm in diameter. The amount of
target material outside this area is small. Presumably the
same sort of process is responsible for focusing the
electrospray onto a field emitter, as reported recently
In that case the focusing is provided by the natural
convergence of the electrostatic field lines at the field
emitter.

An example indicating the present sensitivity of the method is

shown in Figure 4. Here 150 pmole of methionine enkephalin was

electrosprayed onto a -3 mm diameter area. The beam spot diameter was

~1 mm so about 20 pmole of target was hit by the beam. The spectrum

obtained in a 20 minute run is shown in the figure. In this spectrum

11000 counts are contained in the (M+Na)+ peak. Many fragment ions

are observed corresponding to the decompositions indicated in
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140 BIN NUMBER 1400

Fig. 4 Spectrum obtained from a 150 pinole target of methionine
enkephalin. The full mass spectrum is shown below. The part of the
spectrum between masses 140 and 550 is shown above on an expanded
scale with a smooth background subtracted.
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Figure 5 . Thus a good deal of information is available for

determination of the peptide sequence.

Tyr - Gly - Gly - Phe - Met
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Fig. 5 Structure and fragmentation pattern of methionine
enkephalin.
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Characterization of an Ion-Implanted Surface

by Surface Raman Scattering

M.S. Mathur

Ion implantation is a process by which virtually any element can

be injected into the near-surface region of any solid by means of a

beam of high-velocity ions, usually tens to hundreds of

kilo-electron-volts in energy, striking a target mounted in a vacuum

chamber. The result of ion implantation into materials is the

formation of a surface alloy of graded composition that possess no

well-defined interface with respect to the substrate. Sometimes,

during the implantation process volatile gases are produced which get

absorbed into the host surface. The study of these ion-implanted

surfaces is of considerable importance, and we have undertaken this

study to understand the the modification of the surface

characteristics on account of ion-implantation. Crystalline silicon

(p-type) was implanted with CL and N at 30 keV and

18 ?
a fluence of 10 ions/cm and a graphics wafer was implanted with

2 to a dose of 101 ions/cm2 using the Narodny Ion

Accelerator at the cyclotron laboratory of the University of Manitoba.

The simultaneous implantation of 0 2
+ and N 2 in silicon

is expected to result in the formation of silicon-oxynitride, various

silicon and nitrogen complexes as well as oxides. In order that these

formations are not disturbed, a technique of light scattering v. Raman

scattering from the surface has been utilized. The surface Raman
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complexes mentioned above have been identified. It has been known

that the technique in driving low energy electrons (LEED etc.) cause

modification of the surface characteristics and even result in the

desorption of the adsorbed species formed during ion implantation.

The graphite is a well known example where D_ bombardment result

not only in the formation of polyesystallinc layer, but also various

methanes. We have characterized these methanes on the graphite

surface bombarded with D. , utilizing the surface Raman technique.

The results have been submitted for publication.
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Proton Radiography

R. Prakash

The Cyclotron Laboratory was approached by Dr. Woodbury from the

Department of Plant Science who required to know the internal

structure of part of a grain of wheat. Conventional methods could not

be employed as he wanted to identify small gas envelopes in the tip of

the seed which collapsed if the seed was opened.

It was decided to employ the technique of proton radiography

which had been introduced to this laboratory by Drs. Davison, Falk and

McKee. The technique consists of placing the object of interest in

front of a photographic film and exposing this setup (see Figure 1) to

a proton beam. Protons will naturally scatter due to collisions

within the object, as is illustrated. Where there is a boundary or

change in density there will be a pair of lines on the film, one dark

and one light, due to variation in intensity of the beam after

scattering. This technique thus shows boundaries and edges quite

well.

Considerable internal structure was found in the wheat grains,

the best results obtained using Tech-Pan film and high contrast paper.
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Further work is being done to design an automated apparatus for this

procedure, possibly using photographic plates, such as in mass

spectrometry.

PRO TO A/S

OBJECT

ELfi T//£ PgOTOA/

FILM

Fig. 1 Proton Radiography
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DENTAL PORCELAIN STUDIES

J. J. Guy Durocher, A. Lockshin , W. B. Love ,

A. M. Sourk.es*, and R. Ross*

The last few months have seen significant progress in a

collaboration involving the Cyclotron Laboratory, the Department of

Rehabilitative Dental Sciences, and the Radiation Protection Branch of

the Manitoba Cancer Treatment and Research Foundation. The aim of the

work is to accurately measure the radiation emitted by porcelains used

in dental prosthesis. The radiation is due to uranium added to the

porcelain for cosmetic reasons (Ref. 1).

Using equipment and measurement techniques available at the

Cyclotron Lab, work is underway measuring the spectra of alpha, beta

and gamma emissions from dental prosthesis. This project differs from

previously published work by other groups in that the present work is

aimed at obtaining energy spectra for each of the radiation modes

rather than simply counting the total number of alphas, betas or

gammas emitted regardless of energy. This energy information is very

important in predicting possible radiation hazards to biological

tissue in contact with the material.

Dept. of Rehabilitative Dental Sciences
* Radiation Protection Branch, Manitoba Cancer Treatment and Research
Foundation
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Work to this point has concentrated on measuring alpha spectra

using a silicon surface barrier detector in a vacuum chamber modified

for these studies. An alpha spectrum for a typical sample is shown in

Fig. 1. The next stage of the project, which is now underway, is to

measure the beta spectrum using an NE102 plastic scintillator. The

final stage of measurements will be to determine the gamma spectrum

using a Nal(Tl) or Ge(Li) detector.
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Once the spectra for each type of radiation have been determined

they will be used to estimate the dose to the oral tissue which would

result if this material was used in a dental prosthesis. Software to

do this for the case of alphas is being implemented to run on the

Cyclotron's VAX computer system. Later versions of these programmes

will do similar dose calculations for the beta and gamma cases.

It is finally hoped that it will be possible to relate the

detailed measurements and calculations done at the Cyclotron lab to

measurements being done at the Cancer Foundation using standard

radiation monitoring equipment which provides information only on the

total count rates. Relating this data, which lacks energy

information, to the more difficult and time-consuming work done at the

Cyclotron will allow for quick estimation of the biological hazards of

a variety of samples of dental porcelain.
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"Secondary Ion Mass Spectrometry of Protected Oligonucleotides", R. Beavis,

W. Ens, M.J. Nemer, K.K. Ogilvie, K.G. Standing and J.B. Westmore,

Int. J. Mass Spectrom. Ion Phys. _46, (1983) 475-478.

"Time-of-Flight Measurements of Metastable Decay", K.G. Standing, W. Ens

and R. Beavis, in Ion Formation from Organic Solids 107-110,

Springer-Verlag (1983).

"Low-Energy Sum Rules for Two-Particle Scattering", D. Bolle and

S.F.J. Wilk, J. Math. Phys. 24 (1983) 1555-1563.

"New Results for Scattering on the Line", D. Bolle, F. Gresztesy and

S.F.J. Wilk, Phys. Lett._A97 (1983) 30-34.

"Study of the Separability of Proton and Deuteron Spin-Dependent Effects in

the Sn(d,p) Sn Reaction", C. Lapointe, J. Birchall, J.S.C. McKee,

H.E. Conzett, R.M. Larimer and D. Eversheim, in Proceedings of the

International Conference on Nuclear Physics, Florence, Vol. 1, August

29-September 3, (1983) 479.
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PAPERS PUBLISHED OR IN PRESS Continued

4 4
"Measurement of A and A in the He(d,p)n He Reaction at 14.8

MeV", M.S.A.L. Al-Ghazi, J. Birchall, C. Lapointe, J.S.C. McKee and

N. Videla, in Proceedings of the 10th International Conference on Few Body

Problems in Physics, Karlsruhe, August (1983) 243.

"Study of Spin-Dependent Effects in the Sn(d,p) Sn Reaction",

C. Lapointe, J. Birchall, N. Videla, J. Knudson and J.S.C. McKee, in

Proceedings of the 10th International Conference on Few Body Problems in

Physics, Karlsruhe, August (1983) 370.
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PAPERS PUBLISHED OR IN PRESS Continued

Applied Nuclear and Environmental Physics

"Si(p,a) Total-Reaction Cross Sections for Microelectronic Applications",

G.R. Maughan, R.H. McCamis, N.T. Okumusoglu and W.T.H. van Oers, J. Appl.

Phys. 5_4, (1983) 1120-1123.

133 132

"Interactions Between Stable Cesium ( Cs), Positron-emitting Cs,

and Malignant Tissue", C. Pinsky, A.M. Dalecka, J.S.C. McKee,

J.S. Henderson, E.D. Bertalanffy, G.P. Sharma, C. Friesen, J.J.G. Durocher,

J. Birchall, C. Lapointe, M.I. Gusdal, R. Bose and F. Ramji, in Proceedings

of the 65th Annual Meeting of the American Radium Society, Vol. 6, 2 (1983)

142.

" Cs and Cyclotron-Produced Cs Show Selective Tumor Affinity,

Antitumor Effect and Tumor-Detection Capability; Nuclear

Physics-Biomedical Research Collaboration Strengthens Efforts in Applied

and Basic Research", C. Pinsky, J.S.C. McKee, F.D. Bertalanffy,

J.S. Henderson, A.M. Dalecka, R. Bose, G.P. Sharma, C. Friesen, J. Keddy,

J. Birchall, J.J.G. Durocher, E. Brockhausen, C. Lapointe, I. Gusdal and

F. Ramji, in Proceedings of Canadian Nuclear Society Conference (1983) in

press.



- 126 -

PAPERS PUBLISHED OR IN PRESS Continued

132
"Production of Cs; A Positron Emitter", J.J.G. Durocher, I. Gusdal,

J.S.C. McKee, C. Friesen and D. Gallop, in Proceedings of Canadian Nuclear

Society Conference (1983) in press.
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PAPERS PUBLISHED OR IN PRESS Continued

Intermediate Energy Physics

3
"Study of Two-Nucleon Wave Functions in He", A. Bracco, H.P. Gubler,

D.K. Hasell, W.T.H. van Oers, M.B. Epstein, D.J. Margaziotis, R. Abegg,

C.A. Miller, H. Postma, A.W. Stetz and P. Schwandt, Phys. Rev. Lett. .5(3,

(1983) 1741-1744.

24

"Elastic and Inelastic Scattering of Protons from Mg with Coupled-

Channels Analysis for the Energy Range 17-185 MeV", D.K. Hasell,

N.E. Davison, T.N. Nasr, B.T. Murdoch, A.M. Sourkes and W.T.H. van Oers,

Phys. Rev. £27, (1983) 482-488.
4

"A Measurement of the Wolfenstein R Parameter in Proton Helium Elastic

Scattering at 500 MeV", G.A. Moss, C.A. Davis, J.M. Greben, L.G. Greeniaus,

G. Roy, J. Uegaki, R. Abegg, D.A. Hutcheon, C.A. Miller and W.T.H.

van Oers, Nucl. Phys. A392, (1983) 361-367.
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PAPERS SUBMITTED FOR PUBLICATION OR TO BE PUBLISHED

November 1, 1982 to October 31, 1983.

Nuclear and Atomic Physics - Experimental and Theoretical

"Design of Central Region of the University of Manitoba Cyclotron",

J. Bruckshaw, F. Konopasek, J. Lancaster, S. Oh, R. Pogson and M. Yoon,

Computing in Accelerator Design and Operation Europhysics Conference,

Berlin (West), September 20-23 (1983).

"Automated Cyclotron Magnetic Field Measurement at the University of

Manitoba", V. Derenchuk, J. Bruckshaw, I. Gusdal, J. Lancaster,

A. Mcllwain, S. Oh and R. Pogson, Computing in Accelerator Design and

Operation Europhysics Conference, Berlin (West), September 20-23 (1983).

"Theory of Rod and Half-Rod Concentrator Solar Cells", I. Abdel-Motaleb,

F. Konopasek and S. El-Nahawy, 1983 Photovoltaic Solar Energy Conference,

Athens, October 17-22 (1983).

"Cluster Expansion for Three-Body Bound States", D. Eyre and J.P. Svenne,

Contributed Paper to Proceedings of Few Body X Conference, Karlsruhe,

Germany, August 21-27 (1983).

"Spline-Galerkin Solution of Integral Equations for Three-Body Scattering

Above Break-Up Threshold", Ayse Alaylioglu, D. Eyre, M. j'rannigan and

J.P. Svenne, Submitted to Journal of Computational Physics.
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PAPERS SUBMITTED FOR PUBLICATION OR TO BE PUBLISHED . . Continued

"Raman Spectra of Graphite Surface Implanted with D ". M.S. Mathur,

V.P. Derenchuk and J.S.C. McKee, to be published.

"Raman Studies of the 0? and N~ Bombarded Silicon

Surface", M.S. Mathur, V.P. Derenchuk and J.S.C. McKee, to be published.

"Raman Spectra of Germanium Surface Implanted with N and H ",

M.S. Mathur, V.P. Derenchuk and J.S.C. McKee, to be published.

"Separation of Projectile and Ejectile Spin-Orbit Distortions in a 1=0

(d, He) Reaction", J.D. Brown, J.M. Barnwell, S. Roman, H.E. Conzett,

D. Eversheim, R.M. Larimer, J. Birchall, C. Lapointe, J.S.C. McKee,

N.M. Clarke, R.J. Griffiths, J.S. Hanspal and R.A. McCulloch, submitted to

Nuc1. Phys. A.

"The Differential Cross Section for Proton-Proton Elastic Scattering at

90° cm. Between 300 and 500 MeV", D.F. Ottewell, E.G. Auld, W. Falk,

G. Giles, G. Jones, G.J. Lolos, B.J. McParland, P. Walden and W. Ziegler,

Contributed paper to the 10th International Conference on Few Body Problems

in Physics, Karlsruhe, August 21-27 (1983).
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PAPERS SUBMITTED FOR PUBLICATION OR TO BE PUBLISHED . . Continued

"Data Reduction from Experimental Histograms", W.R. Falk, accepted for

publication in Nucl. Instr. and Meth.

"A VAX 11/750 Computing Facility at the University of Manitoba Cyclotron

Laboratory", C.A. Smith and J.R. Anderson, to be published in the

Proceedings of the Decus Canada Symposium, June, 1983.

"Description and Performance of a VAX 11/75O=MBD Computer System at the

University of Manitoba Cyclotron Laboratory", C.A. Smith and J.R. Anderson,

to be published in IEEE Trans. Nuc. Sci.

"MBDDDT - An Interactive De-Bugging Tool for VAX-MBD Based CAMAC Systems",

J.R. Anderson, to be published in IEEE Trans. Nuc. Sci.
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PAPERS SJBMITTED FOR PUBLICATION OR TO BE PUBLISHED . . Continued

Intermediate Energy Physics

"Symmetries and the N-N Interaction", W.T.H. van Oers, in Proceedings of

the 10th International Conference on Few-Body Problems in Physics.

3 3

"Comparison of the He(p,2p)d and He(p,pd)p Reactions", A. Bracco,

H.P. Gubler, D.K. Hasell, W.P. Lee, W.T.H. van Oers, M.B. Epstein,

D.A. Krause, D.J. Margaziotis, R. Abegg, C.A, Miller and A.W. Stetz,

submitted to Physics Letters.
3 3

" He(p,p) He Analyzing Powers and Phase Shift Analysis Between 25 and

35 MeV", P.J.T. Verheijen, R.H. McCamis, C. Lapointe and W.T.H. van Oers,

Contribution to the 10th International Conference on Few-Body Problems in

Physics.
3

"A polarized He Target for Nuclear Scattering Experiments",

P.J.T. Verheijen, R.H. McCamis, P. Drakopoulos, W.T.H. van Oers and

A.D. May, submitted to Nucl. Instr. and Meth.

"The Analyzing Power of the pp-̂ T d Reaction at Intermediate Energies",

G. Giles, E.G. Auld, G. Jones, G.J. Lolos, B.J. McFarland, W. Ziegler,

D. Ottewell, P. Walden and W.R. Falk, Contributed paper to the 10th

International Conference on Few Body Problems in Physics, Karlsruhe, August

21-27 (1983).
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PAPERS SUBMITTED FOR PUBLICATION OR TO BE PUBLISHED . . Continued

"Pion Production Cross Sections and Analyzing Powers in the Inclusive

12C(p,TT+)X Reaction at 400 and 450 MeV", W.R. Falk, E.G. Auld,

G. Giles, G. Jones, G.J. Lolos, W. Zlegler and P.L. Walden, submitted to

Nucl. Phys. A.
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THESES COMPLETED DURING 1982-1983

1. "Proton Scatter ing From Polarized Helium-3 in the Energy Range

From 20 to 35 MeV", by Peter J .T. Verheijen, Ph.D.

4 4
2. "The He(d,p)n He Reaction, Single-Photon Emission

Following Proton-Tnduced Double K-Shell Ionization and a

Design and Feasibility Study for a Proton Microprobe", by

Muthana Sabbar Abdul Latif Al-Ghazi, Ph.D.

3. "Precise Atomic Mass Determinations With High Resolution

Mass Spectrometry", by R.J. Ellis, Ph.D.
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Report on the Polarized Ion Source

A. Rouvas (Supervisor: Dr. S. Oh)

The project for this year was the assembly, improvement and

operation of the polarized ion source.

Assembly and maintenance of the ion source, and also an

extensive vacuum leak test were the first things to consider.

The second step was the improvement of the nuclear spin filter

on the basis of ideas from designs of the Los Alamos group.

Additional improvements are yet to be made on the positive ion

duoplasmatron, which provides the beam of H and D ions. These

improvements are under discussion with Dr. S. Oh.

Assembly and maintenance was completed in June of this year and

followed by preliminary leak testing. Several vacuum problems were

isolated and resolved.

A serious leakage problem was found in the 1600 MHz cavity where

the nuclear spin filter is located. It took seven weeks to complete

the repairs to full satisfaction. Subsequently, two compressors for

the cryopumps which support the vacuum system were found to be

obsolete. It is recommended that these be replaced. Besides this,

the ion source is ready for full operation. The project is still

underway and is expected to be finished by January of next year.
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Neutron Beam Line Development

Fred Adams (Supervisor: N.E. Davison)

Over the four months of the summer, progress has been made

towards upgrading the quality of beam produced in the neutron line.

In conjunction with this, there has also been a good deal of progress

made in computer simulation of the performance of the neutron beam

producing facility.

One necessary part of the neutron beam collimation simulation

program is a complete computerized table of neutron cross sections for

all pertinent elements. Such a table already existed at the beginning

of summer, but was in need of further work. The elements lead, iron,

calcium, silicon, and oxygen had already been entered into the table.

These entries were altered on the basis of more conclusive data, as it

was made available through literature searches. Hopefully, more

extensive information will yet be found to support the cross section

estimates for reactions on lead and various other elements. The table

was extended to include carbon, as the need for and availability of

such information became known. The reactions of neutrons with carbon

are relatively few in number at the energies of interest so that it

was a relatively simple matter to put together a complete table of

cross sections for this element.
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The program was then used to examine various colllmator designs.

There are many theoretical guidelines for setting up neutron

collimators; these were tested in several arrangements.

The latter part of the summer was spent doing work more directly

related to the beam line. The first such piece of work, involved a

capacitive time pick off. This simple device, consisting of two

concentric conducting cylinders placed around the beam, produces a

varying voltage output due to the electrostatic fields surrounding the

pulses of the proton beam. Thus, the time pick off yields information

about when the proton pulses are incident on the neutron production

target. Correlation between this signal and noise in the detectors

indicates background radiation produced by the beam. It was hoped

that such knowledge would aid in the elimination of background noise.

Although the signal was detected, there was no time for further

experimentation prior to this report.

Plastic sheet scintillation detectors, intended for use as

neutron beam monitors or in combination with wire chamber particle

detectors, were next constructed. Small sheets of plastic

scintillator were hand polished and connected to photomultipliers by

means of light-pipes. The units were then wrapped and tested. The

wrapping of the detectors was found to be light-tight, and they were

found to give clear pulses when tested with gamma ray sources.

Several spectra were taken from the detectors, using a multi channel

analyzer, and with gamma rays incident on various areas of the

detector. The pulse height output was found to be dependent on the
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gamma ray source's position, with variations of ten or fifteen percent

near the edges of the scintillator sheet. It was also found that the

energy resolution of the detectors was roughly as expected. The two

detectors were then tested as neutron monitors, and successfully

signalled the presence of recoil protons from neutron elastic

scattering on hydrogen in polyethylene.

A light-tight, air-tight chamber was built to accomodate the

light sensitive scintillator detectors, and to allow the use of large

detectors in a helium atmosphere. Since charged particles must travel

large distances from the targets to the large detectors and between

the large detectors, it was hoped that the use of helium in the

chamber would reduce the amount of energy lost by the particle while

not within the detectors. The chamber is to be tested during the last

week of August.
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Upgrading of the Solar Concentrator Facility

John Martens (Supervisor: J.S.C. McKee)

In the past 4 months prepared the solar energy facility located

at the University of Manitoba for experimental use.

First of all, 2 variety of manual labour jobs were undertaken.

These include:

(i) The removal of the old dishes,

(ii) Using concrete blocks, previously under the dish, to lay a

sidewalk alongside the air conditioner,

(iii) pouring 4 new 2' x 2' x 1' concrete corner "anchors" for the

main frame,

(iv) attaching the frame to the anchors and mounting the supporting

post for the dish to the frame,

(v) constructing support posts (for the routing of cables) fanning

out in 3 directions from the south-east corner of the air

conditioner,

(vi) painting all metal surfaces (susceptible to vos) with at least

2 coats of white post paint.
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After this, we worked on other jobs such as aligning the

heliostat mirrors, mounting the X-Y-Z table, and routing cables

through the air conditioner to the paraheliometers. X-Y-Z table, and

heliostat. We tested the heliostat indoors, attached shock absorbers,

and painstakingly checked its azimuth and vertical limits. From the

voltages emitted by the 3 labpots on the X-Y-Z table we calibrated and

recorded voltages vs. distance. The table can now be moved to any

desired location from inside the building.

Special attention and much time was spent on the actual tracking

mechanism of the heliostat. After checking and re-checking the wiring

and making a number of trial runs, we managed to correct a few of the

"bugs" in the system.

Other duties, too numerous and diverse to mention here, filled

much of our time. But one job, which I personally worked on for two

weeks, merits special mention.

Since our experiments would be carried out in winter and could

pose some threat to a near observer we thought that some type of

monitoring system would be necessary. I designed a unit to mount on

the east side of the air conditioner which would scan, by remote

control, in the azimuth while fixed in its horizontal elevation. The

box was mounted with a stationary monitor on either side. A power
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supply was incorporated into the box while control and coaxial R/F

wires were routed back to the control room. A control panel with a

3-way switch to charge cameras and remote control switch was inserted

the last few minutes of my last day.

This experience gave me some good exposure to scientific work,

allowed me to participate in the actual construction of equipment and

helped me to understand some of the frustrations involved in this type

of work.
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Wire Chambers for Low Energy Nuclear Physics Experiments

Blake Irwin (Supervisor: W. R. Falk)

During the first few weeks of the summer I assisted in the

14 11

C(p,a) B experiment learning about accelerator experiments and

the operation of the cyclotron. For the next six weeks I worked with

Jeff Diamond on the reconstruction and testing of a helical drift

chamber, originally built by C. Randell (Ref.1) in 1976- A method of

stringing wires and mounting foils was developed, following which

several weeks were spent in testing the device. There were a number

of problems to overcome, but our final conclusion was that, while the

resolution obtained by C. Randell was 2-3 mm on the anode, in general

the design was such that a reliable operation at satisfactory

resolution would be impossible to achieve, without completely

re-building the device. Indeed, our best resolution results were

approximately 1 cm. hence I undertook the task of designing a new wire

chamber of relatively simple design and, hopefully, reliable

operation. An initial grounding problem with this new chamber

resulted in its destruction during tests.

Perhaps the best design for a small position sensitive detector

would be a resistive-wire charge-division type chamber. Resolution of

the order of 1 mm is readily obtainable, with some designs achieving

values as low as 1/4 mm. A further advantage of charge-division type
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chambers is their very simple design. The lack of a suitable

resistance wire of approximately 8 kohms per mm made it impossible to

pursue this design in the short time available.

References

C. Randell, M.Sc. Thesis, University of manitoba, 1976, unpublished.
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Improvements of the PIXE Chamber

Andre Croteau (Supervisor" C. Lapointe)

Two projects were undertaken this summer. The first one

consisted of building an electron cannon to be used for sample

bombardment. The aim of this device was to verify the following: A

sample shelled by a proton beam will excite electrons. Some of the

electrons will return to the ground state thereby causing x-ray

emission. As most electrons leave the sample, the production of

positive electrical potential between the target and the chamber,

pressurized at 10 torr, will ensue. This causes vacuum arcing to

appear which will in turn induce undesirable noise on the x-ray

spectrum.

The initial experimental results were negative as we could not

obtain a current at the collector. Upon closer inspection, it was

discovered that the reason for the malfunction was due to the poor

vacuum in the PIXE chamber. According to theory, in order to obtain a

current at the collector, we must use a vacuum pressure that is at

-9
least 10 torr so that the tip of the needle will stay cleaned and

undamaged. With a "high-vacuum", the tip of the needle stays free of

monolayers and thus will not be hampered by vacuum arcing. Given the

constraints in pressure of the PIXE chamber, the technique of field

emission had to be substituted by another one — namely thermal

emission.



- 145 -

Thermal emission takes place when an oxide coated nickel

filament is heated by a direct current. Furthermore, to facilitate

and increase the electron emission a positive grid was inserted

between the filament and the collector. It is important that the grid

must be closer to the filament in order to obtain the required

electrical field. As such, we were able to obtain a current of a few

micro-amps at the collector from both a current of 11.5 amps across

the filament and acceleration voltage of 200 volts applied on the

electrons.

We tested the improved device on "C" line of the cyclotron.

Unfortunately, we could only obtain a weak current at the collector

(~ 0.5 microamps). Moreover, the x-ray spectrum still remained

unchanged. At this stage, we could not conclude that the experimental

device was incapable of performing according to our own specification.

We "had yet to verify this system with a higher current. We can

probably achieve this by improving the efficiency of the filament. A

new one has been built and is ready to be tested for future use.

The second project consisted of building an automatic target

ladder for the PIXE chamber. The target ladder was attached to a

motorized rod. This allows the sample to be conveniently positioned

from the control room. The controls for the motor, the position

switch and the limit switches were set by relays. The readouts that

indicate the sample position before a run work with a flip-flop,

decoders and counters up/down.
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Our sojourn at the University of Manitoba has been very

beneficial. During the four months of our stay, we were able to

acquire invaluable experience in Nuclear Physics particularly with the

PIXE technique. In return, we were able to reciprocate some insight

as we provided assistance in various experiments and personally

assumed the building, conception and assembly of most of the

mechanical and electronic components that were used in the two

projects.

We would like to offer our most sincere gratitude to all the

staff members and graduate students who have offered their assistance

during the summer. Perhaps we shall all meet again as working cohorts

some day in the future.
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Repair of a Multi-Wire Proportional Counter

Jeffrey Diamond (Supervisor: N.E. Davison)

For the largest part of the summer I worked with Blake Irwin,

another summer student, attempting to repair.reconstruct and test a

multiwire proportional counter designed and built by C.P. Randell

(M.Sc. thesis University of Manitoba 1976). We hoped to bring the

chamber back into working order or at least to gain some experience

which might help to design and build another.

In the chamber a cathode is wound as a flattened helix around a

grounded anode plane of fine wires (13 micron gold plated tungsten)

strung parallel to one another and to the axis of the cathode helix.

The chamber is filled with gas (70% Argon, 30% Carbon Dioxide) and

high voltage close to breakdown is applied between anode and cathode.

When an ionizing particle passes through the chamber a current pulse

is induced between the anode and cathode at the location of the

ionized track. A pulse induced on the cathode travels in both

directions away from the site of the initial avalanche. The

difference in arrival times of the pulse at either end of the cathode

is proportional to the position of the initial pulse giving the

coordinate along the axis of the helix. The anode wires are tapped at

regular intervals onto a delay line permitting a pulse to travel in

either direction along it. The difference in arrival times at either

end of the delay line gives the second coordinate.
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After restringing both anode and cathode, replacing the

aluminium foil on either side of the chamber and all electronic

components within it we tested the delay and attenuation of both anode

and cathode delay lines with a pulser. The chamber was filled with

the gas mixture and voltage applied to it. After many steps were

taken to reduce frequent corona discharge, pulses were observed due to

137
the Cs test source when it was placed near the chambers active

area.

The pulses from either end of the cathode were fed through

timing filter amplifiers, constant fraction discriminators and into

the start and stop of a time to pulse height converter, with one

signal delayed by 60 ns. The chamber was mounted on a plexiglass

stand with divisions marked every half centimetre along both

directions. There were 25 half-cm divisions along the X-axis and 32

along the Y-axis. We constructed a collimator of lead of thickness

0.5 cm with one 0.64 cm hole in the centre. With the collimator we

used a cesium-137 source measured at 11.04yCi January 1,1969 (half

life =31 years). The collimator was mounted on a plexiglass guide to

position it with respect to the divisions marked on the side of the

chamber. The efficiency of the chamber measured in counts per second

with a ratemeter on the constant fraction descriminator varied with

the position of the collimated source. The count rate appeared to

have a small maximum as well as a high "ridge" near the rear (y=32) of

the chamber.
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The range of channels where the multichannel analyzer appeared

to be counting seemed to move along the channel axis of the

oscilliscope monitor as the collimator moved correspondingly. However

very high peaks appeared which seem to correspond to areas with high

count rates. These peaks rose much faster when the collimator is over

the corresponding area. Our supply of Ar-CO~ was exhausted while

testing the anode with the collimator for position resolution. The

spectra recorded on the M.C.A. showed wide peaks which seemed to

correspond to the collimator position.

The problem with efficiency seems to be preventing us from

seeing any proper position resolution off the cathode. The wire board

is not evenly spaced between the outside ground planes. This could be

part of the problem. In order to change this the case which holds the

board would have to be redesigned so as to leave ample room for the

high voltage B.N.C. connector.

We need to continue with the testing of the anode with more of

the Argon-CO- gas mixture. Blake Irwin has constructed a smaller

version of the chamber with position information in one direction

only. It is awaiting testing.

I spent some time constructing a large scattering chamber (1.2 m

by 1.2 m by 0.3 m) for use with the neutron beam line. The chamber

consisted of a frame made of 5 cm aluminium angle iron and was covered

on top with 2 mm thick aluminium plate and on four sides with 0.25 mm

aluminium sheet. The frame was welded so as to leave a 5 cm flange
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around the bottom to clamp the hood-like structure onto a bottom plate

on which various equipment was to be mounted. The top and sides were

first fastened to the frame with two-sided tape and then taped around

the edges with black electrical tape to make the chamber light tight.

The bottom plate was fastened to a stand constructed of dexion

material and various connectors and gas feed-throughs mounted on the

plate. The chamber was to be filled with helium and used to house

various scintillator detectors, scattering targets and multiwire

position detectors.

The rest of the summer was spent on various tasks such as using

a neutron collimator simulation computer progam written by Richard

Tkachuk, a graduate student at the University, to determine the effect

of different thicknesses of lead and iron neutron shielding. Other

tasks included polishing scintillator material and loading large

blocks of paraffin with borax for neutron shielding. It was a varied

and highly educational summer.
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Programs for the VAX 11/750 Computer

Donald Peters (Supervisor: J.R. Anderson)

I was hired as a VAX 11/750 computer programmer this summer.

For most of my time, I worked with, modified, and expanded the XSYS

system.

The first of two major projects completed this summer was a

revision of an online graphical display program which displays the

collected counts from the CAMAC data acquisition system. The program

lacked a few features, one being a friendly input routine. For

instance, the old version did not display many of the commands, making

its use more awkward than necessary. The new version displays these

commands on the screen in visible, large letters.

There were also additions, as designed by Dr. W. Falk, to this

program's mathematical analysis of data. He was one of several who

wanted to see more statistics displayed for the peaks on the spectrum.

My first major project was to incorporate these changes as well as

others given to me by J. Anderson.

Another addition to this program was a much needed modification

of its display. Histograms were previously drawn with points

connected by straight lines. What was needed was a bar histogram, to

avoid possible visual distortion of the channel contents. The author

of this change was Dr. J. Knudson.
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Other additions to this program were: a more reasonable HELP

procedure, a spectrum integration function, a "send this picture to

the printer" function, and other minor changes. The new program is

currently used by a number of experimenters and it is expected that it

will become the standard program in the near future.

The second set of programs that I wrote involved changing the

code which found and displayed the SCALER information in the global

area used by XSYS. The old system had two distinct subprocesses which

used up much more of the computer resources than was really necessary.

Routine calls were overly frequent and complex for what really needed

to be done. The solution was to rewrite the FORTRAN programs to

create only one subprocess, requiring only about one half the time and

space resources of the two subprocesses it replaces, which are:

XBOXSP: A subprocess to write all sealers on a terminal.

XSCAL: A subprocess to read all sealers into memory.

The final program is still being tested for integrity,but will become

standard when debugged.

Another project of mine was to find out how much the TUNL

modifications of the XSYS data acquisition program conflicted with

ours. After several hundred pages of differences were found, it was

decided that the project should temporarily be given low priority.
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Another small project was to set up the APL language which we

attained at no charge from DECUS. This interpreter is not

"officially" supported, so to rely on it for important work may not

always be the right decision, but as far as the documentation reports,

it does work, arid could easily be a nice mathematical tool in the

laboratory. It is a welcome addition to the only supported language

that we have so far: FORTRAN.

A different, but very useful, project was a proofreading

program. It reads a text file and compares it to a dictionary on disk

- currently a test dictionary - and detects spelling errors. This

work report has been checked with this program, so you will not find

any spelling mistakes in it. However, the program has to guess for

most words with suffixes and prefixes. For example, "misnuclearize"

would be considered valid, because the prefix, root, and suffix are

all valid. For annual reports, theses, etc., the program speeds up

one's proofreading methods.

Another goal was to expand the Digital Command Language so that

the arrows on the keyboard can be used to correct typing mistakes in a

command line. It is advanced enough to use the up and down arrows for

the insertion and deletion of characters.
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In approximate descending order of importance, my other

completed projects include:

- Consultant for general users;

Writing documentation;

Writing and maintaining a common users' file of definitions
(DRAO:[USERS]LOGIN.COM);

Writing procedures to monitor devices, files, and processes;

- Miscellaneous system maintenance;

Upkeep of the temporary storage directory SCRATCH;

Performing all system jobs while the regular system managers
are away;

Helping new users start using the VAX 11/750;

- Giving the EDT editor more advanced features.
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An Auxilliary Beamline

R. Prakash (Supervisor: I. Gusdal)

Isotope production at the University of Manitoba Cyclotron

Laboratory currently takes place on the main 0 beamline. In order

to isolate this process and cause less interference with experimental

programs a new beamline is being designed. A sector field magnet will

be built to deflect the beam by 15 once it has passed through Ql

and Q2, the first two magnetic quadrupoles on the 0 beamline. Two

other quadrupoles are currently being built at the University of

Manitoba which, in conjunction with Ql and Q2, will focus the proton

beam 1.9 meters downstream from the switching magnet. This system

will have no difficulty in focusing beams of energies up to 50 MeV, so

any proton beam produced by this cyclotron will be usable for isotope

production. The design was generated using the two third order beam

transport programs TRIO and IONBEAM, which are further discussed in

the progress report on the microprobe facility.
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Proton Microprobe

R. Prakash

A proton microprobe facility has been designed for the

University of Manitoba cyclotron. The first phase of this system is

collimation to approximately 70ym. The final focussing is achieved by

a Russian Quadruplet, as is illustrated in Figure 1.

Fig. 1 Proton Microprobe

Considerable time was spent in finalizing the design employing

the two-third order beam transport programs TRIO and IONBEAM.

The four magnetic quadrupoles will be fabricated in the

Mechanical Workshop of the University of Manitoba Physics Department

and the system should be ready for testing in the spring of 1984.

Acknowledgement must go to Drs. M. Al-Ghazi and K. Sharma for

their assistance in designing this apparatus.
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Medical Isotope Studies

Damien Gallop (Supervisor: M.I. Gusdal)

Radioisotope studies were done on gold-197/mercury-195m/gold-195m.

A pure sample was irradiated for 2UA-hours at an energy of 35 MeV.

This was studied using a GeLi detector feeding a spectroscopy

amplifier. The amplifier output was sampled by a multi-channel

analyzer at specific intervals, and the results recorded. The

relative strengths and half-lives of certain energy levels emitted by

the sample were calculated. Special interest was taken in the 262 keV

line of gold, and in mercury-195m as a generator.

Studies were also done on cesium-133, irradiated for 20l-iA-hours

at 24 MeV, in the form of cesium chloride salt. The irradiated sample

was transferred to a non-radioactive container to facilitate accurate

measurements. Concern was raised and solutions sought to the

efficient and safe handling of isotopes in such form. Twin Nal

detectors, run in coincidence mode, were used to study the sample at

the 511 keV level.

Regular production of the iodine-123 isotope, used for routine

thyroid scans in provincial hospitals and clinics, was continued using

the recently developed solid target assembly. This target typically

is run for 10 to 14yA-hours at 27 MeV.
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Routine and special cyclotron maintenance was performed

regularly. In addition to weekly maintenance of cyclotron equipment,

work was carried out on the injection line and ion source, cyclotron

interior, and auxiliary equipment, including the heat exchange and

well pump equipment. The writer was able to become quite familiar

with the general operation of the cyclotron through hands-on

experience.

The fabrication of an Ehlers ion source was recently completed,

and assistance towards assembly and testing of the parts and whole was

given. It is expected that this unit be relocated permanently in the

Ion Source Hall shortly. The existing ion source test bed was rebuilt

and made operational. Certain new parts were machined or fabricated

and installed.

Informal studies in electrodynamics were undertaken under

instruction from Dr. Saewoong Oh.
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ALPHA EMISSIONS FROM DENTAL PORCELAINS

Arnie Lockshin (Supervisors: J.J. Guy Durocher and W.B. Love )

My project was part of ongoing research as part of a B.Sc. Dent,

programme. After one summer of literature survey, the past summer was

spent at the University of Manitoba Cyclotron Laboratory collecting

data on the emission of alpha particles from dental porcelains. This

was done using alpha spectroscopy equipment existing at the cyclotron

lab.

This project will be an ongoing one with Dr. W.B. Love carrying

on the research in conjunction with the cyclotron and the Radiation

Protection Branch of the Manitoba Cancer Treatment and Research

Foundation. The next stage will be to calculate the doses to tissues

and estimate the potential biological effects.

I would like to thank Dr. J.S.C. McKee for allowing me to

utilize the equipment at the Cyclotron Lab. In addition, many thanks

to Guy Durocher of that lab for his helpful guidance, for without him,

this project would not have been possible. Thanks must also go to

Dr. A.M. Sourkes and Randy Ross of the M.C.T.R.F. for their continued

interest in this work. Finally, I gratefully acknowledge financial

support of the Medical Research Council.

Dept. of Rehabilitative Dental Sciences
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Solar Energy Facility

C. Haddock

The Solar Energy Facility of the Department of Physics consists

of a rectangular heliostat of dimensions I.83m x 2.74m which reflects

1 2
sunlight into a parabolic mirror concentrator ' . On a day when

2
direct solar insolation was 677 W/m the focal plane flux density

profile shown in Fig. 1 was obtained.

Once complete mapping of the focal spot is complete, the

facility will be ready for experiments involving high heat fluxes.

2 3
The solar decomposition of oil shale ' will be the first

experiment, other possibilities are the vitrification of nuclear waste

and the simulation of nuclear powered heat exchange processes.

References

1. "Solar Facility", John Martens, This Annual Report

2. "University of Manitoba Solar Energy Facility (UMSEF) and Oil Shale",
Margaret Mesa, This Annual Report

3. "Solar Oil Shale Retorting", C. Haddock, University of Manitoba
Internal Report
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Figure 1. Focal plane flux density.
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University of Manitoba Solar Energy Facility (UMSEF)

and Oil Shale Reduction

Margaret E. Mesa (Supervisor: J.S.C. McKee)

Construction and preparation of the University of Manitoba's

Solar Energy Facility for the project of reducing oil shale involved

much labour; erecting and anchoring the parabolic dish, fixing the

existing heoiostat (plane mirror system), routing cable for the

electronics systems, vigorously testing all the tracking mechanisms

and setting up a video camera system so the operations of the facility

can be carried out and safely viewed while indoors. Many other

important jobs were carried out as well but they are too numerous to

mention here.

The process used to reduce the oil shale is known as retorting.

This requires heating of the shale until it decomposes into oil, gas

and char.

After much research into various methods of retorting, a

suitable retort was designed and fabricated for solar retorting of the

oil shale at UMSEF. The retort consists of a stainless steel canister

lined with castable insulating refractory material (which has similar

properties to firebrick) with a cavity-type receiver also of stainless

steel (Fig. 1 ) . The sunlight which the heliostat reflects onto the

dish will be focused at the entrance to the cavity, heating the cavity

and passing this heat onto the shale which surrounds it. The
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hydrocarbons produced by retorting the shale then pass through a

ceramic filter to a collection system where analysis of the products

will take place.

Unfortunately, my term of employment ended before testing of the

retort could take place. However, the experience I gained was

invaluable and I learned much about the trials of experimental

physics.
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