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Preface

During the past year we have witnessed a continuation of the

trend towards diversification of the research programmes in the

laboratory. This trend can be observed in this report, in which

several growing research areas are evident. Not only is he

research using techniques of accelerator mass spectrometry

flourishing but also we witness a substantial Increase In the

activity in the fields of surface science and nuclear medicine.

The nuclear physics activity continues strong but at a reduced

level.

Summaries of projects in progress, written in October, 1987,

constitute the major portion of this report and are to be found

in Section I. We remind readers that the results Included in this

report are often of a preliminary nature and we ask that they not

be quoted without first contacting the researchers concerned.

Reports of projects completed are contained In the extensive list

of publications contained in Section IV.

Our technical staff are to be congratulated for the

continuing excellence of the operation of the accelerator. Our FN

accelerator continues to perform at voltages and with stability

which are in excess of the nominal values for this type of

machine. This outstanding performance can be attributed to the

upgrading carried out several years ago in which we Installed

spiral inclined-field tubes and a pelletron charging system. More

recently we have benefltted from the installation of new column

resistors of a different design with a much higher stability . We

continue to be able to carry out a significant number of

experimental runs at voltages in excess of 10 MV, which we

believe places our machine at the forefront of FN accelerators

throughput the world.



During the year our nuclear physics programme benefitted

considerably from the aquisition and exploitation of a new

computer-controlled analysing-magnet NMR which has allowed the

automatic measurement of reaction yield curves at a previously

unobtainable energy resolution. This capability has significantly

enhanced the determination of capture resonance information.

The accelerator mass spectrometry group has had a growing

research programme with both an enlarged service function and a

significant growth in their own research.

A major development has occurred in the area of surface

science with the announcement by the Ontario Government that a

Centre of Excellence in Materials Science will involve McMaster

University. The Implication for our laboratory is that a large

amount of new equipment for studies in molecular beam epitaxy is

to be installed in our laboratory. This will no doubt enhance the

already large research programme in the area of surface science.

It comes as no surprise to see that the programme of research

in studies of brain function, being carried out by our department

of nuclear medicine, is continuing to grow and is, in fact,

accounting for a growing fraction of the beam utilization.

Finally, one should not neglect to mention the significant

research efforts of the research groups from the Universities of

Guelph and Toronto. This represents a potentially growing role of

the laboratory as a regional facility, satisfying the needs of

the research community in our geographic area for accelerator

based research.

During the year we have witnessed several changes in the

personnel of the laboratory. At the end of 1986 Ken Buckley and

Anne Trudel left urn tor the west coast and positions associated

with TRIUMF. We wish them well in their new ventures. We were

fortunate to obtain the services of Gary Mulligan to fill In for

Ken. Also during the year, our computer systems manager, Terry

Wolo*zyn, left us for a position with CIS within the university.



Again, we feel fortunate that Martin Helseth has joined the

laboratory and is rapidly learning to take over the computer

maintenance responsibilities. We have had several old friends

with us for various periods of time including Steve Sztighy, for

an extended sabbatical period, Janos Silclai and Thomas Vass for a

period of one month, and Graham Jones and Ghias Din for the past

summer.

It is a pleasure to acknowledge the financial support for the

laboratory and for our research activities provided by the

Natural Sciences and Engineering Research Council of Canada. We

also thank the university for its contribution to the operating

costs.

J.A. Kuehner

October, 1987
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A. NUCLEAR RESEARCH

Al. Vector Analyzing Powers for JJ + d and 3 + p and D-state

Effects In 3He

(M.C. Vetterli*, H.R. weller**, J.A. Kuehner. N.J. Davis"*"

and A.J. Trudel )

As reported previously1 a series of experiments has been

undertaken to measure the analyzing powers in tne radiative

capture of polarized deuterons by protons and of polarized

protons by deuterons in order to investigate D-state effects in
3He. Since there are two possible values of the channel spin S,

1/2 and 3/2, and since the electric multipole operator has no

channel-spin dependence, the presence of the S = 3/2 channel

requires the presence either of Ml radiation (probably small) or

of a D-state component in the 3He ground state.

To complement earlier work on the capture of 3 on protons,

carried out at McMaster using the recoil detection method2,

additional measurements of the capture of ]5 on deterons were

carried out at T17NL during the year. These measurements, carried

out at a beam enrgy of 3 MeV, were made using two large Nal

detectors. Cross section data were obtained for 12 angles between

30° and 150° while vector analyzing power data were obtained at

angles of 50°, 90°, and 130°.

At this time the analysis is incomplete, but preliminary

results are inconsistent with pure S = 1/2 and hence indicate the

presence of D-state effects and probably the presence of Ml.

* present address, TRIUMF

•• TUNL, Duke University

««« present address, Edinburgh

1) McMaster Accelerator Laboratory Annual Report, 1985, p.i.

2) M.C. Vetterli et al. Phy3. Rev. Lett. 54 (1985) 1129.



A2. Resonant Proton Scattering and Capture

(J.A. Cameron)

The PN accelerator has continued to provide reasonably

intense (~2yA) beams of excellent energy resolution (< 1 keVI ,

allowing a number of studies of proton resonances in nuclei in

the mass range 50-60. Visitors from Riyadh, Budapest, Debrecen

and Quebec have stimulated and participated in these studies,

which have concentrated on analogue state identification and

decay branching, and elucidation of bound level structure. The

local technology has made work easier for our visitors and

ourselves. The automated angular correlation table has saved

many kilometers of walking. The centrepiece of all the studies

has been our 29* HPGE detector whose resolution at 9 or J0 MeV is

7 keV FWHM.

i) 50Cr+p.

(G.U. Din, (King Saud University, Riyadh))

This system has occupied us over a number of years1"3. While

it is attractive because of the low density of resonances, it has

the disadvantage for capture studies of very small strength in

the (p,7) channels compared, say, to the 52Cr+p system. We have

now completed our survey with two studies. In the first,

resonances from 2.5 to 3.1 MeV, that is falling between Refs. 1

and 3, were examined. As expected from the level scheme of 51Cr,

only a few analogues were found. A further2 9/2+ !'orphan"

resonance appeared at Ep = 2.80 MeV signalled by its decay to the

7/2", 9/2", 11/2" members of the ground f7/ 2~
3 multiplet (Fig.

A2 .1) .

Over the range covered by this and the earlier work,

analogues have been identified for almost all the states of 51Cr

in the corresponding energy range for which ~v values are
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available, (Fig. A2.2) except high spin levels ( ip > 5). There

are only four exceptions: two 5/2", 7/2" doublets at low

excitation energy. The lower doublet would have analogues in
51Mn unbound by less than 1 MeV. The upper pair should have

analogues in the proton energy range 1.2 to l.S MeV. A search in

this region turned up three candidates, all of which have Jn =

5/2". We conclude that either these form a widely fragmented

analogue of the 5/2" parent and that the 7/2" analogue has

escaped detection, or that the 7/2" assignment in 51Cr is

incorrect.

ii) 54Fe+p

(G.O. Din, King Saud University, Riyadh)

Previous capture studies of 55Co have been made up to E_=2.87

MeV4, with g9/2 IAS region at Ep 2 3.47 MeV
4 and at the d 5 / 2 IAS

whose fine structure extends from 3.88 to 4.28 MeV5. We have now

examined the region from 2.8 to 3.9 MeV. In the region of

excitation energy in 55Co (7.9 to 8.9 MeV), there are possibly 10

or more analogues to be expected. However, with the exception of

the 3/2+ state, there are few parent states strongly fed in

neutron stripping to 55Fe. As usual, our resonance energies

agree will (within 0.5 keV) with the higher resolution work at

TUNL4. However, of 25 (p,p'7) angular distributions so far

analyzed, only 9 agree with the TUNL J" values, while 5 disagree,

and 11 were unobserved in (p,p) due to low cross section or

obscuring s-wave resonances.

The g9/2 IAS at Ep-3.47 MeV lies in the midst of a quintet of

resonances spanning 15 kHz. We have measured spectra and angular

distributions at several points across this multiplet in the hope

of identifying unambiguously the g9/2 fragments, which are

reported to be either 2 or 3 in number.

The study will be continued up to 3.9 MeV.
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nuclei (R -» AA2) ,

c) E 7 > 7.00 MeV for the transition from the analog state to

the ground state (R -• g.s.),

d) narrow window for the 7-decay of the first excited 2 +

state of the 60Mi nucleus, E7 = 1.333 MeV.

The excitation functions are shown in Fig. A2.3. Forty seven

resonances were found. Preliminary results suggest that at least

eleven resonances can be identified as fragments of the isobaric

analog of the 9/2+ parent state in 61Mi, at E x = 2.114 MeV (S =

0.78). In an earlier investigation by Bergdolt et al.9 seven

resonances (numbered as 11, 12, 14, 16, 19, 21 and 23 in Fig.

A2.3) were identified as 9/2+ IAR's fragments. In the present

study four more resonances numbered as 13, 17, 20 and 22 in Fig.

A2.3 were found as 9/2* IAR's fragments. Spin assignments were

based on the 7-ray angular distribution measurements. The

angular distributions measured at resonance #17, one of the newly

found fragments are shown in Fig. A2.4a and A2.4b.

Further work; is in progress to complete the analyses of the

angular distributions in the whole energy region.

1. J. Sziklai et al. Phys. Hev. 30(1984)490.

2. G.U. Din et ai. Phys. Rev. 3J.( 1985) 1566.

3. G.U. Din et al. Phys. Rev. 33(1986)103.

4. (fuel. Data Sheets 44< 1985)463.

5. G.U. Din and J.A. Cameron, Phys. Rev. 35(1987)448.

6. P. Ramakrishnan et al• Z. Phys. A319(1984)315.

7. Aral et al• Nucl. Phys. A378(1982)259.

8. Rangacharyula et al, Phys. Rev. 019(1979)1762.

9. G. Bergdolt, A.M. Bergdolt, H.V. Klapdor, M. Schrader, Nucl.

Phys. A263(1976)477-490.
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mixed with a 1/2 spin

background resonance.
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A3. High Spin Structure in the Transitional 2 > 50 Nuclei

(V.P. Janzen, C.R. Bingham, M.P. Carpenter, L.L. Riedlnger, W.

Schmitz, J.A. Cameron, J.K. Johansson, D.G. Popescu, 0.0.

Rajnauth. J.C. Waddington J. DeBuc, S. Monaro and S. Pilotte)

Work, on the neutron-deficient even-even Te and Xe isotopes

has been reported in the 1985 and 1986 Annual Reports. The

present report concerns the odd isotopes *^Xe and 1^^Ba,

undertaken to study the shape changes and alignment processes

involved in the even isotopes. The reactions 95Mo+27Al and
95Mo+31P were used at 105-110 and 121 MeV respectively. Although

the principal reaction channel is (p,2n) yielding the isotopes of

interest, several other nuclei were produced in each reaction

with comparable intensity. In particular, the (2p,n) channel

populates strongly 119I and 123Cs.

The negative parity bands in the even-even isotopes have been

attributed to a two-neutron configuration involving "hn/2

alignment, which is seen to occur at a frequency hco = 0.4 MeV

(Fig. A3.1) . In 119Xe however, no such alignment gain was

observed below 0.5 MeV. The odd proton •̂ 1"l and 1 1 9I also showed

no alignment tendency.

In 123Be and 123Cs on the other hand, preliminary results

show the croasing frequency to be significantly higher in the
1Thll/2 ot C s t h a n i n 'the fhn/2 band of Ba.
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Fig. A3.1 Alignment (i) vs. rotational frequency for selected

bands in 1 1 6> 1 1 8Xe, H7,ll9If and 119Xe. A core reference with

the parameters shown has been subtracted.



Clockwise from left. Jim Waddington, Dave Rajnauth, Jeffrey Johansson,

Dave Tucker and Domitian Popescu examine a two-dimensional data display.
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A4. Shape Coexistence and Alignment Processes near A»184

(J.C. Waddlngton)

During the past few years a major effort has been made at

McMaster to understand the pattern of band crossings and high-J

alignments In the Ir-Pt-Au transitional region. In collaboration

with L. L. Rledlnger and S. Monaro and their colleagues from the

University of Tennessee and Universite de Montreal, we have

obtained high quality systematic data on 183Ir, 182-188pt a n d

185-188 A U_ I n addition, further data have been obtained at Oak

Ridge National Laboratory. The analysis of the data has been

split amongst the three institutions with many of the nucleides

studied at two institutes as a check: on analysis methods. In

addition, extensive theoretical work has been done at the

University of Tennessee and by visitors to the the Oak Ridge

Joint Institute for Heavy Ion Research. These theorists include

ft. Bengtsson, T. Bengtsson, W. Nazarewlcz, J-y Zhang and G.A.

Leander. A massive program to calculate the total Routhian

surfaces (TRS) has been completed which has added a g»-eat deal of

insight into the understanding of the driving influences of the

high-j orbitals on these relatively soft nuclei. Deformation

self-consistent calculations of these total energies were

calculated for 15 different guasiparticle configurations as a

function of rotational frequency for 175 nuclei in the W to Hg

region.

Important conclusions have been made by comparing the results

of the study of even-even 184Pt with the odd mass 18SPt, 185Au

and 183Ir nuclei. This has allowed us to Bake blocking arguments

which have established the fact that two rotational alignments

take place at almost the sane frequency in these nuclei: an ±13/2

quasineutron alignment and a ^9/2 quasiprotcn alignment.

Furthermore by observing the trends as one changes neutron

number, one can establish the pattern of changing alignment

frequencies and deformations.

The McMaster University tandem Van de Graaff performed

remarkably well during all these experiments producing steady
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beams for many weeks at terminal voltages ranging from 10 to 11.2

MV! An array of between 5 to 8 Ge detectors ana 6 Nal detectors

was used to collect the 7-7 coincidence information. Typically a

total of 200 million 7-7 coincidence events were collected for an

experiment.

During the past few months several of these experiments have

been repeated at Chalk River with the Sir Spectrometer with a view

to observing a predicted super-deformation in this region. These

latest experiments have not been analyzed extensively as yet and

we will not report on these results in this annual report.

(J.K. Johansson, M.P. Carpentera', L.H. Courtneya), V.P.

Janzena), A.J. Larabeeb), Z.M. I,iua), D.D. Rajnauth, D.G.

Popescu, L.L, Riedinger3' and J.C. Waddington)

Considerable interest in this nucleus has resulted from the

observation of strong E0 transitions by Zganjar et al. at UNISOR.

These transitions have been interpreted as transitions between

low spin states with the sane single particle coupled to very

different shapes.

The present study of high spin states has revealed an

extensive set of coexisting levels with rather different shapes.

The level structure of the odd-mass nucleus 137Au was studied

using the (19F, *n) reaction on 172Yb. Gamma-gamma coincidences,

angular distributions of the 7-rays and 7-7-time measurements

were used to establish the energies, spins, parities and

lifetimes for the states in this transitional nucleus. The level

scheme is illustrated in figure A4.1.

The high-spin structure of 187Au is very interesting. There

are several features previously observed in 135Au *'. Both

signatures of the fh9/2 band and the a - 1/2 signature of the
w i 13/2 b a n d were observed. The backbend present in the "

band has been interpreted as the alignment of a pair of

protons. An upbend occurring at fifai =* 0.38 MeV in the viig/2 band

may b« due to aligning i13/2 neutrons. In addition to these
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Fig. A4.1. Level scheme of 187Au.
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prolate structures which have come down in energy from across

the Z = 82 closed shell, there are also features which are found

in the heavier odd-ft 189,191.193.19SAu 2,3) isotopes. The 21/2*

and 25/2+ states which decay into the hn/2 s t a t e a r e similar to

those in the heavier gold Isotopes. The 21/2+ states have been

interpreted as the coupling of a hjj^j proton hole to the 5"

states in the Kg isotopes. In 191>193Au, the 25/2+ states have

been identified as the coupling of a h11//2 proton hole to the 7"

states in the Hg cores2'. A very extensive irregular structure

built on the 21/2+ and 26/2+ states was seen for the first time.

A 31/2+ isomeric state was also observed and may be similar

to what is seen in 191-193Au but with a strongly coupled band

built on it. Such strongly coupled bands above isomeric states

have been observed in the neighbouring doubly odd Au nuclei.

Figure 2 shows the systematics of odd-odd 186,188AU j^- Dan<ia and

the 31/2+ band of 187Au. The data for 186,188Au i s f r o m J a n 2 e n

e_t__§Q.3' and similar structures have been observed in

190,192,194Au where they were interpreted as bands having a

'ffnll/2''v*13/2' two-quasiparticle configuration coupled to the

slightly oblate Hg cores. The three bands shown in figure A4.2

display very similar structures which suggests that the> 3l/2+

isomeric band found in ia7Au can be explained as a

(nh11/2)<vf7/2)(vi13/2) 31/2
+ configuration.

In conclusion, the full coexistence of prolate and oblate

shapes in 187Au firmly establishes the idea of shape-coexistence

and shape changes at high spin for nuclei near the Z = 82 region.

Undoubtedly, this study of 187Au provides a great opportunity to

test particle-core coupling models and to determine how odd-

particles or holes couple to several different deformations and

structures.

This work formed the basis of J.K. Johansson's M.Sc. thesis

and a paper is in preparation.



17

IV

x:

T3

to
CO

Hi

.c

M
<u
e

U
Hi

i j

CM

3
01

CO

c

C
(0

•°
I .
0;
E
c(0



18

1) A.J. Larabee, M.P. Carpenter, L.L. Riedinger, L.H.

Courtney, J.C. Waddington. V.P. Janzen, W. Nazarewicz, J-Y.

Zhang, R. Bengtsson and G.A. Leander, Phys. Lett.

169B (1986) 21.

2) Y. Gono, R.M. Lieder. M. Müller-Veggian, A. Neskakis and

C. Mayer-Boricke, Nucl. Phys. A327 (1979) 269.

3) V.P. Janzen, private communication (1987).

li) Alignment Processes and Coexisting Shapes in 1 8 4Pt

M.P. Carpentera', C.R. Binghama', L.H. Courtneya', V.P.

Janzena', L.L. Riedingera', J.K. Johansson, G. Kajryßb',

D.G. Popescu, J. DuBucb), S. Monarob), S. Pilotteb) and J.C.

Waddington

Previous measurements on 1 8 5Au showed that two nearly

degenerate alignment processes, due to "tig/2 a n d "1i3/2

quasiparticles occur in this region at hw = 0.28 MeV. These

measurements on 18*Pt have extended the yrast band to spin 28,

demonstrating an alignment gain of 10 h at the crossing. Many

sidebands built on both proton and neutron quasiparticle

configurations have been observed including rather different

shapes. The TRS calculations have been used to confirm that the

two crossings do result from ffhg/2 and vi13/2 quasiparticles.

The proposed level scheme is Illustrated in fig. A4.3. Spins

and parities were assigned on the basis of the angular

distribution anaylsis and previous work. The aligned angular

momenta are shown in fig A4.4. The strong upbend in all bands is

clear at ftw <* 0.2S MeV. Band 2 has an initial alignment of i»10

ft. From the additivity of the experimental one-quasiparticle

alignments, the most likely two-quasiparticle configuration is
wn9/2 wii3/2- Bands 3 and 4 are assigned as v13/,2 vf7/2 neutron

configurations and bands S and 6 are the low-K coupling of the

same orbitals. Despite the similar structure of bands 2 and 5,the
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13" states lie only 9 keV apart. The TRS calculations indicate

that this small interaction results from rather different driving

effects which result in a 25 degree difference in 7 deformation.

A complete paper describing this work has been submitted for

publication. In addition, M.P. Carpenter's Ph.D. thesis will be

based on this and related work.

iil) Proton and Neutron Alignment in 183Ir

D.D. Rajnauth, V.P. Janzena>, J.K. Johansson, G. Kajrysb>,

D.G. Popescu, C.R. Bingham*), M.P. Carpenter8', L.H.

Courtney3I, L. Cuellar3, L.L. Riedingera), H Schmitzc), J.

DuBucb>, S. Monarob>, S. Pilotteb) and J.C. Waddington

Last year's annual report described this study of 183Ir. Many

of the puzzles in establishing the level scheme have now been

solved and much of the structure of this nucleus is now

understood. This study is part of the complete set of blocking

experiments that was mentioned previously. The observation of Ml

transitions in a strongly coupled band has made it posssible to

determine the order of the two crossings.

The preliminary level scheme is illustrated in fig. A4.5.

Again the prolate bands based on the *h 9 / 2 and irl13/2 orbitals

are present. In addition, a K»9/2 wh 1 1 / 2 band appears to be

crossed at relatively low spin. The strongly coupled band has

been assigned as id5/2. The observation of AI - 1 transitions has

enabled the determination of E2/M1 ratios. These ratios can then

be compared with the predictions of Donau and Frauendorf

concerning Ml rates through a backbend. As one can see from fig.

A4.6 both backbends are present in this band and preliminary

results from the B(M1)/B(E2) ratios indicate that the proton

crossing occurs at the lower frequency.

D.D. Rajnauth will discuss this work in his M.Sc. thesis.
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Fig. A4.S. Preliminary level scheme for 183Ir
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iv) Proton Alignment in the Neutron I13/2 Band in 185Pt

S. Pllotteb>, J. DuBucb>, S. Monarob>, G. Kajrysb>, D.D.

Rajnauth, D.G. Popescu, J.K. Johansson, V.P. Janzena>, M.P.

Carpenter3', L.L. Riedingera) and J.C. Waddington

The level scheme for this nucleus was presented in last

year's Annual Report. The analysis of this work has now been

completed and has been included in S. Pilotte's Ph.D. thesis.

As in 183Ir, the B(MI,I-»I-1)/B{E2,1-*I-2) ratios are important

in understanding the backbend. According to the two backbending

theory presented earlier, the vil3/z crossing (AB) should be

blocked for each signature of the yrast band of 185Pt. Thus the

crossing must be a result of *hg/2 alignment. However, an

additional unlikely possibility still exists, the crossing in the

A and B bands might result from a second pair of vi 1 3/ 2 neutrons

(BC or AD). The measured B(M1)/B(E2) ratios are shown in fig.

A4.7. The ratio increases by a factor of five at the backbend.

This is definite evidence that the alignment is a whg/2 process.

v) Systematic Changes in the Light Platinum Nuclei

L.L. Riedinger*', M.P. Carpenter3*, V.P. Janzena>, L.H.

Courtney*', C.R. Blngham3', A.Johnson, J. Nyberg, W.

Schmitzc', J.K. Johansson, G. Kajrysb', D.G. Popescu, S.

Monarob>, S. Pilotteb), J. DuBucb) and J.C. Waddington

Now that much of this large project is nearing completion, it

is possible to study some of the trends In this transitional

region and compare them with the predictions of the model.

The signature splitting between the experimental Routhians

for the 9/2+C624] band are known for a number of nuclei in this

region. Frauendorf and Hay1' have shown that changes in this

splitting result from the differing driving forces of the A and B

vl 1 3/ 2 ^uasiparticle orbital to negative 7 value*. Our colleagues

at the University of Tennesssee have tested this by means of the

self-consistent Total Routhlan Surface (TRS) calculations that
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were mentioned earlier. Fig. A4.8 shows such a comparison for

some Pt, Os, and doubly-odd Au nuclei. The 7 value has been

extracted from the results of the TRS calculations. As may been

seen from the figure, the TRS calculations confirm the

association of the signature splitting with the size of the 7

deformation.

The yrast and negative parity yrare bands for three of the Pt

nuclei are shown in fig. A4.9. The corresponding aligned angular

momenta are illustrated in fig. A4.10. The negative parity band

is thought to have a Thg/2 *i-i3/2 configuration. The crossing

observed in this band at ha) = 0.28 MeV has an alignment gain of 4

h which comes from the alignment of a pair of ij^/2 neutrons.

This crossing has not been observed in either 182Pt or l86pt

(although the beginning of the crossing has probably been found

at approximately 0.32 MeV in l a 2Pt). The TRS calculations suggest

that the single crossing seen in the yrast structure of 186pt

should result from "113/2 alignment. However, this alignment

process is not seen in band 2 indicating that the observed yrast

crossing results from *h9/,2 alignment. Further analysis and

experiments will be necessary to sort out this problem.

1) S. Frauendorf and F.R. May, Phys. Lett. 128B (1983) 245.

a' University of Tennessee
b> Universite de Montreal
c' University of Bonn
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A5. Collective Behaviour in 110Sn

(D.A. Vlggars, H.W. Taylor (Univ. of Toronto), B. Singh and

J.C. Waddington)

Prior to the present work, no collective excitations had been

observed in the closed shell nucleus 110Sn. In the heavier even

isotopes of tin strongly-coupled collective bands have been

observed which arise from proton excitation above the closed

shell. The isotona 108Cd has bands based on v(hll/2,d5/2) ,

i/{hll/2,g7/2) and v<hll/2)2
10+ configurations. This low-lying

collective structure is suppressed in 110Sn. The 94Mo (19F,p2n7)
110Sn reaction was used to search for collective behavior at

higher spin.

The fig. A5.1 shows a partial level scheme for 110Sn with a

proposed collective cascade extending to spin 20+. A detailed

comparison with bands in neighbouring nuclei suggests that this

structure is not the (2p2h) proton band seen in the heavier Sn

isotopes but most likely a i/(hll/2)210+ neutron excitation.

A detailed discussion may be found in Phys. Rev. C36 (1987)

1006. Many other levels and possible bands have been observed

and work is continuing.
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A6. Experiments with the 8ir Spectrometer

(J. C. Waddington)

During the past year the 9n Spectrometer was completed at

Chalk River Nuclear Laboratory. This instrument was funded

Jointly by NSERC and AECL with the orginal application being made

by P. Taras, H.R. Andrews, D. Hard and J.C. Waddington. Operating

funds are also being shared by the two agencies with the NSERC

support during the past year being in the form of an

Infrastructure grant awarded to P. Taras, J.C. Waddington, S.

Monaro, J.P. Martin, J.A. Cameron, J. Crawford and C. Saint

Pierre.

The instrument was completed in December 1986 and has been

used extensively since that time. Although the experiments

described in this section were not performed at McMaster, they

are included in this annual report as part of my research effort.

Only a few of the many experiments completed on the 8n are

reported here.

1) Commissioning of the 8TT Spectrometer

D. Ward0', J.K. Johansson, H.R. Andrews0>, D.C. Radfordc>,

P. Banvilleb), j. Gasconb) ,P. Tarasb>, D. Tucker, J.P.

Martinb> and J.C. Waddington

Following the final assembly of the 8n spectrometer, a series

a tests were made during December 1986 on the components of the

spectrometer. The total energy response and the multiplicity

response of the Instrument were determined. All of the 72 BGO

detectors and 20 Compton-supprensed Germanium detectors performed

u expected. Details of the instrumental construction and

performance will be published. A paper describing the electronics

and data handling system for the 8w has been published in Nuclear

Instruments and Methods1).
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ii) Search for Superdeformation and Band Termination in 126Ba

J.K. Johansson, D. Tucker, P. Tarasb>, F. Banvilleb', J.

Gascon0'. H.R. Andrews0', G.C. Ballc>, D. Hornc), D.C.

Radfordc', D. Wardc> and J.C. Waddington

A number of Cerium and Neodymium nuclei have rotational bands

with large deformations. In order to investigate the extent of

this phenomenon, the high spin properties of 126Ba were studied.

The data are of very high quality, see fig. A6.1. Although the

nucleus was observed to higher angular momentum than was

previously possible, no evidence for superdeformation was found.

The analysis of a DSAM experiment is in progress. Many bands have

been found to feed the yrast and negative parity bands at

moderate spin but it has not yet been possible to establish a

complete level scheme.

iii) High Spin States in 133Pr

0. Tucker, J.K. Johansson, P. Tarasb>, F. Banvilleb'.

J. Gascon13*, H.R. Andrews0', G.C. Ball0', D. Hornc>,

D.C. Radfordc', D. Ward0' and J.C. Waddington

The first case of very large deformation near A=13O was
132Ce. In order to determine the driving forces that generate

these unusual nuclei, it is inportant to study the odd mass

neighbours. This study of 133Pr was made since it has one more

proton than 132Ce. The 133Pr nucleus was populated in the

reaction 100Mo(37Cl,4n)133Pr at 164 MeV. The level scheme has

turned out to be rather complex and we are not ready to report on

it at the present time.
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iv) 157Ho : A Detailed Test of Rotational Alignment Models

D.C. Radfordc', H.R. Andrews0', G.C. Ball0', D. Horn0',

D. Ward0',P. Tarasb', P. Banvllleb', J. Gascon13', J.K.

Johansson and J.C. Waddington

This transitional nucleus has been well studied with the

TESSA2 Spectroneter at Oaresbury, e.g.2'. It was decided to

repeat this experiment as one of the first 8n experiments for

three reasons. The first was simply to compare the response of

this new instrument with the earlier TESSA2. The second was to

exploit the spin alignment technique on the SIT to study the

B(M1)/B(E2) rates through the backbends in this transitional

nucleus. The third was to look for possible band termination

(previous studies stopped just short of the neccessary spin).

Although the analysis is not complete , it is clear that the

8TT spectrometer performed very well as a spectroscopic tool. For

example, although previously =60 levels had been assigned to this

nucleus through heavy ion gaauna ray spectroscopy, it has been

possible to find at least as many again more. This is important

since detailed tests of models for transitional nuclei require as

complete a level scheme as possible.

The Germanium detectors In the Sir fora four rings with five

detectors in each ring (at 37, 79, -79, -37 degrees to the beam

direction). The most probable direction for the nuclear spin is

determined on an event by event basis and the 79 and -79 degree

detectors are then used to make angular correlation spectra with

respect to this direction. Very high quality spectra have been

made which allow extraction of nixing ratio* in the h}x/2 a n d

99/2 bands. These will be used to test the latest theories for

Ml rates at high spin.
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v) Superdeformation to Spin =« 127/2 in 149Gd

B. Haasa), p. Tarasb), S. Monarob), F. Banvilleb), S.

Cournoyerb>, S. Flibotteb), J. Gascon13' , N Nadonb> , D.

Prevostb>, D.Thibault, C St. Pierred), D.C. Radfordc>,

H.R. Andrews0>, G.C. Ballc>, D. Hornc), D. Wardc),D.

Tucker, J.K. Johansson and J.C. Waddington

The most exciting result obtained with the 8ir to date is the

observation of a superdeformed rotational band in 149Gd. This is

only the second case of superdeformation in rare earth nuclei

(the first being 1 5 2Dy 3>). At high rotational frequency the

nuclear shape is driven to (3 » 0.6, an axis ratio 2:1. The 149Gd

nucleus, which is nearly spherical at low spin, was populated in

the reaction 12*Sn (30Si, 5n) 149Gd at 150 MeV. The superdeformed

nuclei were formed in approximately 2% of the reactions with a

remarkable series of 18 E2 transitions being observed. An example

of the spectra obtained is shown in fig. A6.2. This sequence

decays into normal deformation states near spin 53/2, however the

linking transitions have not been observed.

An experiment was performed to measure the transition

quadrupole moment of these states. A gold backed target was used

to slow the recoiling nuclei. With the assumption that the band

has a constant moment, a fit to the difference in Doppler-shifted

energies for the band, yields a moment of 17 eb, which is

consistent with a 2:1 axis ratio.

A paper describing this work will be submitted shortly.

One of the outstanding problems in high spin physics is

understanding the feeding of the superdeformed nucleus. Bent

Herskind has suggested that statistical El transitions will be

enhanced to superdeformed nuclei. This results from the lowering

of one component of the Giant Dipole Resonance through quadrupole

splitting. The Sir is ideally suited to study such a problem. Very

good spectra have been obtained to high gamma ray energy for

those transitions that feed the 4n, 5n and 6n channels and for

those that feed the superdeformed band members. The analysis is

still in progress.
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*' CRN Strasbourg
b ) University de Montreal
c* Chalk River Nuclear Laboratory
d> Unlverslte de Laval

1) J.P. Martin et al. HIM A257 (1987) 301-308.

2) J. Simpson et al. Phys. Rev. Lett. 54 (1985) 1132.

3) P. J. Twin et al. Phys. Rev. Lett. 57 (1986) 811.
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A7. Spin Assignments from a-7 spectroscopy of 215Rn

(E. Hackett, G.D. Jones*, J.A. Kuehner, and J.C. Waddington)

Only recently have excited states of 215Rn been studied1,by

observing the a-decay chain 223Th •* 219Ra -» 215Rn. Thorium was

produced via the reaction 2O8Pb(18O,3n)223Th and out-of-beam 7

rays and conversion electrons were observed in coincidence with

the detection of alpha particles. A state at 316 kev was strongly

populated by the a decay of 219Ra. The subsequent decay to the

ground state was determined to be pure Ml1. Assuming a firm 9/2*

assignment for the Rn ground state, this narrows the possible

excited state spins to (7/2,9/2,11/2)+. The unhindered a decay

which feeds the 0.316 Mev level implies the same spin assignment

for the 219Ra ground state. A similar argument can be made for

the 223Th ground state (5/2+) which decays by an unhindered a

followed by a 140 Kev, Ml 7 transition to the 219Ra ground

state1. Only a 7/2* assignment for the Ra ground state is

consistent with both these arguments. However, because of

uncertainties in some of the above arguments, there is some

doubt concerning this conclusion. It would therefore be of

interest to measure the a-7 coincidence angular distribution for

the 316 Kev level of 215Ra. An accurate measurement of W(0) and

hence A22 should determine the spin of the excited state.

An experiment was performed on the FN tandem accelerator in

which 1 millisecond pulsing was used and the beam-off a-7

coincidences were recorded for 90° and 180° geometries. A

preliminary analysis of the data indicates a small but negative

A22 coefficient which would imply Jn - 9/2+ for the 0.316 MeV

state in Ra. The uncertainty, however, is large and a more

careful analysis is required to determine whether this result is

statistically significant. Other weaker transitions are present

in the coincidence spectra and are being investigated.

1. A.M.Y. El-Lawindy, et al., Phys. G: Mucl. Phys. 39(1987)93-

101.

* University of Liverpool, England.
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John Kuehner and Evan Hackett examine the target

chamber located inside the Lotus apparatus.
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A8. Study of Octupole Deformation in 22''^c jjy t n e
226 R a (3 H e d )227 A c a n d 226Ra(o£ t )227 A c single-proton Stripping

Reactions

(D.G. Burke, H.E. Martz*, R.K. Sheline*, R.G. Lanier**, R.W.

Hoff*", G.L. Struble**, D.J. Decman**, R.R. Chaman*** and

R.A. Naumann+)

A radioactive 226Ra (t1/2=«l600 yrs) target was used to study

the 226Ra(3He,d) and 222Ra(a,t) reactions. Beams of 30 MeV a and
3He were used, and the reaction products were analysed with the

Snge split-pole magnetic spectrograph. The energy resolution

obtained was 14-16 keV for the (a,t), and 21-22 keV for the (3He)

data. The 226Ra(a,t)227Ac spectrum at 9-70° is shown in Fig.

A8.1. The presence of light-mass impurities in the target

obscured many of the peaks of Interest at most angles smaller

than 9=45°, and therefore it was not possible to obtain

meaningful angular distributions for the determination of l-

values. Spectra were recorded at three and four angles for the

(a,t) and (3He,d) reactions respectively.

In previous works1'4, 1^=3/2* bands based on the ground state

(3/2") and 27 keV level (3/2+), and Kn=l/2± bands with bandheads

at 354 keV (l/2~) and 435 keV (l/2 + ) had been assigned. These*

bands were interpreted4 as the parity doublets predicted by a

model in which reflection-asymmetry was included. Leander and

Chen have developed a non-adiabatic reflection-asymmetric rotor

model5 which provides a good explanation of many of the

properties of nuclei in this region, such as level ordering and

spacing, magnetic moments, decoupling parameters, etc. The aim

of the present study was to measure the spectroscopie strengths

for single-proton stripping reactions to members of these bands,

as an additional test for the presence of octupole deformation.

When a rotational band is populated in such a reaction, the

pattern of cross sections to the various band members is

determined by the set of Cj 2
2 coefficients for the state on which

the band is based. Since each state has a unique set of Cjj2

coefficient«, the pattern of cross sections forms a
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characteristic "fingerprint" or "signature" which can be used to

identify the various bands. Furthermore, since the set of cji*

coefficients is effectively the wavefunction of the state, it is

expected that a change in the shape of the nuclear potential well

may alter the C ^ 2 values in some cases. Thus, the patterns of

cross sections would be dependent on the presence of an octupole

deformation. Calculations by Chasman6 indicate that for the

certain bands the effects are significant and therefore these

should be useful tests for the presence of a reflection-

asymmetric potential. For example, the 3/2+ band at 27 keV

would, in the limit of zero octupole deformation, be labelled as

the 3/2+[651) Nilsson orbital, wnich originates from the i13/2

shell model state. Therefore, this band has a large strength to

the 1=13/2 member. The calculations of Chasman6 show that the

Cjj2 value for this member decreases from a value of 0.75 at zero

octupole deformation to 0.15 at an octupole deformation of

v3=0.09, which has been considered typical for this region.

Thus, the cross section for this level (which has one of the

largest peaks in the experimental spectra) could differ by a

factor of about 5, depending on the presence or absence of an

octupole deformation. When the effects of Coriolis mixing and

parity mixing are taken into account this difference is reduced

to a factor between 2 and 3. Therefore, a useful test is still

feasible.

In the present work, the spectroscopic strengths were

extracted from the experimental cross sections using distorted-

waves Born approximation calculations performed with the same

optical model parameters and the same normalization factor N«6.14

for the <3He,d) reaction as used in recent similar studies7 on a

target of 232Th. The strengths obtained are compared with

different model predictions in Fig. A8.2. The spectroscopic

strengths shown are the nuclear structure factors.
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where the ai and Uj are the mixing amplitudes and pairing

emptiness factors respectively, for the various orbitals mixed

into the final state. The strengths calculated from the Leander

and Chen reflection-asymmetric model are shown as open bars, on

the right sides of the solid black bars indicating the

experimental strengths. The open bars on the left side of the

experimental values indicate the strengths calculated from a

reflection-symmetric model with pairing and Coriolis mixing

effects included. This type of calculation has been used

extensively in the deformed rare-earth and actinide regions

(e.g., ref. 7) when comparing experimental strengths with Nilsson

model predictions. It uses a Nilsson calculation to obtain the

Cj2 values for each orbital, and a BCS calculation for the

pairing factors. The intrinsic single-particle energies of the

Nilsson orbitals and the moment of inertia are adjusted so that

the Coriolis-mixed level energies are in reasonable overall

agreement with the measured values. The spectroscopic strengths

are then compared with those observed. The only states for which

a meaningful comparison can be made are those for which the

strengths are reasonably large (e.g., at least about 0.2 in Fig.

A8.2). Strengths weaker than this are not reliably extracted

from the cross sections because they may be affected by multiple-

step processes in the reaction mechanism, etc.

For the four or five largest strengths in Fig. AS. 2 which

satisfy this criterion, it Is seen that the predictions of the

reflection-symmetric (Nilsson) model agree better with observed

values than do the predictions of the reflection-asymmetric

model. The latter tend to be too small by a factor of 2-3.

Since the uncertainties on the experimental strengths are

believed to be of the order of 30*, this discrepancy is

significant. The cross sections and strengths observed in this

study i*-e comparable to those reported for heavier actinldes, for

which octupole deformations arc considered unlikely (e.g. 223Pa

in ref. 7). If 227Ac were octupole deformed, and the heavier

actinldes were not, one would expect smaller strengths for the
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227Ac levels than for the reflection-symmetric heavier nuclides,

contrary to experiment.

In summary, although nuclear properties such as level

ordering and spacing, magnetic moments, decoupling parameters,

etc., are explained better for 227Ac by models in which an

octupole deformation is included, the spectroscopic strengths for

the strongly populated levels are described better without an

octupole deformation.

1. W. Teoh et al., Nucl. Phys. A319(1979)122

2. I. Anicin et al., J. Phys. G. 8(1982)369

3. C. Maples, Nucl. Data Sheets 2.2(1977)275

4. R.K. Sheline and G.A. Leander, Phys. Rev. Lett. £1.(1983)359

5. G.A. Leander and Y.S. Chen, Phys. Rev. C35(1987)1145

6. R.R. Chasman, Phys. Rev. 030(1984)1753

7. Th.W. Elze and J.R. Hulzenga. Z. Phys. A272(1975)119
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A9. Search for Stable Octupole Deformation in the Nucleus 225Fr

(D.G. Burke, W. Kurcewicz1, G. L0vh0iden2, K. Nyb02,

T.F. Thorsteinsen2, H. Gletz3, M. Kaffrell3, J. Rogowski3,

R.A. Naumann4, M.J.G. Borge5, S. Mattsson6, G. Nyman6 and

G. L. Struble7)

There is now expérimentai evidence that suggests a number of

nuclides near mass A=225 may possess stable octupole

deformation1~8. These nuclei belong to a very limited region in

the chart of the nuclides, and it is important to establish the

extent of this region. It would also be of interest to find a

case for which it is not only sufficient but also necessary to

Invoke a reflection-asymmetric shape in order to explain the

nuclear properties satisfactorily. The aim of this study was to

examine the nuclear structure of 225Fr, for which no information

about the excited states previously existed. With N»138, this

nuclide is an lsotone of 227Ac and 229Pa, which have been

considered as possibly having octupole deformations3'6.

Samples of 4.65 min 225Rn were obtained at the ISOLDE

facility of CERN from spallation reactions induced by 600 MeV

protons on a thoriun carbide target. The mass-separated beam was

collected on the aluminum-coated mylar tape of a tape transport

system. For the gamma-gamma coincidence measurements two high-

purity Ge photon detectors were placed near the source collecting

point of the tape. On* detector had a very thin entrance window

to minimize absorption of low-energy photons, and L X-rays from

the source could be readily observed. Bach sample was counted

during a collection time of 1 minute, and then the tape was moved

to remove the old sample and permit collection on a fresh portion

of tape. This procedure reduced the effect« of daughter activity

buildup in the sample«. The singles conversion-electron spectrum

was measured with a "mini.-orange" spectrometer described

earlier9. Also, a high-resolution «ingle« gamma «pectrum for the

low-energy line« wa« obtained with a high-purity "X-ray" detector

placed opposite to the electron spectrometer. For both of these

measurements each 22SRn «ource wa« collected for 1 minute and
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then transported to the measuring position for a counting time of

l minute.

Pig. A9.1 shows the low-energy region of the gamma-ray

spectrum recorded with the "X-ray" detector. Fig. A9.2 shows the

internal- conversion electron spectrum. Over 300 gamma lines

were observed and, mainly on the basis of the coincidence data,

must of them have been fitted into a level scheme with "45

levels. The low-energy region of this scheme is shown in fig.

A9.3. The El assignments were established from the Internal-

conversion coefficients.

In a separate experiment, the 226Ra<t,ot)225Fr reaction was

studied using a beam of 18 MeV tritons from the McMaster

University Tandem Accelerator, on a 40 jig/cm2 target of 226Ra

(Tj/2 = 1600 y) . The reaction products were analyzed with an

Enge split-pole spectrograph and the alpha particles were

recorded with photographic emulsions. A typical spectrum is

shown in fig. A9.4. The overall resolution was "18 keV FWHM.

The first four levels observed in this experiment agree very well

with the first four found in the decay scheme of fig. A9.3.

The ground-state spin and magnetic moment for 225Fr have been

measured10 to be I«3/2 and M »1.07±0.02 nm, respectively.

Nllsson level scheme* for odd protons in this region show that

there are three K-3/2 orbitals that could be considered as

candidates for the 1-3/2 ground state of 225Fr in the reflection-

symmetric case. These include the 3/2"[532] and 3/2+[651]

states, which form bands at 0 iceV and 27 keV, respectively, in

the neighbouring 227Ac nucleus. In 227Ac. both of these levels

have magnetic moments6'7 of 1.1 nm, and therefore the measured

value of w-1.07 nm for 225Fr cannot be used to distinguish

between these two possibilities.

The (t,a) data are very useful in limiting the possible

assignments for the ground state band. The cross section for

such a single-nucleon transfer reaction on an even-even target

nucleus, to a rotational band member of spin I»J is11
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dff

= 2N crDW V2C.,f
d

M is a normalization factor, and crDW is a single-particle cross

section which can be obtained from a distorted-waves calculation.

The CJJ coefficients are the spherical amplitudes of the wave

function for the Nilsson state on which the band is based, and V2

is the probability that this orbital contains a pair of particles

in the target nucleus. Thus the pattern of cross sections to the

various band members depends directly on the set of Cj4

amplitudes and is characteristic of the Nilsson state. Each

orbital has its own specific fingerprint, or signature, which can

be used for identifying the orbitals involved. Table I shows

predicted cross sections for the 3/2"[532], 3/2+[651J and

3/2+[4O2] bands, calculated using Nilsson wavefunctions with

£•0.058, M=0.646, and 5=0.16. The optical model parameters for

the DWBA calculations were the same as those used for (t,<x)

studies12-13 on Pb and Pt targets, with N=23. A value of V2»0.7

was chosen as a reasonable estimate for an orbital in the 226Ra

target which is to form the 225Fr ground state. The fifth column

of Table 1 shows the observed (t,oc) cross sections for the four

levels at 0, 26.5, 82.5, and 128.2 IceV, which might be considered

as rotational band members with 1=3/2, 5/2, 7/2, and 9/2,

respectively. The experimental results are obviously most

consistent with the predictions for the 3/2"[532] orbital. The

agreement would be further improved by including the effects of

Corlolls mixing with other h 9 / 2 orbitals. For example, such

effects would be expected to increase the calculated cross

section for the 9/2" member by 50X or more, depending on the

excitation energies of the higher-lying bands involved in the

mixing. It is therefore concluded that the 3/2"[332] orbital

forms the ground-state band of 225Fr. It is noted that there are

deviations from the 1(1+1) spacing in this band very similar to

those in the ground state band of 227Ac, which is assigned to the
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sane Nilsson orbital. These deviations can be ascribed in both

cases to Coriolis mixing with the l/2~[541] band, which also

originates from the hg/2 shell and has a large positive

decoupling parameter.

For completeness, one should also consider the possibility

that the 225Fr ground state might be formed by the 1=3/2 member

of one of the four K=l/2 Nilsson states expected nearby in this

region. Of these, the l/2+[660] and 1/2"[541] orbitals both have

large positive decoupling parameters, and thus the spin 3/2

member should not be below the 1=1/2 bandhead. The 1=3/2 members

of the l/2+[400] and l/2~[530] bands have predicted (t,<x) cross

aectiona at 9»60° of 21 and 33 txb/av, respectively, and are

therefore not consistent with the value of "1.5 yb/sr observed

for the ground state. The Nilsson calculation described above

also predicts the magnetic Moments for the 1=3/2 members of these

bands to be -0.3 nm and +2.2nm, respectively, using gs=«0.6

(gs)free, and these values differ significantly from the

experimental value. Therefore the 3/2~[532] orbital is the only

reasonable assignment for the 225Fr ground state.

Table I Cross sections for the 226Ra(t,a) reaction

Spin Cross sections at 9=60° in ub/sr

Calculated v3=o Observed Calculated

3/2+[402] 3/2+(651] 3/2-(532J 1/3=0.09

3/2

5/2

7/2

9/2

11/2

13/2

90

4.1

1.0

0.04

0.0

0.08

0.01

4.a

0.02

28

0.7

6.2

3.3

26

0.3

"1.5

14

20

"45

2.2

8.4

0.0

18

0.4

The (t,ot) spectroscopic strength can also be used to test for

an octupole shape in the nuclear potential. The presence of such
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a shape might be expected to modify the single particle

wavefunctions, which would affect the (t,ac) cross sections.

Chasman has calculated wavefunctions for various values of

octupole deformations14, and the predicted cross sections for the

K=3/2 band of predominantly negative parity expected for the 87th

proton at an octupole deformation of 0.09 are shown in the last

column of Table I. This is the only likely K=3/2 configuration

predicted by the calculations of Chasman, and in the limit of

zero octupole deformation it corresponds to the 3/2~(532}

orbital. It is seen that although the cross sections predicted

with the octupole deformed wavefunctions are in slightly poorer

overall agreement with experiment than those for the reflection-

symmetric calculation, the (t,a) strengths to the 3/2 "[532]

ground state band are not extremely sensitive to the presence of

an octupole deformation. In single-proton transfer studies of
227Ac it was found7 that the predicted strengths for some of the

other bands (e.g., 3/2+[651]) were more strongly dependent upon

the octupole deformation parameter. Thus there is hope that

further analysis of the 225Fr data may lead to identification of

additional rotational bands, which may permit more definitive

tests for the presence of octupole deformations.
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A10. Nuclear Data Project

(B. Singh, J. Szucs-Ashbaugh and J. A. Kuehner)

The evaluation of A=151 (In ENSDF format) was submitted for

publication to Brookhaven National Laboratory in December, 86.

After its preparation in the publication format (tables and

figures) and minor revisions and updating, the Brookhaven centre

sent it to a referee in June, 87. It is expected that this mass

chain will appear in print late in 1987.

The work on A=100 is continuing. An extensive amount of new

information, especially for nuclei off the stability line, is now

available on this mass chain since the last publication of A=100

in 1974. We hope to complete this evaluation by August, 88.

Since April, 87, B. Singh has also been working with the

Isotopes Project at Lawerence Berkeley Laboratory on the

evaluation of mass chain 194, which was last published about a

decade ago. It was found that experimental information on the

EC/0+ ratio for the first-forbidden transitions from 194Au (39.5

h) to ground and 328-keV levels of 194Pt was lacking. In earlier

work (ref.l) and compilations (ref.2, 3), theoretical EC/£5+

ratios (applicable for allowed transitions only) were used in the

normalization of the decay scheme. In an attempt to measure this

ratio, a radioactive source of l94Au was formed through the

(p,2n) reaction on an enriched 195Pt target (" 2 mg/cm2 foil)

using 16 Mev protons front the McMaster Tandem accelerator. The

photon spectra in the 40 to 600 keV range have been obtained with

intrinsic Germanium and Si(Li) detectors. The analysis of data

is in progress.

In January, 87 all the analysis programs were made

operational on the laboratory VAX 11/750. The data sets are now

entered and edited by an evaluator using this computer through a

local or remote video terminal. Since June, 87 the Brookhaven on-

line nuclear data retrieval facility consisting of the three data

bases (ENSDF, NSR, NODAT) has been accessible (with telephone

connection to th« VAX 11/780 at Brookhaven) through the

laboratory computer. This service is designed to provide a
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researcher with not only a substitute of the Nuclear Data Sheet

journal but also with several convenient forms of retrievals of

bibliographic and evaluated numerical information.

1. P. Hornrhoj, H. L. Nielsen, N. Rud and H. L. Ravn, Nucl.

Instr. Meth. 186, 257 (1981)

2. C M . Lederer and V. S. Shirley, Table of Isotopes (1978)

3. 8. Harmatz, Nuclear Data Sheets 22, 433 (1977)
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B. ACCELERATOR MASS SPECTROMETRY

(D.E. Nelson*, J.R. Southon*. J. S. Vogel*, H. Roman, R.

Mathewes*, S. Calvert**, T. Pedersen**, T.L. Ku#, M. Wahlen##)

* Simon Fraser University

*• University of British Columbia

# University of Southern California

## New York State Department of Health

Bl. Introduction

The Simon Fraser University AMS facility on the McMaster

Tandem Accelerator operated routinely throughout the year with no

large changes in the equipment or in the measurement procedures.

Minor changes in the equipment included the installation of new

beam scanners on the simultaneous ion injection system to improve

the ease in tuning this important component. As well, a new

extraction power supply with lower stored energy and much

improved regulation has made the ion source more stable and easy

to operate. The circuitry for computerised control of the

injection system has been completed and is undergoing tests.

Software to drive the control system has been only partially

completed. The sample preparation and graph!tisation equipment

remained the same, with the difference that the equipment was

moved from the RIDDL office into one half of the target lab.

Following our published research into graphltlsatlon catalysts,

cobalt Is now used instead of the iron powder which we have used

since the technique was developed In 1984.

No large changes have been made in the operating procedure of

the facility during the past year. A number of research projects

involving the RIDDL research group along with collaborators will

be described in following sections. The "fee for service"

operation of the facility continued, as in past years, to provide

some of the funding needed to keep the facility viable. Because

of the shortage of AMS services in North America, many more

requests ware made for these services than could be accommodated

without damaging the research portion of the operation. In total,
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130 carbon measurements were made for the 16 institutions which

used this service:

University of Alberta

University of Calgary

University of Maine

Dahlhousie University

Simon Fraser University

Latrobe University (Australia)

Bison Historical Services

Parks Canada

Pacific Geosclence Centre

Alberta Provincial Museum

B.C. Heritage Conservation Branch

Canadian Museum of Civilisation

U.S. Geological Survey

Pondessy Associates, Toledo Ohio

Scripps Oceanographic Institute, U. of Cal.

Freer Gallery of Smithsonian Institution

The group also continued its consulting contract for the

construction of an AMS and Tandem Accelerator facility at

Lawrence Livermore National Laboratories.

In late April of this year. The RIDDL group joined the

Universities of Rochester and Toronto in hosting the fourth

International Symposium on AMS held at Niagara-on-the-Lake,

Ontario. The site was chosen In recognition of the 10th

anniversary of the first tandem accelerator AMS experiments being

done by these institutions. Rochester acted as the primary host,

but all three facilities were toured by the ISO international

participants. An NSERC conference grant allowed the RIDDL group,

along with U. of Toronto, to help defray the costs for some of

the invited speakers. The refereed proceedings of the conference

are to be published as a special Issue of Nuclear Instruments and

Methods B.

The AMS facility used the accelerator a total of 60 days In

the past year for research, development and commercial
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measurements. A total of 830 carbon samples were graph!tised.

These included:

225 research unknowns

130 commercial unknowns

150 AMS developement unknowns

325 known standards, secondary standards, etc.

Approximately 100 lOBe concentration measurements were made.

B2. Archaeology

I) Old Crow, Yukon archaeological dating project

(with R. Morlan, Canadian Museum of Civilisation)

The project to measure the artifacts and possible artifacts

from the Old Crow area has been completed. About 60 measurements

in total have been undertaken. The samples measured included four

bone and antler tools and about 40 separate 'flaked' bone

specimens (most of mammoth bone) that may be human tools. The

results have shown that all of the definite tools are of Holocene

origin, while the other specimens are from the late Pleistocene.

These samples have provided a good test of the problems of dating

bone. The appearance of a couple of non-reproducible dates among

this latter group precipitated a thorough study of the extraction

of "collagen" from Pleistocene bones and an Improved method of

collagen extraction has resulted. Analysis of the data is on-

going .

II) Iron and pottery dating tests,

(with H. Tauber, National Museum of Denmark)

Preliminary attempts to date both iron artifact* and pot

sherds were undertaken in a feasibility study. Such dating

becomes possible since there is sufficient carbon In Iron

artifacts and in reduced fired pottery to meet the small sample

capabilities of AMS measurements. These first attempts {about 5

measurements) g*v* result* that Mere approximately those
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expected, and time haa not permitted tests to determine whether

the method can yield practical results.

ill) Divje Babe cave archaeological study.

(with I. Turk, Slovenian Academy of Arts and Sciences)

A study to radiocarbon date a Mousterlan site in Northern

Yugoslavia has been started. This cave contains impressive

skeletal remains of the extinct European cave bear (Orsus

spelaeua) as well as numbers of human tools. About 30 charcoal

and bone protein dates have been measured, showing that the more

recent deposits rang* In age from about 50,000 years to about

40,000 yaars, and follow the relative stratigraphlc assignments

made by the investigators. However, In one portion of the cave,

there is a clear dls-agreement between stratigraphy and

radiocarbon dates. Indicating that either there is a

contamination problem for this level, or that the stratigraphlc

interpretation is incorrect. More work Is underway to sort this

out. The project is an extremely good test of the problems of

dating both charcoal and bone at this age range. Previously, only

a few uncertain carbon dates were available for this site.

lv) Pleistocene Siberian bones study,

(with Archaeologists from the USSR Siberian Academy of

Sciences)

Our collaborators requested a suite of AMS dates on bone from

Palaeolithic sites In the eastern part of the USSR. This group is

now beginning to have regular contacts with Canadian

archaeologists who study the possible early migrations of man-

kind from Siberia to the New World. Am this particular work

meshes very well with our studies of possible evidence of early

man In the Yukon, we provided 6 carbon measurements on the

submitted bones, which yielded ages ranging from 34000 to 43000

yaars.
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B3. Earth Science

i) Queen Charlotte Islands paleoclimatology study,

(with J. Clague, Geological Survey of Canada)

An investigation of the late glacial events on the Queen

Charlotte Islands has been underway for two years. The late

Pleistocene sediments of the islands contain microscopic remains

of plants and animals (eg willow twigs, moss parts and beetles)

that are sufficiently large to be dated by AMS. So far, most of

the dated material has been from the Cape Ball region in the

Northeast part of the Islands and a late glacial sequence is

being constructed. A further 10 or IS samples were obtained from

a new section In the North central part of the island this

summer. Development of the late glacial sequence from this

section should complete this project.

II) Pollen Residues

(with T.A. Brown, University of Washington)

A first test was done to determine whether the organic

residues from routine palynological processing of sediment cores

would be adequate for dating purposes. The tested core contained

known tephra layers and had been analysed for established

climatic transitions using pollen. The radiocarbon results were

positive, and work continues. If successful, this method would

make use of "waste" product to add important temporal data to the

study of paleocllaate through pollen analysis.

III) Macrofossll selection and dating for paleoclimate

studies

(with 0. Peteet, NASA/Goddard Inst. for Space Science)

In palynologlcal studies of climate, establishing a time

scale Is imperative for the Interpretation of the results.

Heretofore this time scale often has been found by using the

whole organic contents of a core level. The resulting date Is a
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mass-averaged composite of a number of possible organic carbon

sources. In locations where humlc substances are plentiful, such

as in bogs, the date can be severely incorrect. One way out of

this problem is to use the ultra-snail sample capability of AMS.

As long as identifiable aacrofossils are used to get the date,

interpretations can be easier. In this case, a core which may

have shown a rapid climate fluctuation (the Younger-Dryas period)

was investigated for such macrofossils. At several levels, paper

birch seeds, which are consistent with a cool climate, were

selected along with a spruce needle from one level and "woody

fragments" from all levels. Although the birch seeds and spruce

needle yielded only approximately 50 micrograms of carbon each,

they were seperated from the larger, unidentified "woody

fragments" for dating. The birch and spruce macrofossils gave

ages quite consistent with the expected fluctuation. The woody

fragments containing 0.1 to 0.3 milligrams of carbon, however,

were 7-10,000 years younger than the macrofossils. If the organic

materials had been mixed to get a larger amount of material to

date, the result would have been extremely misleading. The woody

materials must have been introduced into the lower levels during

coring.

iv) The iodine: organic carbon ratio a* a measure of

sedimentation rate

(with R. Chase, Geology Oept., Unl. of British Columbia)

Since most of the iodine in a deep sea sediment is introduced

by ths settling of organic materials, particularly seaweed

fragments, to the sediment surface, it has long been assumed that

ths ratio of iodine to the organic carbon in a sediment layer

would be an indication of sedimentation rate. A slow rate would

allow the oxidation and dissolution of the iodine before It could

be burled In the sediment. This assumption had never been

properly tested., however. Three corss from the Tuzo Wilson

Seamounts in the Northeast Pacific wars chosen to test this. Two

of ths cores showed large Iodine to organic carbon ratios

throughout ths depth investigated. 0ns cor* showed a marked fall



66

off in the Iodine content. As predicted, the latter core had a

history of much slower sedimentation during the Holocene. A more

rapid sedimentation rate is Indicated for the Pleistocene by both

the radiocarbon dating and the constancy of the iodine to carbon

ratio. See Figure B3.1.

Both carbon and hydrogen isotope data is being sought in

order to understand the sources and sinks of methane in the

atmosphere. This gas is extremely photo-active and could be an

important contributor to the so-called "greenhouse effect".

Further, the methane content of the air has been Increasing over

the past few centuries and the source responsible for this has

not been determined. Nuclear reactors emit methane and may be a

significant source of a*CH4. Methane vents from oil and gas

fields could be a source of CH4 which has no 14C in it. The

purification of large amounts of methane from the atmosphere

would be difficult and time consuming. Many of our 14C

determinations for this project are made on samples containing

200-300 Methane sources and sinks in the atmosphere micrograms of

carbon. During July, one sample wheel of methane unknown* (12

samples) were measured toward the end of a short-handed period

and the data were not properly scrutinised during collection.

These data were reported to the principal investigator and it was

found that they conflicted with the large suites of samples

measured last Winter and Spring for this project. Although the

samples had contained only a few hundred micrograms, there was

enough graphite from many of the samples for complete re-

measurement of the July data as well as earlier data. At present,

41 samples have been re-m»asured with greater precision. Except

for the Incorrectly taken data in July, two-thirds of the

remeasured data is within one standard deviation of the earlier

data, as would be expected. Although this has given us confidence

that our stated precision* *re accurst*, we have analysed the way

In which the Incorrect data was taken In order to find better

ways of tuning the beam transport elements and to establish

better quality assurance for our measurements. The methane

project to date has established a asan clean air 1*CH4 contsnt by
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Fig. B3.1. The iodine to orcjanic carbon ratio as a function of

depth and the radiocarbon age of the organic carbon as a function

of depth for three cores from the northeastern Pacific.
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the analysis of over 20 samples from Northern hemisphere mid-

ocean or other remote sites. In the coming months, Southern

hemisphere air will be analysed to see what effect the large

number of nuclear reactors in the North has had on the 14CH4

content. Resrvoirs of "old air" suitable for determining the

methane **C concentrations in the past are still being sought

(e.g. old scuba or oxygen tanks). Methane from numerous eco-

systems from tundra to jungle have been and are being studied.

v) Food chain carbon source of clams at gas vents

(with H.P. Schwarcz, McMaster Geology)

Small eco-systens form around methane vents on the

continental shelf off Newfoundland. Bacteria which can metabolise

methane are known to be at these vents along with other sea

creatures which are farther up the food chain from bacteria, such

as clams. Since the methane and, hence, the bacteria should

contain very old carbon, the relative nutrient intake of higher

animals from the sea detritus and from the bacterial food chain

can be determined. The fleshy part of two clams from such a vent

was analysed for 14c content. The high radiocarbon content of the

specimens indicates that most of their nutrients are obtained

from oceanic dissolved organic carbon and from falling detritus

rather than from a food chain with methane at its base.

vi) Chilean aquifer age*

(with Ramon Aravena, University of Waterloo)

The University of Waterloo has a large research program

studying ground waters around the world. A study of aquifer

balance in Northern Chile had three samples from aquifers

containing very little inorganic carbon, too little to be

analysed with the University's counting equipment. These samples

were actually quite large by AMS standards and they were easily

analysed. Two of the samples come from an aquifer higher up in

the Andes than the one presently being pumped in northern Chile
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for irrigation. These samples will help determine the re-charge

rate of the aquifer being pumped and will help in planning

resource management. The ages we obtained (5700 and 5840 14C

years) are half as old as the ages obtained from the pumped

aquifer. The third is from another basin which is thought to be

connected Co the one being pumped. There is no C-14 data on this

basin because of the extremely low dissolved inorganic carbon.

The age we obtained (19850 14C \ears) is the first in this basin

and is considerably older than the data for the supposedly

connected aquifer.

vii) Neutron-induced production of 14C in SiO2.

(with H. Roman)

As it was mentioned in last year's annual report, last fall

we attempted the measurement of the 160(n,2pn)A4C production

cross section at threshold energies. For this purpose, samples

of SiO2 powder and quartz chips were irradiated with 35 MeV

neutrons. More details about the experimental set up can be

found in last year's annual report. The results, then not

available, are shown in table I.

Table I. C concentrations in S10. samoles (10 atoms per gram
of Si02).

Type of Time between Irradiated Irradiated
material irradlatio and Unirradiated (low energy (35MeV and

sample preparation neutrons) low energy)

Quartz

oowder

one week
two months
four months

one week
four months

1.0±0.2

1.410.2

1.510.2
0.340.2

2.0t0.2
1.710.2
1.110.1

1.610.2
0.610.4

2.810.1

2.610.2

3.410.2
1.310.1

A residual contamination was present in the unirradiated

samples which w# believe Is due to the absorbed C02 and other

carbon contaminants remaining after the initial treatment. A



higher level of 14C from 35 MeV neutrons was found in the first

measurement of the irradiated powder than in the chips samples.

The cause of the discrepancy is not clear, but it may be that the

chips were not reduced to a suffiently fine powder for the 14C

extraction, leading to a reduced extraction efficiency.

The 1*C concentrations in the SiO2 powder samples which were

measured four months after the irradiations, were subtantialy

lower than those measured earlier. This was true for all the

powder samples, even those which had not been irradiated. We

believe this occurred due to a loss of carbon through a

combination of diffusion and oxidation processes in the very fine

powder while the samples were in storage under Argon. There was

little or no loss from the chips due to the large diffusion

distances and smaller surfaces are involved. The diffusion in

the powder could be talcing place along the 14C recoil nucleus

damage tracks which are comparable in length to the S102 powder

size (more than SOX is smaller than 25 m radius). In addition

this amorphous (i.e. non-crystalline) quartz contains voids on a

molecular scale which may allow easy transport of carbon and C02.

These are absent in the more regular structure of crystalline

quartz and are largely plugged by cations in glasses.

Nevertheless, the measurements of the in-situ production as a

dating tool (see last year's annual report) should be approached

with caution until further studies have stablished the magnitude

of this effect in these and other materials.

The cross section calculated from the quartz and SiO2 powder

data are respectively (21±2) mb and (3+±lO)rab giving an average

of (2918) mb. These values have been calculated assuming that

all the production Is from 160 . The theoretical estimation [1]

gives a value of lmb for 35 MeV neutrons, and a peak of 15mb at

90HeV, see Fig. B3.2. Our result for 35 MeV suggests that unless

the true cross section is drastically lower than the estimate for

energies around 100 MeV, the total l4C production rate may bs

significantly greater than previously believed.

The possibility of a significant contribution to the 14C

measured concentrations from 170(n,a)14C was pointed out to us by



71

CO
LU
- J
o
h-

<

CROSS SECTION (mb)

10'

I ior<
CM

O

10"

10,-6

10

neutrons

I I I i |

10

10

1.0

.1

ENERGY (MeV)

Fig. B3.2. The secondary cosmic ray flux at the surface of the

earth and the estimated 160(p,2pn)14C and 16o(n,p2n)14C cross

sections as functions of energy. The Measured 16O(n,p2n)14C cross

section at 35 MeV using AMS techniques is indicated by the single

data point.
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Prof. A.E. Litherland. The published cross section for this

reaction implies very little 14C production at MeV energies but

the data have no good experimental or theoretical base [2]. If

the cross sections were high for MeV energies, 14C production

from the very large numbers of deuteron breakups neutrons

produced in our irradiations could be significant. To

investigate this possible source of error in our measurement, we

irradiate 5* 170 enriched water in the same way as we did with

the SiO2 powder and quartz samples. A method for extracting the

carbon from the water samples will be tested shortly.

Recently modifications in the sample preparation method have

allowed us to reduce our background levels considerably. The 14C

background levels now obtained from CuO, anthracite and glass

tubing Is Hag of modern carbon. The background levels

achieved in different materials are shown in table II.

Table II. C concentrations in SiO9 samples (10 atoms per gram
of SiO2)

Quartz rod 0.0 1 0.3
Natural quartz 0.46 ± 0.09
Obsidian 1.4 t 0.2

A stack of quartz plates was recently irradiated with 65 MeV

protons using the cyclotron facility at Crocker Nuclear

Laboratory. A modest dose of 1 wC is sufficient to generate

easily measurable levels of 14C which will permit us to study the
160(p,3p)14C reaction cross section at energies up to 65 HeV.

During this fall we are planning to irradiate several types

of materials with 65 MeV neutrons using the facility mentioned

above. In this case there are fewer low energy neutrons: 2/3 of

the total flux is close to nominal energy. This irradiation will

provide additional Information about the cross section curve for

the 16O(n,2pn)14C and 160(n,3He)14C reactions. He will also

able to study the possible loss of C02 by diffusion in different

materials.
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[2] G.C. Manna et al.. Canadian Journal of Physics 39, 1784
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34 . Development

i) Accuracy and Precision

During the past year, several projects have been initiated to

understand the performance of our AMS system, particularly with

respect to the accuracy and precision of our carbon measurements.

Although there are known beam losses in the beam transport

system, these are not easily eliminated without major changes to

significant parts of the shared accelerator system. These losses

can cause differential changes in the measured isotope ratio and

are sensitive to the proper tuning of the Ion injection system.

When this system is not set up correctly, the position and

physical features of the graphite sample become very important,

as has been found by most other AMS laboratories using the

sequential Injection method. As shown in Fig. B4.1 however, when

the systam is optimally tuned, the simultaneous Injection system

can provide a statistics-limited precision and accuracy

equivalent to that recently published for the fast switching

injection used by the Zurich accelerator (Bonani, et al., 1987).

While this 0.2* precision is not achieved routinely, the

measurement shows that our simultaneous Injection has no inharent

limitations to asking high precision measurements at ion bean

currents 3 tia.es tboaa usad In tha Swiss demonstration. The

flgura furthar shows that our system is stable ovar long periods

of tlaa (tha aaasuraaants were aada ovar a parlod of 12 hours),

and that tha sffact of tha gradual thickening of the carbon

strlppar foil can be correctly normalised out. Ona final point

demonstrated by tha flgura Is that our low resolution injection

couplad with our axially sputtering ion sourca la insensitive to

tha pitting resulting froa tha sputtering away of tha saapla.

Othar taats have shown our proparly tuned systea doaa not raqulra

mil saaplss to be prasaad into thair holdara with siailar forca

or to hava tha front aurface of tha saaple at a conatant dapth

for precision uasuraaants to tha 0.5* level.
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11) Sample thermal effects during sputtering

Another limitation to precision and accuracy was researched

in the past year and discussed in a paper presented at the

Niagara AMS conference {Vogel, Southern and Nelson, 1967). We

found that the filamentous graphite produced by the catalytic

reduction of CO2 had extremely poor thermal conductivity and,

hence, would reach very high temperatures during sputtering

unless a metallic binder (usually the same metal used as the

catalyst in the reduction process) was present to provide thermal

conduction. Figure B4.2 shows some of the evidence of this.

Filamentous graphite on a catalyst/binder gave good output

current and a constant isotope ratio (D.a,b). Pure filamentous

graphite without a metallic binder could be heated to over 1800C

in the sputtering cesium beam. Such hot and glowing samples

always demonstrated positive fractionatlon of the 14/13 carbon

ratio by 4-7X1 (D.c,d). A further source of such fractlonatlon was

found to be the moltmn beads of Iron which formed In some samples

which had this element as a catalyst/binder (D.e) . This problem

was eliminated by using a cobalt catalyst, since the cobalt-

carbon system has a higher melting point than the Iron-carbon

system.
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BS. Be measurements

Our work on 10Be Involves a collaboration between the Simon

Fraser AMS group and oceanographers from the University of

Southern California. There is already good evidence that this

measurements of this cosmogenlc isotope (half-life 1.5 Billion

years) can in some circunstances provide a useful million-year

geological tine scale for materials such as ocean sediments which

are often difficult or impossible to date by other means.

However, basic information on the natural reservoirs of the

isotope and of the exchange pathways between them Is lacking,

because 10Be measurements were prohibitively difficult before the

development of AMS. A major aim of our measurement program is to

characterize these reservoirs and exchange rates, where the 10Be

dating technique can or cannot be used.

1) Be profiles In the North Atlantic

(with C.I.Measures, MIT)

Since an absolute beryllium age cannot be determined without

a knowledge of the initial 10Be concentration, and the 10Be

concentration on material In the ocean must somehow reflect that

In seawater, these studies are crucial to the further development

of the 10Be dating technique. In this investigation, full depth

profiles of 10Be and 9Be were obtained from two stations in the

western North Atlantic along with partial profiles from several

other sites. Taken together with previous data*'2, the data

provided valuable information on the global circulation patterns

of beryllium In the ocean.

Profiles taken earlier from the Pacific1'2 showed a near-

surface depletion characteristic of elements that take part in

biological partlculate scavenging. This depletion arises because

these elements are adsorbed on partlculates which are transported

away from the surface in fecal pellets and other biological

aggregates, and are returned to solution in the deep water as
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these aggregates dissolve under bacterial attack. The deep-water
10Be concentrations were about 1500 and 2000 atoms/g in Drake

Passage1 and in the Pacific, respectively, and the 10Be/9Be

ratio was close to 10"'.

Some of the new Atlantic data (from station WBE 22 at 34 deg

N., 63 deg W. ) are shown in Fig 35.1. Significant differences

between these profiles and the earlier data are apparent. First,

near-surface depletion of 10Be is not seen. This may be due to

the low biological productivity in this region: little biological

scavenging is present to remove the 10Be deposited from the

atmosphere. In addition, the 9Be concentrations are actually

elevated near the surface. This probably arises from aeolian

input on Saharan dust and from fluvial input (a high proportion

of the global input of 9Be to the oceans is believed to come from

rivers which discharge directly into the North Atlantic basin)

coupled with a low scavenging removal rate. The major feature of

these data, however, is the remarkably low concentrations of 10Be

found in the Atlantic deep water. While the deep-water 9Be

concentrations are about 80* of those in the Pacific, the 10Be

concentration* are lower by a factor of 2.5, so that the deep-

water Isotope ratio is reduced to 6 x 1C~8.

The explanation for this appears to arise from the transport

patterns of deep water3. Much of the deep water in the North

Atlantic is formed in the Norwegian and Labrador seas as the

cooling ot high-sallnlty surface water causes it to Increase in

density. Since beryllium is continually scavenged from surface

water, this newly-descended deep water contains little 10Be, and

the fluvial input of 9Be therefore lowers the Isotope ratio. As

the deep water follows the global circulation pattern South and

East through the Atlantic into the circunpolar flow, and North

and East into the Indian and Pacific oceans, It is continually

enriched by the scavenging and release of atmospheric 10B«, but

any additional input of 9Be Is relatively modest. The deep-water
10Be concentration and the Isotope ratio therefore rise; so that

the highest 10Be concentrations, like those of many trace
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elements, are found in the eastern Pacific close to the regions

where upwelling returns the deep water to the surface.

References

1) M.Kusakabe, T.L.Ku, J.R.Southon, J.S.Vogel, D.E.Nelson and

G.Richards, Nature 299 (1982) 712-714.

2) M.Kusakabe, T.L.Ku, J.R.Southon, J.S.Vogei, D.E.Nelson, C.I.

Measures and Y.Nozaki, Earth and Planetary Science Letters

8_2, (1987) 231-240.

3) W.H.Broecker and T-H.Peng, Tracers in the Sea, Eldigio

Press, Columbia University, 1982.

il) 1 0Be in a North Atlantic surface water transect

(with C.I. Measures, MIT.)

As a further part of the general investigation of beryllium

transport in the ocean, surface water samples were collected in a

number of transects across the path of the Gulf Stream. The aim

of the study was to investigate the variations in beryllium

isotope concentrations and in the isotope ratio, in an area

containing different water masses.

Data from the first of the transects, from an area south-east

of Nova Scotia (42 deg 45'N, 64 deg O'W to 39 deg 30 'N, 63 dec

O'W) have now been analyzed. The results show no indications of

the boundaries of the Gulf Stream: the concentrations of the

beryllium isotopes vary by factors of 2 or 3 along the track, in

an apparently uncorrelated fashion. If characteristic

concentrations or Isotope ratios associated with a particular

surface water mass do exist, these are swamped by local effects

such as differences in biological productivity or variations in
1 0Be input due to different levels of precipitation from place to

place.

Other transects will be analyzed In the future to investigate

whether any "ageing" effects due to progressive or depletion of

the surface water Kith l 08e can be detected along the Gulf Stream
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track.

iii) 10Be in atmospheric aerosols

(with S.Naleaya, Hirosalci University, Japan)
10Be was measured in a number of aerosol samples from Southern

California and the Pacific as part of a study to investigate

deposition processes. The measurements were made on filters which

were used to process air samples, typically of 1000-3000 cubic

metres. In some cases, we were able to obtain 7Be measurements

from the same samples. Like 10Be, 7Be is made by spallation

reactions of cosmic ray secondaries in the stratosphere. The

short (53 day) half life of 7Be makes it a valuable tracer for

the presence of air masses recently descended from the

stratosphere. The results will be compared with rainwater data

from the sane sites to investigate such questions as the relative

importance of aerosol deposition and precipitation as 10Be

deposition mechanisms, and the extent to which precipitation

depletes the 10Be Inventory in a given air mass.

iv) Measurements of 10Be in river water and participates.

Measurements of 9Be in continental waters1 have shown that

the mobility of this isotope is strongly dependent on pH. Thus,

the relative importance of transport of beryllium isotopes to

estuaries in fluvial sediments and in solution can be expected to

vary widely depending on local conditions. In order to test this

directly, we have measured both soluble and adsorbed 103e in

river water from several sites in Southern California.

In addition, it has also been shown1 that the estuarine

behaviour of beryllium varies widely with the local geochemical

conditions and that a relatively small Proportion of the

dissolved fluvial Be actually mixes with the oc»an water. We have

Investigated this further by measuring partlculate and soluble
10Be In water samples from a transect along the estuary of the

Pearl River, China. The data show clearly the uptake of 10Be on

particulates during transport to the seaward end of the estuary.
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but additional large variations in concentration with location

and with sampling depth are also present.

References

1) C.I.Measures and J.M.Edmond, Earth and Planetary Science Letters,

66, (1983) 101-110.

v) Calibration of 10Be standards

(with K.W.Inn, National Bureau of Standards)

A potential problem in the development of the 10Be dating

technique has been that different laboratories have used

different working standards to normalize their measurements; and

it was not clear whether the 10Be/9Be ratios assigned to these

standards were all correct. Since so little is Icmown of the

reservoirs and transport mechanisms of 10Be, small discrepancies

between results from different laboratories were probably of

little consequence, but this was clearly a situation that should

not be allowed to continue. The U.S. National Bureau of Standards

have therefore prepared a 10Be standard and invited interested

laboratories to participate in an intercalibration effort.

A sample of this material was kindly made available to us by

Dr Inn, and was compared with our working laboratory standard,

which was made by irradiating ultra-pure BeO with a sufficient

flux of thermal neutrons to produce a 10Be/9Be atomic ratio of

10~9, assuming a published value for the 9Be(n,7) cross-

section-. Based on a preliminary value for the NBS standard

(K.W. Inn, per*, commun.), our measurements indicate that the

published value was correct to within a few percent.

References

1) Broolchaven National Laboratory Report BNL325, Neutron Cross

Sections, 3rd edition, 1973.
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C. MATERIALS SCIENCE

Cl. Ion Beam Mixing in MetaJ Systems for Surface Microalloying

(O.A. Thompson, U. Akano, M. Fernandes, J.A. Davies and W.W.

Smeltzer)

Ion beam mixing has been studied in the Ni-Pd and Fe-Pt

systems. Thin film bilayer samples of Pd on Ni or Pt on Fe and

thin Pd(or Pt) markers sandwiched in Ni(or Fe) have been

bombarded with various heavy ions (Ar+,Kr+ or Fe+) and the

intermixing of the layers determined in-situ using Rutherford

backscatterlng (RBS) analysis with 2-2.8 MeV He* ions. The heavy

ion bombardments were carried out over the temperature range 40-

673 K and for ion doses of up to 4 x 1016 cm'2. The motivation

for carrying out these studies was to determine the important

thermodynamic processes which contribute to surface alloy

formation. The specific systems studied here were of interest

because both have potential catalytic application in the

electrolysis of water. They were also of interest because they

have different phase diagram behaviour; Ni and Pd are completely

miscible over the entire composition range, while In Fe and Pt

specific phases are preferred. Results for the Ni-Pd system only

will be discussed here.

At temperatures, <400 K, we have found that the stmsunt of

nixing is dependent on the (dose)1/2 and directly proportional to

the energy deposited into elastic collision processes at the

lnterfacial regions. It is also essentially independent of

sample temperature in this temperature range. At higher

temperatures, the rate of mixing becomes strongly temperature

dependent with an activation energy that is approximately 1/2 x

enthalpy for vacancy migration which is consistent with a

radiation enhanced diffusion process. Figure Cl. 1 shows amount

of mixing, as determined by the number of Pd atoms crossing the

Interface, for various doses of 120 iceV Kr+ over the temperature

range 383-673 K. Two distinct regions are observed. In the low
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dose region the mixing increases rapidly with irradiation. This

appears to be due to atonic migration via the Ni grain

boundaries. Mixing rates of 6-35 atoms/ion are obtained. In the

higher dose region, the observed mixing rate slows to "1.5

atoms/Ion. This reduction occurs as a result of bombardment

induced grain growth which reduces the effect of the grain

boundaries such that the mixing rate is determined by intra-grain

recoil aotlon and diffusion effects. This analysis is supported

by transmission electron microscopy observations.
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Fig. Cl.l. Plot of- number of Mixed Pd atoms vs. irradiation dose

at various temperatures.
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C2. Ion Beam Mixing For Ohmic Contact Formation to GaAs

(Zhao Jie and D.A. Thompson)

Integrated circuits fabricated in GaAs require the formation

of low resistance ohmic contacts. These contacts need to be

stable against electromigration and have a smooth surface

morphology for subsequent wire-bonding. Recent work concluded

that the specific contact resistance, pc, is lowest if the GaAs

surface layer is heavily doped. This is generally achieved in

two ways; either by heat treatments of contact alloys containing

a dopant species, e.g. Au-Ge, or by ion implantation into the

contact region before metallization. Au is usually required for

the top surface layer of the contact in order to act as a bonding

pad, however the reaction between Au and GaAs results in poor

contact morphology through an "islanding" of the metal.

Ion beam Mixing techniques have been exploited in contact

formation to semiconductors. In particular, silicide formation

with a variety of noble and refractory metals has been studied.

This process generally produces smooth interfaces, good surface

morphology and reduced lateral silicide formation. Recently,

application of ion beam mixing followed by some thermal anneal

treatment has been extended to contact formation on GaAs using

various metal-semiconductor combinations. In most cases the

mixing has been carried out using inert gas ions; examples

include Ar+ or Kr+ ions to mix Au-GaAs. Other studies have used

dopant ions such as Si+ on Nl-Ge-Au-GaAs and Ge-Au-GaAS or Ge* on

Ni-GaAs. The results indicate an improved surface morphology

over contacts that are subjected to only thermal treatments.

In our work w« decided to combine the effects of ion

Implantation with ion mixing by carrying out the mixing of a Ge

film to a GaAs substrate using energetic Se+ ions. As the ions

penetrate they produce some recoil mixing of Ge atoms into the

GaAs and the Se atoms coming to rest in the GaAs act as donors.

In fact, potential twofold gains are possible in this process

sines both Se on an As site and Ge on a Ga site act as donors.
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After the implantation/mixing step, high temperature anneals, up

to 1123 K were carried out and the contact areas further coated

with Ni + Au. Good low contact resistivity values of £ 10~5 $2

cm'2 were obtained and the contact morphology as measured by SEM

was much improved over an unbombarded contact. RBS analysis was

used to measure the intermixing between the contact materials.
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C3. Ion Implantation in III-V Semiconductors

(D.A. Thompson, P. Karlghattam, D.V. Stevanovic)

The objective of the work is to study ion implantation doping

in GaAs and InP to 1) establish the levels of doping that can be

achieved and ii) determine the reproducibility and degree of

control over the process.

The next generation of high speed electronic and opto-

electronic devices will be based on compound semiconductors such

as GaAs and InP. Ion implantation appears to be the most

promising doping technique in the development of integrated

circuit technology in these materials. Inherent to the process

of ion implantation is the production of radiation damage which

must be removed or minimized to obtain electrical activation of

dopants and recover carrier mobility. Although implantation

doping has been used extensively in the fabrication of Si

integrated circuits, its application to compound semiconductor

devices is more complex and therefore has not developed as

rapidly. Integrated circuit technology requires reproducibility

and control of doping, which has not been fully achieved in GaAs

and InP. Several phenomena contribute to this: 1) Surface

dissociation resulting in As and P loss occurs at temperatures

lower than those typically required for annealing radiation

damage in ion-implanted GaAs and InP. ii) Ion implantation

introduces a departure from stolchiometry in these compound

semiconductors, particularly at high doping levels.

We are studying ion implantation followed by rapid thermal

annealing (RTA) of these compound semiconductors, in which the

samples are subjected to temperatures of up to 1000° C, for

periods of 2-10 s. Such short heat-pulses are required to

minimize the undesirable effects of surface dissociation. Our

main goal is to produce high levels of electrical activity in

order to make low resistance ohmic contacts to high resistivity

material. Doping of GaAs has been achieved by implanting with

either 100 keV Se+ or 44 keV Sl+ or a combination of the two.

Similarly, InP has been doped with 60 keV S+ or 50 keV Si+. For

the dual implants the ion energies have been chosen such that the
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implanted ion-range distributions overlap as best as possible.

Implantation has been carried out at room temperature or 400° C.

It has been found that the higher temperature results in reduced

damage effects.

Initially, Rutherford-backscattering (RBS)/channeling

measurements with 2 MeV 4He + ions have been made to establish RTA

procedures that remove the radiation damage produced by the

implanted ions. Fig. C3.1(a) shows typical RBS spectra for

single-crystal GaAs, for both aligned and random orientations.

Also shown is the aligned spectrum following implantation with

100 leeV Se+, at a dose of 1 x 10 1 5 ions/cm2. The implanted

aligned spectrum has approximately reached the random level,

indicating that the GaAs is being amorphized, Re-analysis of the

sample following RTA at 950° C for 2s (Fig. C3.1(b), indicates

that the implanted GaAs has recovered to its initial crystalline

form. For InP, RBS results show that an RTA of 10s at 750° C is

sufficient to remove radiation damage produced by 3 x 10 1 4 S +

ions/cm2. This result has also been confirmed by

photoluminescence measurements on InP samples annealed for

various times and temperatures.

Electrical characterization of the implanted semiconductors

was done by sheet resistivity and Hall Effect measurements. In

order to make the measurements, otunic contacts were made to the

semiconductors by evaporating metal films through masks, followed

by a heat treatment to alloy the metal to the semiconductor. For

ohmic contacts to n-type GaAs, films of 200 A Ni/500 % Ge/2000 K

Au were deposited in-situ and alloyed at 450° C for 30s. A 12X

Au-Ge eutectlc alloy was used to make ohmic contacts to the n-

type InP.

Hall measurements (Fig. C3.2) indicate that donar activation

levels of up to "93X can be achieved for low dose (2.5 x 1013 se+

ions/cm2) implantation Into GaAs at room temperature. For a

given ion dose higher values of electrical activation were

obtained for Implantation at 400° C. As well, higher activation

levels can be obtained with Si implantation or a combination of

Si and Se ion implantation.
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C4. Strained-Layer Superlattices (SLS)

(D.A. Thompson, B.K. Garside, P.E. Jessop, J.A. Davies, J.B.

Robinson, G. Mezey, J. Stevens, D. Stevanovic, B. Chilton, J.

Evans and J. Lux)

a) We are using Ion beam channeling/RBS techniques to study

the strain in lattice mismatched layers In three semiconductor

families: Si/Si 1_xGex, GaAs/Ga^xIn^As and PbTe/Pbj.jjSnjjTe. The

Si/SiGe and GaAs/GalnAs samples are grown at the Mlcrostructural

Science division of MRC by molecular beam epitaxy, while the

PbTe/PbSnTe samples are grown at McMaster by hot-wall epitaxy.

These studies are providing Information on the critical thickness

for coherent growth and the formation of misfit dislocations.

Complementary studies involve the electrical and optical

characterization of these systems.

b) Ion implantation studies in GaAs/GalnAs and Si/SlGe SLS

structures will begin this year. Implantation will be used to

dope the SLS. Subsequent treatment by rapid thermal annealing

will be directed towards the recovery of crystallinlty and

strain. Channeling/RBS will be used to characterize the samples

at each step in the regrowth treatment. Complementary studies of

photolumlnesence and transport properties will be carried out.

NRC has already provided some samples, and will participate in

the characterization using additional methods such as double

crystal diffraction.

c) While channeling/RBS provides a probe of the structural

character of strained layers, a strained layer structure is a

useful system for the study of channeling phenomena. for a

crystal with a (100) surface, the {110} planes in a strained

epilayer are at a different angle to the surface normal that the

{110} planes in the substrate. The difference in angle is called

a kink angle. A usual measure of the kink angle is the

difference in the angular position of minimum yields of

backscattered ions from the epilayer and substrate obtained in an

angular scan through a {110} plane. Our studies have Indicated
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that a more sophisticated interpretation of angular scan curves

for planar channeling is required for the conditions encountered

in this work. Under some conditions wa have observed double

minima in the substrate yield, neither of the dips corresponding

simply to the kink angle. Computer simulations have helped

formulate an Intuitive interpretation of planar channeling

effects In SLS and have lad to a clearer picture of bean

steering. An angular scan curve for planar channeling In the

substrate of a GaAa/GalnAs sample with a kink angle 0.4° is shown

In Figure C4.1. A typical computer simulation is shown In Figure

C4.2.

d) In conjunction with the Centre of Excellence, a molecular

beam epitaxy facility will be installed on one of the beam lines.

This will provide "in situ" channeling/RBS analysis of III-V

sealconductors at various stages during the epitaxial growth

process.
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C5. Ion Beam Modification of Zr-2.5 w/o Nb

(U. Akano, D.A. Thompson and B. Warr (Ontario Hydro))

A research programme has been recently initiated in

collaboration with Ontario Hydro Research (OHR), to study the

effects of ion implantation on the rate of corrosion and deuterium

pick-up in Zr-2.5* Nb operated in high pressure D20 in the

temperature range 25O-'J1O°C; i.e. under the conditions

appropriate to CANDU pressure tubes. The objective is to explore

the role that various impurities play in the corrosion and

deuterium uptake, and ion implantation represents an excellent

method for introducing selected impurities at controlled levels.

The initial studies have involved implanting 140 keV Fe+ for

doses of 2-20 x 1016 cm"2. The choice of Fe ions is based on

evidence from OHR studies that "run-away" corrosion may occur in

the presence of Zr2Fe intermetallics. Following autoclave

exposure at OHR we are using nuclear reaction analysis and RBS to

determine the depth distributions of the implanted Fe atoms, to

measure the oxide thickness and deuterium levels near the

surface. An example of RBS analysis of a sample before and after

implantation is given in the figure. Post autoclave exposure

results are not yet available.

This project is funded by grants from OHR and the Provincial

Government's University Research Incentive Fund.
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Fig. C5.1. RBS analysis of a sample before and after implantation

is given.
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C6. Tritium Diffusion and Tritium Permeation Barriers

(D.A. Thompson, J.A. Davies, W.W. Smeltzer, R.G. Macaulay-

Newcombe, M. Rhiem and S-Q. Shi)

The apparatus set up on the KN accelerator includes a UHV

target chamber in which we can implant a wide range of ions at

10-150 kV and analyse in-situ using MeV ion back-scattering and

nuclear reaction analysis (NRAj. A standard UHV membrane

permeation system has also been constructed.

Our objectives are: 1) to determine deuterium and tritium

diffusion coefficients (D) in various metals; 2) to measure the

effects of radiation damage on D; 3) to measure permeation rates

of tritium and deuterium through various metals; and 4} to

investigate ways of reducing permeation by applying coatings. We

are presently studying coatings of A12O3.

For the diffusion measurements we are attempting to contain

deuterium or tritium in a thin film ("0.3 nm) of metal.

Initially we have been studying deuterium in nickel, with a

sample geometry as shown in figure C6.1. The deuterium is

implanted into a small region of the metal (as shown in figure

C6.2) and is constrained by the Al2o3 barriers to remain within

the metal. The A12O3 acts as an effective barrier, keeping the

tritium within the metal film since hydrogen isotopes diffuse

"109 times more slowly in A12O3 than in nickel. Thus only

lateral diffusion can occur: the lateral concentration profile

can be determined using NRA techniques while traversing the

sample through the ion beam. The broadening of the profile

observed after anneals yields the diffusion length, and hence D.

We have carried out initial measurements over the temperature

range of 600-800 K, deuterium implanted in nickel to a

concentration of about one atomic per cent. The results have

indicated that low level impurities and possibly radiation damage

(from the d(3He+,4He)p analysis and the deuterium implantation)

are inhibiting the deuterium diffusion. We are presently tasting

higher purity films made in a UHV RF-sputter deposition system.
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In order to achieve the fourth objective we are also

depositing A12O3 films on membrane samples and determining the

changes in permeation at various temperatures.

Several methods of making suitable films of A12O3 have been

tested. Plasma-assisted chemical vapour deposition (PACVD) did

not yield useful A12O3 films, but implanting about 4 x 101'

ions/cm^ of 20 keV O2"1" into 20-40 run of aluminum coatiny the Ni

sample at a temperature near 300 K has resulted in an oxide layer

of about 60-30 nm thickness. This process has successfully

trapped deuterium in the underlying nickel film during a 20

minute heat treatment at 800 K. Unfortunately these ion-

implanted AI2O3 films contained a few cracks. Even so, large

reductions in permeability were obtained. The effectiveness of

the permeation barrier should be improved by several orders of

magnitude by eliminating these defects. We are presently

adapting anodization and reactive RF-sputter deposition

techniques to our requirements, and hope to obtain better AI2O3

films soon.

Once we have optimized our sample preparation, implantation

and analytical techniques we will also carry out measurements

with tritium. Tritium will be implanted into samples with a new

dedicated tritium implanter, which should be operational in the

very near future.
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C7. 1 5 N Profiling in Solids

(F. Gaspari, D. Khatamian, F.D. Manchester, J.M. Perz C.

rjkah, G.C. Weatherly and S. Zukotynski (Toronto))

Nuclear reaction analysis1-2 (15N + 1H •* 1 2C + 4He +4.43 MeV

7) has been used to determine the distribution and total

concentration of hydrogen near the surfaces of solids, in

particular hydrogenated amorphous Si and alloys with Ge and C and

hydrogen-absorbing metals such as FeTi, Zr - 2.5 wt.% Nb and Zr.

This has served as an analytic probe underlying a number of

investigations of these fundamentally and technologically

interesting materials.

1. Amorphous silicon

(a) Boron trifluorlde P-type doping of dc glow-discharge films

P-type dc glow-discharge a-Si films have been prepared using

boron trifluoride as the doping agent. Film growth on various

cathodic substrates was examined. The effect of BF3-doping on

hydrogen incorporation into the a-Si network was investigated

using the X^N profiling technique and FIR measurements of Si-H

vibrational modes. The concentration of boron and fluorine

incorporated into Bf3-doped films was profiled using SIMS. The

dark conductivity of BF3-doped films was measured as a function

of temperature to verify that effective doping was achieved.

(b) Work function of evaporated amorphous silicon

In situ contact potential difference measurements have been

used to determine the work function of evaporated amorphous

silicon (a-Si).4 The work function of unhydrogenated a-Si was

found to be 4.66 ± 0.02eV; it was increased by O.leV in

hydrogenated amorphous silicon (a-Sl:H). The work function was

insensitive to variations in substrate temperature between 60 and

250° C. The results have been correlated with optical absorption

and electrical conductivity data.



105

(c) Substrate effects in RF glow discharge films

The effects of the glass substrate on the properties of RF

glow discharge a-Si:H thin films have been studied.^ As a result

of ion bombardment, some of the reactive species from the glass

substrate were introduced into the deposition chamber by

desorptlon. These species were then found to be absorbed back

into the surface with the decomposed gas and to form impurities

in the film. The presence of Na-Si and K-Si impurities in the a-

Si:H film lowered the electrical conductivity and decreased the

film stability.

(d) Properties of n-type dc glow-discharge films

The morphology and electronic properties of phosphorus-doped

hydrogenated amorphous and mlcrocrystalline silicon deposited by

dc discharge in S1H4/PH3 have been studied6 N-type Si:H films

were prepared by dc glow-discharge decomposition of SiH4/PH3 gas

mixtures to investigate the effects of the discharge current

density (Jpc) an<* voltage (^DC' on film structure and dark

electrical transport characteristics. Examination of the

resulting S1:H films by transmission electron microscopy (TEM)

revealed a discernible microstructure that depends on the

discharge parameters. Film growth can be interpreted in terms of

the effect of the deposition parameters on nucleation and surface

diffusion. Increasing V D C enhance the nucleation density,

resulting in a homogeneous, finegrained structure that is largely

amorphous. In contrast, increasing JDC enhances surface mass

transport, resulting in a two-phase structure consisting of

crystallites, as large as 1000 A in diameter, interconnected by

an amorphous tissue. For a given impurity level, the resulting

electrical transport characteristics have been correlated with

microstructure; higher dark conductivities are associated with

deposition conditions that enhance microcrystallization.
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2. Hydrogen absorbing metals and alloys

(a) FeTl hydrogen storage alloys

He are winding up our work on these alloys as Interest In

their potential Is In decline until at least the next significant

upsurge in the price of oil! We have one report on this work: in

preparation which is a fuller version of a conference

report17 presented in 1986 at Maubulsson, France.

(b) The effects of surface preparation on the hydrogen

distribution near the surface of Zr - 2.5 wt.* Nb alloys \item

The effect of surface preparation on hydrogen profiles in Zr

- 2.5 wt.ft Nb alloys loaded to contain 40-150 ppm by weight of

hydrogen has been studied. Large surface H peaks were

found18 after fine metallographic surf ace preparation techniques

were used on the samples of Zr - 2.S wt.X alloy.

These peaks were substantially reduced by using a fine

machining operation (as the last step in surface preparation) or

were totally removed by vacuum annealing. The surface peaks

appear to be associated with hydride particles embedded in the

surface layers during metallographic polishing. Excellent

agreement was found betwen the results obtained by using 1 5N to

determine H profiles and those from using the D(3He,p)a reaction

to determine D profiles in the same alloys as measured at Queen's

University.

(c) The effects of oxidation on the hydrogen distribution near

the surface of Zr and Zr - 2.5 wt.X Nb alloys

The effect of differing degrees of oxidation on the hydrogen

profiles in the surface region of Zr - 2.5 wt.S Nb alloys and Zr

single crystals have been studied in sample* loaded to a known

average level of H concentration. Large H peaks were observed in

the majority of the samples examined, the peaks being located

immediately below the surface oxide film layer and moving with

increasing thickness of the oxide layer, to maintain the same



1 0 9

Al cnochtnod jurfiic*

24hrs/4OO*C
oxkjQtlon fn otr

"T p-ISOppn.H

•*.'.""..i"',

V,.',,. , ,
0.5 1.0 !.5

Oeplh

2.0 2.5 0

3 lira /tOO'C
O'kkjllon in air

I I

0.5 10
Depth

eOhrs/400-C
oxidation in air

1.5 2 0

Pig. C7.2. An example of the general utility of hydrogen depth

profiling using the H(15N,a Y ) 1 2 C reaction: Hydrogen profiles

for samples of Zr - 2.5 wt.SS Nb alloy which have been exposed to

increasing amounts of oxidation treatment. The average hydrogen
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the plot at the upper left. Successively increasing amounts of
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oxidized region at the surface and "piling up" beneath this

layer. Taken from: Stern et al.19
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relative position. An example of the H peak and this progression

to increased depths below the surface is shown in Fig. C7.2. At

present, the H peaks are though to be the result of interactions

between H and oxygen dissolved interstitially in the Zr lattice

at the oxidation temperature. The differences observed between

the polycrystalline Zr - 2.5 wt.X Nb alloy and the single crystal

Zr samples are ascribed to the different oxygen profiles in these

two sets of specimens. Low levels of hydrogen were detected in

the oxide films on the Zr and Zr alloy surfaces. As before good

agreement was obtained between the H profiles determined in this

study and the measurement of D profiles carried out at Queens

University for the same samples and the resul's were published

Jointly.19

(d) Hydrogen diffusion in ZrO2

Hydrogen depth profiling has been used to obtain values for

the diffusion parameters for hydrogen in ZrO2 films on Zr and

Zr - 2.5 wt.* Nb.

Hydrogen depth profiling was chosen because of the

Intrinsically low H diffusion rate in this oxide and because the

hydrogen could be conveniently "loaded" into the oxide by means

of ion beam implantation, which gave a suitable starting profile

for the diffusion measurement, as shown in Fig. C7.3. Diffusion

measurements are continuing for various conditions, including

holding the oxide at temperature in a reactor environment. The

first results of this work are being reported in a paper now in

preparation.20

(e) Hydrogen permeation through yttrium-zirconium alloy interfaces

These measurements are aimed at determining basic physical

parameters for designing yttrium "getters" to be placed at

strategic locations in the Zr - 2.5 wt.X Nb pressure tubing of

CANDU reactors, these being in the form of yttrium Inclusions or

segments giving V-Zr alloy interfaces. Design of such getters

requires study of the passage of H (and D) through actual Y-Zr
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alloy interfaces so that the design of getter arrangement can

benefit from in situ information and not data for the separated

constituents. Hydrogen depth profiling will be used to examine

the variation of hydrogen concentration in the vicinity of these

interfaces. The variation of the D concentration will also be

studied but not with N 1 5 profiling. The aim of these

arrangements is to keep the overall hydrogen content in the Zr

alloy pressure tubes at a low enough level to avoid the terminal

solid solubility concentration and thus avoid, or postpone as

much as possible, the onset of delayed hydrogen cracking in these

tubes. Work on this project has not yet begun, but we are hoping

to start in November '87.

The investigations (b) to (e) briefly described above are

part of a program of investigation into the ingress/egress of

hydrogen and deuterium into Zr - 2.5 wt.% Nb alloys, the material

from which a large number of the pressure tubes in CANDU reactors

are fabricated. The occurrence of delayed hydrogen cracking in

such pressure tubes is an ongoing concern for the designers and

operators of these reactors.

1. W.A. Lanford, H.P. Trantvetter, J.P. Ziegler, and J. Keller,

Appl. Phys. Lett. 28, 566 (1976).

2. W.A. Lanford, Solar Cells, 2, 351 (1980)

3. R.V. Kruzelecky, D. Racansky, S. Zukotynski, J.M. Perz, D.

Polk and W.M. Lau, J. Non-Cryst. Solids, 79 (1986), 19-28.

4. C.I. Ukah, R.V. Kruzelecky, 0. Racansby, S. Zukotynski and

J.M. Perz, J. Non-Cryst. Solids (submitted 1987)

5. Y.C. Koo, R. Perrin, K.T. Aust, S. Zukotynski and R.V.

Kruzelecky J. Applied Phys. (submitted 1987)

6. R.V. Kruzelecky, S. Zukotynski and J.M. Perz, J. Non-Cryst.

Solids (submitted 1987)

7. Y.C. Koo, R. Perrin, K.T. Aust and S. Zukotynski, Met. Trans,

(submitted 1987)
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18. 'A. Stern, D. Khatamian, T. Laursen, G.C. Weatherly and J.M.

Perz, "Hydrogen and deuterium profiling at the surface of

zirconium alloys; I. The effects of surfact preparation" J.

Nucl. Mater. 144 (1987), 35-42.

19. A. Stern, D. Khatamian, T. Laursen, G.C. Weatherly and J.M.

Perz, "Hydrogen and deuterium profiling at the surface of

zirconium alloys; II. The effects of oxidation11 J. Nucl.

Mater. 148 257-265, (1987).

20. D. Khatamian & F.D. Manchester, "Hydrogen diffusion in the

surface oxide layer on zirconium". In preparation.



115

D. NUCLEAR MEDICINE

Dl.Visualization of the Melatonin Receptor Sites in the Human

Brain

(G. Firnau, C. Nahmias, E.S. Garnett, R. Chirakal and G.M.

Brown)

The neurohormone melatonin cues rhythmic events in the body,

like sleep and ovulation. It has an effect on the endocrine

tissues in the brain, hypothalamus, midbrain and pituitary gland.

Its effect is mediated by specific receptors for melatonin.

These receptors are implicated in psychiatric illness. At

present there is no method to measure the receptors {that is

their number or their binding potential) in the human brain

during life.

We have started to develop a method with which the melatonin

receptors can be measured. The method is based on Positron

Emission Tomography and uses the melatonin analogue 4-fluoro-

melatonin labelled with the positron emitter F-18.

We have radiofluorinated melatonin by our general electro-

philic fluorination method using [18F]F2, generated by the
20Ne(d,a)18F reaction with the FN Accelerator (Fig. Dl.l).

The products were separated by reversed phase high pressure

liquid chromatography and identified by mass spectrometry,

elemental analysis and nuclear magnetic resonance spectroscopy

for *H and *"F. In preliminary biochemical studies we have found

that 4-fluoromelatonin behaves similar to melatonin, a condition

necessary for any tracer study. From the organ distribution in

rabbits we have estimated the anticipated radiation does to

humans that would arise from an intravenous injection of 4-

C18F]fluoro-I.-dopa) .

When a normal volunteer was scanned with 4-[18F]fluoro-

melatonin we observed for the first time in the living human

brain the accumulation of the F-18 in the hyperthalamus,

thalamus, midbrain regions. The** areas arc rich in melatonin
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receptors. These areas of F-18 accumulation coincide with the

known places of melatonin's hormonal action.

This work has the potential to contribute significantly to

the elucidation of the mechanism of sleep disorders (often

associated with psychiatric illness) and, possibly, jet-lag.

1) G. Firnau, R. Chiralcal and E.S. Garnett, J. Nucl. Med 2J5

(1984), 1228-1233.

2) R. Chirakal, G. Firnau and E.S. Garnett, J. Nucl. Med. 27

{1986), 417-421.

3) R. Chiralcal, B. Sayer, G. Firnau and E.S. Garnett, J.

Labelled Comp. and Radiopharmaceuticals 1985, in press.
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D2. Visualization and Kinetics of Dopamine in the Brain of

Healthy Subjects and Patients with Movement Disorders

(E.3. Garnett, G. Firnau, C. Hahmias and R. Chirakal)

18P, generated by the 20Ne(dra)
18P reaction, is used to

produce 6-[18F]fluoro-L-dopa1'2'3. From 6 jiA deuterons of 15 MeV

and 2 hours irradiation time, 5 rnd of 6-[18F]fluoro-L-dopa are

produced twice weekly. With this tracer and positron emission

tomography, we have visualized the dopamine rich structures in

the brain, caudate nuclear and putamen, and have demonstrated for

the first time dopaminergic nerve endings in the frontal cortex

of the human brain4. Patients with unilateral Parkinson's

disease show a markedly reduced uptake of 18F in the put amen

contralateral to the side of the symptoms. Their caudate nucleus

accumulates 18F normally5'6.

The safety of the clinical 6-[18F]fluoro-L-dopa procedure has

been established by an estimate of radiation dose to humans7. In

order to interpret these normal and abnormal images in

biochemical terms, it is necessary to know to which chemical

species 18F is bound at what time after the injection of 6-[18F]-

fluoro-L-dopa. In the human brain, one can only obtain the

information by biopsy. Therefore, the 18F-metabolites were

elucidated in rhesus monkeys. This monkey species is

neurochemically sufficiently close to humans. Thus, we have

spent the years 1984 to 1986 analyzing by high pressure liquid

chromatography the 18F-metabolites in the blood and brain of

monkeys after an injection of 6-[18F]fluoro-L-dcpa.8#9

The time course of the biosynthesis of 6-[18F]fluoro-L-

dopamine and 6-[18F]fluoro-homovanilllc acid and their egress

have been determined quantitatively as a function of time. This

information will enable us to construct a mathematical model with

which the time vs. 18F curves in any human brain part can be used

to compute kinetic parameters of the metabolism of the

neurotransmitter dopamine. The kinetics of cerebral dopamine are

implicated in a number of neurological and psychiatric diseases.
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(Parklnsonlsm, dystonia, schizophrenia, Gilles-de-la-Tourette

Syndrome)

The precise neurochemical abnormalities in brains of

dystonics are not known. During 1985/86 we have started to

investigate the neurochemistry of dystonic patients with PET.

The investigation is focused at the brain parts that are

responsible for control of movement. It would appear, from our

measurements so far, that we can define neurochemical subgroups

on the basis of PET scans with 6fF-18]f luoro-L-dopa and 2-[F-

18] fluror-2-deoxy-D-glucose. It is hoped to help these patients

with individually designed drug treatments.

In a collaboration with the National Institute of Health,

Bethesda, MD we have visualized with PET and quantified the

damage to the dopamine system in the brains of monkeys that had

been made parkinsonian by the neuropoison MPTP (l-methyl-4-

phenyl-1,2,3,6-tetrahydro-pyridine)10.

The metabolites of 6-(P-18]fluoro-L-dopa in the blood of

patients that undergo PET scanning have been determined by high

pressure liquid chromotography.11 This data is important for

determining the delivery of 6-[F-18]fluoro-L-dopa and other F-18

carrying metabolites to the brain, and thus in turn to formulate

a quantitative proceedure to evaluate the scans.

1) R. Chirakal, G. Flrnau, J. Couse and E.S. Garnett, Inter. J.

Appl. Rad. Isotopes (1984) Vol. 35, No. 7, 651-653.

2) G. Flrnau, R. Chirakal and E.S. Garnett, J. Nucl. Med. 2_5

(1984), 1228-1233.

3) R. Chirakal, G. Flrnau and E.S. Garnett, J. Nucl. Med. r7

(1986), 417-421.

4) E.S. Garnett, G. Flrnau and C. Nahmias, Nature 305, No. 5930

(1983), 137-138.

5) E.S. Garnett, C. Nahnias and G. Flrnau, Can. J. Neurol. Sci.

±i (1984), 174-179.

6) C. Nahmias, E.S. Garnett, F. Firnau and A. Lang, J. Neurol.

Scl. 69 (1985), 223-230.
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8) G. Firnau, S. Sood, R. Chirakal, C. Nahmias and E.S. Garnett,

J. Neurochemistry, 48(1987)1077-1082.

9) G. Firnau, E.S. Garnett, R. Chirakal, S. Sood, C. Nahias and

G. Schrobilgen, Int. J. Appl. Rad. Isotopes, 37(1986)669-675.

10) C.C. Chiueh, R. Burns, I. Kopin, D. Kirk, G. Firnau, C.

Nahmias, R. Chirakal and E.S. Garnett, 6-[18F]fluoro-L-

dopa/Positron Emission Tomography Visualized degree of damage

to brain dopamine in Basal Ganglia of Monkeys with HPTP-

induced Parkinsonism. in MPTP: A Neuro-toxin Producing a

Parkinsonian Syndrome Academic Press Inc. 1986.

11) G. Firnau, S. Sood, R. Chirakal and E.S. Garnett,

Metabolites of 6-[F-18]Fluoro-L-dopa in human blood, J.

Nucl. Med. (1988) in press.
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E, OTHER TOPICS

El. Compton Polarimeter for y-rays

(J.A. Cameron and A. Forsman*)

A polarimeter has been constructed using five Ge detectors.

The central scatterer is a 3 cm diameter vertical axis cylinder 5

cm long. The four detectors are horizontal cylinders from our

regular roster of counters (20-25*). Regular coincidence

electronics are used and events tape recorded. For point

scatterer and detector, the Compton scattering rate (fig. El.la)

W(e,0) * 2 Ak[Pk(cosfl) + (-)
ff(S1/S0)KkPk

2(cos8) cos 20],

is where the Ak are the usual angular distribution coefficients

and the K^ further angular momentum functions.* The quantity

R-l „ W(90,0) - W(90,90) _ (-)ff S1 A 2K gP^(0)A 4K^

R+l W<90,90) + W(90,90) SQ A ^ I O ) + A4P4(0)

is a useful measure of the 7 polarization.

This geometry has usually been realized using two Ge

detectors face-to-face below the target (6=90°) and aligned in

the reaction plane (0=0°) or perpendicular to it (0=90°). Sum-

coincidence spectra allow full-energy events to be collected.

A five crystal polarimeter (Fig. El.lb) has advantages both

of simultaneous collection at 0=0 and 90° and at 0 and 0+180°.

The former makes the ratio R self-normalizing with respect to

source intensity; the latter compensates to first order for

source eccentricity. For successive measurements with detector A

at 0° and 90° (A,A') the quadruple ratio

W(B') W(C) 3i W(B) W(C') W(D)

takes advantage of these symmetries and allows for differences in

detector efficiencies.

The polarimeter was tested first with a radioactive source

(137Cs). All events in which the full energy, 661 keV, was

deposited in the scatterer and only one detector was counted.
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The ratio found was R => 0.98(2).

The reaction 50Cr(p,p/7)50Cr yields a strong source of 783

keV 7 rays. At a 5/2+ resonance whose inelastic decay is

dominated by the sj/2 channel, the subsequent gamma decay, with

A2 3 -A 4 = 0.57 is 100* plane polarized parallel to the plane

containing the incident beam and the gamma ray. For this case, a

ratio R - 0.60(2) was found. This is to be compared to R0=«0.55

for point scatterer and detectors.

There are two major sources of the discrepancy. The most

obvious is that the scatterer and detector are not points but

subtend substantial solid angles. This Implies an averaging over

both 9 and <t>, similar to, but more complicated than, that in

solid angle attenuation of angular correlations. The second,

more subtle, effect is that of multiple scattering. For a

scatterer large enough to produce adequate count rate, at least

half the events involve two Compton events in the scatterer.2

Such events likewise reduce the overall polarization sensitivity.

To observe these effects, both of solid angle and multiple

scattering, playback filtering was employed. In playback of the

recorded events, only those with the correct full energy were

kept. The magnitude R was examined for different partitions of

the total energy between scatterer and detector. Fig. El.2 shows

the spectrum of energies deposited in the scatterer for full

energy events. The brackets indicate gates set in this spectrum

with their values of R. The width of the peak is accounted for

by the effects of solid angle and, to a lesser extent, electron

momentum, while the shoulders come from multiple scattering,

(Ref. 2 and contribution to this report). It is clear that

multiple scattering produces the greatest attenuating effect in

the polarization sensitivity.

1. A.J. Ferguson. Angular correlations In gamma ray spectroacopy

(North-Holland, 1965)

2. J.A. Cameron and I.M. SzOghy. Nucl. Inst. Math. A258(1987)75.

•NSERC summer scholar from Acadia University
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E2. Coincidence Studies of Compton Scattering

(I.M. SzBghy (Laval) and J.A. Cameron)

In last year's report, the advantages of a method for using

two detectors in coincidence to disentangle different

contributions to Compton scattering spectra were set out. This

method has been used to study two important cases: 90° and 0°

scattering.

a. 90° scattering and 7 ray polarimetry1

The Compton cross section is most sensitive to the plane

polarization of incident radiation for a scattering angle of 90°.

To gain an understanding of the processes involved as an aid to

realizing a good polarimeter, we measured scattering coincidence

spectra (intensity vs. scatterer energy vs. detector energy)

using as scatterers small Ge and Si crystals and a larger Ge

cylinder. Fig. E2.1 shows such a spectrum and its projection on

the scatterer and detector counters. Fig. E2.2 shows scatterer

spectra for the three scatterers, selected for those events in

which the full energy was deposited in scatterer and detector.

The curves are simulations allowing for solid angle alone (solid)

and Including scatterer electron momentum - the so-called Compton

profile (dashed). The latter is particularly noticeable for the

small detectors.

Proper simulations of double scattering have not been

undertaken, but. kinematic calculations, yield the correct

broadening range and a simplistic model (point first scatterer

and concentric shell second scatterer) produces a credible

"double scattering spectrum", roughly level between the extremes.
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Fig. E2.l(a) Two-dimensional plot showing the partition of energy

between scatterer and detector.

(b) Projection on the scatterer axis of full energy events (ridge

In (a)).

(c) Projection on the detector axis of full energy events.
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b. Scattering near 0°

For small angle scattering the dominant effects, for a small

scatterer at least, are the Compton profile and the electron

binding energy (not unrelated). It is evident that, af- e -» 0°,

the momentum transfer to the scattering electron becomes

vanishingly small and the Compton, as opposed to Rayleigh,

scattering must decrease below the free electron (Klein-Nishina)

value. In order to measure this decrease given by the so-called

S-- factor, the double crystal counter GESSIKA was used in its

coincidence mode, with forward scattering from the Si(Li) to the

Ge crystal. The lower limit on scattering angle is set by the

need to discriminate against noise in the Si(Li), at about 0.3

keV.

Data have been accumulated for sources of 1 3 7Cs, 1 9 8An, 51Cr,
57Co and 241Am - (661, 410, 320, 122, and 60 keV respectively)

and unfolding of the solid angle and Compton profile effects is

in progress.

1. J.A. Cammron and I.M. SzBghy, Nucl. Inst. Meth. A2S8 (1987)75.
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E3. Spectroscopy of Simple Molecules at Cryogenic Temperatures

(R.L.Brooks*, J.L.Hunt* and J.D.Poll*)

This project, which uses a high-energy proton beam as an

excitation probe for systems of simple molecules, has now two

general areas of interest:

1) The original project involved the irradiation of samples

of solid hydrogen and deuterium to produce charged species (e.g.

Dn
+,n=3,9 and e~) that become trapped in the solid lattice. These

trapped charges produce Stark shifts in the energy levels of the

neighbouring molecules which can be examined spectroscopically,

usually in absorption1'2.

The research is of some practical interest in inertial

confinement fusion where the ionizing radiation is provided by

the p decay of the T nucleus3.

2) Arising from the absorption spectroscopy there is now a

project to examine low level impurities in the hydrogen lattice

such as oxygen,nitrogen and helium. Helium is particularly

interesting since the /3-decay of tritium results in the

production of 3He. The spectroscopic technique used is that of

emission in the visible and ultraviolet regions.

Since our spectroscopic investigations cover a wide wave

length range (vacuum-ultraviolet to infrared) the optical

components and the sample target chamber have been remounted on a

4' X 6' commercial optical table. Light sources and detectors

have been reconstructed for ease in changing from one spectral

region to another. For work in the 2.5 micron infrared region we

have been much troubled with atmospheric H20 and C0 2 absorption.

To minimize this an evacuated optical transfer system has been

devised combined with N 2 flushed light source and detector

housings. In order to extend the emission work to the VUV the

Spectrometer has been equipped with a vacuum system capable of

routine evacuation to 10~6 torr.

In connection with project 1) above, the fundamental band of

solid HO under proton irradiation has been recorded and Is shown

in Figure E3.14. The charge-Induced Unas Q 1
+(0), Qj"(O) and Sj"
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(0) have been identified in the spectrum as they were for D 2
5.

In addition the transition Rj'fO) has been observed since its

unperturbed analogue RjlO) is allowed in HD due to the existance,

on the molecule, of a small permanent dipole moment. In

addition, the Q^ t O ) , Qj~(l) and S1~(0) transitions of H 2 were

observed in the HD spectrum due to the H2 impurity in the HD

sample. This is particularly interesting since these transitions

are not observable in a pure H 2 crystal due to the higher

mobility of electrons in solid hydrogen.

In order to identify the perturbed lines in the HD spectrum

the calculation of the Stark shifted levels has oeen done for HD,

HT and DT in a similar manner as those previously done for H2, D 2

and T2
6. The requisite molecular matrix elements of the

quadrupole moment, polarizability and dipole have been calculated

using a program developed by R.J. LeRoy at the University of

Waterloo7.

The absorption feature that occurs at the position of the Qj"

(0) in irradiated solid H2 has an unusual asymmetric profile. It

has been shown8 that the shape and intensity of this feature are

associated with the interference between the dipole of a

localized electron and the charge-induced dipoles in the

ne ighbour1ng mo1ecules.

The ionic complex which gives rise to the Q1
+(0) transition

in solid D2 has been studied in some detail using Monte Carlo

techniques9. It was found that this complex hae a D 9
+ structure

similar to the Hg* clusters which have been observed in molecular

beam experiments.

In connection with project 2) above, the emission

spectroscopy of the fundamentally important excimer.HeH,

continues2. By using beam-current normalization, we have

significantly improved the signal-to-nolse ratio thereby allowing

unambiguous analysis of the perturbed spectrum of *HeD. For this

one isotopomer the v«0 level of the D electronic state Is nearly

degenerate with the v-3 level of the C electronic state. A

theoretical calculation of this perturbation10 has permitted the
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evaluation of the rotational constants of the v=3 level of the C

state. This is the first determination of the constants of a

"hot" level for HeH, and the only experimental determination of

the non-adiabatic coupling between the 0 and C states.

Experiments have been performed in the VUV spectral region to

observe the spectrum of HeH when it de-excites from the 0 bound

excited state to the dissociative X ground state. The similar

de-excitation from the lower energy B excited state had been

previously observed at 245nm11, but the D-OC band occurs in the

VUV. A broad emission feature was observed in 3HeD at ISOnm and

also for *HeD (lSSnm) which has been tentatively identified with

this transition12. The band is considerably narrower than that

for B-»X and further experimental and theoretical work is

necessary to confirm the identification and explain the band

shape.

•University of Guelph
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E4. Applied Computersystents Group (ACsG)

(W.F.S.Poehlman, R.A.McNaught, R.Pollock, J.Wong, D.Mesher,

T.Wolozsyn, R.Lingarkar, P.Hughey, O.Berg and A.Sinha)

The objective of this group Is to utilize the latest advances

in computer hardware and software such as expert systems,

distributed processing, networking and natural language

interfaces to produce computer-aided control and data acquisition

systems. Such systems simplify the user-interface and yet

enhance system capabilities by allowing the computer to carry out

complex procedures as directed from front-end user interaction.

Data Acquisition

Through a recent grant, the VAX/MBD/CAMAC data acquisition

system in the accelerator laboratory has been replicated, to

serve as a software development station. The system will be used

to create a FRont End for Data Acquisition system, FRSDA. The

goal of the program is to provide a natural, possibly syntax-

directed, language interface to the user via a host computer

interaction, the result of which will then produce the necessary

low-level software code to operate smaller processors (the MBD

and/or microprocessors) under optimum conditions to acquire data.

Other utilities are expected to include, on-line trend analysis,

data preprocessing or filtering, and performance analyzers

(static and dynamic with debugging capability). The basic

framework for this system is being setup by a part-time graduate

student in the

Electrical and Computer Engineering Department.

Distributed Systems

Funding has recently been secured to create a distributed

control system using networked personal computers (PCs) and a

commercial operating system designed for such a purpose (PORT).

These relatively inexpensive multi-processor stations will be

utilized to study various control algorithms of Interest to
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accelerator systems where embedded microprocessors abound. These

investigations should also benefit new data acquisition

techniques where the trend towards the decentralization of such

tasks into small dedicated processors is occurring. The current

manpower at this stage consists of several 4th level Computer

Science senior project students.

Control Systems

In much the same approach as was taken recently to construct

the control software for the Mark IV Sputter Source system(l], a

prototype automation system was developed to setup and maintain

optimum beam intensity on the PN via control of the low-energy

steerers by computer (a PDP-11/23). Through running a variety of

ion species, a "most-likely present" beam space was determined as

shown in Figure E4.1 and written into a fortran program called

"LESCON". The real-time capabilities of the LESCON control

program were greatly assisted by use of operating system (RT-li)

utilities. These allowed dynamic on-line beam search and

intensity maintenance. Such beam searches routinely are completed

in under S seconds elapsed tirae£2]. The purpose of such a system

is both to speed setup and also to maintain optimum settings for

the varied requirements of many experiments routinely performed

during the course of accelerator operation. This work was carried

out by a graduate student in the Computer Science and Systems

Department in the M.Sc. program.

Building on the success of the above work, current

developments are focussing on reducing the computational power

requirements from the PDP-11/23 to a satellite Z-SO single board

computer(SBC) with the human interface occurring on an IBM-PC

host computer. The embedded microprocessor(SBC) is essentially

programmed in assembly code and committed to ROM, while a 4800

baud serial link to the master PC both controls the Z-80 and

reports information to the user via predominantly screen graphics

using PASCAL. To speed up host operation, a software toolbox

which allows high level language Interrupt handlers and

completion routine implementation, alao in PASCAL, has been
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employed.

The hostPC/SBC architecture is being purposely imposed since

the concept lends itself to future use of knowledge-based master

systems which will play a major role in the next stage of

controls development. An M.Sc. student from the Department of

Computer Science and System is presently carrying out this

investigation.

Expert Systems

Currently underway Is the development of a "C" language-based

expert system to aid new operators and researchers in operation

of the FN accelerator. The rudimentary systoa will provide

machine operating procedures and perform minor calculations of,

say, magnetic field strength, at appropriate times via the PC

level using simple line drawing graphics and direct cursor

addressing techniques. Initially an off-line system with access

to a database of past accelerator operating history and a

knowledge-base of start-up procedures will be demonstrated, the

ultimate goal of which is to connect on-line to such a control

system as the lower energy steerer embedded microprocessor,

replacing the presently used PC host. With this approach,

machine control automation can be introduced in a slow and

orderly manner as our knowledge in real-time expert systems

approaches a practical level of experience. A final year graduate

student in the Department of Computer Science and Systems plays

a key role in this development with a new student in Electrical

and Computer Engineering entering in the same stream of work.

1. W.F.S.Poehlman, R.J.Pollock and R.A.McNaught, "Multi-

microprocessor Control of a 100KV Ion Injection Source for a

Tandem Accelerator", IEEE Trans.Nucl.Sci., NS-32, pp.2083-

2085 (198S).

2. J.Wong, W.F.S.Poehlman and R.A.McNaught, "Computer Control

for Dynamic Optimization of Ion Beam Intensity from the

McMaster University Tandem Accelerator", accepted by IEEE

Trans, on Nucl. Sci. (to appear in Fab.1988 issua) 9pp.



Skip Poehlman, Phil Ashbaugh and Ravi I.ingarkar watch the screen of the

control computer while Winston Williams sits at the machine control desk.
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II FACILITY OPERATION AND DEVELOPMENT

1. Operation Summary

A. FH Accelerator

The FN has operated very reliably during the past year.

Operation at high voltage continues to be one of the attractive

features of our FN with approximately 20 operating days above 10

megavolts recorded this year. He believe that the new column

resistors which improve the uniformity of the voltage gradients

and the enhanced pellet chain performance are mainly responsible

for this year's reliable operation.

The FN continues to be a surprisingly versatile machine.

Experiments performed during the summer at low terminal voltages

(below 1.8 MV) and relatively high currents (above 2 MA) have

shown the FN long term stability (5 days) and resolution to be

between 600 - 1000 eV.

A major improvement to the FN this year consisted of a .new

NMR system for the analyzing magnet allowing us to use our VAX

computer to scan the magnet (using trim coils) through a range of

frequencies in 1 kHz steps. This is especially useful for

looking at very narrow resonances.

The installation of a foil position read-out device in the

terminal of the FN will permit us to keep a better log of

stripper foil lifetime* and performance. Foil position is

monitored by a continuous rotation pot geared to the foil drive

mechanism. The pot position is translated to a digital signal

which is sent to ground via an infrared light link and the foil

chain position is indicated digitally at the control panel. The

resolution of the system should permit us to determine foil

position within half a foil.

A significant portion of our operating time has been devoted

to Accelerator Mass Spectroscopy and the production of isotopes

for the Nuclear Medicine department. There have been 19

scheduled runs utilizing 60 days of operating time for A.M.S.

work. He have made 140 Irradiations (sometime* two per day) for



144

Nuclear Medicine.

The only major unscheduled shutdown this year occurred in

August when the low energy pelletron chain broke and had to be

replaced. The broken chain hit the metal top of a feedthrough

insulator shearing the plastic screws and dislodging the metal

cap. The consequence of this mishap was the loss of

approximately 320 kg of SFg through the broken insulator. A

protective guard has subsequently been installed around the

insulators.

B. KN Accelerator

The accelerator has operated quite well during this past year

and the running time increased by 698 hours. Nevertheless, in

view of the age of the accelerator and the frequent failure of

devices in the terminal, we have decided to completely rebuild

the terminal deck. A new high powered oscillator, new extraction

and focus power supply, and new control system for the source gas

feed is being constructed. Installation should be completed

within the next few months. This will make the machine much more

reliable, and should increase the available running time.

C. 150 kV Accelerator

The ion source has been working problem free, over the past

year. Ions such as 60-100 keV S+, Ge+ and Se+ were used for

implantation doping of III-V semiconductors. Deuterium ions were

also Implanted into metal film* for permeation studies.
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2. SF6 Insulating Gas System

On* major gas leak occurred when a broken pelletron chain

snapped the top off a tank feedthrough Insulator. We estimate

approximately 320 leg of SF6 were lost due to this accident.

There were no other significant gas losses during the year.

It became necessary to replace the recirculator blower on the

gas drying system as the old blower was completely worn out after

twenty years.

We have purchased 62S kg of SF6 this year to replace the gas

lost during the broken insulator accident and to make up for the

normal losses which occur during routine pump-outs.
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3. Polarized Ion Source

During the past year there were several test runs with the

polarized ion source, but no actual experimental runs. Since the

departure of J. McKay, who was the resident expert on the

polarized source during its construction and alignment, it has

been difficult to operate it effectively. A new filament holder

has been constructed which appears to give extended life-time to

our duoplasmatron filaments. The use of the Sona method to

produce an enhanced polarized proton beam will be continued

during the forthcoming year. This will entail the installation

of two new magnet power supplies and a complete re-alignment of

the source. When that is done, we plan to enlist the temporary

aid of J. McKay as a consultant to restore the source to optimum

performance.

4. Triton Ion Source and Triton Implanter

The tritor. source was installed on the FN in May, 1987 and

was in operation for two weeks. We have purchased 1500 Ci of

tritium this year which is presently stored in our tritium

handling facility.

Progress on construction of the triton Implanter has been

slow due in large part to the departure of the technician mainly

responsible for the design and construction of the electronic

equipment. Construction of the implanter is now again underway

and we expect the work to be completed this fall.

5. Ion Source

A. Sputter Source

Our sputter source is used to produce all negative ions

except (H)-, (D)~, (NH)~, 3He", 4He" which are produced using the

duoplasmatron source and high current (D)~ which is produced

using the direct extraction source. Carbon ions used in the

A.M.S. work are produced in a special sputter source located on

the A.M.S. injector line.



147

The sputter source has been modified in the past few years to

operate in the "reflected" mode. This means the primary caesium

beam used for sputtering and negative ion creation is directed

through the sample core and reflected and focussed backward

(electrostatically) on to a small volume of sample material which

is sputtered and creates negative ions. This mode of operation

works extremely well and permits us to use very small amounts of

sample material (typically a few milligrams or less). A new beam

this year was (180) produced using a sputter cone loaded with

W 1 8o 2 which was made from 1 8O 2 gas. The intensity of the 180

beam was about 5 MA.

B. Duoplasmatron Source

This source has operated extremely reliably. Beams of (H)~,

(D)~, (He4)~, (NH)~, (NH2)~ are produced routinely.

(H)~ and (D)~ beams of 10-15 fiA are produced using H2 adder

gas. The (D)~ beams are sometimes used for Nuclear Medicine

Irradiations (isotopes production). We have recently produced

(H)~ and (D)~ currents in excess of 50 /xA using Na adder vapour

instead of K2•

C. Direct Extraction Source

The direct extraction negative ion source has run with a

minimum of maintenance during the past year producing a deuterium

beam for Isotope production.

High voltage interlocks are now in operation on the ion

source.

Improvements for the coming year include a dual-gas manifold

operating at ground potential to replace the single gas 3ource at

deck potential. This will allow a quick change from deuteron to

proton operation. The second improvement involves vacuum failure

protection.
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D. Mew Sputter Source

The aim of this project is to construct a multi-sample Cs

sputter source that will generate higher negative ion outputs

than we obtain from our present reflected style sources. It is

intended for use as high-output source for Accelerator Mass

Spectrometry as well as a general source of heavy ions for

Nuclear Physics.

The new source is a version of the inverted sputter source

design1, but uses a solid spherical ionizer like the latest

Pennsylvania source2. Sputtered negative ions are focussed by an

immersion lens as in the IS3 source developed at Oxford3. A

sample geometry close to that of the inverted source was chosen,

as this will allow us to eventually use a rotating multi-sample

wheel. A cross-section of the prototype source is shown in Fig.

1.

A major advantage of this type of source is its simplicity:

the only high voltage required is the -30kV extraction potential

which is also the sputter potential, and all the heaters are at

ground. However, the fact that the entire extraction potential is

used for sputtering means that the Cs beam heat load on the

sputter target is large, and runaway discharges are a problem.

A prototype with a single sample holder has been built in the

laboratory at a cost of $3000 in parts and 300 man-hours of

machining and is presently being tested. Following initial tests,

the geometry of the ionizer assembly was modified to give better

control over the flow of cesium, and the cesium line was widened

to prevent clogging. Other modifications included improvements to

the cooling of the extraction insulator, and increasing

clearances between electrodes to reduce sparking and discharges.

After these modifications, sputter marks on the cathode showed a

reasonably good cesium focus. It was evident that the negative

ion focusing was also close to being correct, but was off-centre.

Up to 2 uA of oxygen ions were obtained: th«s« outputs are small,

but encouraging in view of the fact that the source geometry is

still far from optimized.
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Fig. 1. Cross-section of the prototype sputter source.
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Modifications presently underway include imposing stricter

tolerances on the electrodes to improve alignment, and changes to

the ionizer assembly to avoid over-heating of some components.

Provision to move the cathode back and forth while the source is

operating will be incorporated to help determine the best cathode

position. A computer program to find the potential fields for a

given electrode geometry has been written and will be extended to

calculate ion trajectories to help determine the best

configuration. We plan to retain the present scheme of electrode

potentials for the near future. However, if problems of

overheating and cesium runaway persist, separation of the

extraction and sputter potentials will be considered. A separate

extraction gap will be added and the cathode supply and heaters

will be floated to extraction potential, using existing test

bench equipment.

1) K.R.Chapman, IEEE Trans. Nucl. Sci. NS-23, (April 1976),

1109-1112

2) R. Middleton, Proc. Workshop on Techniques in AMS, R.Hedges

and E.T. Halls, eds, Oxford, 1986, 82-102

3) N.R. White, Ph.D Thesis, Oxford University, June 1981

6. Beam Transport and Vacuum System

A modification to our beam transport system this year has

been the purchase of three NEC bean profile monitors. These

assist the operator in steering and focussing a beam down the

center of the beam line. Two of the units will be put on the

+47° line, referred to as the lotus line, and the third will be

on the 4-70° line. This installation will complement our beam

monitoring system.

Another addition that has taken place is the installation of

a residual gas analyser. This unit is mounted on a portable cart

that can be moved to numerous locations throughout the

laboratory. Individual 0-100 Amu heads have been installed in

two ion source locations and one will be installed in the

analyzing magnet area.. One additional 0-100 Aau head is



John Southon and Indira Iyer install the insulating shield

on the new sputter ion source.
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presently in use on the -22° line where it is very useful in

detecting contamination, leaks etc. in the vacuum system. More

0-100 Amu heads will be purchased in the future and put into

dedicated use on our other lines. The 0-200 Amu heads are

allocated for use in the low energy and high energy extensions of

the accelerator where they will be of great assistance in

determining what type of gas loading we may have in the

accelerator tubes. This is the only way we have of detecting

small leaks of sulphur hexaflouride into the accelerator tube.

Field Tracking NMR

An NMR that will track a magnet field has been acquired from

Yale University (CERH design). It has been incorporated into a

field tracking system using the VAX. The principle of operation

is as follows. The frequency is read by the VAX and compared to

the desired frequency. An offset current proportional to the

error is sent to the analysing magnet trim coil, using a DAC and

a separate power supply. It is possible to adjust the the field

in small steps over a range of about 200kHz. before the NMR loses

control.

The stability of the system was tested using standard

sampling frequencies measured at 1 second intervals over a period

of 5 minutes. In either free running mode or when locked to the

analysing magnet field, with the analysing magnet being energised

by its regular power supply only, the oscillator was stable to

less than 50Hz at 10MHz (35eV for 3.5MeV protons). When the

feedback loop was closed using the trim current supply and an

offset of 200kHz a small drift was observed over the first few

measurements, presumably due to the power supply warming up.

Thereafter, the stability returned to better than SOHz.

The initial application will be to automate an experiment in

proton capture excitation function measurements. Typical step

sizes are 1kHz to 2kHz over a range of 100kHz to 200kHz.
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7. Radioisotope Dating Project

Operation of the special ion source and injector for

accelerator mass spectrometry (AMS) is now routine, though minor

changes to the equipment to improve reliability are still

underway. Last year we replaced our old Danfysik beam scanners

with NEC units which have proven to be much more stable and

reliable, so that beam tuning is now far easier. We have several

times had to replace burned-out grids in the first gridded lens

and will shortly replace this lens with an einzel lens closer to

the source. Three cryopump heads failed during the last 12

months, and the cost of a factory rebuild is now well over $2000.

The Simon Fraser AMS group and the laboratory are paying for one

of the lab technicians to attend a course in cryopump repair so

that repairs can be done in-house in future, as the cost savings

are typically 80-90*. The automated control system devised for

the injector has now become the basis for a system which will

eventually control the entire accelerator and has therefore

become a joint AMS group - laboratory project.

AMS requires good beam transmission through the FN in order

to produce accurate measurements, and changes in stripper foils

under bombardment, leading to increases in scattering and

straggling, continue to be a problem. Curiously, these changes

appear to be at least partly reversible if the foil is left

unused for days or weeks. It is not clear whether they represent

structural changes in the foil or the cracking and subsequent

desorptlon of hydrocarbon vapours. A graduate student in the

laboratory is now working on a project to investigate the

structure and composition of used and unused stripper foils in an

effort to understand the causes of this effect.

We have begun a project to produce a new multi-sample Cs

sputter source. Our present reflected source delivers outputs

which compare very favourably with those of any other multi-

sample source used for AMS, but further increases in count rate

are always welcome. In addition, we hope to produce a source

which is simpler and more reliable than the present one and to

reduce the turnaround time for sample changes.
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8. Isotope Production for Nuclear Medicine

The Positron Emission Tomography group in Nuclear Medicine

used the Accelerator an average of 1.8 times per week during the

last half of 1*86 and 2.5 times per week during the first half of

1987 to generate 18F for the production of the radio-

pharmaceutical 6-[18F] flouro-L-dopa.

The Direct Extraction Negative Ion Source has had high

voltage interlocks installed. Also an add-on voltage regulator

was built for the injection voltage power supply. Further

upgrades include, 1) a source gas control panel to allow proton

as well as deuteron runs and 2) an improved vacuum failure

interlock panel.

The target facility relocation is proceeding smoothly and the

first phase completion.

With ever increasing beam time requirements a second phase

target/chemistry laboratory relocation is envisaged for the

future. This would result in even Jower radiation fields to

allow other groups to have access to target facilities during

nuclear medicine runs.

9. Materials Research

Over the past year, ion beam mixing experiments using the

coupled ISO kV lmplanter and KN accelerator for in-situ analysis

were completed and 3 Ph.D. theses were successfully defended.

The systems studied included producing Pd-Nl and Pt-Fe surface

alloys and establishing their behaviour as electrodes for H 2

production from the electrolysis of water. Studies were also

completed on the Bi-Sb system where the results showed that good

thermoelectric thin film devices could be made. These projects

are not being continued since we are now shifting our emphasis

more to the semiconductor applications, specifically those

appropriate to optoelectronic devices. However, some fusion

related research will continue.

For the fusion related research we are using nuclear reaction

analytical techniques to determine deuterium and tritium



Location of new target facility for Nuclear Medicine on the

straight-through position of the analyzing magnet.
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diffusion in Ni. A UHV analytical chamber for these measurements

has been established on a KN beam line. Measurements have been

made on samples of Ni films completely encased in AI2O3. The

results obtained so far have yielded values of diffusion

coefficients that are too low by "10^. This we feel is due to a

high oxygen content in the Ni sample and we are looking to

improved techniques to eliminate this problem. However, we have

established a technique of A12O3 coating, using 50-100 keV 0
+ ion

implantation into an initial Al coating. This produced a good

permeation barrier against the loss of the deuterium or tritium.

Studies have continued on ion implantation into GaAs and InP

with defect removal and electrical activation of the implanted

species through rapid thermal annealing techniques.

RBS/channeling measurements indicate good crystal structure

recovery. Subsequent measurements by photoluminescence and Hall

effect/conductivity show good recovery of the bandgap and

excellent electrical activities. In a related project, we have

used a combination ion iaplantation/ion beais mixing to produce

low resistivity ohmic contacts to GaAs. This has involved

placing the contact materials, Ge-Nl-Au, In layers on the GaAs

surface and bombarding them with Se+ ions. As the Ions penetrate

through to the GaAs they produce an intermixing of the contact

materials, and those ions coming to rest in the GaAs form a

heavily doped layer after annealing. Contacts with resistivities

of " 5xlO~6 12 cm2 and good surface morphology have been produced.

The work on studying strained layer superlattices in

Ga1_xInx/GaAs and Pbj^.jjSn^e/PbSejjTej.jj has progressed.

Interesting steering effects of the channeled ion beams have been

observed and explained, and the effect of such steering on

determining a value of the strain has been established. This

work will continue and be expanded to include Ion Implantation

effects.

A major new Initiative is to be established in 1988. Through

the Ontario Government's "Centre of Excellence" programs we are

to receive substantial funding to undertake fundamental studies

on optoelectronic materials. A centre-piece of thla research
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will Involve setting up a series of interlinked UHV chambers for

(1) molecular beam epitaxy of III-V semiconductors, (ii)

expltaxial metallization through sputter depositions, (ill)

growth of insulating passivation and masking layers using

microwave ion source techniques, and (iv) reactive ion beam

etching for structures fabrication. We would propose to

establish this multichamber system on an accelerator beam line in

order to utilize the power of the RBS/Channeling analytical

techniques in-situ for surface studies. The initial chambers to

be installed will be the MBE growth chamber and the analytical

chamber for the RBS/Channeling measurements. These experiments

would be Ideally situated on the FN accelerator rather than the

KN, because of the much wider range of ion beams, and energies

thus available. Some of the advantages are described below:

1) Higher energy He lens are available. In our current

studies of strained layer superlattices we find that, in order to

obtain an unambiguous •••sure of the lattice strain, the critical

channeling angles, \pc. Must be smaller than one half of the

strain-induced misalignment angle between the {110} directions in

the strained layer and substrate. From our experimental

determinations of planar critical angles for channeling in GaAs

we have established that V c - 0.466E"
1/2 - 0.135, where E Is the

*He+ beam energy in MeV. Hence, in order to study strained

layers of 0«1_xXnxAs for x down to 0.05 we need *He
+ energies of

at least 4 MeV, which is not available on the KN.

We also propose to study the initial stages of interface

formation during both GaAs homoepitaxy and (Ga,In) As - GaAs

strained layer heteroepitaxy, by measuring changes In the Ga and

As (and In) surface peaks. Since surfaces are generally

reconstructed with respect to the bulk, homoepitaxy requires

surface reordering for perfect growth and for non-lattice matched

heteroepitaxy, the growing layer ha* to be strained to match the

substrate structure. These interesting studies can be carried

out using the RBS/Channeling technique, but also require

increased Incident *H«* energies. This is because of the small

energy separation between the Ions backscattered from surface
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atoms of Ga and As. At 3 MeV, for a scattering angle of 160°

this energy separation is only 36 leeV which is inadequate to

completely resolve the two surface peaks using current surface

barrier detectors. The situation becomes worse as we move to

higher mass III-V semiconductors such as InSb where beam energies

> 6 MeV will be required to adequately resolve the elements.

Provided that the surface peaks can be resolved, it is then

possible to measure the number of atoms of each species

observable by the channeled ions; any reconstruction effects can

then be established through comparison with computer simulations

of the experiment. In addition, we will be able to study whether

any differences exist between the reconstructions of the (100)

surface when the outermost layer is either the group III or group

V element. Similarly, it should also be possible to identify the

effects of the addition of various fractions of In to the Ga

layer as Ga1_xinxAs is deposited.

2) Availability of higher mass ions. This becomes

particularly important as we grew multilayer superlattice

structures. For example, the use of 2 MeV He ions only allows us

to resolve a single (Ga.In) As layer lying beneath a GaAs capping

layer, since at depths > 1500 A, the In signal begins to overlap

the upper edge of the GaAs spectrum. By comparison, the use of

an 8 MeV 0 beam will allow us to resolve In atoms in alternating

(Ga.In)As - GaAs superlattice layers to depths of > 3500 A.

Furthermore, the bean energy can easily be raised to 20 MeV or

even higher if additional depths need to be probed. Such studies

will be valuable in both analysis of the superlattices and in

understanding the role of planar and axial steering effects of

the ion beams since samples can be made in which the cumulative

effect of several alternating kink angles can be investigated.

The use of a heavier ion then 4He (for example, the 8 MeV 160

beam above) would also increase markedly the energy separation

between the Ga and As surface peaks, and thereby increase the

sensitivity for studying in-sltu the expitaxlal growth of the

InGaAs strained layer.
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10. Target Lab Facility

This year we have been very heavily involved with the

production of "cracked" ethylene foils which are used as stripper

foils in the Tandem.

The past several months have had a great deal of time

dedicated to instructing a foriegn student in the preparation of

these foils. A research project in the preparation and study of

"cracked" ethylene carbon foils for the terminal stripper is now

underway.

Cracked ethylene foils are the most commonly used foil for

stripping in a Tandem Accelerator terminal. These foils are made

on a ferrotype plate that has approximately 10 figm/cm2 of Nacl as

a parting agent. A mixture of Argon and ethylene gas is admitted

to The cracking chamber where carbon is deposited on the

substrate by D.C. electric discharge. Polls are then floated,

mounted and slackened.

It is well known that foils will thicken with use under heavy

ion bombardment. This phenomena has been investigated in a

number of laboratories. However, we believe that we have

observed that the transmission in these thickened foils improves

after they have been unused for some length of time while

remaining under vacuum.

Our project will be to determine if the foils are again

becoming thin, which would improve transmission or if the

original decrease In transmission, usually a sign of thickening,

may be caused by the deposit of something on the surface of the

foil. This may cause more scattering in the beam, resulting In a

loss of transmission and maybe this substance can be pumped off

with time.

This may be a lengthy study in that we must try to retrieve

used foils from the accelerator that have demonstrated this

phenomena. Work to this effect will continue.

In addition to this work target* produced this year have been

•elf-supported Pb 2 0 8 and Zn70 on a tungsten backing. Both

targets were on the order of l mg/cm2.
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11. Automated Machine Control

Work has continued on the development of circuits and systems

to control the AMS injection system from a PC. Development of

the analogue I/O control boards was completed and 50 boards have

been constructed and tested. Also the hardware to daisy chain

several crates on a single serial line was completed. The

software on the PC will be written in Turbo Pascal and some work

has been done In this area.

We have continued with development of an automated low energy

steering system. Last year a Master's student investigated the

feasibility of computer control of the steerers. This year

another Master's student, R. Lingarkar has written a control

program that will run in a single board computer. Additional

interface hardware was required. This will eventually be

Included as part of a larger control system for machine

operation.

Scanning of the energy using the new NMR and a programme on

the VAX fits into our scheme of automated control but in a

different way because it is so closely associated with the data

talcing. Eventually the VAX will transmit the required frequency

to the Control PC and it will do the work of control.

Development of an "Expert System" to aid operators and

researchers in operation of the accelerator is under way by a

grad student under W.F.S. Poehlman. McMaster University has

acquired a site licence for a software package "Personal

Consultant", that will be used for this work but it requires a

computer with at least 1 megabyte of memory. We are planning to

use a 80386 based computer for this purpose.
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12. Computer Development and Data Acquisition Overview

Section 1: A system overview

The main data collecting and analysis system in the lab is a

Digital Equipment VAX 11/750 computer. It receives data from as

many as eight ADC's selected in either a singles or coincidence

mode. It also accesses a maximum of 24 separate sealers. All of

these are linked to the VAX through a CAMAC system. The CAMAC

crate communicates to the VAX through a Microprogrammed Branch

Driver (MBD) which appears as eight separate DMA channels to the

VAX UNIBUS.

Our acquisition and analysis software, XSYS, was obtained

originally from TUNL. Experimenters sort their data as it is

acquired using the Event Analysis Language (EVAL). Subsequent

data analysis is performed using Fortran programs linked together

under XSYS. Actual spectra display and manipulation is done on a

number of VT-640 Retrographics terminals, one Chromatics CGC-7900

Color Computer/Terminal and one IBM PC-XT computer.

The PDP-15 is no longer being used for data acquisition. In

the next year we anticipate the removal of the PDP-15 and the

transfer of the ADC's to the VAX 11/750.

Finally, data acquisition can also be done on a Tracor

Northern TN-1710 computer/analyzer with one ADC. This computer

can also be controlled by the VAX, or the researcher can write

data to an 8 inch diskette and read the diskettes on the VAX

floppy drives. This computer has shown Increased use over the

past year.

VAX Hardware Description

The VAX 11/750 computer has the following hardware

Storage:

2 RM-30 Winchester 121 MByte Disk drives

1 RA-81 Winchester 470 MByte Disk drive

2 RX-02 8-Inch floppy disk drives

1 TS-11 1600 BPI tape drive

1 TU-77 800/1600 BPI tape drive
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Bob McNaught and Martin Helseth discuss development of the

VAX 11/750 computer.
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Communications:

2 DZ-ll Asynchronous Communications adapters (8 RS-232 lines each)

1 DMF-32 Sync/Async Communications adapter (8 DMA RS-232 lines,

1 Syncronous port, one printer port)

1 DR11-W DMA controller card

1 DEUNA UNIBUS/Ethernet controller

Internal CPU Features and Enhancements:

13 MBytes Dynamic RAM

Floating Point Accelerator

2 UNIBUS Adapters

External hardware:

2 Microprogrammed Branch Drivers

2 CAMAC Crates

VAX Software Description

The VAX is running under Version 4.5 of VAX/VMS. Compilers

for MACRO-32, and VAX Fortran Version 4.5 are available to all

users. Also installed is communications software and file

transfer protocols, including the VAX version of KERMIT-32. We

are also a DECNET Endnode in the Local Area Network at McMaster.

Via DECNET, the VAX is running JNET software, enabling us to link

to the NETNORTH/BITNET network as node TANDEM.

13. Electronics

The old HVEC Injection Magnet Power Supply has been giving

quite a lot of trouble. We have replaced it with the power

supply (an Alpha type 50) removed from the Orange Spectrometer

when it was dismantled.

A second MBD and a CAMAC crate were installed on the VAX to

facilitate the development of the XSYS software.

We constructed a special purpose 4 fold coincidence unit for

fast NIM signals that was required for one of our experimental

setups.

Since better regulation was required for the injection

voltage on the direct extraction source a feedback control system
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was added to the Universal Voltronics power supply. A single

board computer was employed for this.

14. 2nd Poil Stripper

We had fully expected that the plans for a 2nd foil stripper

would be available by now. Mr. Ken Buckley who was responsible

for this project left to join Simon Fraser University and we have

not had sufficient technical personnel available to proceed. We

fully intend to proceed with this important upgrade as soon as

possible.

The desire to have a second foil stripper has not diminished

with the remarkable performance of the ?N accelerator this past

year. Dr. Jim Waddington and his collaborators are always

requesting the highest voltage that is possible and the

capability of obtaining higher charge states would considerably

enhance their experimental capability.

The energy obtained when using a second foil stripper located

half-way down the high-energy tube may be obtained from

E = V(l + n:/2 + n2/2)

where E is the final energy, V is the terminal voltage, n^ the

charge state from the first stripper, and n2 the charge state

from the second stripper. With a terminal voltage of 11 MV and a

beam of 27A1 the first stripper will give 2 7Al 1 0 + and the second
2 7A1 1 3 +, hence

E • 11(1 + 10/2 + 13/2) - 137.5 MeV.

Without the second stripper the final energy is only 121 MeV.

It has been decided to model our second foil stripper on that

used by Florida State University. Our stripper will be slightly

different due to the larger aperture between the third and fourth

accelerator tubes where the unit will be placed. The demands of

the A.M.S. group for the best possible transmission through the

accelerator eliminates the possibility of using a solid wheel
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foil holder as F.S.U. has. This change has made it somewhat

complicated to install an acceptable number of foils in the small

space available. We believe however that we have an adequate

method now worked out and we hope to have a prototype constructed

in our machine shop during the coming year.
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Personnel Associated with the Laboratory

October 1986 to October 1967

Academic: and Research Staff

U. Alcano

R.L.

D.G.

J.A.

J.A.

Brooks

Burke

Cameron

Davies

G. Firnau

E.S.

J.L.

Garnett

Hunt

D. Khatamlan

J.A.

R.G.

F.D.

Kuehner

Macau1ay-Newcombe

Manchester

C. Nahmlas

O.E.

J.M.

D.G.

Helson

Perz

Popescu

B. Singh

J.R.

R.G.

J.A.

D.A.

J.S.

Southon

Summers-Gill

Szdcs-Ashbaugh

Thoapson

Vogel

J.C. Waddlngton*

Postdoctoral Fellow

Assistant Professor (Guelph)

Professor

Professor

Professor (part-time)

Associate Professor (Nucl. Med.)

Professor (Nucl. Med.)

Professor (Guelph)

Research Associate (Toronto)

Professor

Postdoctoral Fellow

Professor (Toronto)

Assistant Professor (Nucl. Med.)

Professor (Simon Fraser)

Professor (Toronto)

Research Associate

Nuclear Data Project (part-time)

Research Associate (Simon Fraser)

Professor

Nuclear Data Project (part-time)

Professor

Research Associate (Simon Fraser)

Professor

on sabbatical at CRNL from July 1986 - July 1967
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Scientific Collaborators and Research Staff from Other

Institutions

The following notes indicate the external visitors and

collaborators involved in experimental programmes using the

laboratory.

1. The following scientists are involved in a continuing

collaboration with J.C.

at McMaster University.

L.L. Riedinger

M. Carpenter

L. Courtney

C.R. Bingham

V.P. Janzen

S. Monaro

G. Kajrys

S. Pllotte

J. DuBuc

N. Nadon

W. Sclwitz

A.J. Larabee

H.W. Taylor

D.A. Vlggars

Haddington concerning data obtained

(Tennessee)

(Tennessee)

(Tennessee)

(Tennessee)

(Tennessee)

(Montreal)

(Montreal)

(Montreal)

(Montreal)

(Montreal)

(Bonn)

(TRIOMF)

(Toronto)

(Toronto)
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2. The following scientists are involved in a continuing

collaboration with D.G. Burke in experiments carried out on the

Tandem accelerator.

G. Kajrys (Montreal)

R.A. Naumann (Princeton)

G. Struble (Liveraore)

R. Lanier (Livermore)

L. Mann (Livermore)

H. Martz (Llvermore and Florida State)

G. L(tvh(Slden (Bergen)

T.F. Thorstelnsen (Bergen)

H. Kurcewlcz (Warsaw and CERN)

3. J.A. Kuehner i» continuing to collaborate with the following

three scientists in experiments carried out at McMaster and

at Duke University.

H.R. WeHer (Duke University)

M.C. Vettsrli (TRIUMF)

G.D. Jonss (Liverpool)

4. Collaborators with J.A. Caaeron on proton resonant reaction

studies are

G.U. Din (Riyadh)

who spends 2-3 Months per year at McMaster, and

J. Szlklal (Budapest)

T. Vass (Debrecen)

The Coapton scattering work was done in regular collaboration

with

I.M. SzOghy (Laval)
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5. The AMS project Is partially funded by an NSERC Infrastructure

grant to Erie Nelson, with three co-signators:

R. Mathewes (Simon Fraser)

S. Calvert (Univ. of British Columbia)

T. Pedersen (Univ. of British Columbia)

Two American colleagues are part of on-going large AMS projects

for which funding is received from the U.S. National Science

Foundation and from N.A.S.A.

T.L. Ku (Univ. of South California)

M. Wan1en {New York State Oept. of Health)

Other colleagues with whom AMS research projects are being

undertaken include-.

(Univ. of Washington)

(Archaeological Institute,

Ljubljana, Yugoslavia)

(Can. Mus. Civilization)

(Can. Mus. Civilization)

(Can. Geol. Survey)

(Columbia University)

(U. of Cincinnati)

(Nat. Mus. of Denmark)

C.I. Measures (M.I.T.)

6. The following collaborator Is Involved in the work carried

out by R.L. Brooks and J.L. Hunt.

J.O. Poll (Guelph)

7. The following scientists collaborate in the research programme

of the Nuclear Medicine group.

A. Lang (Univ. of Toronto, Neurology)

G.M. Brown (McMaster, Neuroscience)

T.
I.

R.

J.

J.

0.

M.

H.

A. Brown

Turk

Morlan

Cinq-Mars

Clague

Peteet

Briskin

Tauber
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8. The following scientists from the University of Toronto

collaborate in the research carried out on the Tandem

accelerator by Drs. Perz and Manchester.

G.C. Weatherly (Metallurgy and Mat. Science)

S. Zukotynskl (Electrical Engineering)

D. Khatamlan (Physics)

9. The following visiting scientist has been collaborating in the

research programme of the Ion Beam Modification group.

G. Mezey (Budapest)

Graduate Students

U. Alcano (completed 1967)
8. Chi1ton (ion beam mods)

P. Colbourn* (ion beam mods)

J. Evans (ion beam mods)

F. Gasparl (Toronto)

C. Hackett (nuclear)

I. Indira (Manltoba/McMaster)

Jaipal (Manltoba/McMaster)

J. Johansson (nuclear)

J. Lux (Ion beam mods)

J. Miller (Guelph)

K. Parlmala (ion bean nods)

D. Rajnauth (nuclear)

H. Roman (AMS)

Shi San-Quiang (ion beam mods)

J. Stevens (ion beam mods)

D. Tokaryk (Suelph)

C. Ulcah (Toronto)

B. Valpy (nuclear)

Summer Students

P. Deslrl (student operator)

A. Foreman (NSERC scholar - Cameron)

6. Hewak (student operator)

M. Janoska (student operator)

R. Piro (student operator)

J. Schaefer (student operator)

E. Tan (electronics)

D. Tucker (Waddington)
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Technical Staff

P.G. Ashbaugh Director of Operations

H.J. Blanchard Electronics Technologist

J.R. Cave Mechanical Maintenance Technician

M. Helseth Computer Systems Manager

C.J. McCallion Secretary (started June 1986)

R.A. McNaught Supervisor, Electronics Systems

G. Mulligan Accelerator Technician

J.W. Stark Accelerator Systems Supervisor

W.P. Williams Accelerator Technician

A.G. Woolvett Mechanical Maintenance Technician

Technical and Support Personnel of the Ion Beam Modification Group

B. Robinson Research Engineer

D. Stevanovic Research Assistant

Technical and Support Personnel of the Nuclear Medicine Group

H. Harms Accelerator Technican

R. Chirakal Chemist (Chedoke-McMaster Hospitals)

K. Brown Chemist (Chedoke-McMaster Hospitals)

S. Gallichan Co-op student, Waterloo
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