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INTRODUCTION

'The crocodile cannot turn Its head. Like science it must go

forward with all-devouring jaws'.

Peter Leonidovich Kapitsa, in

Rutherford, by A.S. Eve 1939

(London: Cambridge U.P.)

After eighteen months of preparation, and in response to the

prompt delivery of a new NSERC-funded VAX 11-750 computer in December,

1981, mapping of the magnetic field of the University of Manitoba

Spiral Ridge Cyclotron commenced on February 1st 1982, and continued

until April 4th when the normal research program of the cyclotron was

finally resumed. During that period over 70 mappings were carried

out, 40 for H beam settings and 30 for D beam. The constraints

of space in the centre of the cyclotron and the necessity to work

under vacuum, made the field mapping apparatus something of a

technological marvel. Great credit is due to the team of Vladmir

Derenchuk, Irv Gusdal, Alan McT.lwain and Robert Pogson, ably guided by

Dr.Saewoong Oh for efficient completion of this difficult task, and

for the detailed analysis of the results of their work which appears

in Section A of this Annual Report. The laboratory is particularly

grateful for the assistance and advice of members of the Accelerator

Division of Chalk River Nuclear Laboratories in the preparatory stages

of the mapping program.
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The arrival of the VAX computer, and its use on-line to the

accelerator from April onwards has revolutionised the experimental

program of the Cyclotron Laboratory. The interactive nature of the

computer, and its multi-user capability have made possible the

initiation of more complex experiments, and the efficient off-line

analysis of completed programs. Since its installation virtually no

use has been made of the dual PDP-15 system previously in operation,

and most programs requiring that system have now been rewritten for

use on the VAX 11-750.

The existence of a large pool of operational software at TUNL

which could be adapted for use at Manitoba enabled a rapid transition

to be made to the new facility. We are most grateful to our friends

at TUNL for their painstaking support of our efforts, and for making

their in-house facilities available to Jim Anderson during his 3-week

visit to their laboratory in the fall of 1981.

During the year 1981/82, active international collaborative

research programs have continued with colleagues at the

Kernforschungszentrum, Karlsruhe, West Germany (H. Klages and

B. Zeitnitz), the Lawrence Berkeley Laboratory (H.E. Conzett and

R.M. Larimer), the University of California at Redlands (R.F. Carlson

and A.J. Cox) and the Universities of Birmingham (S. Roman and

J. Brown) and Surrey (R.C. Johnson) in England. Research notes

relating to these programs are included in this Annual Report. We



also welcomed a summer visitor, N.T. Okumusoglu, from the 19 Mayis

University (Turkey).

Of particular interest in the research programs this year are

the observation of evidence for sensitivity of the three nucleon

system to the detailed nature of the two body force [J.P. Svenne et

al, Phys. Lett. A in press], the first measurement of the polarisation

of neutrons emitted in a (p,n) reaction at this University

[J. Birchall et al, see Section B of this report], the detailed study

of recoil polarisation following a direct reaction [J. Campbell et al]

and the separation of projectile and ejectlle spin-dependent effects

in nuclear reactions [C. Lapointe et al].

The completion of a new Dee system enabling conversion of the

accelerator to the push-push mode by the end of this year will make

possible a major upgrading of the cyclotron. The problem at present

is to make time for this conversion in the face of increasing demand

for use of the existing facilities.



The Masters degree option in Accelerator Physics, approved by

the Senate of the University of Manitoba in 1981, was mounted for the

first time in September 1982. The program includes k full courses at

the University of Manitoba, one of them a laboratory course, and a

practicura of eight months duration to be undertaken at an accelerator

laboratory elsewhere in Canada. Support for the practicum component

of this course has been offered by L'Universite Laval, McGill

University, McMaster University, Queen's University, the University of

Saskatchewan, TRIUMF and Chalk River Nuclear Laboratories. Others

have sent their good wishes. It is hoped to match the seven students

enrolled for the program with an appropriate laboratory by the end of

1982. The students come from countries as far away as Spain and

India. It is hoped that more than two Canadian students will enrol

for this program in future, as we believe the opportunities for

graduates from this program should be considerable in this country In

coming years.

In May of this year tha Cyclotron Laboratory was delighted to

receive on loan from Leo.H. Narodny of Barbados Optics Limited, by

agreement with the University of Manitoba, a small high current linear

accelerator capable of ion implantation, etching and materials science

studies in addition to possible nuclear physics applications. Several

summer students under the direction of Vladimir Derenchuk succeeded in

rendering the device operational by mid-September 1982, at which time



a beam of LmA of 30 KV argon ions was transmitted to a Faraday cup

below the column. The accelerator is powered by a 120 KV power supply

and can produce 5mA of ions on target from a duoplasmatron source,

half of which will be in a spot of approximately lmm in diameter.

This new accelerator, which will undoubtedly add to the

capability of the Cyclotron Laboratory, has been loaned free to the

University of Manitoba for a maximum period of three years with an

option to buy within that period. It is hoped that funds for purchase

can be found as soon as possible, as sufficient ion source and vacuum

expertise is available at the Cyclotron Laboratory for imaginative

upgrading of the facility to become possible. Leo Narodny, who has

entrusted us with his accelerator is a remarkable man. He is an

optical physicist with 3 degrees from Columbia University, and the

holder of numerous patents in the areas of photography, holography and

optical switching and has invented a system of deflecting a laser beam

by changing the refractive index in an electric field. He used his

accelerator to manufacture aspheric lenses, and paraboloids for

telescopes. He has also used the accelerator beam to pollen and

figure glass and ceramics to better than a twentieth of the wavelength

of visible light.

It is hoped that at the Cyclotron Laboratory we can further

develop the capabilities of this device. Etching of ceramics for

transmission studies of encapsulation materials for nuclear waste, and

the ion implantation of microcircuits are two possible uses of the

accelerator, with studies of astrophysical processes also under



consideration at the present time.

On behalf of the Cyclotron Laboratory, and the University of

Manitoba I would like to thank Leo, in this report, for his generous

loan, and to hope that his visit to us in the spring of 1983 will be a

fruitful one. We have a lot to learn in this field.

Finally, I would like again to record my thanks 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 in translating our dreams into

reality, fundamental to our success.

J.S.C. McKee,

Director,

Cyclotron Laboratory.

Footnote:

As we go to press, news of a serious accident to Ken Standing

has come to the laboratory from which we all wish him a speedy and

complete recovery. No one has done more for the reputation of the

Cyclotron Laboratory. His current contributions to the physics of



large biomolecules rank among the most exciting new research papers to

emanate from this University in recent years.

We all wish him well.

J.S.C. McKee

Announcement

This is the first Annual Report of the Cyclotron Laboratory to

be compiled using the new VAX 750 computer. Our thanks are due to the

heroic efforts of Pat Rye in learning how to operate, control and

master the word processing system in record time.
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A Comment on the Structure of the Annual Report for 1981/82

This Annual Research Report covers the work of the laboratory

between 1st November, 1981 and 31st October, 1982. 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, 1981 and 31st October, 1982 or in

press. There is also a listing of papers submitted or accepted for

publication within this period.



Section E contains a list of Cyclotron Laboratory staff and a

selection of reports submitted by summer students.



SECTION A
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Cyclotron Operation and Modification in 1981/82

I. Gusdal

The normal operation of the cyclotron was much the same as in

the previous year with, however, an upward trend in beam currents

being realized in the latter half of the year.

The major thrust in efforts by the Machine Development Group was

towards the magnetic field mapping project, development of an Ehlers

type negative ion source, the installation of the Narodny 100 kV

linear accelerator, along with continued development of new dees and a

new R.F. system (all described in separate reports).

During the mapping of the cyclotron's magnetic field, several

loose invars were discovered and repaired and a modi! Led set of centre

plugs were also installed. These changes, along with a slightly

altered dee position have contributed towards increased beam currents

(up to 5yA being available on a regular basis).

Construction of the Ehlers source is well underway and after

testing and installation is completed early next year, the available

beam from the cyclotron should be more than doubled.

Other improvements to the machine include an improved switching

and readout mechanism for the beam line screens, new vacuum

feedthrough and cabling system on the axial injection beam line, and

the addition of a mass analyzer for vacuum troubleshooting and
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diagnostic work.

The weekly production of 1-123 was disrupted during the magnetic

field mapping of the cyclotron, but is now continuing on a regular

basis with shipments to various parts of Canada.

1-123, along with other isotopes such as Cesium, are being

considered in several research projects and are forming the basis of

an interesting Applied Physics program.
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Magnetic Field Mapping - Technical Report

A. Mcllwain

Introduction

The field mapping apparatus that was used to map the magnetic

field was patterned after that used at Chalk River for their

superconducting cyclotron. The design originally came from Oak Ridge

where it was used in a field mapping of ORIC.

The equipment consists of an arm with coils mounted in it at

regular intervals. These coils are initially (in our case) vertical.

o
They are rotated 180 and the induced current in the coils is

integrated. This integrated charge Is proportional to the magnetic

field in the region where the coil rotated.

MECHANICAL DESIGN

1. Flip Coils: The design of the flip coils was the same

design used at Chalk River. The bobbins are made of MACOR, a

commercially available machinable ceramic. There was much difficulty

experienced by the machine shop staff in producing these bobbins at

first but once they got the technique they merely took a long time to

produce.

The coils were wound with #38 wire on a coil winding jig

available in the department. Some modifications were made to the jig

since the wire had to be laid on the. bobbin precisely, with no gaps or
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unevenness. The winding was done under a X10 binocular microscope

using a sewing needle to guide the wire onto the coil. A treadle was

used to control the winding motor speed. The resulting coils had

nearly the same number of turns (1142 ± 3).

Early attemps failed due to too much tension in the wire. The

accumulated pressure was enough to pop off the ends of the MACOR

bobbins. It was after a trip to Chalk River and talking to the person

who wound their coils that a new tensioning device was made and the

problem was solved.

2. Body Design: The basic concept for the body design came

during discussion with J. Ormrod, I. Gusdal and A. Mcllwain at Chalk

River. Since the equipment had to work in vacuum and under the heat

load of the invars it was decided to put the arm inside a vacuum tight

tube and do the mapping with air in the tube. This eliminated the

problems of vacuum feedthrough for the wires and provided a means for

cooling.

The actual design was done by J. Bruckshaw in consultation with

S. Oh. The biggest problems were space constraints and the fact that

a minimum amount of metal was to be used. The arm was made of Lucite

with holes bored for the 52 flip coils at 1/2 inch intervals. A cube

was put at the centre made of Delrin and it rode on a Teflon bearing.

Since the axial drive had to come through the plugs with a 1"

excentric hole the shaft had to be fairly small in diameter ( 1/2").

The tube to house the arm was made out of quartz at the suggestion of
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B. Easterbrooke who also designed and built the tubes.

The wires were originally designed to come out radially through

a 3/8" polyethelene tube to the front of the machine. During the set

up for the mapping this was found to cause too much drag, so the

design was modified to bring the tube out axially through the top of

the machine. (Controls were from the bottom).

The drive mechanism for rotating the system consisted of a

stepping motor and a worm gear reduction such that each step of the

o
motor gave .01 of rotation. A 16 bit shaft encoder was used for

readout of the angle.

The flipping mechanism to flip the arm 180 was originally

planned to use a pneumatic cylinder to pull a wire around a cam-pulley

wheel in the cube. There was insufficient room for this cylinder, so

a wheel with offset screws was used as a cam at the bottom. This was

motor driven. There was much difficulty with this system. A

reversible capacitive start synchronous gear motor was used initially

but problems occurred with it relaxing after it had stopped. A

stepping motor was subsequently tried with better results but its

torque was marginal. This is an area which must be improved before

any future field mapping is attempted.

A lot of credit goes to J. Lancaster for the modifications to

the original mechanical design that eventually made the project

workable.
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ELECTRICAL DESIGN

Introduction: The block, diagram shows how the electrical system

works. The LSI-11 computer is interfaced to a CAMAC crate and through

an instrumentation bus (IEEE 488) to the digital voltmeter. Controls

to stepping motors, etc.. come from a CAMAC input gate-output register

(IGOR). Connection is made to the VAX 11-750 computer via an RS232

interface for transfer of data.

1. Voltmeter: Since we had no digital voltmeter or ADC with

sufficient speed and resolution to obtain the degree of precision

required, a HP3456 programmable voltmeter was purchased. This unit

performed very well and was reliable. The only criticism of the unit

is the awkwardness of programming it through the IEEE 488 interface.

2. Wiring: Due to the space constraints, the wiring used to

run from the coils to the outside of the machine had to be very small

in diameter. Difficulties encountered in putting these wires into the

3/8" polythelene tube plus their small size led to difficulties with

short circuits. These increased as the mapping proceeded. Any future

mapping will have to be done with a rewired system.

3. Integrators: The integrators were built here from a design

received from Chalk River. The circuit boards (copied from Chalk

River negatives) gave no trouble. A different integrator operational

amplifier was chosen. The Analog Devices No. 235 was chosen for its

superior noise and stability specificatitons. One problem we did have

was in obtaining high quality capacitors. University Purchasing
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delayed the order for six months so that the capacitors couldn't

arrive in time for the project. The capacitors used, worked but

contributed more drifts to the integrators than was desireable.

Finally a modification was made to the output common line to

effectively buffer it and make it a differential output. This was

done to combat switching noise passed through the ground lines from

the CAMAC interface through the homemade multiplexers (See schematic

of final integrator circuit).

A. Multiplexers: Commercially available CAMAC multiplexers

ended up being prohibitively expensive (after a 100% markup by the

Canadian distrJ.butor ) so it was decided to build our own. The units

were designed by J. Anderson and built by A. Mcllwain. Mercury

whetted reed relays were used to provide low noise clean switching.

In retrospect it would have been better to purcha ;e these units since

too much time was required to build and test them. Damage was also

done to the CAMAC interface during the testing. Finally, the fact

that the relays on each side of the differential switch, pulled in at

slightly different times caused us to have to isolate the common (gnd)

returns on all integrators.

5. Shaft Encoder: As mentioned earlier a 16 bit shaft encoder

was used for position readout. Due to a series of circumstances, the

shaft encoder was late arriving. The power supply we designed for it

was inadequate and the digital signal processing of the output was

also poor. The shaft encoder provides a series of pulses for one
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direction and a second series for the other. These were counted by

CAMAC scalars and the computer calculated the difference. A zero

reference pulse was used to interiupt the computer and zero both

scalars.

However, noise on the lines to the scalars from the shaft

encoder often exceeded the noise immunity of the scalars causing

spurious counts. For some runs, this became so bad that the number of

stepping motor steps was more reliable than the shaft encoder. This

will have to be cleaned up for future mappings.

Note that a potentiometer was also fastened to the system to

give rough position readout. It was coupled to the voltmeter through

a spare multiplexer.

6. Temperature: Temperature readout was from two thermistors

on the arm. They were coupled through spare multiplexers to the

voltmeter.

Conclusion: The overall system worked fairly well with the

exception of the problems noted. Certainly the computer system and

its control of the experiment worked very well once the system was

debugged. The software and the interfaces from the IGOR to the

motors, the relay resets, the voltmeter and shaft encoder zero set,

were designed by R. Pogson.
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While there were problems, we know now what they are and can

hopefully overcome them for any future mapping. Meanwhile much useful

data was obtained.
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Report on University of Manitoba Cyclotron Magnetic Field

Mapping Program

V.Derenchuk, I.Gusdal, A.McIlwain, S.Oh, R.Pogson and J.S.C.McKee

Over 70 mappings of the magnetic field of the University of

Manitoba cyclotron were performed between February 1 and April 4,

1982. The outline of this project was reported in pages 10-11 of the

1980/81 Annual Report. The technical part of the field mapping system

is separately reported in this Annual Report. The mapping apparatus

was based on the Chalk River design for their superconducting

cyclotron with modification to suit our needs.

The shape of the University of Manitoba cyclotron^s magnetic

field is trimmeJ by ad justing the temperatures of the Invar blocks

(Invar is an alloy with temperature sensitive permeability) between

40 and 240 C along the radius. To avoid disturbing the

temperature distribution it is neccessary to carry out field mapping

in vacuum, thus the mapping apparatus had to be air cooled and vacuum

tight. It proved to be a very difficult task to reach an acceptable

design particularly because the available vertical gap in the hills

was only 28 nm.

Out of 10 weeks of cyclotron shut down for field mapping, 6

weeks were spent to install and debug the field mapping system due to

the previously mentioned restrictions. Of: r.'ie 70 fields mapped 40

were for H beam settings and the remaining for D beam settings.
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Our original plan was to analyze the data right after each run so that

the result could be reflected in the succeeding mappings. The

analysis, however, showed structures in the orbital, vertical and

radial betatron frequencies as a function of radius that appeared to

be unrelated to the actual fields. This was eventually traced to

faulty data values in some of the data points. We suspect that there

was sporadic noise generated in some of the flip coil-integrator

systems. This problem was overcome by first plotting B(6) for each

flip coil and then visually inspecting it. Data from the bad coils

were deleted in the subsequent analysis. This process was rather time

consuming and as a result only some of the selected mappings were

analyzed during the entire course of the field mapping. Many of the

remaining data were analyzed in the three months after the field

mapping program. In these analyses the following areas were

investigated with the results as described.

1) The field was mapped with and without the existing large

magnetic shims at 51-59 cm and then compared with the field produced

by installing a set of trial shims. This is shown in fig.l. The

required shape of a new set of replacememt shims was then deduced by

examining the perturbation upon the field by the trial shims and

interpolation. These first order interpolation designed shims will be

installed aad tried out in the coming year, followed by a second field

mapping to determine their effectiveness. The existing shims are

acceptable for producing an isochronuous field but have poor vertical

focussing around 47 cm radius (see fig.l in page 11 of 1978/79 Annual
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Report).

2) For the cyclotron central region, the effect of the centre

plugs and radius 1 and 2 Invar blocks was investigated to yield the

opt imam shape and strength of the magnetic bump field. This field

data is also needed for the design of a new dee/dee-tip assembly which

will be installed sometime in 1983. The result is shown in fig.2. It

indicates that there is a sudden loss of focussing at around 10 cm

radius. The same was true for both H and D beam fields. It was

concluded that we cannot correct this fault simply by centre plug

positioning and I H M C temperature adjustment. Shims of various shapes

•ii±r<> considered to correct this fault. This region is where the

flutter field has just started, and owing to the serious restrict i.oii

in available space for shims we have decided to Install a set of a

small trim coil windings in the valley at this radius. This will be

incorporated in the new dec t ii>-s/gro'irul shield assembly.

The depolarization of a polarized H~ beam in passing through

the central region was examined based on the above analyses and is

also shown in fig.2. This indicates th.it there are as many as nine

depolarising resonance crossings altogether. This is much more

serious than previously estimated (sea fig. I, page 11 of 1978/79

annual Report.) This examination shows one reason why we failed in the

previous attempts in improving the polarization by skimming the beam

off at resonance crossing; that is we needed nine beam skimmers

placed at each resonance crossing point to detect improvement. We

discovered towards the end of the field mapping progc-im that some of
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the Invar blocks were mechanically loose and therefore the blocks

could have been slightly out of position. This problem was fixed but

whether or not this will affect the depolarization appreciably is not

yet known.

3) The tenperatures of the Invar blocks along the radius were

varied and the effm:t of Lt upon the hill magnetic field was

investigated. Pig.3 shows an example where Av(r) is plotted against r

for a mapping. It shows that the effect of one Invar block is not

localized but spread over the entire sector of the cyclotron.

Therefore any localized imperfection in the field has to be corrected

by shimming. The study also showed that Khu poor vertical focussing

around 10 cm radius is a localised one and cannot be corrected by

adjusting the Invar temperatures alone.

4) A study was done to find an optimum cyclotron field

excitation (and th« corresponding rf frequency) which will yield the

best isochronism for D beam at all radii. This was possible

because raising the fi^ld excitation increases saturation of the field

at large radii. Some of the measurements are shown in fig.4. The

degree of isochronism can be further improved by Invar temperature

adjustment. It was found that the field radial profile is best with

the largest available excitation current. However, sufficient magnet

col.l cooling is not available at these levels of excitation currents.

As a result, a magnet coil current somewhat less than the optimum i<ras

chosen and will he refine.K&d f.n t'i£ new dee system.
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Similar investigations were carried out for H beam field. It

was found that, although the overall isochronisra (beyond 46 cm radius

in particular) improves by lowering the excitation current more

structures start apprearing in various regions along the radius and

grow as the excitation level is lowered. Since this is not acceptable

without corrective shimming we decided to stick, to within 1% of the

present field level.

5) The effect of the combination magnet upon the main field was

investigated. Because of the relatively large uncertainty in the

measured field values (±0.04% ^ lmT) our measured value of 0 - 2mT in

the amplitudes of various harmonic components ( which is also a

function of radial and azimuthal position) may not be reliable. On

the other hand it clearly showed that there is an overall shift in the

cyclotron field level as the excitation current of the ombination

magnet is changed and that the shift is not uniform along the radius.

Whether we can correct for this effect by adjusting the temperatures

of Invar blocks has not been investigated.

In conclusion the field mapping provided us with the CLeld data

needed for the design of new dees and central region and for shimming

at large radius for improved focussing. It also revealed the central

region in greater detail than previously, resulting in the conclusion

that we need a set of trim coils near the centre and that the

depolarization caused by resonance crossing is far more serious than

previously estimated. Because of ±lmT uncertainty in the field values

the amplitudes and location of the imperfection harmonics deduced from
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the data may not be. reliable.

Based on our experience with field mapping we are improving the

flipping mechanism and the centre cube of the mapping apparatus.

During the installation period of the new dec system we will also

install the new shims and trLm coils. We will then do another field

mapping to test their effectiveness and obtain a second order

interpolation on the shim design.
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0.9

8 16 24 32 40

ENERGY OF H~ BEAM (MeV)

Fig. 1 Deviation in H ion orbital frequency versus energy for
fields with different set of shins at large radius. In
curve-1 the shims are removed. In curve-2 a trial shim
is in place. The existing field is represent c;d by
curve-3.
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CM
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Fig. 2 The vertical oscillation frequency, V , is plotted
against the H beam energy near the central region.
It is seen that there is a loss of vertical
focussing (V becomes imaginary) between 9.5 cm and

z
11 cm radius. The bump field at the cyclotron
centre provides the focussing up to 9.5 cm. When
this V curve crosses the dashed line there is a

resonance depolarization,
are seen in the figure.

Altogether nine crossings
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28.48 MHz. It is seen that the effect of the two Invar
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almost the entire range of the cyclotron.
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Fig. 4 D fields for three excitation levels. To reach curve-1
we raised the excitation from 250000 Amp-turns (the
isochronuous frequency at this current level is 14.24 MHz)
to 300000 Amp-turns and then made a "coarse re-adjustment
in the Invar temperatures. The field at this level is
seen to be centered around 15.2 MHz. Curve-2 and 3 shows
that as the excitation level is lowered the field departs
farther away from an isochronism.
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Progress in Developing a New RF System

F. Konopasek, G. Knote and W. Uzat

Progress continues on the design and installation of the new

Dees and RF system.

Model tests continued, in particular further experiments with

the new coaxial tuning structure to determine mode separation and

tuning characteristics. Installation of the D.C. isolating capacitors

inside the Dee stem tuners had no effect on tuning characteristics

either in the 0 mode or the mode.

RF leakage past the isolating capacitors and sliding shorts was

not measureable at any frequency. Tuning range was more than

adequate. As expected we can no longer reach the 14MH. frequency

for mode deuyeron acceleration. (Deuterons will be accelerated by

2nd harmonic 0 mode.)

Measurements of phase variation of Dee voltage radially along

o
both Dee edges indicated a maximum of 20 shift on one side of each

Dee at maximum radius with a smaller shift at the opposite outer edge.

Minor modifications to Dee shape in particular reducing the radius of

curvature at the outer edge and widening the Dee will reduce this

phase shift a little, however, we do not plan to model the new shape

or remeasure phase shifts.



33.

Work is well underway on the new RF power system which will

consist of two 20 KW amplifiers each driving one side of the Dee

system. Commercial 1 KW drivers have been purchased. All materials

have arrived for the system construction. Mode switching is planned

to take place at fairly low power levels with 0 and 180 power

splitters. This plan, of course, relies on reasonable phase matching

of the two RF systems. Experience at CERN with phase matching of 16

similar amplifiers which one of us (F.K.) designed, indicate no

problems in this respect. However, should phase matching prove

inadequate it is simple to revert to mode switching at high level.

The only major outstanding task is to design the RF sliding

contacts and mechanical tuning system for the new coaxial Dee systems.

In view of F.Konopasek's experience with sliding contacts in high

power systems both at CERN and CNRL it has been decided not to

mechanize or automate the coarse tuning system initally so that the

sliding contact system can be readily and rapidly modified.

Experiments with different methods of moving the contacts and of

actual contact methods will be investigated under reduced power.

Initally the system will be fitted with hand operated cam type

pressure pads and hand operated coarse tuners. We envisage no problem

in running the cyclotron with this manual system as the fine tuning

system which is identical to the one now installed, will be remotely

operable from the control room.
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The new Dee and RF system and the possibility of operation in

the 0 mode should give us greatly increased voltage gain per turn

if the Dee structure can handle th-* higher voltage and power without

arcing. In order to handle the higher power and voltage the new Dee

system has been designed with slightly larger vertical clearance from

the liner (reduced beam gap). The insulators have also been improved.

Cooling of the Dees has been considerably increased compared to the

present Dee structure and new and better cooled liners are now under

construction. Redesign of the Dee tips to take into account higher

voltages available is underway. We hope that we can improve the

mechanical connection between Dee and Dee tip to make interchange more

rapid. Spacing between the Dee tips and injector cannot be improved

and this spacing (2mm) may be the limiting factor in obtaining higher

Dee voltages. Construction of the Dees and RF system is well underway

and testing will start as soon as the cyclotron can be made available.

It is envisaged that installation, testing and necessary modifications

will take about 3 months during which time the cyclotron will not be

available to other users.

Dee structure

Dee width approx.

Dee voltage

Voltage gain per turn

Modes

Present System

— inductively tuned

35"

30 kV

40 kV

TT mode only

New System

Separate coaxially tuned

-r structures

45° 190° IT and 0 mode

40 kV

50 kV(TT mode) 100 kV(0 mode;

TT mode and 0 mode
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Harmonic number Fundamental Fundamental and x2

Frequency range 14 to 30 MH 20 to 50 MH

Coarse tuning method Tuning bar Coaxial stub tuner

Fine tuning Variable capacitors Variable capacitors

RF power Single 25 KW output Dual 20 KW amplifiers

Dee cooling Water C /
min Water £ /

min
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Development of the Unpolarized Ion Source

V.P. Derenchuk

Testing of the new "Ehlers" type source has started. The source

body, cooling lines, mounting flanges, etc., have been leak tested and

a filament was installed and heated to operating temperature. All

other parts have arrived or have been machined and are waiting final

assembly by the machine shop. Further testing and installation of the

ion source is scheduled for this winter. The ion source has already

been reorganized to accommodate the new "Ehlers" source.

The improvements to the existing duoplasmatron ion source as

described in the 1980-1981 Annual Research Report have resulted in

more reliable and steadier operation with a notable decrease in

maintenance time. In normal operation, beam currents of over 40 A on

the mirror, corresponding to an extracted current of over 80 A, can be

expected.

Using the ion =ource test bed, measurements of the ^ emission

of the filament as a function of filament shape ana filament coating

mixture have been made. The object of this testing was to find a

shape and coating mixture which would give an increase in the filament

lifetime. At. present, the filament needs to be replaced every 2-3

weeks. The conclusion of this experiment is that the original

filament design is indeed optimized for emission and lifetime. (See

Report of Mojalefa Mofokeng.)
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Progress Report on the Implementation of the

Narodny Ion Accelerator

V.P. Derenchuk

The Narodny Ion Accelerator arrived at the University of

Manitoba in the late spring, when the cyclotron laboratory accepted

delivery of several large wooden crates containing vacuum chambers,

vacuum pumps, assorted electronic power supplies, a computer and

various other items of apparatus. Assembly was begun and it

immediately became apparent that numerous difficulties would be

encountered. (See the summer student report by Blake Irwin.) However,

before the end of the summer the accelerator was put in an operating

condition, ready for use by cyclotron staff and other users.

The Narodny Ion Accelerator (NIA) was built by Radiation

Dynamics, Inc. in 1967. The instrument was further developed by Leo

Narodny, Chief Scientist of the Kollsman Instrument Corporation, and

used as a prototype computer- controlled ion beam optical figuring

system . The technique was refined to the point where a f/6, 10

cm. Pyrex parabaloid was figured by argon ions to a finish of better

than l/20th of a wavelength of light (5500 i) . The accelerator

accelerates positive ions to energies of 120 KeV. The high voltage

power supply is capable of providing 30 ma. at 120 KeV to the high

voltage end of the accelerator. The gas discharge duoplasmatron ion

source and its supporting power supplies are floated at the end of a

50 cm. acceleration column. Power is supplied to the ion source by a
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motor generator set. The ion source is capable of producing up to 5

ma. of ions from source material which is gaseous. This includes such

gases as Argon, Hydrogen, Krypton, etc. At the time of writing, a

- i -
positive ion beam of approximately 1 ma. of A has been accelerated

to 50 KeV. If the polarity of the accelerating potential is reversed,

a considerable current of electrons can be accelerated. The pumping

system consists of a VHS 6 diffusion pump with a LN cold trap and

backed by a Sargent Welch 1397 mechanical pump. The target chamber

has an ultimate pressure of less than 7 * 10 T. The pressure in

the target chamber with beam on is in the 10 T range or better

depending on the operating parameters of the ion source.

NIA will be of considerable use to users both within and outside

the cyclotron. For example, the Ar beam may be used to fabricate

very thin, uniform target foils by the sputtering of small quantities

of material. This can take the place of the evaporation technique if

the target material has a very high melting point or if the target

3)
material is available only in small quantities '. The electron beam

may be used for electron beam welding or for drilling sma!i holes

(less than 1.35mm) with ease. The utilization of the above technique

can be implemented with little or no modification to the accelerator.

The accelerator may also be useful in many other fields of

study. Two examples of pure physics experiments which may be done

with NIA are the measurement of stopping powers in thin targets with

ions up to 120 KeV and the effect of ion bombardment on amorphous

metallic glasses . Highly applied research such as ion beam
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lithography ' and the fabrication of silicon solar cells ' can be

done on this accelerator. The above applications may require some

modification of the accelerator, especially of the vacuum system which
Q

must achieve ultimate pressures of 10 j before implantation work

can proceed.

In conclusion, the cyclotron has been fortunate to acquire a

powerful tool which may be useful to cyclotron staff, physicists and

engineers alike.
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Hardware and Software Configuration of the VAX 11/750 Computer SstemYSTEM

C. A. Smith

Last year, a special grant was awarded to the Cyclotron

Laboratory to replace the antiquated PDP-15 computer system. This was

used to purchase a VAX 11/750 computer along with a number of

peripheral devices. Although delivery of the computer was taken in

December 1982, the system was not fully operational for an additional

two months because one of the disk drives was damaged in transit.

The computer system, as purchased from Digital Equipment

Corporation, consisted of a VAX 11/750 computer with battery backup, 2

RK07 disk drives which, together, provide 56 Mbytes of disk storage, 1

Mbyte of ECC/MOS memory, 2 DZ11 8 port interfaces and ?n LA38

Decwriter IV which serves as the console terminal.

In addition, a number of peripheral devices were purchased from

other suppliers or transferred from the PDP-15 system. For hardcopy

output and graphics, a Trilog T100 250 line per minute prin,er/plotter

with 100 points per inch resolution was obtained. The plotting

software was supplied by Cerritos. To handle magnetic tapes, 2 TDX

dual density (800/1600 bpi) , 75 inch per second tape drives were

acquired along with a Wesper TC131 controller. For display terminals,

it was decided to standardize with a single type of terminal, this

being the VT100. Thus, 14 VT100 display terminals were acquired, 11

of which were equipped with the Digital Engineering graphics option
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(these are referred to as VT640 terminals) which emulates a Textronix

4010. In additon, the XT50 and the LA120 Decwriter II were

transferred from the PDP-15. These latter terminals, along with one

VT640 are reserved for use in data acquisition. A Bell 103 modem has

been installed for the purpose of remote diagnostic maintainence.

Finally, an additional 1/2 Mbyte of memory was acquired, bringing the

total amount of memory to 1.5 Mbytes.

The entire CAMAC system which was utilized with the PDP-15

computer has been moved over to the VAX. This consists of a Bi-Ra

Systems MBD interface, one crate, and the various modules. Currently,

the modules consist of:

3 Kinetic Systems 3610 scalars

1 Kinetic Systems 3061 IGOR

1 Lecroy 3511 ADC

1 Lecroy 3542 8 input multiplexer

1 Lecroy HV4032A HV supply interface

1 Ortec AD811 ADC.

In addition to the above, another VT100 terminal, 16 more ports

and another 1/2 Mbyte of memory are currently on order.

The software supplied with the VAX consisted of the operating

system and a FORTRAN compiler. For each of these, the system is

currently running under version 3.0
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The software uitilized for data acquisition, referred to as

"XSYS" , was acquired from TUNL and implemented early this year.

It has been used for all data acquisition taking place since its

installation. A second set of data acquisition programs, termed

"MULTI", was acquired from the University of Washington. This,

however, has not been implemented. Although it could be utilized for

data analysis, it cannot be implemented directly for data acquisition

due to the lack of a suitable MBD driver. Also obtained from the

University of Washington was "VAXPAK", a graphics package which can be

used on the VT640 display terminals. This has been implemented and

expanded to provide scatter plots and 3D plots in addition to

histograms.

Finally, PASCAL and PRAXIS compilers have been obtained through

DECUS. Although not much has been done with these, some interest in

using them is beginning to develop within the laboratory.

References
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PRAXIS Programming Language

R.Pogson

A new language processor has been obtained through DECUS from J.R.

Greenwood et al. of Lawrence Livermore National Laboratory. The new

language has strong similarities to PASCAL for most purposes. The

language was designed as the sole language in the laser fusion system.

With PRAXIS it is possible to write high level and low level

programmes in the same language. The advantage of this is that all

the linkages between routines can be examined by the processor and

checked for syntax. With FORTRAN, on the contrary, the compiler

examines one routine at a time and does not check that parameter lists

match. The programmer shoulders that responsibility. A collection of

valid FORTRAN subroutines does not necesarily make a valid FORTRAN

programme. In PRAXIS, separately compiled routines can be checked for

compatible parameter lists because a special file called a synopsis is

generated for each valid module. The synopsis file contains not only

parameter lists but any data structures and user-defined types that

have to be referenced. Thus several programmers can be working on

different parts of a programme and still maintain assurance that the

resulting programme will be valid. In addition to this feature of

strong type checking, the programmer is given greater control over the

compiler to force variables to be stored on the stack, in a register

or in a static variable. The use of a stack to hold variables results

in a smaller running programme because variables used in a subroutine

are automatically returned to the system.
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While the power of this language may be of great advantage to a

system programmer, it is not necessary for general numerical work on

simple data structures. Portability of a programme would be almost

nil if written in PRAXIS because PRAXIS is still only available for

VAX and PDP-ll's. However, in an installation such as the laser

fusion project or a new accelerator, the power of PRAXIS could be

fully exploited in writing a software system for automatic control.

Efficient, compact programmes can be written without resort to

assembler language and yet have complete control of a computer. A

control system distributed over VAX's and PDP-ll's could be written

entirely in PRAXIS for everything from device drivers to optimization.

The larger a system becomes with the addition of more routines, the

greater the baneflt to the programmer of using a language like PRAXIS.

Maintainability of large software systems was one of the chief design

goals of the language. Readability of PRAXIS programmes was another

because a routine is only written once but may have to be read many

times throughout its life.

The current version of PRAXIS Is a preliminary release and the

documentation is incomplete. A new release is expected this fall with

complete documentation.

MAIN MODULE DEMONSTRATE

//THIS IS A SMALL PRAXIS PROGRAMME

//IT USES VARIABLE TYPES AND ROUTINES DEFINED IN OTHER MODULES , TEXTIO

AND VECPAK
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IMPORT OUT_LINE,OUT_STRING,TTY,OUT_AREAL FROM TEXTIO

IMPORT MAKVEC,VECTOR,PRTVEC,DOT,CROSS FROM VECPAK

DECLARE

//ALL IDENTIFIERS EXCEPT RESERVED WORDS MUST BE DECLARED

A: VECTOR //VECTOR IS A USER-DEFINED TYPE DECLARED IN MODULE VECPAK

B: VECTOR

C: VECTOR

D: REAL //REAL IS A RESERVED WORD FOR FLOATING TYPE

ENDDECLARE

A:=MAKVEC("A",1.,1.,1.) //INVOKE THE FUNCTION MAKVEC WHICH RETURNS

A VECTOR VALUE

PRTVEC(A) //DISPLAY THE GENERATED VECTOR

B:=MAKVEC("B",O.,1.,O.)

PRTVEC(B)

C:=MAKVEC("C",O.,O.,O.)

PRTVEC(C)

C:=CROSS(A,B) //INVOKE THE FUNCTION CROSS WHICH RETURNS THE CROSS

PRODUCT

OUT_STRING(TTY,"A CROSS B ");PRTVEC(C) //PRINT THE CROSS PRODUCT

C:=CROSS(C,C)

OUT_STRING(TTY,"C CROSS C ");PRTVEC(C)

D:=DOT(A,B)
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OUT_STRING(TTY,"A DOT B=");OUT_AREAL(TTY,D) //PRINT THE DOT PRODUCT

ENDMODULE

//THE OUTPUT FROM THIS PROGRAMME FOLLOWS

A=(1.000000,1.000000,1.000000)

B=(0.000000,1.000000,0.000000)

C=(0.000000,0.000000,0.000000)

A CROSS B C=(-l.000000,0.000000,1.000000)

C CROSS C C=(0.000000,0.000000,0.000000)

A DOT B=1.000000
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VAX SYSTEM PERFORMANCE

J. R. Anderson

The overall system has worked well.The computing through-put has

more than adequately replaced the two PDP15 computers capability as

well as handling the order of magnitude increase in computing load

that seems to accompany any new coraputer.The system appears to be

functionally complete, its complement of line printer/plotter and

vt640 terminals provides rudimentary but adequate graphics support.

The CAMAC - MBD combination has proved to be a powerful and flexible

yet low cost data acquisition system.The CPU processing speed along

with disk and magtape peripherals has provided a good basis for

program development and offline analysis as well as online data

acquisition.

The major weakness of the system has been lack of memory. The

original one megabyte was found to be inadequate for our computing

load. The system supported twelve users quite nicely when no real

time data acquisition was under way. This changed drastically as the

requirements of the experimental data acquisition varied. A simple

experiment, eg. increment a single histogram, seemed to have no

adverse affect on system performance. A large experiment, consisting

of perhaps twelve 1024 histograms, eight 128X128 two dimensional

histograms, several one and two dimensional gates and two fairly large

EVAL programs sorting data from two independant multiple input ADC s

would require almost all other users to be removed from the system.
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System crashes would occur if the number of users was not limited.

These crashes were characterized by free memory falling under 100

pages, a high amount of swapping activity, data late errors from the

RK07 disks and some components of the system ceasing activity

entirely. The addition of another 1/2 megabyte of memory has

eliminated thes<; system crashes. Indeed, it was now found possible to

support twelve users in addition to large online data acquisition

programs. Current plans are to bring total memory up to two

:negabytc3S. The size of this laboratory makes it unlikely that peak

demands will exceed 15-18 users, thus a two megabyte memory should be

more than adequate for the foreseeable future.

Disk, space has been found to be somewhat cramped. The 28

megabyte system disk is entirely consumed by the operating system and

the XSYS data acquisition programs. The remaining 28 meg-ibyte disk is

available for users. Each user is allocated a one megabyte quota.

This is adequate for many smaller tasks, however, it is totally

inadequate when working with large programs. A user called "SCRATCH"

is available, on a short term basis, with an eight megabyte quota for

disk storage. This organization has been found quite useable although

it is v«ry Inconvenient to maintain all large files on magtape. It is

apparent that a large massbus disk with a 300 to 600 megabyte storage

capacity is sorely needed.
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System reliability UHS Iwoii quid? good if one excludes system

crashes due to trying to support too many users on a one megabyte

system. No failures of the VAX requiring repairs or diagnostic

services wen; i.'noountered. The line printer has had a hammer driver

and a finger replaced as well as a faulty I.C. in the TRILOG

controller board. There have been a few failures in some of the VT100

terminals. In most cases an I.C. or transistor replacement was all

that was required.

The TDX tape drives have performed quite reliably, however the

Western Peripherals TC13I controller has given some trouble. It does

not emulate any supported VAX drive, thus a foreign software driver

must be used. The stand alone utilities DSC and BACKUP do not work

with this interface, however, the versions loaded by the VMS operating

system do work correctly. SYSGEN also has problems, "AUTOCONFIGURE"

decides that the TCI31 is a TSll tape drive , loading the TS11 driver

with catastrophic results. The SYSTARTUP.COM file must be edited to

exclude magtape when doing an "AUTOCONFIGURE" and to explicitly load

the foreign driver "MT". The TC131 interface also gets confused about

what sequence of operations the VAX can ask it to perform, issuing an

error message and refusing to budge. It is usually possible to figure

out what it is expecting and trick it into proceeding. Western

Peripherals have made several revisions to the interface to correct

some problems, however, it is expensive in terms of Western

Peripherals charges and lost usage to have the TCI31 brought up to the

latest revision level. It appears that we may have to live with these
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problems.

Currently we are using VMS version 3.0 and have found it to be a

significant improvement over version 2.5. It is much more economical

in its usage of hardware resources as well as offering many cosmetic

Improvements. In particular, it uses a much better scheme for

swapping and paging disk files. This reduction in size is very

noticeable on a small disk system such as ours. The FORTRAN compiler

now handles DO loops in accordance with the 1977 M S I standard, anyone

converting to version 3.0 should treat DO loops with caution.

Data acquisition is performed by the XSYS collection of programs

obtained from Triangle Universities Nuclear Laboratory at DUKE

University. The XSYS software allowed almost immediate data

acquisition capability at very little cost to th' s laboratory and has

been used for all experimental data acquisition during 1982. All the

requirements of this laboratory have either been met by XSYS or have

been proven to be extremely easy to Implement within the XSYS

structure. Conversion to run XSYS under version 3.0 was straight

forward,the only difficulty of any significance appeared in programs

using the system call "TRNLOG".

The VAX system has proven to be an extremely well suited

computer for a laboratory of our size. Although compact In size, its

virtual architecture and CPU processing power allow batch users to

consume unused CPU time in a meaningful way. Jobs requiring 10-14

hours of VAX CPU time generally have overnight turnaround. The
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University of Manitoba Amdahl computer could process the same job in

less than an hour but would still require overnight turnaround! The

VAX also supports interactive analysis of nuclear physics data in an

extremely efficient manner. Indeed, the order of magnitude increase

in computer activity is due mainly to more detailed and thorough

analysis of experimental data due to the interactive graphics as well

as the ability to execute simulation and "Monte-Carlo" programs.

The concept of a single, somewhat larger, computer for both data

acquisition and subsequent analysis has proven to be efficient and

viable. Traditionally, two computer systems have been employed in

Nuclear Physics Laboratories. The advent of extremely reliable

hardware along tfith the development of operating systems such as VMS

that allow real time data acquisition in conjunction with multi-user

support has made the single computer system the more viable concept.

Although the single system is susceptible to "hogging" by the higher

priority data acquisition user, this is not a problem when the system

can satisfy peak data acquisition needs with a little capability to

spare. It has been our experience that the data acquisition user

requires peak resources only infrequently and then only for a short

duration.This then generally leaves a major portion of the system

available for analysis users, so that both types of users benefit from

the full power of the system. In a two computer system, any user can

only benefit from 50% of the resources. In theory the 50% rule could

also be applied to the online user in a single computer system. For a

single computer system to be viable, it is important that there are
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sufficient resources to exceed the online users potential or allowed

demands. When operating with one megabyte of memory, limiting the

number of offline users (to prevent system crashes) was very

unpopular. However, since the instalation of the additional 1/2

megabyte, offline users are unaware of and generally unaffected by the

online data acquisition process.

The VAX system has provided this laboratory with a modern, up to

date computing capability in an efficient and cost-effective manner-

Its potential for growth and expansion give us confidence that future

needs can readily be accommodated in an orderly and planned manner.
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A VISIT TO TUNL

J.R. Anderson, Head of Computer Systems Group, Cyclotron Laboratory,

Department of Physics, University of Manitoba, Winnipeg, Canada

The University of Manitoba Cyclotron Laboratory is a major

research facility in Nuclear Physics. As such, about 50 people

consisting of academic staff, graduate students and technical support

staff are involved in advanced Nuclear Physics research programs as

well as performing such community related services as the production

of radio-pharmaceuticals(Iodine, Krypton) and providing trace element

analysis services. A fundamental component of the laboratory is data

acquisition and analysis using digital computers, indeed, the

productivity of the laboratory research program depends almost as much

on the computer system as it does on any other component. In view of

this, the National Sciences and Engineering Research Council awarded

this laboratory a major equipment grant to upgrade the existing system

to a "state of the art" VAX11/750 based data acquisition system.

A necessary component of an upgraded computer system is the

requirement for competent and skilled computer personnel with the

knowledge and expertise to implement highly specialized data

acquisition programs. In view of this, the head of the "Computer

Systems Group", J. Anderson, was awarded funds under the University of

Manitoba "Staff Developement Program for Senior and Middle Support

Staff" to spend three weeks studying the use of an acquisition system

in another laboratory.
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Triangle Universities Nuclear Laboratory in North Carolina was

selected as the site to visit for several reasons:

1) Many similarities exist between the University of Manitoba

Laboratory and TUNL - similar energy range of the

accelerator; similar numbers of people involved; and

similar research activities and interests.

2) The hardware configuration of the data acquisition

computer system was nearly identical to the proposed U of M

system which will utilize an existing MBD-CAMAC interface.

In fact TUNL, to our knowledge, is the first system to use

a VAX CPU connected to a Bl-Ra Systems MBD CAMAC branch

driver. Thus, their data acquisition software should, in

theory, be easily adapted to our computer.

3) Historically laboratories such as the U of M have used two

computer systems, one for data acquisition, one for

analysis. This means, however, that any user has access to

only 50% of the computer resources at any time, even if the

other computer is idle. It appears that one somewhat

larger computer would facilitate more effective utilization

of resources, i.e., any CPU time or peripherals not

currently in use for data acquisition could be temporarily

used by data analysis programs, yet the full power of the

system would be available when required by the data

acquisition system. The lab at TUNL has sucessfully

implemented the one computer approach, it would be very

valuable to see this system operate in a real life
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situation.

The visit to TUNL can roughly be broken down into three stages.

The first week was spent in familiarization with the lab and its

personnel, becoming familiar with the capabilities of the computer,

its operating system and its utilities as well as having a preliminary

look at the capabilities of their data acquisition software. The

second week was spent in a detailed study of their data acquisition

software, "XSYS", including some limited "hands on" experience. The

XSYS system is essentially a collection of programs, written by a

number of different people, to access a common central control

structure. It proved very useful, during this detailed examination,

to have access to the various people involved. Very often, a few

minutes of explanation of some aspect of a program by the author would

save incalculable time and effort, in particular, the motivation or

rationale for using one approach as opposed to any other was found to

be invaluable.The final week of the visit was spent in discussing the

proposed modifications and enhancements to XSYS that would be required

to adapt it to our particular situation. Once again it proved very

useful to have access to the various authors of XSYS when discussing

proposed changes as, firstly, they were aware of where in the programs

changes would be required and, secondly, they had more feeling for the

implications of any proposed change on the other components of XSYS.
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In conclusion, the three week visit to TUNL not only provided

"hands on" experience with a VAX computer, but also enabled first hand

contact with the authors of the XSYS data acquisition system. Also,

copies of all the relevent programs, representing something like two

to three man-years of work, were acquired from the TUNL staff. This

will be an enormous time saver for the laboratory, allowing the VAX

data acquisition system to be implemented without expending an

enormous amount of development time. A first hand look at the

operation and management of a single-processor computer system,

embodying both acquisition and analysis functions, showed this concept

to be, not only viable, but also a desirable and effective resource

sharing concept.

I would like to acknowledge the assistance provided by the staff

at TUNL. In particular, C.R. Gould and N.R. Roberson who acted as

gracious hosts, expending considerable time and effort discussing

software and hardware aspects of XSYS. S.E. Edwards provided valuable

advice and consultation relating to technical problems and possible

modifications to the MBD hardware. S.E. King and Y.C. Lau provided

considerable assistance in understanding the various programs

associated with XSYS.
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Computer Design of Neutron Collimator

N.E. Davison, J.N. Knudson, R. Tkachuk

The neutron collimator presently in use on the neutron line

consists of an aluminum beampipe into which steel inserts may be

placed. The pipe is surrounded by a packing of lead shot inside a

steel structure about 1-20 metres long by 60 cm across. The rest of

the shielding wall is made of concrete. Since the central part of the

collimator consists of removable inserts, there is the possibility of

optimizing the design and even of changing the collimator for

different experiments.

In order to facilitate the design of neutron collimators, a

Monte Carlo computer program has been written for the purpose of

simulating the scattering and absorption of neutrons in various

materials. The program is designed to trace neutron histories through

elements made of vacuum, H, C, 0, Si, Ca, Fe or Pb. The reactions

allowed are: elastic and inelastic scattering, absorption [(n,p),

(n,d), (n,alpha) etc.], (n,2n),(n,3n),(n,np) and (n,p2n). Reactions

12
such as C(n,n)3a are included in the inelastic cross section. In

many cases, the data for these reactions are not available in the

literature. There have, however, been optical model estimates of the

appropriate cross sections in some cases. In those cases where it has

been possible to compare the calculations with the experimental data,

the agreement has been quite satisfactory. In the cases where not

even optical model estimates were available, the energy dependence of
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the yield curve was taken to be the same as that for the nearest

nucleus for which data could be found. The yield curve was then

displaced in energy to conform to reaction thresholds.

Neutron histories are traced from the incident energy (limited

to about 40 MeV by the absence in the program of reactions involving

more than 4 bodies in the final state) down to approximately 3 MeV, or

until the angle through which the neutron has been deviated exceeds a

predetermined limit, typically 90 degrees. The program takes into

account the primary proton beam energy spread and the angular

distribution of neutrons at the neutron production target. Account is

also taken of the fact that many reactions generate more than one

neutron for each one incident. In such a case, each neutron is

subsequently traced. Realistic energy distributions are used for

reactions with 3 or 4 bodies in the final state. When a charged

particle is produced, it is assumed to be absorbed. Thus no account

is taken of a situation in which a charged particle is produced in an

(n,p) reaction, for instance, and the proton subsequently is involved

in another reaction which produces further neutrons.

Figure 1 shows calculated energy distributions of neutrons at

the target position used for studying neutron induced reactions. The

several curves show the results obtained under different assumptions.

The data points for the energy distributions were obtained

9
experimentally using a Be neutron production target 800 keV thick

to 30 MeV protons. Figure 2 shows the spatial extent of the neutron

beam at the target position again calculated under various conditions.
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In this case, the experimental points were obtained with a straight

bore collimator and measured by activation of copper using the

63
Cu(n,3n) reaction.

RELATIVE NEUTRON INTENSITY

>
Zn
Ui

g
Z

2
ULJ

Z
ui

UJ

a:

1.0

.9

.8

.7

.6

.5

.4

.1

o
1.0 1.5 2.0 2 5 3.0 3.0 4.0 4.5 5.0

POSITION ON AXIS (cm)



60.

Improvements to the Neutron Line

J. Campbell, N.E. Davison, J.J.G. Durocher, W.R. Falk, J.N. Knudson,

R.H. McCamis, R. Tkachuk

Three major upgrades to the neutron line have been carried out

this year: a proton sweep magnet has been installed, design of a

neutron colllmator is underway, and the radiation safety of the line

has been upgraded.

A schematic diagram of the neutron line is shown in figure 1.

The neutron line is set up on the "straight through" section of

beamline after the analyzing magnet - the D-line. After passing

through the cyclotron vault shielding wall, the protons impinge on a

beryllium neutron production foil sufficiently thick to cause 30 MeV

protons to lose approximately 800 keV of energy. The ^..oton beam then

enters a sweep magnet which deflects it through 25 degrees into a

Faraday Cup. Neutrons produced in the target pass through the magnet

between the pole faces and continue along an evacuated beampipe in

which iron collimator inserts are located. At the end of the

evacuated pipe the neutron beam passes through a 3 cm air gap and

enters a 40 cm diameter scattering chamber in which solid state

detectors may be placed.

The sweep magnet installed on the neutron line has had a

venerable history in this laboratory serving in the early seventies as

the sweep magnet in an earler neutron beamline, and later (about 1975)
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as part of a neutron facility on the present C-line. It has been

fitted out with a small water cooled Faraday Cup which enables us to

measure the total current passing through the neutron production

target, and is attached on the downstream side to the evacuated pipe

which holds the rollimator inserts. Immediately upstream of the

magnet is a heavy table which allows the stacking of iron and lead so

as to provide radiation shielding over nearly 4pi. The magnet is

currently in use and is performing quite satisfactorily.

The neutron collimator consists of an evacuated beampipe into

which iron collimators can be inserted. Because of this flexibility

in the collimator we have the opportunity to optimize the collimator

design. There is, however, remarkably little available in the

literature on collimator design. A computer program has therefore

been written to simulate neutron scattering and absorption in the

collimator. The program is currently being tested under realistic

conditions and emphasis is being placed on introducing realistic

algorithms for calculating the neutron angular distributions in

elastic and inelastic neutron scattering as well as the energy

distributions of particles produced in reactions with three and four

body final states. We anticipate measuring the neutron energy

distribution and spatial extent of the beam by mid-September using

several collimator insert arrangements. Assuming that the computer

program is able to reproduce these results, we shall then concentrate

on optimizing the collimator structure.
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Since neutron beams tend to use the most Intense proton beams

available, considerable effort must be put into ensuring radiation

safety both in the immediate vicinity of the neutron line and

elsewhere in the laboratory. Over the past year, we have found that

the primary proton beam generally is smaller in cross section than all

apertures in the beam lines. As a result of radiation surveys

following extended runs, however, we have identified a number of areas

where beam halo has at some point struck beamline components. These

components have now been redesigned with larger apertures, and

remaining exposed surfaces have been carbon shielded. Additional

shielding has been added in other areas, especially in the immediate

vicinity of the neutron production target and at beam viewing screens.

Currently, no one need enter any radiation field exceeding 5mr/hr even

in the immediate vicinity of the neutron production target,

immediately after beam shutdown (ie before radiation has had

significant time to die out). The one area where radiation fields up

to 5 mr/hr are currently encountered (verifying the position of the

neutron production target visually during a run) is being modified by

a mirror system and a small shielding labyrinth so that fields will be

strongly reduced at this point as well.

We have surveyed those parts of the laboratory closest to the

neutron line during our most intense runs, and have found that the

radiation is undetectable in most places. Where the shielding wall

between the two experimental areas is thinnest, some radiation has

been observed: <0.3 mr/hr.
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The beamline is currently interlocked against any reasonable

dangerous condition such as failure of the sweep magnet, but we are

designing a hardwired system which will protect against these and an

number of less serious conditions. It will consist of a four-jawed

split ring Faraday Cup placed upstream of the neutron production

target to monitor the position of the beam. The system will drop in

the main and D-line beam stops should the ratio of the up/down or

left/right currents become too high. There will also be a 2-jawed

split ring Faraday Cup placed between the proton sweep magnet and the

main Faraday Cup to monitor the proton beam deflection. The voltage

across the sweep magnet coils will also be monitored. An abnormal

condition in either the 2-jawed split ring Faraday Cup or in the

magnet voltage drop will cause both beamstops to drop into the

beamline before the magnetic field in the sweep magnet can decay

sufficiently to allow the proton beam to deviate enough to cause a

dangerous condition. Finally, there will be flow switches on the

cooling water to the sweep magnet power supply, the main Faraday Cup

and the target ladder holding the neutron production target. This

interlock system exists in part at present. In particular, the

cooling water flow switches are in place, and the voltage drop across

the magnet coils is monitored and wired into the interlock system so

that the proton beam will not escape should here be a sweep magnet

failure.



NEUTRON PRODUCTION UNE
6 4 .

m

112 m.

SWEEP

MAGNET

f / / / / i f / / / rf I / /[ I / /1 f f r I /////If 11111

1 zzzz:

-1.83 m.-

CONCRETE
SHIELDING

IRON
SHIELDING

LEAD

IRON
COLLIMATOR

.61m.

COOLING LINES

9-Be TARGET

TARGET
LADDER

1 FARADAY
.CUP



65.

Drift Chamber

J. Birchall, N.E. Davison, J.V. Jovanovich

Construction was begun during the past year of a drift chamber

for use in low energy nuclear physics experiments, particularly those

on the neutron line. These experiments are characterized by low

incident beam intensities and hence by low reaction rates. It is of

considerable interest therefore to construct detectors capable of

covering large solid angles. Ideally such a detector should have

particle identification ability and sufficient position sensitivity to

permit reasonable angular resolution where such is desired.

The drift chamber that has been designed is shown schematically

in figure l;the chamber is in fact quite similar to the one

reported . Position in the vertical direction is determined using

the drift time of the electrons produced by the passage of a charged

particle, the start signal coming from a scintillator placed behind

the drift chamber. The scintillator also measures the particle's

residual energy after it has traversed the drift chamber. In the

horizontal directon the position is determined by charge division.

Charge is measured at each end of the sense wire, and since the wire

used has a significant resistance, the position at which the electron

cloud strikes the wire may be determined. The chamber is relatively

thick - some 9cm in the incident particle direction - so that there is

significant energy loss suffered by particles as they traverse the gas



66.

in the chamber. By adding together the charges collected at either

end of the wire, a signal proportional to the energy lost as the

particle traverses the chamber is obtained. Previous experience with

2)
this type of chamber indicates that this thickness will be ample

to permit the distinction of protons from deuterons.

At present, a prototype chamber with an active area of 400 cm2

has been constructed. It has been tested under high voltage and tests

with radioactive sources are about to begin. A detector system

consisting of two thin scintillators has been constructed to give the

start signal for the drift chamber and to test other possibilities in

particle identification. The detectors comprise a thin (2mm)

scintillator followed by a thicker (6mm) scintillator. Such a system

is advisable for two reasons. Firstly, reactions produced _n the

scintillators by stray neutrons are frequently able to obscure weak

reaction peaks. This source of "noise" is reduced very significantly

if a signal from two detectors is required in the trigger. In

addition, the use of two scintillators will give additional particle

identification information. It is expected that the double

scinitillator system will be ready for use during the month of

September.

The electronics system to be used with the chamber is presently

under consideration. There seem to be two principal options plus some

variations. (1) A standard commercial (LeCroy) system of ADC's, TDC's

plus associated logic units and pulse shapers, (2) a CERN system of

CTD's (charge/time digitizers) as developed for and used in the UA1
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experiment at CERN.

Each of the CERN and LeCroy systems has specific advantages and

disadvantages. The CERN system is powerful, and incorporates the

latest advances in electronics. It is also capable of the major

extension required for the expanded wire chamber system we envisage

building at the University of Manitoba. The chief disadvantages are

that the delivery time is on the order of 1 year and that its level of

sophistication would require a heavy initial manpower investment in

learning how to properly use and maintain the system. The Lecroy

based system is relatively simple, and is already used in laboratories

such as TRIUMF. We expect to make a decision on the electronics by

the end of September. In the meantime, testing of the prototype

system will continue with electronics already available in the

cyclotron laboratory.
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Atomic Mass Determinations by High Resolution Mass Spectrometry

R. J. Ellis, B. J. Hall, C. A. Lander, R. C. Barber & H. E. Duckworth

1. Unstable Nuclides

As described previously, we have been working on a He jet

transport system with which unstable nuclides, produced in the cyclotron

laboratory, may be transferred to the mass spectrometry laboratory,

where they may be studied by means of established techniques and

apparatus.

Since our last report, our research was directed at the

outstanding problem of coupling the existing He jet capillary to an

efficient combination of skimmer plus ion source. The use of a surface

ionization ion source, which has a high efficiency for alkali metals,

alkaline earths, and rare earths, was pursued. The entire transport

system, skimmer and ion source were tested as a unit by placing, in the

target cell, a filament on which was deposited a small quantity of

stable Cs or Ba. When the filament was heated, some of the sample would

evaporate into the chamber as a metal ion, be trapped by an aerosol

particle (AgCl) and be transported to the skimmer and the ion source.

In these tests ion were detected at the collector of the mass

spectrometer; with a sample of 10 g of CsjSO, (3.3 x 10 atoms),

2.4 x 10 ions were detected.

We have attemped to detect unstable Cs and Ba produced in U

(p, fission) on targets consisting of up to 10 C foils on which UO was

deposited at approximately 11 pg/cm . The foils were heated by passing

a current through them. While the activity detected in the mass
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spectrometry laboratory increased vi th heating, no unstable Cs or Ba has

yet been identified.

This work was necessarily suspended at the time the cyclotron

was shut down and activity was directed towards a specific problem of

current interest (see #2, below). Meanwhile, work was begun on a new

type of source (#3) and collaboration was continued with AECL (see #4).

2. Neutrino-less Double-B Decay of Ge

Recently there has been considerable interest in the

neutrino-less double beta decay of Ge. In this connection we have been

asked by J. Simpson to provide an accurate value for the Ge - Se

atomic mass difference. To do so, we have studied a set of 11 doublets,

involving Ge, As, and Se, of the types

AX - AY = Mj (1)

A+2X35C1 - V 7 C 1 = M2 (2)

where X,Y may or may not be the same element. Of these, 5 form an

overdetermined set involving the Ge - Se mass difference. They may

be combined with other precise nuclear reaction and decay data in the

region to further enlarge the overdetermined set. When final values are

available a least squares adjustment of the data will be performed in

order to provide a "best" value.

The preliminary "best value" is 2044.1 ± 1.4 keV (compared to



71.

2045.7 + 3.4 keV, 1977 Mass table of Wapstra & Bos, At. Data Nucl. Data

Tables j ^ , 177 (1977)). This work is continuing.

3. Instrumental Work

(a) In connection with the work in (1) above we have installed a

turbomolecular pump and a Daly detector on the mass spectrometer.

(b) A very stable Hall probe was installed. This has greatly improved

the ease in setting up the instrument at a given mass. The magnet

supply required modification to reduce instabilities at about 5 Hz.

(c) We are currently constructing a FEBIAD ion source in connection with

(1) above.

4. Collaboration with AECL Chalk River

With J. C. Hardy and K. S. Sharma, we are investigating ways in

which the Chalk River on-line isotope separator may be further developed

for atomic mass determinations of nuclei far from g-stability.
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Proton Analyzing Powers for He(p,p) He

P. Drakopoulus, R.H. McCamis, W.T.H. van Oers and P.J.T. Verheijen

Due to the shortage of available personnel working on the

project to measure the proton analyzing powers of the He(p,p) He

reaction, activities this year have been limited.

The year 1981 was rounded off with a study to determine whether

various laser systems could be utilized to improve the degree of

3
polarization obtained in the optical pumping of He. Since then, a

French group has shown the basic feasibility, obtaining 69%

polarization at 40 Pa (0.3 Torr). This should be compared with our

best value of 21% at 280 Pa (2.1 Torr) using conventional techniques.

Besides technical improvements to the present experimental

setup, a system is being built to produce target cells and fill them

with He at the Cyclotron Laboratory. This activity was previously

done at the University of Toronto. The decision to do this locally

was necessitated by the need to experiment with the cell construction

and the possibillity of filling a large number of cells in order to

secure an efficient use of cyclotron time during the next run to

complete the previous analyzing power angular distributions.

Investigations into the observation of the polarization on a

continuous basis rather than by depolarization of the gas continue.
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Measurement of A in the He(<f,p)n He Reaction at 14.8 MeV

M.S.A.L. Al-Ghazi, J. Birchall and J.S.C. McKee

The deuteron-alpha system has proved to be an attractive ground

for testing three-body models based on Faddeev theory. This is due to

the relative simplicity of the spin structure (1+0) of this system in

the initial state and the distinguishability of all three particles in

the final state (n+p+a). Furthermore, the N-a interaction is simpler

to deal with than the N-N interaction at low energies. The approach

employed by Koike has proved to be successful in predicting the

single and double differential cross sections and vector analysing

powers without the tensor force in the N-N interaction. This model

however, has failed in reproducing the angular distributions of the

polarisation observables (T , T ,T ) at the FSI peak

5 2)
corresponding to the He s> . I n addition to the tensor

force there is sensitivity to the Li 1 state (at 6.5 MeV)

4)
and the percentage D-state in the deuteron wavefunction . Despite

successful beginnings to understand this system, information available

on it remains rather limited especially the lack of proton tensor

analysing powers which are believed to exhibit interesting structure

in the FSI peak corresponding to the He and the energy region
g .s •

6 + 1)
where the contribution from the Li 1 state is significant
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An experiment was carried out to determine the proton tensor

analysing powers (A ) in the reaction He(d,p)n He. In this

experiment polarised deuterons from the University of Manitoba

polarised deuteron facility were accelerated by the cyclotron to an

energy of 1A.8 MeV and used to bombard a He gas target contained in

a gas cell of diameter 6 cm. Protons from the breakup of deuterons as

well as elastically scattered deuterons were detected using a AE-E

detector arrangement of silicon surface-barrier detectors situated at

symmetric angles to the left and right of the target. Data were taken

at laboratory angles of 20, 30, 35 and 40 degrees with spin up, spin

down as in tensor polarised incident deuterons.

Data analysis was carried out using the three-spin-state

method . A values were extracted at proton laboratoi" angles

yy
4 -» 4

of 20, 30, 35 and 40 degrees. The He(d,d) He analysing powers

were also extracted and used as a check that the detection system was

functioning properly. This approach, coupled with the fact that we

had left and right detector information, makes the data independent of

geometrical factors relating to the detection system and corrects for

instrumental asymmetry. The results are shown in Fig.l. The errors

include a 1% error due to beam current integration as well as errors

due to counting statistics. These data have been sent to Dr. Koike of

Kyoto University (Japan) for comparison with three-body calculations

alluded to earlier in this report.



76.

It is significant to note that A is non-zero and exhibits
yy

some large values especially at proton laboratory angle of 30 degrees

in the FSI region corresponding to the He where it is also
g.s.

positive.

At the present time we have theoretical predictions ' at 17

MeV incident deuteron energy. A changes shape and value in a

dramatic fashion with proton laboratory angle.For illustration

purposes theoretical predictions for proton laboratory angles of 35

and 90 degrees are depicted in Fig.2.

In conclusion, the proton tensor analysing power (A ) in the

4 ^ 4
He(d,p)n He reaction exhibits variation in shape and value with

proton energy and laboratory angle. It is felt that this parameter is

6 +
sensitive to contribution from the Li 1 state, percentage

D-state IP the deuteron wavefunction and the tensor force in the N-N

interaction. Further measurements of this parameter are necessary to

clarify the situation. Experiments at high incident deuteron energies

(where the Li 1 state does not contribute) will be helpful in

understanding the contribution from percentage D-state in the deuteron

wavefunction and the tensor force in the N-N interaction. Experiments

at low incident deuteron energy will enable a study of the 1 state

in Li to be made.
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Recoil Polarization Following a Direct Reaction

J.R. Campbell, W.R. Falk, N.E. Davison, J.N. Knudson and R. Tkachuk

6 *
Measurements of the recoil breakup distributions of Li

+ 9 6 *
(2.18 MeV, 3 ) produced via the direct reaction, Be(p,a) Li

U-a+d

have been taken for 9 = 30, 40, 50 and 60 degrees at E = 39.9 MeV.

The experiment configuration involved standard fast-slow

coincidence technique utilizing a lOOOym silicon detector to measure

the alpha particles (from the (p,a) reaction) and an ORTEC position

sensitive detector (PSD) to measure the breakup particles from the

decay of the Li recoil nucleus. A 160yg/cm Be foil was

used as a target.

The goal of these measurements is to extract information

concerning the breakup distributions of the Li nucleus in its

center-of-mass system, which may in turn be used to infer the

6 *
m-substate populations of the Li nucleus.

The connection between the measured laboratory distributions and

the center-of-mass distributions is rather complex, due mainly to the

geometry of the experimental set-up (e.g. size of beam spot and alpha-

collimator).
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Monte Carlo simulations of the data are currently being

performed using the VAX11/750 computer- The calculations are based on

the generation of possible particle trajectories which intersect the

PSD and subsequent binning of the energy and position into a

two-dimensional array. Figure 1 a) displays the energy recoil angle

data for the 2.18 MeV Li breakup at G = 6 0 degrees.

Figure 1 b) displays a Monte Carlo simulation of this data,

using a uniform distribution for the C M . breakup angles. This

calculation reproduces the gross features of the loci observed. Due

to geometry and kinematics, there are three types of events which can

occur: an event in which only an alpha or a deuteron is detected, or

an event in which both an alpha and a deuteron is detected.

Calculations to determine the actual center-of-mass breakup

distributions will be forthcoming in the near future.
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Measurement of Neutron Polarisation in the

13 13
C(p,n) N Reaction.

N.Videla, J.Birchall , N.T.Okumusoglu, C.Lapointe, M.S.A.L.Al-Ghazl

and J.S.C.McKee.

Measurements have been made of the polarisation of the outgoing

13 13
neutron in the C(p,n) N reaction at 23.3 and 26.8 MeV when the

initial proton is unpolarised. These measurements form the first part

of a series in which neutron polarisation will be compared with proton

analysing power in the same reaction.

The C target was prepared in the manner described elsewhere

. Helium gas at a pressure of approximately 100 atmospheres was

used as the polarisation analyser and was contained in a cylindrical

2)
stainless steel container 5cm. in diameter and 15cm. high at a

13
distance of 3.5 m. from the c target. The helium gas target also

served as a scintillation counter, the pulse-height response of which

was improved by the addition of 7 atmospheres of xenon.

Scintillations produced by the scattering of neutrons in the helium

were viewed by a phototube at either end of the cylinder. Effects of

phototube noise were reduced by requiring a coincidence between the

top and bottom phototubes. Matte white paint on the inside of the

cylinder increased light transmission to the phototubes, while thin

-2
layers of DPS wavelength- shifter , respectively 90 and 45 ygm.cm

thick, on top of the paint and on the inner surface of the exit
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windows of the scintillator (5cm.thick plexiglass) converted the

helium/xenon scintillations from the ultraviolet to the visible

region. Fig.l shows a pulse-height distribution produced by 5.3 MeV

alpha-particles emitted from a Po-210 source contained in the

scintillator.

1 O

Neutrons from the (p,n) reaction leaving the residual N

nucleus in the ground state were identified by measuring the time of

flight of neutrons from the target to the helium scintillator. This

was accomplished indirectly by using a signal derived from the

cyclotron r.f.system as a timing reference. The phase width of the

beam burst from the cyclotron was monitored by a thin NE102

scintillator viewing protons elastically scattered from the c

target. The phase width of the beam burst was typically 0.8 ns.

The polarisation of neutrons produced in the C(p,n) N

reaction was measured via the left-right asymmetry of the neutron

scattering from the helium gas target. Those neutrons scattered from

the helium scintillator at 120 degrees to the left or to the right

were detected by two NE213 liquid scintillators, each 12.5 cm. in

diameter and 12.5 cm. deep. Pulse shape discrimination was employed

to distinguish neutron and gamma-ray events registered by the NE213

detectors.

The effects of unequal neutron detection efficiencies, solid

angle and possible scattering angle differences oE the left and right

3)
detectors were minimised by the use of a superconducting solenoid
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producing an axial magnetic field. The function of the solenoid was

to precess through 180 degrees the direction of the spin of the

neutrons leaving the target. In this way the roles of the left and

rLght detectors could be reversed and first-order systematic errors

cancelled.

The time of flight of neutrons from the helium scintillator to

either side detector was recorded. Fig.2 is a typical time of flight

spoctrum with the upper curve showing the raw data, while the lower

curve results when neutron events in the side detector are selected

and all cuts are placed on the data. The peak near channel 200 in the

upper curve is due to gamma—ray events and is not seen in the lower

curve. Note that time of flight increases to the left in this

diagram.

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

C target as measured by the helium scintillator, after imposing

all cuts and selecting neutron events. This data, which will be

corrected for finite geometry and multiple scattering effects, is in

the process of analysis.

References.

1) W.Scott, This Annual Report page
2) N.Videla, J.Blrchall and J.S.C.McKee, University of Manitoba

Cyclotron Laboratory Annual Report 1980-81, page 22.
3) J.Birchall, N.Videla and J.S.C.McKee, University of Manitoba

Cyclotron Laboratory Annual Report 1980-81, page 46.
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13 13
Measurement of C(p,p') and C(p,d) Cross Sections

J. R. Campbell, N. ?,. Davison, W. R. Falk,

J. N. Knudson, and R. Tkachuk

As part of a search for target nuclei that are well suited to the

study of magnetic substate populations (cf. J. R. Campbell et al.,

"Recoil polarization following a direct reaction", in this report), we

measured angular distributions of the (p,p') and (p,d) reactions on

C using 40 MeV protons. Few data exist for proton-induced

13
reactions on C, particularly reactions to excited states.

The experiment was performed using the 71 cm diameter scattering

o
chamber on the 45 -right beam line. A single detector telescope

consisting of seven silicon surface-barrier detectors was employed;

proton energies of up to 41 MeV could be detected. Angular

distributions were mapped in the angular range of 20 to 90 in

steps of 10 . Typical data are shown in the accompanying figures;

fig. 1 is a histogram of the C(p,p') reaction at 60 , while

13
fig. 2 shows a histogram of the C(p,d) reaction at the same angle.

12
As a test of our absolute normalization, a C target was

13
bombarded in alternation with the C target. The ground state

12 1)

transition was compared with previous C(p,p) work and good

agreement was found, within the 10% target thickness uncertainty,

between the the shape of our angular distribution and the distribution
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of Blumberg et al.

The experiment indicated several states worth considering for the

magnetic substate study. In particular, the transition to the 15.11

12 13
MeV state in c is strongly populated in C(p,d). This state

2)
decays to the ground state primarily via gamma decay ' (90%

branching ratio), providing a large momentum transfer to the recoiling

12,,
C nucleus.

References

1) L. N. Blumberg, E. E. Gross, A. van der Woude,
A. Zucker, and R. H. Bassel, Phys. Rev. 147(1966)812.

2) C. M. Lederer and V. S. Shirley, eds., Table of Isotopes (7th ed.)
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24
Proton Induced Fission of Mg

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

R. C. McCamis, and R. Tkachuk

24
Measurements on the symmetric Hission of Mg into

C + C were first performed with an incident electron beam

and, more recently, have also been made with 120 MeV alpha

2)
particles . Previously we have reported preliminary

3) 24 28
investigations into proton-induced fission of Mg and Si

using film track detectors. The limitatons imposed by these detectors

in terms of energy and mass discrimination permitted only provisional

conclusions to be drawn.

In the current experiment of proton-induced fission on Mg

these limitations have been overcome using the detection system shown

in fig. 1. The arrangement provides for the detection of the two

12
C ions in the reaction

24Mg(P> p')24Mg*
I

> 12C + 12C

providing for a kinematically complete measurement. The surface

barrier detector telescope consisted of two ultra thin delta-E

counters of 2.1 um and 4.2 urn thickness, a 200 um stopping counter,

and a veto counter. With this telescope a triple counter coincidence

12
can be registered for C ions as low as 8 MeV; its performance in
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particle identification is shown in fig. 2, where clearly defined

bands of Li, Be, B and C are visible. A projected spectrum of the Li

band is shown in fig. 3.

The second arm of the detection system consisted of a 100 urn

2
8 x 47 mm position sensitive detector (PSD) mounted perpendicular

to the reaction plane. The advantage of this arrangement in detecting

12 12
the two C ions is that the angular correlation between the C

24 *is almost independent of the fissioning Mg state (from about

2 1 - 2 6 Mev excitation), provided only that the (p,p') excitation

cross section is strongly forward peaked. Thus a high detection

efficiency for fission events is obtained.

Measurements were performed at the angle pairs shown in Table 1

at a proton bombarding energy of 42.4 MeV. Seven parameters were

recorded for each event: delta-E , delta-E , E, E (PSD), position

(PSD), and the time between each of the delta-E detectors and the PSD.

12 13
Competing reactions from contaminants such as C, C and

0 have been considered in examining all possible 2- and 3-body

final states. Although no direct evidence for 0 contamination has

been found, a potentially troublesome reaction is p + 0 — > C

+ He + p with a relatively large Q-value of -7.162 MeV.

The analysis is at an early stage where energy calibrations and

particle identification loci are being carefully defined.
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Table

Telescope angle

20
30
30
40
48
60
60
75

1

PSD angle

140
110
139
129
118
102
120
83

References
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Fig. 1 Experimental layout of system used for the detection of the
fission products. The long axis of the position sensitive
detector is perpendicular to the reaction plane.
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Si(p,a) Total Reaction Cross Sections

For Micro-Electronic Applications

G.R. Maughan, R.H. McCamis, N.T. Okumusoglu and W.T.H. van Oers

When the nucleon component of the cosmic ray flux interacts with

the silicon in computer memory chips, the resulting highly ionizing

particles can cause memory errors. Therefore, as described

previously , the natural silicon and Al (p,a) and (p, He)

total cross sections have been obtained at proton energies of 35 and

45 MeV. Alpha particle (and He) energy spectra were measured at

several angles for each target and beam energy. These spectra were

then corrected for the energy loss which the particles incurred in the

tsrget and also for those particles which were stopped in the target

(complete details of this correction procedure may be found in the

2)
M.Sc. Thesis of G.R. Maughan ). The resulting differential cross

section angular distributions are shown in Figure 1 (a-d).

These angular distributions were then integrated over all

angles, using the curves shown in Figure 1 to interpolate and

extrapolate between data points, to obtain the total reaction cross

sections given in Table 1.

These data, together with data obtained from the literature,

have been convoluted with the cosmic ray flux to determine an upper

limit for the failure rate of micro-electronic devices due to cosmic

ray sources.
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A paper reporting OP th i s work has been submitted to the Journal

of Applied Physics for publ ica t ion .
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2) G.R. Maughan, M.Sc. Thesis , University of Manitoba (1982).
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TABLE 1

TOTAL REACTION CROSS SECTIONS

Si (p,a)

27A1 (p,a)

Si (p,3He)

27A1 (p,3He)

35.00 ± .2 5 MeV

180 ± 11 irib

195 ± 12 mb

7 t 4 m b

7 ± 4 mb

45.05 ± .2 5 MeV

172 ± 10 mb

210 ± 13 mb

10 ± 5mb

10 ± 5 mb
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Phase-Shift Analysis of40Ar(p,p)40Ar Scattering Between

20 and 50 MeV - Preliminary Results

N.T. Okumusoglu+, J. Birchall and J.S.C. McKee

An interactive computer program has been written for the VAX

11-750 computer to perform the phase-shift analysis of cross-section

and analysing power data in the scattering of a spin-half particle by

a spin-zero target. First-order relativistic coulomb corrections

are included. The program was checked against the cross-section and

analysing power results of Moss and Haeberli for proton-carbon

2) 3)

scattering from 5 to 11 MeV , and of Schwandt et al. and

Plattner et al. for proton-helium scattering between 3 and 18 MeV

and between 20 and 40 MeV, respectively. The relativistic coulomb

correction calculated for pion-proton scattering at 310 MeV is in

agreement with the results of Foote et al. . The

gradient-expansion parameter search algorithm of Marquardt has

been modified so that elastic cross-section, analysing power and total

reaction cross-section data, as well as polarisation and cross-section

normalisation factors, may be fitted. The present version of the

program allows partial waves up to L = 15 to be searched on.
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40 40
The program has been used to analyse Ar(p,p) Ar

cross-section and analysing power data obtained by our group and

by others ' . Fig.l shows an example of fits obtained.

Preliminary results of the phase-shift analysis without the

relativistlc coulomb correction are shown in fig.2. Both the real

part of the phase-shift and the inelasticity parameter are presented.

The closed circles represent fits to our data ', starting from the

phases of Micheletti et al. ; the open circles are our fits to the

data of Micheletti et al.7) and Bercaw et al.7^ at 20.9 MeV, the

crosses are phases from ref.7, while the triangles show our fits to

our cross-section data and the analysing power data of ref.8.

Experimental error bars are smaller than the data point when not

visible. The structure of the L=4 and the L=5 phases is interesting.

The preliminary analysis shows the probable presence of resonances in

the G7/0 partial wave at about 20 MeV and in the H wave at

about 30 MeV.

As pointed out previously } the large analysing power (>0.9)

seen between 105 and 130 degrees between 25 and 40 MeV might indicate

the presence of a point at which the analysing power passes through an

extreme value. Consequently, this possibility is being investigated

in the present phase-shift analysis by using the "g-trajectory" method

9)
of Plattner and Bacher (the ratio of the spin-flip to the

non-spin-flip scattering amplitudes should be pure imaginary and equal

to i at the point A =+1). The situation is more complicated than in

44 o)
the analysis of He(p,p) He scattering , as the g-trajectories
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are no longer circles, but form a number of loops. The preliminary

analysis of the data strongly favours the presence of an A =+1 point

near a proton energy of 41 MeV and a centre of mass angle of 106

degrees.

During the course of this work it became apparent that phases

derived from the analysis of cross-section data alone can be

misleading and that the addition of polarisation data is essential.

For a complete analysis more analysing power data is therefore needed.

In addition, cross-section and analysing power data at larger angles

(>165 degrees) is needed for a better description of the scattering.

References.

1) J.H.Foote, 0.Chamberlain, E.H.Rogers and H.Steiner,
Phys.Rev.122(1961)959.

2) S.J.Moss and W.Haeberli, Nucl.Phys.72(1965)417.
3) P.Schwandt, T.B.Clegg and W.Haeberli, Nucl.Phys.A163(1971)432.
4) G.R.Plattner, A.D.Bacher and H.E.Conzett,

Phys.Rev.C5(1972)1158.
5) P.R.Bevington, Data Reduction and Error Analysis for the

Physical Sciences, McGraw-Hill,1969,page 235.
6) N.T.Okumusoglu, J.Birchall and J.S.C.McKee, University of

Manitoba Cyclotron Laboratory Annual Report 1979-80, pages
59,65 and 68; N.T.Okumusoglu, Dozent Thesis, 1981, 19 Mayis
University, Samsun, Turkey; N.T.Okumusoglu, J.Birchall,
M.S.A.L.Al-Ghazi, J.S.C.McKee, H.E.Conzett, R.M.Larimer and
P.von Rossen, submitted to Nuclear Physics A.

7) S.Micheletti, private communication; E.Fabrici, S.Micheletti,
M. Pignanelli,F.G.Resmini, R.De Leo, G.D'Erasmo, A.Pantaleo,
J.L.Escudie and A.Tarrats, Phys.Rev.C21(1980)830;
E.T.Boschitz, R.W.Bercaw and J.S.Vincent, Phys.Letts.
13(1964)322; R.W.Bercaw, E.T.Boschitz and J.S.Vincent, Proc.
2nd. Int. Symp. on Polarization Phenomena of Nucleons,
Karlsruhe 1965, ed. P.Huber and H.Schopper(Birkhauser Verlag,
Basel, 1966).

8) A.A.Rush, E.J.Burge and D.A.Smith, Nucl.Phys. A166(1971)378.
9) G.R.Plattner and A.D.Bacher, Phys.Letts. 36B(1971)211.

+ Permanent address, 19 Mayis University, Samsun, Turkey.



102.

1.00

.90

.60

.40

JO

JDO

-JO

-.40

-.60

"1.0°,,

40 - .40/
Ar(p-.p)4°Ar
Ep = 40.7 MeV

20 40 60 80 100 120 140 160 180
ANGLE(CM)

40 A 4 0 A

Ar(p,p) Ar
Ep = 40.7 MeV

20 40 60 SO 100 120 140 160 180

ANGLE(CM)C)

Fig. 1



103.

0 -

-20

20 25 45 50

o

•O

Ep(MeV)

eor

S , 30 •

•o

60

O

1/2

' ' I ' I ' ' I I ' i i I i i i i I i i i i I i
20 25 30 35 40

Ep(MeV)

0.4 I)

' 3 / 2

I I I i i I , i . I i i , . I i . i i I

2 0 2 5 3 0 3 5 4 0 4 5

Ep(MeV)
so

0.4 n ^, '80
o

0.1 JO
160

150

0.3

7/2

0.8

6/2

0.4

20 25 30 35 40 45 SO

Ep(MeV)

Fia. 2



104.

SL. MO

o

C, 120

100

80

20 25 30 35 40 45 50

0.4

20 25 30 36 40 46 50

—* 40

13/2

i i i I I i i i i I i i I i I I I I t i i i I i i

o.e

o.e I)

0.4

0.2

1.0

0.8

0.4

20 25 30 35 40 45 SO

Ep(Mev)

I i I • • I • I I • • I • I • . I
-o.e

20 25 90 36 40 45 BO

Ep(MeV)

Fig. 2 (Continued)



105.

Elastic Scattering of Protons From Ca

* *
J. Battaglino , R.F. Carlson ,

*
A.J. Cox , N.E. Davison, P. Drakopoulus, G.R. Maughan,

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

Previous Annual Reports have described the measurement of

proton elastic scattering differential cross section angular

40 42 44
distributions from Ca, Ca and Ca. This series of

experiments has been completed this year with the study of

proton- Ca elastic scattering, using a 7 mg/cm metallic Ca

target. Measurements covering the angular range from 10 to 170

in the laboratory frame were made at the 7 proton energies previously

studied: 21.0, 25.0, 30.0, 35.0, 40.0, 45.0 and 48.4 MeV. Data

analysis is in progress. The differential cross sections are expected

to have relative errors of 2-3%, while the scale errors will be

approximately 2.5%.

The motivation for this series of experiments is to study the

reliability of obtaining nuclear matter radii from an optical model

analysis of low energy elastic scattering data. The information to be

provided by such a study of p- Ca cross sections will supplement

that obtained from the previous work on the lighter calcium isotopes.

48
Once the analysis of the Ca data has been completed, a paper

presenting the conclusions of the experimental program will be

prepared for publication.
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Separation of Projectile and Ejectile Spin-Dependent Effects

in Nuclear Reactions

J.D. Brown, J.M. Barnwell, S. Roman; With H.E. Conzett, D.Eversheim,

R.M. Larimer (L.B.T..), J. Birchall, C. Lapointe, J.S.C. McKee

(Manitoba), N.M. Clarke, R.J. Griffiths, J.S. Hanspal

and R.A. McCulloch (K.C.L.)

DWBA theory is widely used in analysis of reaction data in spite

of the fact that the description is very often far from satisfactory;

in particular the polarization observables are usually difficult to

reproduce. It is important, therefore, to find whether the inadequacy

of the theory or the choice of the optical potentials is responsible.

Johnson has shown ' that in a one-nucleon stripp ig reaction

with angular momentum transfer £ = 0, the analysing power and

polarization of the ejectile arises solely from the spin dependence in

the optical potentials. Furthermore, terms which are dependent on the

spin-orbit potential in each channel can only be nroved by

measurements of both polarization and analysing power of the

2)
reaction . This separation of spin-dependent effects can be used

to determine whether the projectile and/or ejectile spin-orbit

potential is responsible for the inadequate description of the

polarization observables in £ = 0 reactions. In the present work

this method is applied to the study of a ( He,d) reaction, where the

possibility of learning more about the form of the He spin-orbit

potential gives an additional incentive.
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Cadmus and Haeberli have used this method for (d,p)

reactions, measuring the analysing power of the Sn(d,p) reaction,

and substituting the analysing power of the inverse Sn(p,d)

reaction for the difficult (d,p) ejectile polarization

measurement . The choice of a target for the ( He,d) and its

inverse I = 0 reactions is limited to two possible candidates:

0 and Si, of which the latter was chosen.

is, Y . Y
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Fig.l Analysing power data for the 30Si( He,d) P
and iXP(d,3He)30Si reactions together with a DWBA
prediction of the (3He,d) reaction.

Fig.2 Angular distributions of
the quantities Sj_ and S,. DWBA

He u
predictions are also shown, where
the Y/N refer to the inclusion/
exclusion of the 3He and d
spin-orbit potential respectively.
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The analysing power of the Si( He.d) P ' Z =
g «s • t r
3

0, reaction measured using the 33 MeV polarized He beam at

Birmingham, and the measurement of the inverse reaction

P(d, He Si at the same c m . energy has been carried out at

Berkeley with 35 MeV vector polarised deuterons. Simultaneously

3 30 31
elastic scattering data for both He + Si and d + P were

obtained yielding best-fit optical model potentials. Fig. 1 shows

the Si( He,d) P and P(d, He) Si analysing powers to

be very similar. Also shown is a preliminary DWBA calculation

reproducing the data reasonably well. The derived quantities S, and

S , which are proportional to the strength of the spin-orbit

He 3

potential in the deuteron and He channel respectively are shown in

Fig.2. It is seen that these quantities are quite large, in contrast

3)to the corresponding quantities derived from the (d,p) "ork , and

the DWBA fits are reasonable. The optical model potentials used in

3
the calculations were from Refs.5 and 6 respectively for the He and

d channel. The calculations shown in Fig.2 include both the He and

deuteron spin-orbit distortions. Also shown are the effects of

3
switching off the He (N,Y) or deuteron (Y,N) spin-orbit terms.

These provisional results suggest that the spin-orbit distortion in

the deuteron channel is more important. Work is in progress to find

the best-fit optical potentials for use in DWBA analysis.
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116 H, 117
Study of the Sn(d,p) Sn Reaction at 15.1 MeV.

C.Lapointe, J .B i rcha l l and J.S.C.McKee

University of Manitoba

H.E.Conzett, R.M.Larimer and D.Eversheim

Lawrence Berkeley Laboratory

1. Introduction

The Distorted Wave Born Approximation (DWBA) plays a central

role in the interpretation of the results of much current experimental

work. Reliable DWBA calculations are essential to the extraction of

spectroscopic factors and orbital angular momentum transfers from

cross-section measurements, and total angular momenta of the final

nuclear states from measurements of vector and tensor analysing

powers. Frequently, however, the polarisation observables are poorly

reproduced by the most recent DWBA calculations.

2. Johnson's method

The analysing power and proton polarisation in 1 =0 reactions

can only arise from spin dependence in the optical potential

(Go60,Jo67). Although these quantities depend on both the proton and

deuteron spin-orbit potential, Johnson (Jo67) has proposed a method

which permits the separation of spin dependent effects in the two
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channels. Such a separation might make it possible to determine

whether difficulties in describing polarisation data for 1 =0
n

transfers arise primarily from one spin-orbit potential or the other.

In Johnson's method for separating the spin-dependent effects in

the two channels, the vector analysing power A ( or iT, . ) and

the proton polarisation p are combined to give the quantities S

and S,:
d

S = 2(p -A )
p y y

S = 3A - 2p
d y y

Because S and S should each depend only on the spin-orbit
P d

potential in the channel indicated by the subscript, a failure of the

DWBA to reproduce S and S might reveal that the shortcomings of
P d

the model are confined primarily to one or other of these two

channels.

3. Experimental method

Johnson's method requires measurements of both the analysing

power and proton polarisation for an 1 =0 transfer reaction. The

analysing power is obtained by measuring the asymmetry of the outgoing

protons when the reaction is initiated by a polarised deuteron beam.

The easiest way to obtain the proton polarisation, however, is not a

direct measurement which would necessitate a double scattering

experiment, but a measurement of the analysing power in the inverse
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reaction using a polarised proton beam, since the polarisation in the

(d,p) reaction is equal to the analysing power in the inverse (p,d)

reaction (Sa58,Bi59).

4. Results and optical-model analysis for elastic scattering

The results for the elastic scattering were analysed in terms of

a standard optical model using a potential V(r)+iW(r) which is a

combination of Woods-Saxon volume and surface derivative of the form

given in (Be68). The calculations were performed using the code

MAGALI.

The Sn(pT,p) Sn data are fairly well fitted by the

global potential of Becchetti and Greenlees (Be68), but a '-light

adjustment of che parameters produced a noticeably bettd fit to the

data. The Sn(d,d) Sn data were more difficult to fit.

Calculations were made using published potentials (Lo74,Da80) and

searches were made using these potentials as starting points. The

fits obtained were reasonable but none was much better than the

others. The best choice of deuteron potential for use in the DWBA

calculation remains therefore unclear.

Another deuteron potential was obtained from the adiabatic

prescription of Johnson and Soper (Jo70). In this procedure, the

deuteron potential is assumed to be the sum of the two nucleon-nucleus

potentials taken at an energy equal to half the energy of the incident

deuteron, about 7.6 MeV in the present case. The proton and neutron

potentials used in constructing the adiabatic deuteron potential were
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taken directly from the potentials of Becchetti and Greenlees (Be68).

All those potentials are listed in Table 1.

5. DWBA analysis of Sn(d,p) Sn (g.s.) data

In the standard DWBA procedure, the optical potentials used to

calculate the incoming and outgoing distorted waves in a (d,p)

reaction are the same potentials which describe the elastic scattering

of deuterons and protons from the target and residual nuclei

respectively. The data presented in sec.A meet these requirements,

and DWBA calculations using these potentials would be expected to lead

to reasonable fits to the data for Sn(d,p) Sn.

DWBA calculations for the (d,p) reaction were performed using

the code DWCODE ( from J.D.Harvey and F.D.Santos, University of

Surrey, unpub.). These calculations include the effects of the

deuteron D-state, as well as corrections for the finite range of the

n-p interaction. The 'best fit' proton potential was used for all

(d,p) calculations. The results using the deuteron potentials from

(Lo74) are shown in Fig. 1. Figures a) to d) show the experimental

data and the calculations for iT,,, p , S , and S . A perfect
11 y p d

fit to S and S, would necessarily mean a perfect fit to iT ,
p d 11

and p , but a reasonable fit to S and S, could result from a
y p d

poor fit to iT. and p . A comparison with the four observables

is then necessary. This can be clearly seen in Fig. 1. The

potential from (Lo74) (slightly modified to obtain a better fit) gives

a reasonable fit to both S and S but a poor fit to p and

p d y
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iT • The results from the adiabatic potential give a much better

to iT and p , a good fit to S but the fit to S is very
11 y p d

poor, which shows that the deuteron adiabatic potential (on which S

depends ) is responsible for the discrepancy in the fit to iT and

p . The results using the potential from (Da80) give equally good

fits to S and S . The results obtained from the potential of
P d

(Da80) (not shown) gives the best fit to iT.. and p .

6. Conclusions

The fact that the calculations fail to reproduce the details of

the measurements for both S and S, indicates that the problem is

not limited to an inappropriate spin-orbit potential in only one

channel. But as shown in (Ca80) the effect of the deuteron D-state,

which was omitted in Johnson's early work can be as large as the

S-state effect and affects both S and S,. Since, as indicated in
P d

sec.4, the proton potential is much better determined than is the

deuteron potential, it is likely that the lack of agreement between

the measured and calculated angular distributions of S and S is
P d

the result of inadequacy of the deuteron potential. More searches for

a better deuteron potential will be made.



116.

TABLE 1
Proton and deuteron optical model parameters

Part Potential V

p (Be68) 55.26
p best-fit 54.80
d (Da80) 93.6
d adiabatic 111.9
d best-fit 111.4

R W W R V R A
so so so

1.17 0.75 1.64 8.61 1.32 0.61 6.20 1.01 0.75
1.17 0.75 1.40 8.53 1.32 0.615 6.16 0.92 0.71
1.17 0.74 0.28 12.31 1.32 0.87 7.77 1.07 0.66
1.17 0.79 0.10 20.87 1.32 0.64 6.20 1.01 0.75
1.05 0.91 0.00 9.7 1.40 0.80 7.00 0.70 0.60
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Fig. 1. DV/M calculations for the 116Sn(d,p)117Sn reaction at 15.1 MeV using

the deuteron potential from (Lo7'0.
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Fig. 2. DWBA calculations for the 116Sn(d,p)117Sn reaction at 15.1 ̂ V using

the deuteron potential from (Jo70).
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Measurement of Neutron Spectra From Thick Targets

J. Campbell, N.E. Davison, J.J.G. Durocher, W.R. Falk,

J.N. Knudson, R.C. McCamis, R.Tkachuk

In order to understand the sources of neutron background from

the neutron beamline, it is necessary to have neutron spectra from

thick targets. In addition, these spectra are of considerable

interest in the construction of neutron therapy units for cancer

treatment. In the latter case, it is necessary to avoid the use of a

proton sweep magnet after the neutron production target both for

reliability and safety reasons, with the consequence that the proton

beam must be disposed of between the production target a\J the

patient. In some cases, thick (stopping) targets are used for neutron

production, but there are significant advantages of using thinner

1,2 3)
targets ' . It then becomes necessary to know how much of the

patient dose comes from the neutrons produced in the target »nd how

much in backings and other therapy unit structures. This question has

been studied in a number of published reports, but a great deal of

important data is still missing.

The ideal stopping material should satisfy an number of

criteria. Firstly, for medical work, it should have a very high

threshold for the production of neutrons, hence the interest in carbon

or oxygen. Secondly, it should not produce a large flux of gamma
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rays. It should be easy to handle and compatible with water cooling.

Finally, it should not become intensely radioactive for long periods

of time. A number of materials that have been used as stopping

materials such as Al and Cu have not been investigated for neutron

generation and hence are imperfectly characterized for this purpose.

In the course of setting up the neutron beam facility we have

measured a number of these cross sections, in particular those from

13 4)
C (in natural carbon) , Al and Cu. We are also planning to

measure the neutron production from water. Figure 1 shows the neutron

13 13
production from C and preliminary results for Al. Although C

constitutes only 1.1% of natural carbon, it is sufficiently prolific

in neutrons that it can readily perturb the spectrum produced by a

thin Be neutron production target. Most importantly, many of the

neutrons are produced at fairly high energies - up to about 4 MeV

below the incident proton beam energy. Aluminum on the other hand

produces the majority of its neutrons at quite low energies.
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Analysis of Large Biomolecules and Molecular Clusters by Mass

Spectrometry

R. Beavis, W. Ens and K.G. Standing

(a) Caesium Iodide Cluster Yields

Ionic clusters play an important role in crystal nucleation and

growth, in catalysis, and in the understanding of surfaces and

amorphous structures . In the last few years several studies of

small clusters by mass spectrcinetry have been reported. Recently,

however, the mass range has been greatly extended; very large

secondary cluster ions ejected from Csl surfaces by 4.7 keV Xe+ ion

bombardment have been observed in a sector- field mass spectrometer

2-4) +
. Positive ions [(CsI)nCs] were detected up to n=70, and

negative clusters [(Csl)nl]~ up to n=4. For positive clusters the

ion intensity decreased rapidly with increasing n, but superimposed on

this general decrease were pronounced anomalies; eg.the intensity of

the n=13 cluster was enhanced by a factor of 2, but the clusters

with n=14 and 15 lay more than an order of magnitude below the average

curve. It was noted that the anomales were correlated with

particularly symmetrical cluster geometries, eg.3x3x3 at n=13;

clusters formed by the addition of Csl molecules to these structures

were evidently suppressed, either in the production process or through
2-4)

instability . The anomalies were then interpreted by a

bond-breaking or a cleavage model, assuming that they arose in the ion

production process.
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We have observed similar clusters in the Manitoba time-of-flight

6)
mass spectrometer when electrosprayed deposits of Csl were

bombarded with 8 keV Cs+ ions. Positive clusters with n up to ^ 40

and negative clusters with n up to ^ 20 were detected (the latter with

28 keV Cs+ bombardment). Figure 1 shows a positive time-of-flight

spectrum. In striking contrast to the results mentioned above, the

ion yield varies smoothly with n; no significant anomalies are

observed. Figure 2 compares the two measurements.

10 20 30 Zo 50 60
Flight Time

70 EK) 1CX)

-1.0

l-ZO

Reference 2

Present Results

-5.0

-ao

-4.0

'000

10 20
n

30 40

Fig. 1. Time-of-flight pectrum of
secondary ionsL(CsI)nCs]+.
The spectrum was taken in
three sections (6 to 35 ys,
35 to 55 ys and 55 to 110 ys)
and normalized to n=4 and 10.
The structures between the main
cluster peaks correspond to
clusters with replacement of one
Cs atom by a Na atom or to
replacement of one I atom by one
Cl atom.

Fig. 2 Relative cluster yields of
C(CsI)nCs]+ in the present
measurements and in the previous
measurements2"4' normalized to
n=l.
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Methods of target preparation and conditions of ion bombardment

were somewhat different in the two cases. However, we believe that

the most significant difference between them lies in the time scales

of the observations; an important factor if the clusters are

unstable. In the sector-field spectrometer a cluster ion with

n=13 (mass ^ 3500) and energy 0.3 keV requires ^ 750 ys to traverse

the instrument; if the ion decomposes within that time it is not

observed, at least not at its original mass. By contrast, an ion in a

time-of-flight spectrometer need survive only long enough to be fully

accelerated in order to appear at its original mass number;

subsequent decays simply increase the width of the peak since the

velocity of the centre-of-mass remains constant ' ' . Thus the

ions fragments are still detected at the approximate position of the

parent ion. In our case the n=13 cluster ion is accelerated to its

full energy of 10 keV in 0.17 ys, so our measurement yields the

population of n=13 ions 0.17 ys after their production.

In order to measure the population of cluster ions at the end of

the flight tube, energy discrimination grids were inserted at the end

of the tube, just in front of the detector. If the cluster decays

during flight, the resulting fragments will have a fraction of the

initial cluster kinetic energy directly proportional to the mass of

the fragment. Therefore, by changing the discrimination energy of the

grids, it is possible to determine the mass of the fragments.



125.

From these measurements we conclude that:

1) Our measurements give no evidence for anomalies in

secondary ion production which would contradict the predictions of a

thermal or statistical model. Cluster yields in the present case

decrease smoothly with n when they are measured at sufficiently short

times («1 ys) after emission.

2) Secondary-ion clusters [(CsI)nCs]+ produced by 8 keV Cs+

ion bombardment are predominantly metastable for n>7, with lifetimes

<<100 ys. Decay of the clusters occurs mainly by emission of one or

more Csl molecules. The distribution of decay products, observed at

times ^ 70 ys after emission, exhibits a striking anomaly; product

clusters with n=13 are favored, and clusters with n=14 and 15 are

suppressed. This appears to be consistent with the results of

Martin's calculations , which indicate that charged alkali halide

clusters with a high degree of cubic symmetry should be particularly

stable, and additions to these structures should have low binding

energies.

3) The present measurements give no direct information of the

production of neutral clusters. However, we note that sputtering

yields of molecules and neutral clusters have necessarily been

measured at times >>1 us after emission, and these yields have

normally been interpreted as giving the actual distribution of

particles ejected in the sputtering process. Our results suggest that

such interpretations should be accepted with some caution.
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(b) Mass Spectra of Oligonucleotides (with J. Westmore, Chemistry

Department and K. Ogilvie and M. Nesner, Chemistry Department, HcGill

University).

In last year's report, we mentioned that we had taken mass

spectra of fully protected dinucleotides, chemicals important for gene

splicing and allied molecular biological research into genetics.

Since that time we have taken mass spectra of larger oligonucleotides,

up to a mass of 3500 u, a pentanucleotide. As well, almost all the of

the peaks appearing in these spectra can be assigned to fragments

predicted from the patterns observed in dinucleotide spectra. These

peaks can be directly related to the presumed structure of the

molecule in a simple and reproducible way.

273.4! 252a5

MW = 2796.9

Fig. 3. Time-of-flight positive mass spectrum of protected CpCpCpC.
Primary ions, 8 keV Cs +; secondary ions, + 10 keV; duration,
40 mins.
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We have observed that the presence of alkali halide 'doping' in

target samples changes the observed fragmentation pattern- In most

cases, the addition of small amounts of an alkali halide greatly

enhances the yields of both the molecular ion and certain preferred

fragment peaks. As an example, Figure 3 shows the positive mass

spectrum of a particularly heavily doped sample of oligonucleotide,

containing Csl. In this spectrum, fragments that are normally seen in

the negative mass spectrum appear with the addition of Cs .

(c) Mass Spectra of_ Oligopeptides (with J. Westmore, Chemistry

Department)

The research reported last year on oligopeptides has been

substantially extended. A large variety of oligopeptides have been

studied using our technique, including the biologically important

molecules: bradykinin, substance P,[D-Ala(2)]-met-enkepiialin,

substance P(4-ll) octa peptide and poly-amino acids such as [Gly]n and

[Phe]n. These molecules are important in the regulation of biological

function, and this general class of molecules has emerged as the most

significant type of 'messenger' molecules in eucaryotic sys-.ems. An

example of these spectra is shown in Figure 4.

BRADYKININ (MW 1060.2)
222

H-Arg-Pro-Pro-GJy-fhe-Ser-Plro-Phe-Arg-OH

Pig. 4. Positive and negative mass spectra of bradykinin. Primary ions.
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As with the oligonucleotide mass spectra, we have confirmed that

structural information can be obtained from oligopeptide mass spectra.

Similar results have been obtained by the fast atom bombardment (FAB)

ionizatlon technique , although it Is becoming apparent that the

mechanistic differences between the two lonization techniques is

slight, therefore a close similarity in results is to be expected.

As with the Csl clusters described in the first section, energy

selective grids have been used to determine the products of any

metastable decay that occurs during ion drift in the time-of-flight

tube. So far, preliminary measurements have been carried out on

di-phenylalanine and bradykinin. These measurments indicate that the

molecular ions in both cases are metastable and that the products of

this metastable decay are structurally sensible. The use of

metastable decay product analysis may yield an extension of our

ability to sequence difficult oligopeptides, but further work is

necessary before this can be reliably demonstrated.
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A) Possible Evidence for Sensitivity to the

Two-body Tensor Force in the Reaction

d + p —> p + p + n

J.P. Svenne, J. Birchall and J.S.C. McKee

For deuteron break-up by protons at kinematic conditions far

from two-body enhancements, a region of sensitivity to higher partial

wave components of the two-body interaction has been found. In

particular, using two different nucleon-nucleon tensor forces,

three-body calculations of break-up cross sections show statistically

significant differences as compared with measured cross sections.

This measurement has been made at the Cyclotron Laboratory at a

beam energy of 25.7 MeV, the proton telescopes being positioned at

53.7 degrees to the left and right of the incident beam. The data and

the three-body calculations are shown in the figure. The calculations

2)
were carried out using the Doleschall code using separable

two-body interactions in all S P and D partial waves, as well as the

3 3
P?- F~ coupled wave. The two interactions, labelled 2T4 and

3 3
2T7 are the same in all partial waves except the Sj- D

coupled wave, that labelled 2T4 yielding a 4% deuteron D-state, the

2T7 a 7% D-state. Tensor analysing powers are also highly sensitive

to this tensor force , suggesting a need to measure this spin

observable.
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B) Low-Energy Asymptotic Expansions and Sum Rules

D. Bolle and S.F.J. Wilk

Having initiated and being involved in a program to study

semi-classical approximations for N-body dynamics fvnd successfully

obtaining short interacting time/high energy, coupling constant and

semi-classical expansions of quantities of interest in particular, the

quantum-mechanical propagator and resolvent, it was natural to turn

our attention to another aspect of the problem namely, the large

interacting time/low-energy asymptotic expansions of the same.

Contrary to the previous program where the system essentially

behaves like a non-interacting one here, it is highly (and badly)

conditioned by the dimensionality and the fact that the interaction

can give rise to zero energy resonances and/or bound states.

A program was established in collaboration with D. Bolle from

the Instituut voor Theoretische Fysica, Leuven, Belgium, to look at a

systematic and rigorous treatment of the low-energy expansions for a

class of quite general potentials. Resultc were obtained for the

two-body scattering problem in three dimensions and submitted for

publication . Precisely, we were able to discuss the low-energy

expansion of the transition matrix and obtain recursion relations for

the coefficients allowing zero energy eigenstates of the two-particle

Hamiltonian. Closed expressions for these coefficients led us to look

at the low-energy expansion of the trace of the resolvent difference
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and prove sum rules for the negative (integer and half-integer) energy

moments. These sum rules relate global quantities (logarithmic

derivative of the determinant of the S-matrix, time delay, imaginary

part of the resolvent difference) to low-energy observables (which are

generalized or redefined in some sense like a characteristic length

which coincides with the scattering length when it is known to exist).

The theoretical and practical importance of the study of

low-energy behaviour in non-relativistic quantum mechanics is well

known. Applications were looked at to underline this importance and

some results of the scattering theory were generalized. A detailed

discussion of the low-energy behaviour of the two-body total cross

section with or without zero energy eigenstates was carried out as

well as the low temperature of the second virial coefficient for a

Boltzmann gas.

Strong of the experience gained with the previous study, the

program was extended to the non-relativistic quantum-mechanical

problem of low-energy two-body scattering in two dimensions.

C. Danncels, a Ph.D. student from Leuven, joined the collaborative

effort and preliminary results are quite encouraging and surprisingly

enlightening. Work is in progress.
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C) Semi-Classical Methods for N-Body Dynamics

Y. Fujiwara, T.A. Osborn, S.F.J. Wilk and R. Wong

The Theoretical program to construct semi-classical

approximations for N-body dynamics is now into its second year. The

program is acquiring substantial maturity - six papers are now

complete and several new projects are underway. The initial

stimulus for the work was the observation that by studying the

analytic semi-group, exp{- zH}, for the N-body Hamiltonian H it has

proved possible to discover a new semi-classical expansion for quantum

mechanics . The asymptotic expansion for exp{- zH} as a power

series in the variable z has coefficient functions which are

polynominals in the potential interaction V that characterizes the

mutual interaction of all N-particles. These coefficent functions

P have been explicitly determined for all n. The P provide the

basis for a semi-classical approximation because they are polynominals

in Planck's constant h to order 2(n-l). For z - +it/h the asymptotic

expansion describes the small time approximation for the time

evolution operator. For z = (kT) the expansion constructs the

high temperature behavior of the N-body partition function. Finally,

the Laplace transform of the analytic semi-group determines the

behavior of the N-body Green's function.
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The first approaches to this semi-classical approximation

1 2)
involved the usual heuristic mathematics of theoretical physics '

In an effort to determine a priori error bounds the theory has now

4 5)been derived in a rigorous mathematical manner ' . Since

approximate N-body solutions in the semi-classical theory are realized

by uniform asymptotic expansion we are fortunate that Rod Wong of the

University of Manitoba Mathematics Department and an expert in

asymptotic expansions has joined the research effort. In our most

recent work the semi-classical expansion is presented as a uniform

asymptotic expansion for the spectral kernel generated by the N-body

Hamiltonian H. The asymptotic expansion is accompanied by upper

bounds for the total error.

One of the first applications of this theory has been to derive

sum rules for three-body scattering that are natural generalizations

of Levinson's theorem for two-particle scattering .
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D) Cluster Expansions and the Optical Potential.

D. Eyre*, T.A. Osborn and J.P. Svenne

1 2)
Investigation of the cluster expansion ' for solution of

multi-channel few-body reaction problems is continuing. The formalism

and computer programme have been extended to enable use of local

3)
two-body interactions (in S-waves) , and work is in progress to

extend the codes to enable calculation at energies above the break-up

threshold. These extensions of the cluster-expansion codes will be

used in two studies:

(i) The investigation of the influence of two- and three-body

resonances on two-cluster scattering in the three-body problem, in

particular the two-cluster generalized optical potential. The

criterion for the identification of resonances will be that derived

4)
from the time-delay formalism : for example, at resonance the

energy-dependent magnitude of the largest eigenvalue of the time-delay

operator should pass through a sharp local maximum.

(ii) The convergence of the cluster expansion will be studied at

medium energies, in particular to see whether the lowest two terms are

sufficient to reproduce the full three-body results accurately, while

being a significant improvement over the DWIA results. For

comparison, full three-body calculations will be carried out in

collaboration with Tjon , using the same local interactions in a

Faddeev code.
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Applied Research Projects

J.J. Guy Durocher

The past twelve months have seen the resources of the Cyclotron

Laboratory used in research ranging from the study of cesium in mouse

illium to uranium in false teeth. Due to shutdowns for the field

mapping of the cyclotron and for installation of the VAX/750 computor

emphasis during this time has been placed on the improvement of

existing projects (Ref 1) with new projects remaining in the planning

stage at this point.

Again this year the major thrust of the applied research in the

laboratory involved the proton-induced-x-ray-emission (P.I.X.E.)

facility. The sucessful collaboration with the research group of Dr.

C. Pinsky of the Department of Pharmacology and Therapeutics has

continued with over five hundred samples being analysed in recent

months. As described in Dr. Pinsky's report on this work (Ref 2), a

large amount of very interesting data has been obtained concerning the

uptake and release of cesium by various types of tissue in mice.

After initial tests to determine sensitivity and optimum target

preparation, work is now getting under way with Dr. G. Sharma of the

St. Boniface General Hospital to do precise measurements of the amount

of rubidium present in various types of heart tissue. The first major

experiment in this program is expected to take place during the next

few months.
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A major advance in the P.I.X.E. research program was brought

about this year by Mr. Claude Lapointe of this lab through the

completion and implimentatton on the VAX/750 computor of his programme

for the COmputor Analysis of X-ray Spectra (COAXS). Using COAXS it is

possible for the experimenter to obtain an accurate analysis of the

data being collected while the experiment is in progress. The

programme's use makes it possible to speed up the final analysis of a

P.I.X.E. experiment by greater than tenfold. Mr. Lapointe has also

designed and installed a new target ladder and chamber for P.I.X.E.

work. The new system, which was constructed in the Physics Dept.

Machine Shop, holds up to ten targets and allows for any detector

angle between 35 and 145 degrees with respect to the proton beam.

Besides being more flexible, the new assembly allows for target

changes to be made in far less time than was previously possible.

Another project involving cesium, again in collaboration with

Dr. Pinsky, is the production of radioactive isotopes of the element

using the cyclotron. Some preliminary work has pointed towards cesium

being preferentially taken up by tumor cells (Ref 2). Should this

prove true, radioactive cesium would be valuable in both cancer

detection and treatment. Mr. Chris Friesen, a student working at the

Cyclotron Laboratory during the past summer, investigated producing

132Cs via the 133Cs(p,pn)132Cs reaction (Ref 3). He found it possible

to produce enough of the isotope to allow Dr. Pinsky to begin

preliminary studies on mice. Over the next few months work will be

done in developing the targetry and irradiation techniques necessary
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for the routine production of useable quantities of 132Cs and other

isotopes of the element.

The neutron irradiation facility mentioned in last years report

is now in full operation with both pure and applied physics

experiments being conducted (Ref 4). Applied work thus far has

concentrated on investigating the neutron spectra resulting from

proton bombardment of various targets and target backings commonly

used in neutron radiotherapy facilities. Initial results of an

investigation of a carbon-backed beryllium target have been submitted

for publication. The next year should see the investigation of a

number of target-backing combinations and of the dosimetric properties

of the resulting neutron beams.

The work on radiation emitted by dental porcelain (Ref 1) in

colaboration with Dr. W.B. Love of Rehabilitative Dental Science is

continuing. After some initial problems with equipment, the project

has reached the data collection stage. Also, much of the software

required for the data analysis and radiation dose calculations has

been written and tested on the VAX computor. It is hoped that the

coming year will see the testing of a number of dental prosthesis from

various manufacturers.

Finally, the aquisition by the Cyclotron Laboratory of a 100 keV

linear accelerator capable of accelerating heavy ions (Ref 5) has

introduced a new dimension to applied research in the lab. Literature

searches and feasability studies are being carried out on various
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project ideas. A number of proposals in Che biological, x-ray, and

material science fields are presently under consideration.
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22
Preparation of Na in Silicon

B.G. Hogg

R.E. Green and R.E. Bell in 1957 reported the preparation of

22
an in situ Na source in quartz by direct proton irradiation of the

quartz. High temperature ( 2000 C) experiments on silicon require a

source of positrons not likely to evaporate as is often found with the

22
usual NaCl deposit on the surface or in a sandwich. The

University of Manitoba cyclcotron was used to irradiate 1.5 mm. slices

of pure crystalline silicon at 2 microamperes, 20 MeV for 2 hours.

22
After waiting for 10 days all activities, save that of Na, was

22
detected and a clean Na positron time spectrum in silicon was

measured. This technique when refined will yield high specific

activity windowless sources for silicon defect studies and also in

many cases replace the messy and non-reproducible sandwich sources now

employed by experimenters. The possibility of a commercial venture

exists.
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Collaborative Research Utilizing Proton-Induced X-Ray Emission

(PIXE) Analysis in Studies

on the Toxicology and Bioactivity of Cesium

Carl Pinsky

Department of Pharmacology and Therapeutics

Faculty of Medicine

The proton-induced x-ray emission (PIXE) method for estimation

of cesium levels in biological tissues is being developed in

collaboration (McK81, Pi81) with Dr. J.S.C. McKee of the Cyclotron

Laboratory. The work is currently supported by NSERC Strategic Grant

No. G0830; this report represents the third contribution from this

laboratory to the Cyclcotron Laboratory Annual Report.

Over the past 12 months we have made progress in three main

areas of work with PIXE analysis of cesium in biological tissues and

with the effects of cesium on the function of various organ systems

and tissues in experimental animals, these areas are:

(1) Distribution of cesium ion in various tissues after long-term

administration of cesium chloride. (2) Effects of cesium on immune

responses. (3) Interactions of cesium ion with malignant (cancer)

cells and with biological responses which control the rate of growth

and induction of malignant tumors in mice. This last area of study

has opened a new collaboration with the Cyclotron Laboratory, which

has undertaken to supply us with positron-emitting
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132Cs (ti/o ca* ^ da). The Laboratory has demonstrated

feasibility of producing this cesium isotope, by methods described

elsewhere (McKee, Friesen, et al.) in this Annual Report. Details of

our progress follow below.

1. PIXE Analysis o£ Distribution f̂_ Cesium Lti Tissues

After Long-Term Administration o£ CsCl.

Ten groups of eight mice (Swiss-Webster, albino, 20-25 g at

start of project) were injected intraperitoneally for up to 28 da with

CsCl at 5.0 mEq Cs kg body weight. Tissues were sampled and

prepared on mylar PIXE targets (McKee81, Pilb) at regular daily and

weekly intervals over a total period of 56 da, beginning with the day

before the first injection. Over 300 PIXE targets were assayed by the

cyclotron team in a coded study with samples randomized as to organ

source and total days of cesium administration. Tissues assayed for

differential regional uptake of cesium were: midbrain (diencephalon

and striatum), forebrain, cerebellum with medulla oblongata, lungs,

liver ileum, skeletal muscle (ileopsoas and diaphragm) and whole

blood. This represents the most comprehensive study done in any

laboratory to date on long-term cesium metabolism at

pharmacologically-active doses in animals.

The results of the cesium motabolism/PIXE estimation study were

striking in two regards. First, the estimations of mean cesium

content tended to have standard errors close to 10% of the mean, or

even less. Heteroscedasticity of data was not evident. Measurement
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errors of such range of magnitudes are well within expected biological

variations in cesium uptake, and represent an improvement (by some

twofold) over our previously estimated errors and detection limits,

both instrumental and biological (McK81, Pilb). It would thus appear

that a heavy workload for the estimating facility does not impair

accuracy of results. Secondly, the results of PIXE estimations

revealed a totally unexpected biological phenomenon in which cesium

levels in all tissues except liver were seen to decline after 14 da of

cesium administration, even though injections were continued for 14 da

thereafter. This has suggested to us that prolonged exposure to

cesium ion may impair the ability of the kidney to conserve potassium

ion and its analog, cesium ion. Since kidney ATPase (an enzyme

involved in ion pumping across biological membranes) is essential to

such ionic conservation, we have begun to study the effects of cesium

on ATPase in various tissues. Previous studies in other laboratories

could not have discerned the results described here, as no other

studies have carried out the administration and determination of

cesium for as long as was done here.

2. Effects of_ Cesium Ion on Immune Responses.

Because cesium is known to have antitumor effects, we suspected

it might be a stimulant of the immune system, which can respond to the

invasion of cancer cells by destroying or otherwise rejecting them.

We have found, to the contrary, that chronically-administered cesium

(e.g. 1.5 mEq Cs kg da x 36 da) impairs the formation of

the immune factors IgG and IgM in mice (collaboration with
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Dr. I. Berczi, Department of Immunology). The same administration of

cesium, however, increases lymph node size in mice. This corresponds

to previous reports from this group (Pi81a, Pi81b) describing

morphological evidence for cesium induction of lymphoid hyperplasia in

mice. This may mean that cesium ion is selectively immunosuppressant

and immunoexcitant on specific portions of the immune response system.

We are now studying the effects of cesium on several aspects of immune

responses.

3. Interactions £f_ Cesium Ion With Malignant Cells

Over the past some eight months we have demonstrated an

antitumor effect of cesium ion on implanted Sarcoma II tumors in mice

(collaboration with Dr. J. Henderson, Department of Pathology) and on

chemically-induced tumors in the same species. A new dimension has

been very recently added to our studies on cesium and cancer

132
mechanisms. The Cyclotron Laboratory provided us with Cs,

produced over the summer in a project described elsewhere in the

Annual Report. We received approximately 381 mg of CsCl with a

specific activity (due to 1 3 2Cs) of 25 uCi g~ (total

radioactivity). Within one day of receipt we prepared solutions of

132
the sample, and tested the kinetics of Cs uptake in tumor-bearing

mice. Measurements were made in the laboratory of Dr. Sharma

(St. Boniface Hospital), In these experiments two important aspects

of feasibility for future experiments were demonstrated: (1) Counting

132
of positron-emission from Cs taken up by tumors in mice will be

possible in the intact living animal, especially as increased specific
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132
activity of the cycloctron- produced Cs is feasible. This

suggests that positron-emitting cesium might be valuable in the

detection and possibly in therapy of tumors in humans. (2) Although

numbers were small (n=2) we discerned greater uptake per gram of

132
tissue of Cs in tumor mass as compared with normal muscle tissue

adjacent to the tumor. Although much work remains to be done, we feel

we have discerned a possible important clinical use for isotopes of

cesium that can be produced with the unique features of the Manitoba

cyclotron. Dr. Sharma has offered his full cooperation for further

studies on tumor/cesium kinetics, and we shall be pursuing these

observations most vigorously.
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Zinc and Copper in Hair and Behavioral Development

in Trisomy 21 Infants

Sharon L. Balasko and Lois M. Brockman

The genetic determiner of the zinc-copper superoxide dismutase

(SOD-A) has recently been located in the same band of Chromosome

21 that had previously been identified as significant in Down

syndrome. As research continues to delineate the roles of these trace

elements in physiology and behavior, exploration of their possible

linkages to growth and behavioral development in Down syndrome is

particularly relevant. Zinc deficiency, for example, is already known

2)
to be associated with depressed growth in animals and humans and

copper deficiency, with changes in ossification and myelination which

3)
become evident in behaviors such as walking '. In this

investigation, levels of zinc and copper in hair of Down syndrome and

normally developing infants were obtained and examined relative to

growth and behavioral development.

METHOD

Measures of physical growth, concentration of zinc and copper in

hair, and behavioral development assessed with the Bayley Scales of

Infant Development (BSID) were obtained from 12 Trisomy 21 infants (3

to 25 months of age) and normal infants matched for age, sex and

socioeconomic status of the family. All infants were home-reared and

all Down syndrome infants were in an infant stimulatiion program.
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Concentrations of zinc and copp°r in hair samples obtained from

these infants at the time growth and behavioral measures were taken

were determined by using the proton-induced x-ray emission technique.

After washing the hair samples following the procedure described by

4)
Petering et al 40 mg of a hair sample was dissolved in ultrapure

nitric acid and mounted on a mylar slide. The ppm of zinc and copper

were determined relative to the dopant ribidium.

RESULTS

Down syndrome infants show decreased body length and weight at

birth (Table 1). At the time of testing, the body length of Down

syndrome infants remains lower than among normal infants. From birth

to testing the Down syndrome infants show a reduced rate of growth.

The level of behavioral development indicated by measures

obtained from the BSID is decreased in Down syndrome infants in

respect to both mental and motor development (Table 2). An

examination of the mutually exclusive substreams of motor items

indicates such decrease in overall motor development derives from fine

and gross motor coordination, balance and eye-hand coordination.

The mean concentration of zinc in hair of Down syndrome infants

(116.2 ppm, jd_ = 118.50) was higher than for normal infants (77.7 ppm,

sd = 66.58) but the correlated Jt-ratio for matched pairs indicates no

difference (_t = .91, _NS). Similarly, mean copper concentration in

Down syndrome is higher (72.8 ppm, j>d_ = 117.08 than for normal infants

(49.1 ppm, sd = 36.98) but they do not differ (t = .92, NS).
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However, examination of correlations of zinc and copper

concentrations with growth and behavioral measures (Table 3) indicates

inverse relationships among Down syndrome infants of zinc to body

length at testing (_r = .61, p <.O5) and to measures on the motor scale

of the BSID (r = .67, p <.O5). Of the mutually exclusive substreams

of motor development, inverse relationships are evident among Down

syndrome between zinc and gross motor coordination (r = .61, p <.O5)

and balance behaviors (_r = .79, p <.O1).

DISCUSSION

The growth and BSID measures obtained for the Down syndrome

infants in this study are similar to those reported in the literature.

Furthermore, the variability of zinc and copper concentrations

obtained in this study is similar to previous reports including those

with normal infants. However, the consistent pattern of inverse

correlations of zinc with linear growth and motor development only

among Down syndrome infants suggests zinc may be a relevant variable.

With the genetic determiner of SOD-A located on the same band of

Chromosome 21 as is significant in Trisomy 21, and the evidence that

zinc is involved in growth and coordinated behaviors, investigation of

possible linkages of zinc to behavioral development in Down syndrome

may be warranted.

(A complete presentation of the results summarized here is in

Balasko, Sharon L. "Hair Analysis of Trace Element in Down Syndrome

Infants", Master's thesis, University of Manitoba, 1982).
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Table 1

Growth Measures of Down Syndrome and Normal Infants

Down Syndrome hformaJ Infants

Variable

Body length
Birth
Testing

Body weight
Birth

(cm)

(gin)

Rate of growth

t-ratio for

Nl

11
12

12

11

" correlated

Mean

4 9 .
7 1 .

3083.

•

data.

.9

.2

.2

.76

SD

3.69
8.28

552.94

. 11

*p< .

Table 2

Mean

53.2
76.9

3528.2

. 92

05 **£ <

2
9

500

. 0 1

J>P_

. 2 3

.94

.91

. 1 1

.t-ratio

2.79*
4.25**

2.32*

4.44**

Measures of Beahvioral Development (BSID) of Down Syndrome and
Normal In fan t s (N = 12)

Down Syndrome Normal In fan ts

Variable Mean SD Mean SD t-ratio

Age equivalent scores
Mental scale 8.1 5.18 15.1 8.26 5.78***
Motor scale 8.0 2.66 15.0 9.66 3.10**

Motor substreams (rat io scores)
Muscle development & control .88 .19 1.00 .05 1.94
Gross motor coordination .16 .24 .93 .58 4.86***
Balance .49 .24 1.11 .19 5.99***
Eye-hand coordination .37 .37 1.07 .59 3.71**
Fine muscle coordination & control .82 .24 1.09 .22 2.98*

t - r a t i o for correlated data. *£< .05 **p_<.01 ***£<.001

rat io score = no. items passed/no, items expected at CA.

Table 3

Pearson Correlations between Zinc and Copper with Behavioral Measures
of Down Syndrome and Normal Infants

Behavioral
measure

log Zinc (ppm) log copper (ppm)

Down syndrome Normal Down syndrome Normal

Body length at testing

Mental scale
Motor scale

Substreams of motor scale
Muscle development & control
Gross motor coordination
Balance
Eye-hand coordination
Fine muscle control & Coorindation

- . 6 1 * - . 2 9 - . 3 6 - . 3 4

55
6 7 *

44
6 1 *
79**
01
42

- . 16
- . 14

- . 0 1
- . 2 1

. 3 6
- . 4 4

. 17

. 0 7
- . 2 4

- . 0 4
- . 3 6
- . 3 5

. 1 0
- . 0 6

- . 1 9
- . 2 0

- . 2 7
- . 3 3

. 1 0
- . 0 9

.06

*£< .05 **£< .01
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Radiation Genetics

D. Ager, M.R. Samoiloff, R. Pulak, A. Madrid and C. Lapointe

I. proton Mutajenesis

Previous studies examining proton induced mutations in the free

living nematode 2£_n_agrellus redivivus have failed to produce visible,

i.e., morphological or behavioral mutants. A new protocol was

established to enable a more efficient screening procedure.

A population of L4 larvae was exposed to a proton dose of 12.6

krad. If an autosomal recessive mutation were induced, its appearance

would be masked in the first and second filial generations (Fl and F2)

due to the heterozygous state of the alleles. If the F2 are permitted

to mate, 1/16 of the third generation (F3) will be homozygous for the

mutation and are thus readily identified as mutants.

In the mutation-isolation experiment more than 800 plates were

screened for mutants and those of easily scorable phenotype were

isolated. One sex-linked mutant is approximately 50% longer, and 25%

thinner than the wild type C-15 nematode. Other mutants were either

dumpy or uncoordinated. Since it is possible that some of the dumpy

and uncoordinated worms carry the same mutation, complementation

studies will be carried out to identify unique mutants. Mutants with

distinctive phenotypes will be complemented against the corresponding

chemical mutagen induced alleles and assigned to the appropriate genes

if they fail to complement.
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II. JJltraviolet Light Mutagenesis

Ultraviolet light of wavelength 254 run is preferentially

absorbed by DNA and is thus a powerful mutagen. Studies involving

Panagrellus jredlyivus show that the effects of UV light are in fact

far more drastic than those caused by high doses of proton, neutron or

gamma radiation. A 400 rad dose of UV is sufficient to produce 100&

lethality in young larvae and can block development to the adult stage

in older larvae. Most adults survive a 400 rad dose of UV, but the

induction of X-linked lethal mutations is remarkably high.

Application of target theory gives a mutation rate of 1.5 x 10

mut locus rad, which is approximately 2 orders of magnitude greater

than that obtained with proton, neutron or gamma radiation.

III. Dose Rate Efje_c_ts

The rate at which a given dose of X-rays is applied can

drastically alter the rate of induction of X-linked lethal mutations

in Panagrellus redivivus. Studies in which the dose rate was varied

from 25 r/m to 1065 r/m show that the mutation rate increases linearly

as a function of the logarithm of dose rate.
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V.I. Goldanskii, Pure and Applied Chemistry j>2, 2349-2384 (1980).
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J.P. Svenne, J. Birchall and J.S.C. McKee, Phys. Letters A, (1982) in press.
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Cyclotron Research and Operation

Daviien Gallop (Supervisor: I. Gusdal)

During the summer quarter, many projects of widely differing

natures were undertaken.

A research project having Cesium as its subject was pursued

again this summer, in conjunction with the Health Sciences Centre

campus. The prepared target of Cl~ was irradiated, and the

analytical equipment was set up for it.

The on-going tellerium-iodine production project was carried

throughout the summer with one cancellation only. The target was

prepared and irradiated weekly.

O 1

Intense work was done on the Kr project, ordered to

Q 1

efficiently producing and handling the Rb isotope. This project

is also being researched in conjunction with the Health Sciences

Centre. In the past, only experimental irradiations have been done.

In anticipation of one new beam line, an automated system was proposed
Q 1

and mocked up. If feasible, a highly concentrated solution of Rb

would be regularly available, with the benefits of efficient use of

the Kr gas, and of elimination of actual handling of the radioactive

isotope.
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Several pieces of equipment were repaired and tested, including

radiation monitors and test equipment.

Much work was also done with the cyclotron itself, and its

components. The ion source was adjusted to accommodate a new

polarized source. Several filaments were replaced, and the

duoplasmatron chamber was maintained. Internal cyclotron maintenance

was performed and assisted on an apprentice basis. Interlock and

vacuum troubleshooting was performed on various occasions. Regular

maintenance was performed weekly, and also monthly. One major

overhaul of the heat exchanger was done.

The machine itself was run for the P.I.X.E. research group, as

well as for the Iodine, Cesium and Krypton runs, on a first-operator

basis.

Many thanks are given to the Cyclotron group for the opportunity

given to work with them.
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Narodny Ion Accelerator Assembly

Blake Irwin (Supervisor: V.P. Derenchuk)

This summer I was instructed to assist V. Derenchuk in

assembling and making operational the Narodny Ion Accelerator. While

we have in fact succeeded in assembling the machine - a task made no

less simpler by the fact that the accelerator was 1/2 foot higher than

the ceiling - we had yet to obtain a beam when I left for a four week

period. Perhaps the main reason for this failure lies in the fact

that many of the components of the fifteen year old device were

inoperational; the diffusion pump had to be cleaned, the magnet power

supply, the vacuum gauge and the 100 kV supply did not work, and

vacuum leaks in the thermo-mechanical gas supply had to be repaired.

However, I feel this summer position was most insightful in the

sense that I learned much about high vacuum techniques, the methods of

ion production and acceleration, and, most significantly, the

realities of experimental physics.
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Lamb Shift Source for Production of H Beam

M. Boyce (Supervisor: S. Oh)

This summer the polar ion source has been dismantled, serviced,

modified and re-located ready for assembly.

Modifications done on the polar ion source were:

a) Modification of duoplasmatron mounting such that the

duoplasmatron can be tilted from its vertical axis in a radial

fashion. This would help to give a fine adjustment of the beam

alignment while the source is evacuated.

•Locking nut with set screw.

Bracket

Duopla smatron
back plate

Alignment ring

B3%%3%
Duoplasmatron

entral axis

Source housing

Q-ring

This is achieved by placing an extra thick O-ring between the

duoplasmatron back plate and the source housing, along with an

alignment ring to prevent the O-ring from collapsing and to keep the

duoplasmatron aligned. Then by adding three brackets protruding
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perpendicular from surface of the source housing in line with three

more brackets protruding parallel outwards at an angle of 120° from

the back surface of the duoplasraatron back plate, along with three

adjustment bolts enables a swivelling of the duoplasmatron about the

central axis by deforming the 0-ring. Adding locking nuts with a

built in set screw prevents the source from becoming devacuumized.

b) Two designs for a Cs cell were drawn up; one was built and

mounted in the source. The first Cs cell design was for recycling Cs

and the second was designed for optimizing beam output (which has been

built). The designs are as follows:

1)

Cone

Heater- coil

Condensation
plates ,

Plug

Cs cavity

This particular Cs cell would recycle Cs by condensation of Cs on the

surface of the condensation plates, upon which the Cs would run down
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the slope of the cone into the Cs cavity and become revapourized. The

heat source would come from the heating coils at the core of the Cs

cell and gradually cool outward along the cone to the liquification

point of Cs thus forming a temperature gradient (the tips are

heatsinked in order to get this effect). Hence one of the design

considerations was where to place the condensing plates in the cone

such that they would be at a point of equal temperature change. It

was found that the distance of the plates (1), from the wide end of

the cone as a function of the temperature (T.) across the cone, was

given by:

1(T,)=(2 arctan9+t)exp(T -T )ln((2Ltan6+t)2arctan0+t))/T -T )-t
1 l a L a

2tanO

Where:

a is a constant dependent on the slope and the diameter

(i.e., of the small end of the cone) of the cone,

is the angle of the slope of the cone,

t is the thickness of the cone.

TT is the temperature at the wide end of the cone.

T is the temperature at the small end of the cone.
el

L is the length of the cone.

Note that this doesn't take into account heat loss due to radiation,

which is considered to be insignificant for this particular

application. There are of course many other design considerations

which I shall not get into.
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Beam canal

'iiS>'.'

Cs cell core

lug

-Seat
Cs cell cavity

Plug \_ Stationary head

The second design is much smaller in size and is designed such

that its geometrical shape helns keep the Cs contralized without

rapidly leaving the Cs cell core. The plug with the stationary head

is where the Cs cell cavity charged when the Cs cell is placed in a

glove box under argon, with the upper plug of the Cs cell in the

closed position. The Cs cell cavity, which can hold roughly lOcc of

Cs, is heated by two 50W heaters (located slightly above the Cs cell

cavity: not shown in picture) that vaporize the Cs, upon which the Cs

enters the Cs cell core, where it reacts with the beam. This
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particular unit can be removed completely from the source to the glove

box and placed back into the source, charged with Cs, in its proper

alignment-this allows for easy service.

This concludes the modifications done to the polar ion source

for this summer.

One other thing that was accomplished this summer was the

modification of a visual flow meter (i.e. a meter such that when a

fluid is passed through, it causes a ball to move around in circles)

used to indicate the flow of coolant in an experimental apparatus.
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The modification was done to the flow meter such that it could

be linked to the interlock system. Thus an electronic flow switch

(shown in above schematic) was built. This electronic flow switch

worked by having a LED emitting light to a phototransistor (P.Tran) on

the other side of the ball's circular path. As the ball went around

in a circular path it would cause P.Tran to send out a pulse, which

would in turn trigger a one-shot, whose output (through a series of

circuitry) triggers off a relay, which holds the interlock switch on.

Thus if the rotation of the ball fell below a certain rate, the

interlock switch would open. Therefore equipment could be saved in

this manner, because if the ball stopped moving the interlock system

would shut down the equipment.

In conclusion I would like to give a special thanks to

Dr. Saewoong Oh for giving me the opportunity to work for him and also

a special thanks to all the members of the Physics Department, and

Engineering, who gave me a helping hand every now and then.
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Elastic Scattering of Protons From Ca

Alain Douchant (Supervisor: R.H. McCamis)

Work during the summer months involved setting up and gathering

data for the determination of the differential cross sections of

48
Ca(p,p). The experiment is a follow up on T.N. Nasr's experiments

40 42which involved the differential cross sections of Ca, Ca and

Ca (p, p).

Using the University of Manitoba's Spiral Ridge Cyclotron, a

beam of protons whose energy was varied in steps between 21 MeV and

48.4 MeV, was made to impinge on a target of Ca. The target

having an area of 2.21 cm^ was suspended in a large evacuated

chamber called Big Blue Chamber. Inside the chamber was a crur stable

on which were mounted a semi-circular array of Nal(Tl) detectors (a

total of 17 detectors in all).

Under the supervision of Dr. McCamis, I helped in setting up the

experiment which involved checking the detectors and hooking up the

electronics. For a period of two weeks thereafter, data was gathered

using the Cyclotron's VAX/VMS computer which was interfaced with the

48
electronics. A total of about 100 p + Ca runs were made, 24 hours

a day for two weeks during which I became familiar with the various

functions of the Cyclotron.
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Data is in the process of being analyzed and to help in this

process I was asked to help pick our o integrate peaks of interest

and to calculate the dead time.

Also, for a certain period of time research was done in the

physical properties of electrical discharges in He lamps. Work is

currently being pursued in this area by Peter Verheijen.

This summer has been very fruitful as far as experience is

concerned. It has been very valuable and I am grateful to have been

able to work for Dr. McCamis.



179.

Neutron Polarization

Bill Scott (Supervisors: J. Birchall and N. Videla)

The first part of the summer was mainly spent conducting library

4 4
research for the neutron polarization experiment. The He(n,n) He

analyzing power in the 30 to 50 MeV range was searched for as well as

information concerning a suitable binder for C targets. Paraloid

and polystyrene were the two binders considered with polystyrene

eventually winning out despite paraloid's superior optical qualities.

Most of the rest of the summer was devoted to experimentation in

13
different methods of manufacture of said C targets. The procedure

decided upon involved dissolving a specific amount of polystyrene in

an organic solvent (methyl chloride) to obtain a workable glue. This

was then injected into the target and allowed time to act, giving the

solvent a chance to evaporate. Finally the target was compressed in

order to enhance its rigidity. This target would later be used in the

13 13
neutron chamber to induce a [ C(p,n) N] reaction, which would

supply the neutrons for the experiment.

Also during the summer some time was spent in the experimental

area helping to set up the angles and positions from the beam line

that the experimental apparatus would be placed at. In addition, many

cyclotron shifts which included P.I.X.E. and neutron runs, were

completed.
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A Summer's Work With the Neutron Polarimeter Group

Mel Roman (Supervisor: J.S.C. McKee)

While working as a summer student, most of the summer of 1982

was spent with two projects associated with the neutron polarimeter

experiment.

The first of these was to accurately measure reaction angles

(which will also be referred to as "primary angles") at the carbon

target in the neutron chamber with respect to the incident proton beam

and to extend marked lines from the neutron chamber corresponding to

these angles (these lines, which will also be referred to as "primary

lines", were made as long as the room would permit. All but one were

over four meters long). This was accomplished by aligning a laser

beam very precisely along the incident beam line. The laser beam was

reflected by the centre of a rotating plane mirror whose angular

displacement was graduated in 1/2 degrees. Since the centre of the

mirror was directly under the carbon target, the reflected laser beam

could be used to define the primary lines corresponding to the

measured reaction angles (measured in 10 intervals from 30 to

150 ). This precision was necessary in the experiment so that the

angular distribution of the polarization could be demonstrated with

reasonable accuracy. At one-meter intervals along thesu primary lines

secondary angles were measured with respect to the primary line and

similarly secondary lines were marked out in 10 intervals from 0

to 180 . Thus the high pressure helium scintillator could be placed
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at an integral number of meters from the target at any of the newly

measured primary (reaction) angles with respect to the incident beam

line while the two detectors could each be placed at one of the

measured secondary angles with respect to the scintillator on the

primary line (as shown in the accompanying illustration).

The second major project undertaken over the summer was the

study of a program which makes finite-geometry and polarized multiple

scattering corrections of the neutron polarization data obtained in

our experiment by means of the Monte Carlo statistical method. The

printed copy of such a program had been obtained from Instito Di

Fisica Galileo Galilei <;f Pavoa, Italy. Since the program was quite

long and involved and only sparsely documented in German and Italian,

much time was spent trying to understand the program so that it could

be modified and used for this experiment.
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4 4
Calculations of He(d,p)n He Cross Sections

Ravi Prakash (Supervisor: J.S.C. McKee)

Two major projects were undertaken this summer. The first

continued work initiated by M. Al-Ghazi on the development of a proton

microprobe facility at the University of Manitoba Cyclotron

Laboratory, while the second involved the analysis of data recently

4 4
collected on the reaction He(d,p)n He.

The first project involved determining the parameters of four

quadrupole focussing lenses to be used in the proposed proton

microprobe facility for the Cyclotron. After conducting the necessary

theoretical research, the program IONBEAM, developed by D. Heck at

Karlsruhe was used to deduce the final parameters for the lenses,

taking into account aberrations of up to third order.

Another, somewhat lengthier, aspect of this summer's work

involved the determination of the differential cross section

4 4
(d /d dE ) for the He(d,p)n He reaction. This was

P P P

accomplished using both the Digital PDP-15 and the new VAX-11

computers, employing programs developed by C.A. Smith on both systems.

The cross sections were calculated for three energies, and each

calculation was made by two methods, the second normalizing the data

to the elastic scattering cross section data. The results were then

plotted and processed for further analysis.
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FIG. 1: A sampling of the cross-sections for the He(d,p)n He reaction at

14.4 MeV. Cross-sections are In millitarns and energy is in MeV.
(a) 17.5°, Method 1 (b) 17.5°,Method 2 (c) 50.0°, Method 1
(d) 50.0°,Method 2.
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Production of a Positron Emitter

Chris Friesen (Supervisor: J.S.C. McKee)

A literature search was undertaken in the hope of finding a

positron emitting cesium radioisotope suitable for production on the

University of Manitoba Cyclotron. This concluded with the elimination

112 132
of all isotopes save x Cs. Cs has 1.5% positron emission and

a 6.47 day half life which makes it convenient for biomedical

experiments insofar as this time approximates the biological halflife

132
of Cs. As well the Cs produced was found to be free of the

contamination problems common to longer-lived isotopes.

The proposed experiment (J.S.C. McKee, C. Pinsky, et al) was to

use a form of positron emission tomography (P.E.T.) to determine local

concentrations of Cs in tissue. P.E.T. makes use of the fact that the

positron emitted from a decaying nucleus moves only a short distance

before annihilating with an electron. This annihilation releases

energy in the form of two .511 MeV gamma rays emitted at 180 degrees

with respect to each other. With detection devices known as

P.E.T. cameras it is possible to determine the precise location of the

positron annihilation by mathamatically reconstructing the paths of

the coincidentally detected gamma rays. This provides three

dLmensional plots of positron activity and hence radioisotope

concentration.



185.

The major aim of this experiment, the determination of Cs

concentrations in mouse tissue, is similar to that reported in papers

2 3)
on P.I.X.E. work ' . The important difference between the two

methods is the ability of P.E.T. to scan living tissue.

132
Three separate cyclotron reactions for Cs production were

found. The first, a deuteron induced reaction was ruled out in favor

132 132 4)
of proton reactions. Of the remaining two, Xe(p,n) Cs

133 132 5)
and Cs(p,pn) Cs , the Xe reaction was rejected on the

basis of the difficulty of obtaining separated isotopes of Xe gas.

133
The remaining reaction used Cs (100% abundance) with CsCl

crystals as target material.

These crystals (total mass 0.5 gms) were wrapped in an aluminum

foil pouch and various incident proton energy (15.0 to 22.0 MeV) and

beam diameter combinations were investigated to maximize the yeild of

the reaction . A detection system employing a pair of Nal(Tl)

crystals in coincidence was then set up and the irradiated samples

were monitored for several weeks. Using this it was possible to

132
determine the amount of Cs present and to estimate the

radioactive impurities due to other Isotopes which may have been

produced. Aside from the predicted high count rate immediately after

irradiation, due to positron emitting Cl, which died off within a

day (T . =32.2 min) the results showed that impurities contributed

less than 10% of the total positron activity.
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It was observed that a bluish compound of unknown composition

formed on the CsCl-Al foil boundry. It is presently being analysed.

The sucess of using an intermediate layer of Kapton to prevent the

above reaction was inconclusive since during the first serious (5

hour) irradiation the Kapton was partially burnt. It is felt that

132
future work on the production of Cs will likely require a cooled

target assembly.

132
In addition to the work involving Cs, other activities

included a literature search for a l l long-lived positron emitters

(organized according to energy of the positron) and not an

inconsiderable number of cyclotron shifts during others' experiments.

A grateful acknowledgement is due the many people who gave

advice and help so freely and to the N.S.E.R.C. for the Summer

Research Award which made the experiment possible.
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Liquid Metal Ion Source for Time-of-Flight Mass Spectroraetry

Margaret E. Mesa (Supervisor: K.G. Standing)

This summer time-of-flight mass spectrometry worked on many

projects. One project was the research and construction of a Liquid

Metal Ion Source (LMIS). The advantage of the LMIS over the present

-Eucryptite hot filament source, is that elements of higher atomic

mass can be used and these heavier ions reduce fragmentation and

increases the yield of secondary ions.

The LMIS, which has been proven feasible by others (Ref. 1-3),

consists of a tungsten hairpin filament to which a tungsten needle

(emitter) has been welded. The tip of the emitter is etched to a

radius of 1-10 m (see Fig. 1). At the filament-emitter joint a 50 mg

bead of gold is attached. This serves as a reservoir of liquid metal

for the emitter . Gold is being used as the source of ions because

its atomic mass is significantly higher than that of the present ion

source. Also, liquid gold ion sources have a tendency to give off

double ions (Au~ ) thus supplying even heavier ions. An electric

field is created at the emitter tip by the proper placement of an

extraction electrode not far from the emitter . When the filament,

heated by applying current, is hot enough to liquify the gold, the

gold flows down from the reservoir to "wet" the entire needle. The

difference in potential between the electrode and the filament tip

extracts gold ions from the tip. The life of the liquid gold ion

source is reasonably long , the only drawback being the loss of
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some gold through evaporation. At present however, the extraction of

substantial amounts of gold ions has yet to be achieved.

LIOUID

ION

SOURCE

Fig. 1

References

1) A. Wagner and T.M. Hall, J. Vac. Sci. Technol. U±, 1871 (1979).
2) J. Orloff and L.W. Swanson, J. Vac. Sci. Technol. Jj), 1149 (1981).
3) Masanori Komuro and Hisazo Kawakatsu, J. Appl. Phys. _52^ 2642

(1981).



189.

Target Preparation Using the Langmuir-Blodgett Technique

Grant Skene (Supervisor: K.G. Standing)

The summer months proved quite fruitful for those involved with

the time-of-flight mass spectrometer, under Dr. K.G. Standing. There

were some exciting results generated from the spectrometer itself, as

well as interesting research projects carried out by both summer

students.

One of these summer research projects consisted of the

development of a specific type of target preparation. The current

system involves electrospraying foil targets, resulting in

"molecular snowballs" all over the surface. The new method, however,

produces a much more ordered arrangement by using the

2 3̂Langmuir-Blodgett technique ' . This previously unattempted method

may lead to a better understanding of the mechanism of secondary ion

emission. It is not expected that it will become a regular method of

target preparation.

Basically, this method consists of spreading an organic

molecule, in solution, onto a surface of double-distilled water.

Molecules with one end hydrophilic and the other hydrophobic have the

unique property of spreading over water to form a layer of one

molecular thickness. This layer is contained within a barrier of

teflonated paper placed on the water in order to divide it from the

2 3)
piston-oil ' . A piston-oil not only has the aforementioned
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property, but also has the ability to exert a constant,

two-dimensional pressure. In this way, as parts of the monolayer are

removed, the film will be compressed by the piston-oil to retain the

same spacing between molecules. A target substrate can then be raised

out of the water to transfer a monolayer onto it. From then on, each

successive dip will add an additional two layers. Both monolayer and

several layers will be evenly structured and distributed on the

surface.

Because it is imperative that neither the monolayer or the

piston-oil adhere to the sides of the water trough (to prevent

contamination and build-up) a trough of machined-out teflon was used,

teflon being both oleophobic and hydrophobic. Silver was chosen as

the target substrate because it is relatively unreactive and

conductive (the conductivity is needed to place a potential between

the target and acceleration grid). Oleic acid was used as the

piston-oil and stearic acid as the monolayer and target.

Due to delays in equipment arrival, only preliminary spectra

have been taken. Several targets of one layer and thirty-five layer

thickness are being studied and compared to electrosprayed targets of

stearic acid. Further work is pending.
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COMPUTER GRAPHICS

Donald Peters (Supervisors: J. Anderson,C.Smith)

My work, this summer, was centered on improving, expanding and

documenting the graphics package used on the VAX 11/750 computer in

the Cyclotron Laboratory. In addition, part of my work involved

software raaintainence and trouble shooting. This included providing

routine maintainence on some peripherals, assisting with backing up

and rebooting the system as well as providing assistance to users with

FORTRAN and DCL, the Digital command language. Finally, I also

assisted with the transferring of data taken with the PDP-15 computer

to the VAX computer for analysis.

Initially, I was concerned with producing documentation for, as

well as making some improvements to VAXPAK, a graphics package

obtained from the University of Washington. This documentation was

assimilated into the HELP library, thus providing easy access for all

users. The majority of time, however, was spent in the development of

three programs - MANGRAPH, 3D and SCATTER.

MANGRAPH is an interactive graphics program which allows the

user to access the DCL without exiting from the program. Thus, the

user has the ability to manipulate files directly from within the

program. This allows the user to access any file (within the limits

of his privilege) and plot the appropriate information on the screen.

The plots may be modified by the addition of text, labels, etc.and the

results may be stored in another file or transmitted to the line
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printer for hard copy output.

3D is a program which is designed to give a 3-dimensional

display to data which has been stored in an appropriate file. It

utilizes "hidden lines" so that a true 3-dimensional image is

displayed. It also has the facility to rotate the data and choose

different viewing angles so that all facets of the data may be

examined.

The program SCATTER is designed to produce a two dimensional

plot in which the (X,Y) coordinates of each data point are plotted on

the screen. This program was developed because the two dimensional

plotting program currently in use, TTD, requires enormous memory

resources while this one uses only minimal computer memory. However,

the intensity of the points is not as vivid as it is on TTD.
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1 23
I Recovery From TeO and Duoplasmatron

Ion Source Development

Mojalefa Mofekeng (Supervisors: V.P. Derenchuk and A. Mcllwaia)

1 O *l

In producing the medically used radioisotope I the

124 123
cyclotron utilizes the Te(p,2n) I reaction. A new process

involving a TeO target is under construction. In this process,

124
TeO_ powder, melted in the cavity of a thin platinum holder, is

124 123
irradiated. The resulting TeO- in which the I is imbedded

is dry distilled in an atmosphere of oxygen and at a temperature of

755 C + 5 C, I is released. In order to minimize loss of the

expensive target material due to prolonged overheating above 760 C,

it is most desirable to use the dry distillation process with an

induction furnace.

Generally the project this summer was the preliminary

investigations of the distillation method as outlined, for example, by

the H. Michael group at the German Institute of Nuclear Chemistry .

In particular, we were looking into the characteristics of an

induction furnace with a thin walled tube, and capable of reaching the

temperature of 755 C within 2 minutes. This suggested the use of

fairly high frequencies of the order of greater than 10 Hz to drive

the work. However, the power amplifier that was available for

experimental purposes could not handle high frequencies and those of

3
the order of 10 Hz were used. Furthermore, a two stage power

amplifier was introduced in the circuit and was supplied with a
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limited DC voltage of 34V.

Several induction coils were built and tested. It was

demonstrated that with a total power supply output of about 300 Watts,

a temperature of 300C in 25 minutes could be achieved at the center of

a thin wall stainless steel tube.

After research into the cost and commercial availability of

higher power supplies, it was decided to abandon the induction furnace

in favour of a resistance type furnace.

The short lifetime of the filaments used in the duoplasmatron

ion source is of concern to the users and technical staff of the

cyclotron. An investigation of the characteristics of alternate

filaments and filament coatings was made.

The actual filament normally used is 70mm by 9mm nickle wire

mesh twisted in a spiral of one turn. The cathode is a mixture of

BaCO , and Ni metal powder, with the mean composition 13%, 17% and

70% by weight respectively. Basic to the investigation was the

assumption that the filament current is correlated to the filament

lifetime. So that if the usual filament current used can be decreased

without quenching the arc, the lifetime can be increased.

To this end, a maximization of the e emission of the filament

was investigated. Different filament shapes were tested. One

filament with a few folds and protruding end resulted in an emission

current of 0.25A as compared to a few mA under the same conditions for
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the original filament shape. It is thought that the new shape ensured

increased surface area of emission and minimum clearance between the

cathode and anode.

Different filament coatings were also tested. Using identical

filaments and ion source parameters each time, several compositions of

BaCO.,, SrCO and Ni powder were tried. It was observed that the

original composition as well as 50% BaCO and 50% SrCO yielded

similar results. Further, close investigation of the original mixture

revealed that Ni powder, being of the greatest density of the three,

tends to precipitate. So that in essence, BaCO and SrCO , and

small amounts of Ni actually go into the solution to make the cathode

roughly similar to 50% BaCO, and 50% SrCO composition. The

findings of the investigation suggest that an alternate cathode for

better performance cannot be derived from the original chemicals,

however, Ni metal powder can be omitted from the original mixture

without affecting the emission of the cathode.
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Summer Work Summary

Joel Falk (Supervisor: W.R. Falk)

The summer work consisted mostly of modifying and developing

computer programs on the VAX system. The following programs were

written:

1. QVAL - for a given incident reaction channel, a list of possible

reaction products is given, subject to Q-value restraints.

2. TELESCOPE and EPLOT - prepares charts and plots of the energies

deposited in the detectors in a triple telescope detector, vs the

total energy.

3. GRAF - prepares graphs from either data files or equations,

according to specified formats.

4. HIST - transforms a histrogram of a certain variable into an

equivalent histogram of another variable, given the functional

relationship between the variables.

Some existing programs were modified:

1. FISS - program for calculating laboratory distributions of fission

products from the proton-induced fission of light elements. Data

files are prepared which can be used to produce three-dimensional

plots.

2. PEAKFIT - the program can be used to test the accuracy of various

methods of calculating peak centroids and peak widths of nuclear
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spectra.

A number of programs were transferred to the VAX system from

cards and from the PDP-15.

In addition, the G-line chamber in the cave was aligned, and

the decitrack for the detector arms was calibrated. A small model

of the chamber was made, showing the relationship between detector

position, vernier reading on the side of the chamber, and decitrack.

reading.

Assistance was provided in numerous cyclotron experiments

during the course of the spring and summer.
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