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:; This Annual Report of the McMaster Accelerator Laboratory

> covers research carried out on the laboratory's three accelerators

'[ during the period November 1979 to October 1980.

* The contents include reports of the research completed or in

\! progress during the last year, a summary of the operation and

"1 development of the facilities, a list of persons associated with

I the laboratory and a list of publications for the last two years.

'J We would like to remind the reader that the research reports are

| often of a preliminary nature and ask that the results in them

v

4 not be quoted without contacting the researchers concerned, unless

of course, they have already been published in a regular journal.

A major new development in the research programme during the

year has been the development and use of a new multiplicity filter.

This consists of a detector array built on the Lotus beam line

together with the associated electronics to allow detection of

multiple gamma-ray coincidences. This allows study of high-spin

states of rotational bands in nuclei. Measurements have allowed
159identification of bands in Tm.

As in the past, a large part of the research programme has

,f: been based on reaction studies with beams of both polarized and

I unpolarized protons and deuterons. A short period of operation

\ § with a tritium beam took place in order to implant tritium in
i i
rj': 4] both Si (Li) and Ge(Li) detectors for further studies of the

v >i B - decay spectrum but no other experimental work took place with

. {$ this beam. A major run with tritium is planned for early in 1981,

; I There has been considerable collaboration with colleagues in

:. 5$ other institutions with experiments being carried out both in

our laboratory and at other institutions.
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SECTION I - RESEARCH



1. Experiments with unpolarized light ions

1.1 Investigation of the energy levels of *>0,61Zn an(3
 6lcu

(R.B. Schubank, J.A. Cameron and V.P. Janzen)

The nucleus "*Zn has been produced by the (u;n) reaction
CO

on Ni. Howeverf the Q-value is much more negative than

that of the (a,p) reaction leading to Cu, and hence the Y

rays of °^Zn are only seen clearly in n-y coincidence.

Having identified lines from Zn in this way, we address

recorded y-y coincidences, obtaining the level scheme in Fig. 1.

The levels are compared with those derived*'^ from the

heavy ion transfer reactions (6Li,t), (3He,6He), (12C,9Be),

and with a shell model calculation-*'. Previous to this work,

only the ground state spin was known. An n-y angular correlation

experiment was carried out, using several Ge(Li) detectors,

normalized using beam-off decay y rays in ^ Cu and ®*Ni.

The spins shown on the level scheme give the best fits to the

angular correlations.

The lines seen in n-y coincidences have been reported

previously^'; however, it is possible that some of them may

be due to contaminants. In an experiment performed recently with

the intent of reducing contaminants and background, preliminary

analysis shows a large number of discrepancies with previous

(a,n), (a,p)4'5) and 3+ decay5) work. In the same experiment

a -̂ He beam was also used to investigate the energy levels of 60Zn
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via the ^^Ni(^Hefny)^Zn reaction. Again preliminary analysis of

the data suggests severe discrepancies with accepted work6'.

Obviously, final changes to the level schemes of 6 0' 6 1Zn and Cu

will have to await completion of the analysis.

Future experiments will concentrate on measuring the 6 0 f 6 1Zn

levels directly via neutron time of flight (and possibly ^He ion

chamber n«utron detector) techniques and on alternate reactions.

1) C.U. Woods et al. Phys. Rev. C17

2) D.J. Weber et al. Nucl. Phys. A313 (1979) 385.

3) J.F.A. Van Hienen et al. Nucl. Phys. A269 (1976) 159.

4) D.G. Sarantites et al. Phys. Rev. C8 (1973) 629.

5) Nuclear Data Sheets _16 (1975) 20.

6) Nuclear Data Sheets 28 (1979) 169.

1.2 Low-Lying States in 96Tc

(H. Mach and M.W. Johns)

The ground state of the odd-odd nucleus 96Tc is known to be

the 7 + member of the positive parity sextet formed by coupling a

gg/2 proton to a dg/2 neutron. This identification of the

remaining members of the configuration has been the subject of

many unsuccessful investigations. The results reported here are

a consequence of several years of study of the states in ^^Tc

excited by the ^Nb(a,n)9<>Tc reaction, using alphas of energy

18 MeV to excite high spin states and alphas of energy 14 MeV to

- 5 -
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populate medium spin states. These experiments, which involved

the determination of gamma ray energies and intensities, excita-

tion functions/ angular distributions and linear polarization

coefficients, together with an extensive series of gamma-gamma

coincidence and electron conversion measurements, have identified

over 100 excited states in ^Tc, ranging in spin from 2 to 13.

Fig. 2 presents the position of the level structure involving the

low lying levels.

The 85-86 and 219-220 keV y-ray doublets had been observe'

by several earlier workers, who used them to define levels at 34

and 35 keV. The present energy measurements and coincidence

results have shown conclusively that, in fact, a triplet of

levels at 'v 34, 3 5 and 36 keV is necessary to account for the

data and that the doublets observed by early workers were

incorrectly placed in the level structure. The present work has

identified the energies, spins and parities of all six members of

the ground state configuration as follows: 0(7+), 34.4(4+),

35.6((2+)), 36.4{3+) 45.3(5+) and 49.3(6+).

lift1.3 Mass and energy levels of In

(A.A. Pilt, J.A. Cameron, E. Habib and R. Schubank)

The nuclide 1 1 8In has been produced via the 116Cd( ct,d)118In

reaction at a bombarding energy of 26 MeV. This isotope has not

- 7 -



previously been observed in reaction work (only in decay

studies ) and its ground state mass and low lying spectrum of

energy levels are very poorly known.

The present (a»d) data are still in course of analysis, but

preliminary results indicate that the previously quoted ground

state mass may be in error by as much as 500 keV. Tentative

evidence for excited states at 46, 332 and 494 keV has also been

found.

Additional high statistics 116Cd(a/d) and 119Sn(t,cx)

reactions to further elucidate the nuclear structure of ^°In will

be carried out this year.

1) Table of Isotopes, 7th edition.

1.4 The (t/d) and (t,d) reactions on even Te isotopes

(M.A.M. Shahabuddin, A.A. Pilt and J.A. Kuehner)

Completed work on the 124,126,128,130Tejtfa) a n d preliminary

work on the (t,d> reactions were reported in last year's Progress

Report. The (t,a) work has been published*), and the (t/d) work is

in press.

The deuteron spectra from the (t,d) reactions were quite

similar to proton spectra previously obtained from <d,p) reactions

on the same nuclei. Sample spectra from the (t,d) reaction at

Efc = 16 MeV and 6 = 45° are shown in Fig. 3. Many new levels

were populated in the (t,d) reaction, most of them with L > 2.

_ 8 -
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Spectroscopic factors have been extracted for over 100 states in

the residual odd-mass Te isotopes, and they generally compare

well with those from the <d,p) work, except for 1 2 5Te. The

level schemes for the nuclei 125,127,129,131Te a r e c o mp a r ed

in Fig. 4.

1) M.A.M. Shahabuddin, A.A. Pilt and J.A. Kuehner, Phys. Rev.

C21, 1116 (1980).

1.5 The 130'122Te(p,a)127'119Sb Reaction

(A. Trudel, M.A.M. Shahabuddin, J.A. Kuehner, A.A. Pilt,

M. Vetterli and Ren-cheng Shang)

The ' •"Te(p,a) reaction has been studied using

a 17 MeV proton beam. Sample spectra are shown in Fig. 5. It is

interesting to note that the a-spectra from the 3 Te(p,a)

reaction are quite similar to those obtained in the (t,a)

reaction leading to -^'Sb. Similar features of (p,ci) and

(t,a) reactions have been observed in the rare earth region. The

(t,a) reaction data leading to •'•-'•̂Sb were previously not

available. It is expected that the (p,a) reactions populate the

pure proton-hole states as well as the more complicated ones such

as particle-hole states. The strong states at higher excitation

are anticipated to be the deep proton-hole states. The data

analysis is in progress.
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1.6 A Study of the 130'122Te(p,d)129f121Te Reaction

(A. Trudel, M.A.M. Shahabuddin, J.A. Kuehner, A.A. Pilt,

M. Vetterli and Ren-cheng Shang)

It appears from the literature (e.g. Table of Isotopes, 7th

edition) that not much is known about the excited states of

129,121T6f especiaiiy for
 121Te. The 1 3 0* 1 2 2Te(p fd)

I 2 9' 1 2 1Te

reactions have been studied using a 17 MeV proton beam. The

outgoing particles were analyzed in an Enge magnetic spectrograph

and detected by a delay line counter at the focal plane. Sample

spectra are shown in Pig. 6. These data were acquired simultan-

eously with the (p,a) reaction data of the preceding section.

Because of the Q-value differences of the (prd) and (p,a) reac-

tions on Te nuclei only 1.9 MeV and 0.8 MeV excitation of 1 2 9Te

and 1 2 1Te nuclei could be covered, respectively. These data are

presently being analyzed.

1.7 The l33Cs(d,t)132Cs Reaction

(R.G. Summers-Gill, C M . Banic* and A. Islam)

In order to see how far simple shell model considerations

can be pushed in the analysis of doubly-odd nuclei, the 1 3 2Cs

nucleus is being investigated. With 5 extra protons and 5

neutron holes it is far from the Z = 50 and N - 82 closed

shells. Very good resolution (< 7 keV) plate data for the

- 13 -
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l33Cs(d,t)132Cs reaction were obtained a few years ago1*.

Analysis of the results has led to the identification of

more than 60 energy levels belov/ 1400 keV excitation. The

experimental angular distributions are now being fitted by DWBA

cross-sections so that £n-values and spectroscopic factors can

be identified. Data for several of the lowest levels are shown

in Fig. 7.

1) McMaster Accelerator Laboratory Annual Report, 1977.

* Now at the University of Toronto.

1.8 The Study of 1 3 4Cs

(A.G. Lee and R.G. Summers-Gill)

The 133Cs(d,p)134Cs reaction data, reported in the 1979

annual report, have now been analyzed. Experimental angular

distributions were least squares fitted with DWBA calculations to

determine Jtn-transfer values and spectroscopic strengths for

the prominent states. The angular distributions and their fits

are shown in Fig. 8. Table 1 summarizes our results and the

levels and spin assignments from the (n,Y) work of Alexeev et̂

- 16 -



Table 1. Energy levels, &n-values, spectroscopic factors and

Ju assignments from 133Cs(d,p)134Cs

Energy

(MeV)

0.000
0.011
0.061
0.140
0.174

0.191

0.207
0.235
0.263

0.344
0.377

0.435

0.455

0.501
0.520

0.580
0.623

0.691

0.720
0.742

0.782
0.830

0.911
0.936

Present Work

2
2
2
5
2

2
0
5

5
0

5

0

0

2
5

5
5

0
5

0.
0.
0.
0.
0.

46
69
61
47
35

+ 0.06
+ 0.11
+ 0.08
+ 0.09
+ 0.06

0.12 + 0.02

0.
0.

0.
0.

0.

14
37

16
32

21

0.019

0.009

0.29

+ 0.
+ 0.

+ 0.
+ 0.

± °*
+ 0.

+ 0.

+ 0.

02
16

06
05

07

008

004

09

0.50

0.02
0.27

0.21
0.18

0.38
0.24

0.16

0.012
0.07

0.06
0.07

0.012
0.10

Alexeev et al

Energy

(MeV)

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.

.000
,011
,061
,139
174
1764
1766
190
194
198
210
234
257
268
271
291
344
377
383
434
450
451
454
503
519
571
579
624
634
685

702
716

0.753

0.840

4r

4"
3 +

4 +

3 +

6"

3 +

2!

3+,4+

6"
6"
5"

3'^(4 + )

££
5"
5~,6"
2"-5"

3"-5"
2"-5~

4",5-

3",4"
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Each of the £n-values observed in the (d,p) reaction

corresponds to the population of states from a particular p-n

configuration:

7rg7/2
 + ^ s l / 2 4 + , 3 + (J>n = 0)

7rg7 / 2 + v d 3 / 2 5 + , 4 + , 3 + , 2 + U n = 2)

TTg7/2 + V n n / 2 9~ ,8~ f 7~ f 6~, (An = 5)

5 ' , 4 " , 3 " , 2 "

The proton is supplied by the iJOCs target whose ground

state is 7/2+. Table 1 shows four prominent &n = 2 states

and eight SLn = 5 states as expected. However, the observation

of three strong £_ = 0 levels is an indication that the shell

model strength has been fragmented in this case. In addition to

the prominent states, a number of weak states have been observed

and their nature is not very clear at present.

No further work on the 135Ba(t, a)13/*Cs reaction has been

possible at; the triton beam was not available in the past year.

However, another approach to the energy levels of *^Cs has

been initiated using the 13OTe(7Li,3nYY)134Cs reaction to

populate its high spin states. Analysis of Y-Y coincidence data

is now in progress. In addition, the gamma rays resulting from

the 133Cs(d,pY) Cs reaction are being studied. A preliminary

experiment has been performed and it is hoped that this work

will be completed in the coming months.

1) Alexeev etal., Nucl. Phys. A248, 249 (1975).
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1.9 States in the N=80 odd-A nuclei 1 3 7La, 1 3 9 p r and

Pm populated in (p,a) reactions

(E. Hammaren and A. Islam)

The levels of an odd-A nucleus may be explained by an

intermediate coupling model where the quadrupole vibrations of

the core couple to the single particle states of the odd

particle. In N=80 nuclei like 1 3 7La, 139Pr and 141Pni the

last odd proton may reside in the i^s/2^ o r ^^7/2^

orbitals while the two neutron holes can be shared between the

(2d-3/2) an<3 (^sl/2^ orbitals. As the neutron shell is almost

full the core excitations are not expected to contribute at lower

excitations and the first few excited states may be pure shell

model states. The reported information about these nuclei

apparently supports this assumption with the g.s. and first

excited state as 7/2+ and 3/2+ in the case of 137La and

5/2+ and 7/2+ in the cases of 1 3 9 p r and
 141Pm. But most of

the available information about the levels of these nuclei is

derived from gamma-ray spectroscopy or radioactive decay work.

Reaction data are scarce. Only a mention of 136Ba(aft)
137La

is made by Nakai et al ' and the single reaction study of

139pr i s repOrted by Goles et al
2^ who investigated the

141Pm(p,t)139Pr reaction. No reaction data is available for 141Pm.

We have investigated these nuclei using (P/Ot) reactions on

the N=82 even-even nuclei 1 4 0Ce, 142Nd and 144Sm at E o = 17

MeV. fsotopically enriched targets of about 80 ugm/cm2 were

- 20 -



used in all these experiments. Reaction products were detected

by a delay line counter placed in the focal plane of the Enge

split pole magnetic spectrograph in the case of XJ'La and

Pr, and nuclear emulsions were used as detectors in the

^ ^Sm(p,a) ^ Pm reaction. Typical resolution in these studies

varied from 23 to 28 keV. Angular distribution data have been

collected at 12 angles ranging from 6.5° to 65°. Sample

spectra for the three nuclei taken at lab. angle of 20° a r e

shown in Fig. 9 - 1 1 . An interesting feature common to all three

reactions is that most of the strength is shared by the g.s. and

a state at ^ 800 keV excitation, which is most probably a 9/2+

state. The ground state could be (Tfd5/2)
1 or (7id5/2>

2(V97/2*~1

while the 9/2+ may be due to the coupling of core excitation to

the d5/2 single proton state. The (p,ot) reaction mechanism is not

yet very well understood but it is expected to populate two

particle-one hole states preferentially. The analysis of the

data is still in progress.

1) K. Nakai, P. Kleinheinz, J.R. Leigh, K.H. Maier,

F.S. Stephens and R. Diamond, Phys. Lett. 44B (1973)

443-447.

2) R.W. Goles, R.A. Warner, Wm.C. McHarris and W.H. Kelly,

Phys. Rev. C6 (1972) 587-590.
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1.10 The 160Gd, 17OEr(p,a) Reaction

(M.A.M. Shahabuddin and J.C. Waddington)

The Gd, Er(p,a) reactions have been performed with

a 17 MeV proton beam. The reaction products were analyzed in an

Enge magnetic spectrograph and detected by exposing K-l emulsion

plates. A sample spectrum is shown in Fig. 12. Several new levels

were populated in each residual nucleus. In each case this reaction

has populated the single proton hole states and several levels of more

complex structure such as the 2-particle hole configurations. These

data are presently being analyzed.

1.11 The 17oEr(p,t)168Er and 167Er(drp)
168Er reactions

(D.G. Burke, C.L. Swift and W.P. Davidson*)

A very de-tailed study of J-ooEr levels has recently been

completed ', in which many levels have been assigned I w values

; and assigned to rotational bands. In fact it is claimed that

because of the lack of specificity in the average resonance neutron

• capture technique used, all levels with spins < 5 below 2.2 MeV

fc excitation in x o oEr were observed.

P In view of the believed completeness of this set of levels

1 it was considered worthwhile to undertake some additional experi-

I ments to test whether any other new levels would be found and to

p

Y determine the two-quasiparticle structure for some of the many
i '

\ - 25 -
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levels for which I Kv information was already known. Spectra

were obtained for the 17oEr(p,t)168Er reaction at 14 angles

from 0 = 6° to 75° using 18 MeV protons from the McMaster FN

accelerator. The protons were analyzed with the Enge spit-pole

magnetic spectrograph and detected with photographic emulsions.

One of the main features of the (p,t) reaction a'c this energy is

that 0 + states can be readily identified by their very charac-

f teristic angular distributions. The known 0 + states at 1217

and 1422 keV were populated weakly (each has a cross section of

the order of 1% of that for the ground state) whereas the

previously assigned 0 + state at 2059 keV was not observed. No

additional new levels were observed below 1.75 MeV. The data

analysis is still in progress.

Angular distributions for the 167Er(d,p)168Er reaction

with 12 MeV deuterons were also obtained. In order to obtain the

best energy resolution possible, photographic plates were used as

detectors in the spectrograph. Peak widths (FWHM) of 7 - 8 keV

were obtained. Data were recorded at 15 angles between 6° and

90°. The plates have now been scanned and the data analysis

has begun. Many levels have been populated and it is expected

that a comparison of the observed strengths with the known I K'

assignments should yield two-quasineutron interpretations for

many of the bands.

* NRC Physics Division, Ottawa, Ontario

1) W.F. Davidson e_t a_l. Submitted for publication.
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1.12 Tests of Supersymmetry

(D.G. Burke)

It has been suggested ' that nuclei in the iridium-platinum

region may be an example of a supersymmetry multiplet. The

observed level energies and general patterns of intensities for

electromagnetic transitions are in good agreement with those

expected. Additional tests of the validity of this interpreta-

1 tion can be made by examining the results of single-nucleon

transfer reactions. Several of the single-proton transfer

experiments connecting the Os - Ir - Pt - Au nuclei have been
': -y

performed, in addition to the Pt(t,a) ir study described else-
9 »

where in this report"'.

When the 193Ir(3He,d)194Pt and 193Ir(a,t)194Pt studies

with 25.5 MeV 3He and 27 MeV a beams at McMaster are combined

with data from 193Ir(3He,d)194Pt experiments with 36 MeV 3He

at Orsay it is possible to conclude3' that there are some

significant violations of the selection rules2) in the super-

symmetry scheme. Vergnes et al ' have pointed out that the

transitions from the ground state of *93Ir (x=l/2) to the

<; ground state of 1 9 4Pt <T=0) and the l\ state of 1 9 4Pt (T=1)

!•; should be allowed, but those to the l\ of 194Pt (T=2) and the
C>2 state should be forbidden. However, it is found experimentally

that the "forbidden" l\ state is populated with a strength compar-

able to that of the "allowed" 2^ state. The relative strengths of

the 0g.s» 2^ and 2\ levels are 100, 60 and 70, respectively.
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Furthermore, the "forbidden" transition to the 0^ state has a

strength which is % 35% of that for the ground state. The consis

tency of the results from the different reactions {(3He,d) and

(aft)} and from measurements with different beam energies

suggests that the observed strengths are not caused by multistep

processes in the reaction mechanism.

A similar test is provided by the 193Ir(t,ot)192Os reaction4^

in which the transition to the 2^ state at 490 keV would also be

forbidden. In this case the 2^ state is found experimentally4)

to have cross sections 'v, 40% as large as those for the ground

state.

Finally/ if one considers •L"Au to be part of the super-

symmetry multiplet, the 194Pt(3He,d)195Au and 194Pt( a, t)195Au

reactions serve as tests. These experiments were performed^)

and a manuscript is presently being prepared for publication^'.

The I* = 3/2+ ground state is populated strongly (with a

spectroscopic factor S^j =0.2) and there are no other

- strongly populated 3/2+ states, in agreement with expectations.

However, the low-lying I = l/2+ state, which should not be

populated because the transition would require Ao = 3/2, is

observed to have a significant strength (S^^ = 0.1, or half

i the value for the ground state). It thus appears that the

[ single-nucleon transfer reactions considered indicate limited

\ success for the supersymmetry interpretation of these nuclei. In
I-

most of the cases studied there are transitions which are
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supposedly forbidden but which are observed to have 30 - 70% of

the strength of the strongest "allowed" transitions.

1) F. Iachello. Phys. Rev. Lett. 44_ (1980) 772.

2) Section 6.2.3 of this Annual Report.

3) M. Vergnes, G. Rotbard, J. Kalifa, G. Berrier-Ronsin,

J. Vernotte, R. Seltz and D.G. Burke, unpublished.

4) R.D. Bagnell, Y. Tanaka, R.K. Sheline, D.G. Burke and

J.D. Sherman, Phys. Rev. C20 (1979) 42.

5) McMaster Accelerator Lab Annual Report 1977, section 3.45,

page 116.

6) C.H. Atwood, R.K. Sheline, Y. Tanaka, D.G. Burke and

C.R. Hirning, unpublished.

1.13 The lh<j/2 proton orbit size in
 209Bi

(A. Warwick*, R. Chapman*, J.L. Durell*, J.N. Mo*, J.A. Kuehner

and P. Skensved**)

Angular distributions measured for 209Bi(t,a)208Pb

reaction at sub-Coulomb energies have been analyzed using a

zero-range DWBA model to determine the radial extent of the

wavefunction of the lh9 /2 orbit in which the transferred

proton is bound in 2 0 9Bi. The asymptotic amplitude of the

wavefunction is measured directly and the r.m.s. radius is

extracted. A value of /<r^> = 6.10 ^o)o8 ^m *s obtained.

The r.m.s. radius and radial wave function of the lhg/2
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proton are in excellent agreement with the results of Hartree-

Pock calculations. A paper describing these results has been

submitted to Nuclear Physics.

* University of Manchester, U.K.

** Queen's University, Kingston, Ontario
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2. Experiments with polarized ions

2.1 Spin-parity determinations from the 42Ca(d,a)40K reaction

near 0°

(Shang Ren-cheng, J.A. Kuehner, A.A. Pilt, M.A.M. Shahabuddin and

A. Trudel)

The knowledge of spins and parities of states in K

would give important information on the structure of this

nucleus, and furthermore, plays an important part in under-

standing the structure of all the isotopes of potassium. The

spin-parity combinations of many states of 4"K were unknown

prior to this work, especially above 3 MeV excitation energy.

In this experiment, a particles from the Ca(d,a)4"K

reaction were observed near 0 = 0°. The measurement of

tensor analyzing powers T20 near 0° allows unambiguous, model-

independent natural and unnatural parity assignments for the

energy levels of the residual nucleus to be made. J = 0 "

levels can also be identified.

Polarized deuteron beams of energy 7.0 - 9.5 MeV were used.

The outgoing a particles were momentum analyzed with an Enge

spectrograph and detected with the resistive wire gas propor-

tional counter. Measurements were taken at 6 = 4 ° (lab). All

levels were not observed at each energy. Since the counter

accepts only 20 cm of the focal plane, states above 2.5 MeV
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excitation were studied separately at a different magnetic field

setting.

The ^Ca target thickness was 40 pg/cm^, using enriched

^ C a (95%) evaporated onto 10 ug/cm^ carbon backing. Targets

of ^Ca were used to subtract peaks from the 40Ca(d, a)-^K reaction

from the 42Ca spectra and to set energy calibration points. WO2

targets were used to measure the fractional beam polarization via

the 16O(d,a)14N reaction.

The energy resolution obtained was better than 20 keV.

About 70 peaks were observed (including three from Ca and

one from -^O). Because of the good resolution, all levels

except a few doublets were clearly separated.

A typical spectrum is shown in Fig. 13. Twenty-four

selected spin-parity assignments of "K levels are listed in

table 2. Only those assignments which were confirmed from at

least three different beam energies are listed. Nonlinear

Gaussian fitting routines were used to separate some partially

overlapping levels, but additional errors were thereby intro-

duced.

The 1.6437 MeV and 3.6303 MeV levels were not observed at

any energy. The former is forbidden by isospin selection rules

(see 2.2). The reason for the non-observation of the 3.6303 MeV

level is not known.
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Table 2. Spin-parity determinations to selected levels in
4<>K.

E*a

(MeV)

0.0

0.0296

0.8001

1.9590

2.2605

2.3976

2.5428

2.6258

2.9866

3.0284

3.3936

3.4390

3.4868

3.5991

3.6636

3.7379

3.8216

3.8686

4.1046

4.352

4.4646

4.5373

4.5868

4.6658

4"

3"

2"

2 +

3+

4"

7 +

(0-2)-

l"-4"

(2~,3)

(0-3)"

(3-5) +

(2,3)"

(1-3)-

(2,3)"

(2,3)"

(0-3)~

(0-2)"

(0-3)-

(l-3)~

-0.

0.

-0,

0.

-1.

-0.

-0.

-1.

-0.

-0.

0.

-0.

0.

-0.

0.

-0.

0

0.

0.

-0.

0.

-0.

-0.

-0.

<T

(at

.57

.67

.47

.71 ;
, 0 1 •

,87 :

,45 :

50 :

01 :

04 :

17 :

45 :

25 ;

47 :

21 2

18 H

H

33 H

77 H

21 H

42 H

04 j

11 j

22 j

20>

4°)

+ 0.25

+ 0.28

+ 0.22

+ 0.18

+ 0.17

f 0.12

f 0.14

f 0.24

I 0.23

f 0.18

I 0.22

I 0.18

I 0.13

h 0.23

I 0.23

h 0.58

h 0.20

h 0.82

y_ 0.15

- 0.26

I 0.16

: 0.75

: o.i4

: 0.11

Parityb

U

N

U

N

U

U

U

0"

u
u
u
u
u
u
u
u
u
u
u
u
U(N)

u
u
u

J71

(adopted)

4"

3"

2"

2 +

3+

4"

7+

0"

2",4"

2~,3+

2"

3 +,5 +

2"

2"

2"

2"

2~
2~

2"(1")

2"

2"

a) P.M. Endt and C. van der Leun, Nucl. Phys. A31^ (1978) 1.

b) Ns Natural; U : Unnatural.
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2.2 Selection Rule in (d, a) Reactions

(A.A. Pilt, J.A. Kuehner, Shang Ren-cheng, M.A.M. Shahabuddin and

A. Trudel)

In the 42Ca(d, a)40K work described in section 2.1 of this

progress report neither of the two known 0 + states, at 1.64 and

4.38 MeV, were populated. The 4.38 MeV state is known to be the

T = 2 analogue of the 4"Ar ground state, and so its nonobser-

vation was to be expected. The 1.64 MeV level, however, has

T = 1 and so there appeared to be no reason why it should not be

seen.

This 1.64 MeV state is believed to be the anti-analogue of

the Ar g.s. If so, its vanishing from the spectrum can be

understood from a simple selection rule (which does not appear to

have been pointed out previously). Taking the 4^Ar g.s. to

have configuration ["Md^^Jni v^7/2^01^02 (subscripts are JT)

and the 4^K g.s. to be ^3/2 vf7/2' then the T̂ , analogue and T <

anti-analogues in K are

|T=2> = l/Zlvld^-j^T/o) vf 7 /-> + l//2"iT(do/9) v(di/,f?/5)

|T=1> = - ... +

where in all configurations, the holes and particles separately

have T = 1. Since the 42Ca g.s. is (^7/2)01' t h e 42Ca(d,a)40K

reaction proceeding to the T states in K must go via the

second component in its wavefunction, namely,

vd3/2 > 01 <vf 7/2) 01^01
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Aadu Pilt and Ren-cheng Shang at the Enge Spectrometer.
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But since the "hole" component of the Ca wavefunction clearly

has T = 0, and both d and a have T = 0 as well, conservation of

"hole isospin" T^ forbids the population of the T < state with

Th " 1-

Similar consideration will apply to many pf shell odd odd

nuclei and further experiments are planned to test for anti-

analogue states in such nuclei.

This work has been submitted for publication to Physics

Letters B.

2.3 Mixed-j transfer in 55Mn(d,t)54Mn

(J.A. Cameron, E. Habib, A.A. Pilt, R. Schubank and V. Janzen)

Neutron pick-up on even-even N=30 targets leads to states

with J71 = 1/2", 3/2", 5/2" and 7/2" in the N=29 final nucleus

The forir.cr three are thought to be one particle states and the

last a hole state relative to a core with N = 28. In odd Z

nuclei, these states couple with the odd protons to form many

levels. Calculations ' have suggested that little mixing

should occur between particle and hole states in such cases.

Strong 9. = 3 pick-up has been reported ' to three states

above 1 MeV in the 55Mn(d,t)54Mn reaction. These states

have been tentatively identified as the expected £7/2 hole

states.

In the present experiment, the (<ff,t) reaction on ^^Mn

has been studied at 17 MeV. Triton groups were observed up to

t - 38 -
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Table 3. Spectroscopic factors for 55Mn(d,t)54Mn

1

.,

[•<•-'

i-

i.

I'
)•

\

Ex
(keV)

0

55

156

368

408

839

1009

1073

1391

1508

1350

3023

Summed

54

56

3+

2 +

4+

5+

3+

4+

3+

6+

1+

2 +

3+

strength

Cr(d,t)53Cr

Fe(d,t)55Fe

C2S

Pl/2

0.15

0.14

0.07

0.02

0.38

0.23

0.48

Jl=l

P3/2

0.33

0.26

0.15

0.07

0.00

0.71

0.64

1.0

f5/2

0.06

0.12

0.18

0.40

0.54

-3

f

0

0

0

0

0

1,

2.

4.

7/2

.90

.23

.20

.18

.11

.6

,8

,7
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3.5 MeV excitation by using a particle identifying focal plane

counter in a magnetic spectrograph. Cross sections and analyzing

powers were measured at 5° intervals from 25° to 50° (see Fig. 14).

Few transitions in the reaction can be clearly assigned unique

j n so an analyzing power calibration was made using the reactions

54Cr(d,t)53Cr and 56Fe(d,t)55Fe as templates. The Q depen-

dence of these analyzing powers was not well reproduced by any

DWBA calculations so the empirical analyzing powers were used to

estimate the degree of mixing shown in table 3.

The observed spectroscopic factors are in good agreement

with shell model calculations. The summed spectroscopic factors

are similar to those observed in odd-A nuclei. The data and

calibrations are not sufficiently precise to allow a quantitative

measure of the (lp-3h) - (2p-4h) mixing.

1) I.P. Johnstone and H.G. Benson, J. Phys. G3 (1977) L69.

2) T. Taylor and J.A. Cameron, Nucl. Phys. A257 (1976) 427.

2.4 The ^Fe(d, a) 54Mn reaction: spin-parity cjmbinations and

2p-4h states

(A.A. Pilt, J.A. Cameron and J.A. Kuehner)

Further analysis of the data reported last year has been

carried out. Measurements of T20 led to the 23 spin-parity assign-
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Table 4. Excitation energies and spin-parity assignments to
54. levels

E x (MeV)

present previous parity previous presen

0.00

0.05

0.16

0.36

0.41

0.84

1

1,

1

1

1.

1

01

07

1.14

39

45

1.53

68

76

1.87

2.03

2.08

2.23

2.50

2.56

2.65

2.71

2.78

0.

0.

0.

0.

0.

0.

1.

1.

1.

1.

1.

1.508 (

1.784 +

1.

2.

2.

2

00

054

156

368

407

838

009

073

136

390

454

1.543)

1.785

852

050

267

497

U

N

N

U

U

N

U

N

U

U

U

N

U

U

(N)

(N)

U

U

U

U

(N)

A

A

A

A

A
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ments given in Table 4. An angular distribution measurement of

the outgoing a-particles following bombardment with an unpolar-

ized d-beam led to the (tentative) 0 + assignment to the 1.68

MeV state. This was concluded on the basis of a very small cross

section at extreme forward angles (4°) and a rapidly rising

one, in qualitative agreement with a simple reaction model,

farther back. A number of the states populated to which definite

J assignments were made could be identified with 2p-4h states

(see Fig. 15). This work has recently been published in the

Physical Review .

1) A.A. Pilt, J.A. Cameron and J.A. Kuehner, Phys. Rev. C22, 462

(1980).

2.5 The 100Mo(d,t)99Mo and 98Mo(d,p)99Mo Reactions

(E.E. Habib, J.A. Cameron, G.U. Din and V. Janzen and R. Schubank)

The (d^t) reaction on 10nMo has been carried out at

deuteron bombarding energies of 12 and 16 MeV. At a deuteron

bombarding energy of 12 MeV the states in 99Mo above 1 MeV

excitation are just below the Coulomb barrier for tritons and the

analyzing powers are large. They are negative for £ + 1/2

transfers and positive for I - 1/2 transfer over a large range of

angles.

The spins and parities of many states up to 2 MeV excita-

tion have been determined. By means of the (d*,p) reaction on 98Mo
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at E^ = 12 MeV, the Jv assignments have been confirmed in many

cases, and ambiguous or intractable ones have been clarified.

The results have been compared with the calculations of

Bansal and Kumar but the agreement is not good, probably because

these authors used a limited shell model space in their calcula-

tions. This work is essentially complete and a paper is in

preparation.
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3. Gamma-ray and Electron Experiments

3.1 Study of High-Spin States in Rotational Nuclei

(A.J. Larabee and J.C. Waddington)

If one obtains sufficient statistics for high multiplicity

events, it is possible to study the high spin states of a number

of rotational bands for one nucleus. In order to develop this

capability, a detector array has been constructed on the Lotus

beam line. A description of the apparatus and its properties

will be presented in the following sections. In addition, the

results obtained from the first experiments on the apparatus will

be shown.

In order to improve the quality of the data recorded in

these studies, a Nal multiplicity filter was included (see

section i)) and a total of 5 Ge detectors were used to generate

coincidence pairs (section ii)). The electronics modules

developed by the electronics department will be described in

section iii). Results from the first experiments with this

apparatus are given in section iv) and v).

i) Multiplicity Filter

The multiplicity filter consists of five 5" x 6M and one

3" x 3" Nal counters with the beam passing through a hole in one

of the 5" x 6" counters.

The total efficiency times the solid angle of the

multiplicity filter (Ee^), was measured and found to be 0.225
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for 660 keV photons. The detection of several photons in the

filter is used as a gate before a y-y coincidence in the Ge

detectors is considered. In order to determine the efficiency of

the filter, a calculation was done to find the probability of the

filter firing as a function of the multiplicity of the event

involved. It was assumed that two y-rays from the event had

been accepted by the Ge detectors to generate a y-y coincidence.

Therefore, if a specific event had M y-rays associated with its

decay, M-2 of these y-rays were available to the filter.

(Angular distribution efffects were ignored.)

If only one Nal counter is required to fire then the proba-

bility of an event occurring is given by

•n — 1 _ / 1 _ F P \M— 2
p e v e n t - 1 ~ U - L e i >

i

The term (1 - Z e . ) M " 2 is the probability that none of the

available y-rays were detected by the filter. If at least 2 Nal

counters are required to fire the probability of observing an

event is given by

pevent
N=0

The results of these calculations are shown in Fig. 16. If

the multiplicity of the cascade of y-rays is 4, then a Ge - Ge

coincidence will be gated by 2 y-rays in the filter in only 4% of

the cases. However, a multiplicity of 21 10 will be accepted at
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M-2

Fig. 16 The probability, p e v e nt» °f t n e multiplicity filter

detecting at least one and at least two gamma rays is

shown for various multiplicities, M. It is assumed

that two gamma rays are detected in the Ge array.
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Fig. 17. The suiranation correction factor, f>ef£, for singles,

coincidence and triple coincidence experiments for a

multiplicity of 21 are illustrated as a function of

total detector efficiency. The figures of merit, F^,

F2 and F3 are also shown for these cases.
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least 50% of the time. Thus events with high multiplicity will

receive a much higher weighting than those of low multiplicity.

ii) Coincidence Set-up

The five Ge detectors were placed symmetrically about the

beam direction, with one detector at 0°, two at 45° and two

at 95° to the beam direction. It is desirable to maximize the

solid angles of the detectors while at the same time minimizing

the effect of true coincident summing. For events of large

multiplicity, the summing effects can be serious. Sujkowski and

van der Werf have calculated ' the optimum geometry for an

in-beam singles experiment. The summing correction factor,

use<3 by Sujkowski and van der Werf, has the form

= (* ~ ^ o ^ M ~ ^ *s t*ie e n e r9y averaged intrinsic total

detection efficiency of a Ge detector and fio is the solid

angle. The total multiplicity is given by M. <5eff is the

summing correction factor for the detection efficiency,

^cpeak ^o^r °^ a selected photopeak in the cascade.

Sujowski and van der vJerf also introduce a "figure-of-merit",

F, for a Ge target geometry. In order to calculate the optimum

geometry for coincidence experiments, the expressions for

6eff and F have been extended for Y-Y and Y-Y-Y coincidences

(<$eff' F 2 ' ^eff~^ a n d F3*' T n e r e s u l t s f o r a typical calcula-

tion for large Ge detectors are shown in figure 17 for a

multiplicity of 21. The optimum geometry for a Y~Y coincidence

experiment occurs when F2 is a maximum. The ~ttQ should be £ 2% in
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this case, which corresponds to a target-detector distance of 8

cm for a detector of 50 mm diameter.

The array of 5 Ge detectors was used so that good statistics

could be obtained in spite of this unfavourable target to detec-

tor separation. The gains of all the detectors were matched and

coincidences in any pair of detectors were considered. Thus a

gating transition could occur in any one of the five detectors

and the coincidence information would be obtained in the other

four (20 combinations). Triple coincidences in the Ge array are

relatively common and each such event contains three times the

information of a y-Y coincidence.

iii) Electronics

Two fast coincidence modules have been designed and built by

the electronics group specifically for these experiments. One of

these units is used with the Nal array and the other with the Ge

array.

The first unit receives signals directly from the photo-

multipliers of up to 8 Nal detectors. An output logic pulse is

produced if at least one Nal counter fires. A second output is

produced if at least two of the detectors fire within 200 ns of

each other. Either of these outputs may be used to gate the

acceptance of a coincidence event which occurs in the Ge detec-

tors.

The second coincidence unit was designed to simplify the

electronics set-up when dealing with a large number of Ge detec-

tors. This triple-width module takes up to 5 negative output
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signals from constant fraction timing discriminators. Two

different types of logic outputs are produced. There are two

outputs of the first type. These outputs occur: i) if at least

2 negative inputs and ii) if at least 3 negative inputs are

received within the 200 ns resolving time. These outputs are

used in coincidence with the logic outputs from the multiplicity

filter to produce a multiplicity gating signal. The second set

of outputs on the fast coincidence unit also produce logic

pulses. Each input has a corresponding logic output which only

triggers if a timing input and if an appropriate multiplicity

gating signal have been received. These logic pulses are used as

gating signals to the ADC's.

iv) High-Spin States in fg

The yrast bands of *g§Er and ^jJYb are both known to have

a second backbend. The first backbend is caused by the alignment

of two i-23/2 particles with the rotational angular momentum

of the core. It has been proposed that the second backbend

results from the further alignment of a pair of ^n/2 protons

Such a backbend should be blocked in * *Tm due to the presence

of an odd h]W2 proton. A second backbend in i 5 9Tm could occur
I CO

at a higher rotational frequency than those found in •LOOEr or

Yb, if a second pair of ^13/2 neutrons became aligned with

the rotational angular momentum of the core, or if a pair of

n9/2 P r o t o n s became aligned. By studying "'Tm one can test

the assumption that the second backbend found in 158Er and

b £s caused by the alignment of two hn/2 protons.
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The multiplicity filter with 5 Ge detectors was used to

study the 1||sm(14N,3n)1|9Tm reaction at 67 MeV. Approximately

2 x 10 y-Y pairs were recorded. To date the coincidence

spectra for 150 gates have been obtained. A number of novel

techniques for data analysis, which take advantage of the high

multiplicity of the events, are being tested. The analysis,

which is incomplete, indicates that both halves of the ĥ -̂ /2

band are crossed by a highly aligned 3 quasiparticle band at spin

*> 31/2 -R. A second band, which may be the ground state band, has

also been observed but has yet to be placed in relation to the

nll/2 ban<fl« These rotational bands are illustrated in Fig. 18.

In order to demonstrate the alignment of the hn/2 bands.

Fig. 19 shows Ix vs u> for transitions in ggTm and in the core

^PjYb nucleus. (Only some of the data are shown for ^ g Y b ) .

The alignments of the two halves of the ^n/2 band are 2.5

and 3.5 ft. This total alignment of 6.0 -ft compares very well

with the gain in alignment of ^ 6.5 H that ^fgYb obtains at

the second backbend (L.L. Reidinger, private communication).

iv) High-Spin States in

A study of the doubly-odd nucleus ''•ggTm has begun. It

, is hoped that the i-i-wo - hii/? two quasiparticle band may

f be observed up to transition energies of 900 keV. This study is

I still in its preliminary stages.

I 1) Z. Sujkowski and S.Y. van der Werf, Nucl. Inst. Meth. 171

i (1980) 445-449.
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shown to the right of Figure 18.

- 55 -



3.2 Conversion Electron Study of the 230 ys Isomer in Eu

(K. LeNestour, R.G. Summers-Gill, A. Islam and A.G. Lee)

During the past year, our conversion electron study of the

230 JJS isomer in l^Eu has been completed. Measurements were

made using both pulsed and continuous 32 MeV Li 3 + beams to

initiate the reaction 142Nd(7Li,3n)146Eu in a thin enriched

metallic target. The electron spectrum observed during beam-off

periods in a pulsed beam experiment is shown in Figure 20. Of

the four transitions whose multipolarities have been determined,

two (377 and 294 keV) turn out to be E3 in character and two (358

and 275 keV) are principally Ml. In view of the relative y-ray

intensities and the observation of 275-358, 275-377, 275-14.4 and

294-358 keV y~Y coincidences we are led to the decay scheme shown

in Figure 21. This is entirely different from that proposed by

Hagemann et al*' which was clearly wrong when we first observed

that the in-beam relative intensities of the 377 and 358 keV

Y-rays changed with bombarding energy and from one reaction to

another. In the old scheme, both of the transitions came from

the same level. Very recently, Ercan et al2' have published

a decay scheme based on pulsed beam Y-Y coincidences and conver-

sion electron data. Our scheme and theirs agree in every respect

except that they propose one additional level at 316 keV to

accommodate very weak y~rays of 56 and 316 keV. We have seen

such lines too, in our pulsed beam experiments/ but it is by no
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means obvious that they decay with the half-life appropriate to

146Eum#

During the last year, we have also devoted a considerable

effort to improving the performance of the electron spectrometer

facility and the beam pulsing arrangements. In particular,

changes have been made to improve the matching of the magnetic

fields in the six magnet gaps, the beam alignment and the pulsing

slits, the residual vacuum and the electron detector. With these

improvements we are now prepared to launch conversion electron

investigations, both in-beam and pulsed, of several other nuclei

in the N = 82 region.

1) Hagemann et al, JINR, E6-6193 (Dubna 1971).

2) Ercan et al, Z. Physik A295, 197 (1980).

3.3 The Particle-Hole Nucleus 1 4 6 Eu

(A. Islam, A.G. Lee and R.G. Summers-Gill)

In addition to the study of the 230 ys isomer (reported in

section 3.2), a number of other experiments have also been car-

ried out to investigate °Eu. Though our first efforts in this

direction go back more than eight years, a detailed understanding

of this important particle-hole nucleus still eludes us. Pour

different reactions have been used: * Sm( He,p), Sm(p,2n),

142Nd(7Li,3n) and 1 4 OCe( 1 0B,4n). The first of these, carried out

with the Enge magnetic spectrograph, gives direct information
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about the location of the excited states of -*"Eu but the effec-

tive resolution is poor because of the relatively low dispersion

in the focal plane for high energy protons. Figure 22 shows that

the lowest excited states are only weakly populated, presumably

because it is difficult to insert a proton into the almost filled

lg7/2 a n d 2d5/2 s n e i l model orbitals of the target. The more

strongly populated levels above 650 keV are thought to involve a

proton in the lhjW2 orbital coupled to the 83rd neutron.

The (p,2n) reaction preferentially populates relatively low spin

states and Y-Y coincidence data leads to the energy level diagram

shown in Figure 23. The placement of several other Y-rays is not

clear at this time. In the heavy-ion reactions the Y-rays from

the isomeric state are much more prominent than in the (p,2n)

reaction. In fact, we chose the i42Nd(7Li,3n) reaction

as the best for the pulsed beam conversion electron measurements

and for the observation of the 14.4 keV Y-ray. Both in-beam

heavy ion experiments reveal, in addition, a cascade of Y-rays of

70, 110, 126, 136, 258, 433, 435, 464, 518, 569, 608 and 622 keV

which are not in coincidence with any of the other lines. A

selection of the Y-Y coincidence data is shown in Figure 24.

Excitation function measurementsf however, show that these lines

do belong to 146Eu and so we conclude that they feed the

9+ isomer. The analysis is still in progress.
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3.4 The Isomeric State in 136La

(R.G. Summers-Gill, A. Islam and A.G. Lee)

The presence of an isomeric state among the low-lying levels

' of 13<*La was first reported 15 years ago1' but, beyond the fact

:, of the existence of a 100 keV and maybe a 70 keV y-ray, very

little has been published. There was even confusion about the

half-life which is listed in most compilations as 110 \is. Our

study^ of the proton transfer reactions 13^Ba( He,d)l3^La and

136Ba(a,t)136La revealed states at 0(l+), 22(2+) and 45 keV

^ (3+) and another close-lying triplet at 140(3+,4+), 159(5+)

\ and 173 keV.

: It thus became clear that a high spin isomer would

undoubtedly produce a cascade of several low-energy y-rays and we

set out to look for them in a pulsed beam experiment. Two

,'. reactions have been used to populate the isomer, •LJOBa(p,n)

,/! at 8 MeV and 133Cs(a,n) at 15 MeV. When it was clear that
;'.V

I the lifetime was much longer than the reported value, a mechani-

st cal beam chopper was constructed to provide approximately 0.1

,j second beam bursts at a 1 per second repetition rate. During the

'•\ beam-off intervals, y-ray spectra were collected using both a

I -I Si(Li) and a planar Ge(Li) detector.

/ \ Fig. 25, showing some of the data for the i33Cs(a,n)

J reaction, reveals the presence of five y-rays with energies of

;• 18.3, 21.8, 22.5, 71.8 and 95.7 keV. All five show a half-life

of 118 +_ 5 milliseconds. The presence of La K x-rays (which
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decay with the same half-life) shows that the 95.7 and,

especially, the 71.8 keV transitions have significant internal

conversion coefficients. In the light of our other knowledge of

the energy levels in -^La, we conclude that the isomer decay

is as shown in Fig. 26. The rate-determining transition must

have M2 or E3 multipolarity to account for the observed lifetime.

After appropriate corrections for target self-absorption have

been calculated we hope to obtain its multipolarity from the

observed ratio of x-ray and y-ray intensities.

It is not surprising that the 7~ or 8~ state was not

observed in the proton transfer work since it presumably arises

from the shell model configuration * l g w v l n

1) V.T. Gritsyna, A.P. Klyucharev and V.V. Remaev, J. Nucl.

Phys. (U.S.S.R.) 3_, 993 (1966).

2) A.H. Khan, M.Sc. Thesis, McMaster Univeristy (1977).

3.5 High Spin States in 1 4 7Tb excited by the (6Li,3n) reaction

(T.A. Khan and M.W. Johns)

High spin states in 1 4 7Tb have been excited by means

t. of the i44Sni(°Li, 3n) reaction and studied by means of y~ray
jr..

\i and electron measurements. Y~ray singles, excitation functions,

angular distribution, linear polarization, y~Y coincidence and

internal conversion measurements have been made. These have led

- 66 -



(7,8)"

4+

118 ms

71.8

18.27

95.7

22.45

21.79

keV
230.1

158.3

140.0

44.3

21.8

0

Fig. 26. The decay scheme of the 118 ms isomer in 136La.

- 67 -



MeV

00

I

3.39
3.28
3.21

3.04

2.77
2.70

2.10

27/2
25/2
25/2

;.]
23/2*

21/2*
19/2*

27/2*

25/2*

(25/2\23/2*) £ ' -

Tth||/2 ds/2

17/2*

rfhil/2 *3 -

" 15/2*

11/2- rrhll/2

CALCULATION

21/2*

17/2*

15/2

E2

E3/M2

3422.0
3332.6

_ ^3157.6
"3140.3
2993.1

2735.5

1.9 min

65Tb82

2038.2

1266.1

0.0

ns

4.5* 0.6 ns

Fig. 27. Decay scheme of high spin states in
147

Tb,



to unambiguous spin and parity assignments to many levels and to

lifetime determinations for two states. The results are summar-

ized in Fig. 27.

This work will be published in the Canadian Journal of

Physics in the near future.

I

- 69 -



k

John Southon and Igor Nowikow installing the caesium head on the

sputter source.
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4. Applied Nuclear Physics

4.1 Radioisotope Dating Project

(D.E. Nelson*, R. Korteling*, J. Southon*, W. wiesehahn*,

D.E. Lobb**, I. Nowikow, E. Hammaren, T.-L. Ku', and

M. Kusakabe ).

This project is directed to adapting the FN for use as an

ultra-sensitive mass spectrometer. It can then be used to detect

cosmogenically-produced radioisotopes (e.g. C and "Be) directly.

Advantages over the conventional decay-counting technique include

the use of very small sample sizes ( 1 - 3 mg)/ and the ability to

measure long-lived isotopes of very low specific activity.

The collaboration has now expanded to include researchers

from the University of Southern California, following receipt of

a grant to study the *"Be chronology of oceanic manganese nodules

Work in the past year has been largely concerned with determining

the validity of the *"Be dating technique and applying it to

these modules.

Chemical extraction of BeO from the nodule material is

undertaken at U.S.C. This extracted material is further

processed at McMaster to produce samples suitable for loading in

the Cs sputter source. The new reflected source (now fully

operational) has allowed us to run with very small sample sizes

and produce a beam of better emittance and brightness than the
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beam from the old non-reflecting source. Useful data have

actually been obtained from a 100 yg sample.

Figure 28 shows data on -'•"Be concentrations in samples

taken from different depths in a slab of manganese crust from the

floor of the Atlantic. The data show that the slab grew at a

rate of about 1.5 mm/MY. The good fit of the concentrations of

cosmogenically-derived Be to an exponential decay curve

shows that no gross long-term changes in the cosmic ray flux have

occurred over the past 13 MY. These results are being prepared

for publication.

As well, work on a new injector, which will allow us to

inject beams of different isotopes simultaneously into the

accelerator in a controlled fashion, is proceeding at Simon

Fraser University. Most of the major components have been

ordered or purchased and construction is underway. A paper on

the design of the system is in press.

Beam optics calculations for the more selective analysis

system required for ^C measurements were undertaken during

the year. A study was also made of the optics of the FN to gain

a better understanding of where beam losses were occurring in the

machine. As a result of this study, changes were made to the

resistor grading for the #1 accelerator tube resulting in a

doubling of transmission through the accelerator.

* Simon Fraser University

** University of Victoria

+ University of Southern California

- 73 -



4.2 The Half-Life of 1 7 6Lu.

(A. Sguigna, A.J. Larabee and J.C. Waddington)

Some nuclei, whose half-lives are of the order of the age of

the universe, are interesting because of their possible use as

cosmochronometers. Many attempts have been made to determine the

half-life of "Lu by comparing the activity of a sample, X

with the sample size N.

A method has been developed to obtain this half-life by a

coincidence technique which eliminates the uncertainties involved

with standard calibration sources, internal conversion coeffi-

cients and gamma-ray absorptions.

4.3 Atomic Collisions in Solids

(D.A. Thompson, J.A. Davies, I. Tashlykov, R.S. Bhattacharya,

G. Fischer, U. Akano, A. Ibrahim, S.S. Johar, R. Newcombe,

N. Parikh, W.F.S. Poehlman and D.V. Stevanovic)

4.3.1 Sputtering

Rutherford backscattering (RBS) is being used to measure the

sputtering yields, S, of heavy ion bombarded metals and alloys.

We have found that a critical surface deposited energy into

elastic collision events exists, F^(0) below which linear

cascade theory is valid and S « FD(0)-*. This critical surface

deposited energy varies depending upon the surface binding energy
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(UQ) of the target such that FgfO))
 tt U^. The reasons for

the non-linear behaviour are not currently understood, but models

involving "thermal spikes" or shock waves would not appear to be

appropriate in the sputtering of metals. One possibility

includes multimer emission and cascade induced topographical

features. A program to investigate heavy ion induced condensed

gas sputtering is being initiated.

4.3.2 Radiation Damage

The damage produced in SiGe and GaAs by heavy ion bombard-

ments at 35 K has been measured using the channeling technique

and correlated with transmission electron microscopy (TEM)

measurements. Very low doses were used [^ 10** - lO-*-̂  ions/cm^)

specifically so that the damage resulting from individual colli-

sion cascades could be studied. The TEM studies indicated that

the damaged regions were essentially amorphous ones and the

damage-dose data from channeling measurements indicated that when

a critical defect density is reached (<\, 12 - 18%), then the

crystalline lattice collapses into an amorphous state. The

annealing behaviour of Si as studied by both techniques was very

similar, except that the TEM studies indicated that the annealing

is due to both a reduction in the number density of amorphous

zones and in the reduction of size. An interesting observation

was that the damage produced by diatomic ions was more resistive

to annealing that caused a monoatomic ion with a high cascade

deposited energy density, suggesting that the cascade energy den-

sity is not the unique definite parameter as had been previously

- 75 -



Rick Newcombe assembling the 150 kV accelerator ion source.
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considered. These studies are being extended into the II-VI

semiconductors where the chemical behaviour of the implanted ion

species is considered to be important.

4.3.3 Medium Energy Ion Scattering (10 - 150 keV)

A knowledge of the scattering of keV light ions by solid

surfaces is of importance to the energy balance in future fusion

reactors. However, our understanding of the basic scattering

processes in this energy region is very limited and almost no

data exist on such fundamental parameters as stopping cross

sections, energy straggling, charge exchange and even the

scattering cross sections. Using an UHV (10"' Pa) target

chamber we have been measuring: (i) the energy dependence of the

stopping cross section and energy straggling of H and He in Au,

Ag and Ni, (ii) the charge fraction of backscattered beams of H,

D, He ... Ne from Au, Si, SiO2 and Si3N4 over the energy

range 210 - 150 keV; and (iii) the energy dependence of the

scattering cross section (150° in L.S.) for H ... Ne ions on

Au.
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4.4 Nuclear Astrophysics

4.4.1 Rates for the 58Ni(p,Y)59Cu Reaction

(C.W. Cheng and J.D. King)

A recent measurement of the cross section for this reaction '

using thin targets produced stellar reaction rates 30 - 50%

larger than rates determined from thick target yields '. The

difference was ascribed ' to several strong, narrow resonances

seen in the thin target work but not properly averaged by the

thin target technique. Since the detection techniques were quite

different in the two experiments, we decided to undertake both

thin and thick target measurements using the same method to

measure the yield for each experiment (coincidence detection of

annihilation radiation following "cu decay). Preliminary

results were given in the 1978 Annual Report but a re-measurement

of the yields below 2 MeV was necessary because of instability in

KN operation. The final cross section information is shown in

Pig. 29. Reaction rates derived from thin target cross section

[ are in good agreement with the rates of ref. ', while rates

) derived from our thick target yields are in very good agreement

i with the rates of ref. '. We conclude that the difference
r
\ :
| between thin and thick target rates is likely real and is
f,

probably due to a rapidly fluctuating cross section below 2 MeV

; whose details are lost in the thick target measurements.
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4.4.2. The 39K(a,p)42Ca and 42Ca(a,p)45Sc Reactions

(M. Buckby and J.D. King)

These reactions are of importance by determining the

abundance of Ca during explosive oxygen and silicon burning.

The reaction cross sections have been measured from near thres-

hold to 9 - 10 MeV above threshold at 0.25 MeV intervals by

detection of protons at angles from 30° to 150° in the labor-

atory. Data reduction is almost complete for K{a,p) and well

under way for 42Ca(u,p)o There is indication of considerable

structure in the Kfcup) cross section.

4.4.3 The 54Fe(a,p) and 28Si(a,p)3lP Reactions

(M. Buckby and J.D. King)

The two reactions are both of importance in nucleosynthesis

which occurs during explosive oxygen or silicon burning. Yields

of protons at five angles have been obtained for both reactions

from near threshold to several MeV above threshold. Data reduc-

tion is underway.

1) ToM. Hall, JaM. Cameron, R.H. i»5cCamis, and G.A. Moss. Can.

J. Phys. J53 (1975) 445.

2) N.A. Roughton, M.J. Fritts, R.J. Peterson, C.S. Zaidins, and

C.J. Hansen. Astrophys. J. 205 (1976) 302.

, Atomic Data and Nucl. Data Tables.
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3) J.W. Butler and C.R. Gossett. Phys. Rev. JLO£ (1957)1473.

4) J.H. Carver and G.A. Jones. Nucl. Phys. 1£ (1960)184.

5) S.E. Woosley, W.A. Fowler, J.A. Holmes and B.A. Zimmerman.

Orange Aid Preprint 422. California Institute of Technology,

Pasadena, CA 1975.

4.5 Nuclear Data Project

(J.A. Kuehner)

In the spring of 1980 a group at McMaster University joined

the International Nuclear Data Project. Until 1977 this work was

being carried out at Oak Ridge National Laboratory but since then

other groups in the U.S.A. and other countries have also been

involved in contributing to the "Evaluated Nuclear Structure

File" and the "Nuclear Data Sheets" which are published periodi-

cally under the supervision of the Nuclear Data Project at Oak

Ridge and more recently the National Nuclear Data Center at

Brookhaven. In 1977 the International Nuclear Data Network was

formed under the auspices of the IAEA. Currently there are

groups contributing to the evaluation of nuclear data in the

following countries: U.S.A., West Germany, Japan, Kuwait,

Holland, Sweden, U.K., U.S.S.R., France and Canada. Initially

the aim of the McMaster group is to prepare two mass chains

during 1981. A formal assignment of additional mass chains to

the McMaster group will be made at the next meeting of the

advisory board on Nuclear Structure Data to be held in the spring

of 1982.
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Suzanna den Bleker operating the computer terminal for the

Nuclear Data Project.
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An experienced evaluator, Dr. Balraj Singh, will begin

working on this project in early 1981. In the meantime we have

obtained a dedicated terminal for this work and are in the

process of obtaining the appropriate programmes and data files

from the National Nuclear Data Center in Brookhaven.
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5. Development

5.1 Pulsed Beam Facility

(V. Janzen, J.E. Cairns, J.A. Cameron and R. Schubank)

The fast beam chopper at the high energy extension has been

rebuilt and the driving electronics modified to enable operation

at 10 MHz. Measured burst widths of 1 to 2 ns have been obtained

easily for proton and a beams. The 10 MHz injection buncher and

its driving electronics are complete. Measured bunch widths have

been limited to 3 ns for protons and 3.5 ns for a beams by velo-

city spread in the ion source. These widths will improve after

the planned ion source upgrading to allow higher injection ener-

gies is complete. Using the fast chopper to take a 2 ns "slice"

of the present beam bunches will allow approximately 20% beam

utilization.

The deflection plates for the ys pulser, already in place

after the analyzing magnet, will be used to reject unwanted beam

bursts, providing beam burst separations of 50, 100, 150 ns, etc.

Design work on the driving electronics is underway.

100% efficient beam pulse detection near the target, using a

scintillator mounted off-axis in the beam line, has not yet been

attained. A number of different scintillator-photomultiplier

configurations will be tried.

Planned experiments include perturbed angular correlation

measurements of 1) hyperfine magnetic fields and 2) excited

state g-factors, particularly involving isomers with T ] / 2
 < *° ns«
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The feasibility of neutron tirae-of-flight spectroscopy will also

be investigated.

5.2 The Operation of a Position-Sensitive Detector and Particle

Identification System

(E.E. Habib and J.A. Cameron)

The Position-Sensitive Detector and Particle Identification

System is the type developed by Michigan State University ).

It consists of a delay-line position-sensitive counter, a

proportional counter and a scintillation counter. The delay-line

counter and the proportional counter form one unit. The

scintillation counter is a separate assembly that can be attached

to it if desired. These counters are called the position, or x

counter, the mass or DE counter and the energy or E counter.

The gas used is propane saturated with methylal (di-methyl

di-ether) at 1/3 of an atmosphere. The gas pressure is kept

constant by means of a cartesian diver. This is necessary

because the output pulse height is very sensitive to gas pres-

sure in this region.

The delay-line counter is operated with anode voltages in

the range 2800 to 3200. The lower voltage is appropriate for 12

MeV alphas and the higher for 20 MeV protons.

The DE or mass counter and the scintillation counter are

operated at 1000 volts. The delay-line counter outputs are sent

to a time to amplitude converter, and this output is routed to

ADC-1 on the PDP-9 computer. The linear signal from the DE
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counter and the summer linear signals from the scintillation

counter are sent to ADC-1 and ADC-2 respectively. Logic signals

from the three counters are sent to a four-fold coincidence

circuit and this output is used to gate the ADC's. A programme

(PSDL), written for the PDP-9, allows software windows to be set

on the DE signal and two-dimensional windows on the E signal as a

function of position.

The signals from the delay time counter are amplified by

timing filter amplifiers and then sent to constant fraction

discriminators (CFD). The outputs of the CFD are used to provide

start and stop signals for the TAC. There is a range of input

pulses to the CFD for which the walk of its output is very small.

This range is 6:1 for pulses which have gone through the full

length of the delay line. If the input pulses exceed the upper

value of this range the output pulse disappears (i.e. walk -»• °°).

For still larger pulses the output pulse reappears but shifted in

time with respect to its previous value. The input pulses to the

CFD must fall within its "good" operating range, otherwise a loss

of efficiency and spurious peaks may occur.

The energy loss in the DE counter is given by AE = km Z 2/E.

The energy of a particle focussed in the spectrograph is

E = p2/2m = (BZp)2/2m. Thus we obtain AE = 2km2/B2P2 = k'm2

for constant B and p.

This approximation is good to about 17% and is useful in

particle identification. Also, since the energy of particles for

constant Bp varies as Z2/m, the pulse heights in the scintilla-

tion counter (in order of increasing energy) are tritons,
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deuterons and protons. Alpha particles have the same energy as

protons but their light output is less than that of protons

because of recombinationf and in addition their DE loss is six-

teen times that of the protons. These effects cause the alpha

peak to be shifted downwards near the deuterons and tritons. If

their DE loss is large enough their E pulse will disappear.

Similar remarks may be made about He particles.

Thus, from the above behaviour of the DE and E counters and

a knowledge of the reaction kinematics, reaction products up to

4He can be readily identified. To date the following types of

reactions have been successfully observed; (p,t), (p,ct), (d,p),

(d,t), <d,3He), (d, a), (t,p), (t,d), (t,a), (a,p) (a,d).

Further details are given in Internal Reports MAL/80/1-2,

obtainable from the Accelerator Library.

1) R.G. Markham and R.G.H. Robertson, Nucl. Instrum. & Methods

129, 131 (1975).
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6. Experiments Performed at Other Institutions

6.1 Spectroscopic utility of the (**Li,7Be) Reaction

(C.L. Woods*, N.A. Jelley*, A.A. Pilt and J.S. Winfield*)

Angular distributions for the reactions 26Mg(6Li,7Be0>0)
25Na

and 26Mg(6Lif
7Ben 4 3)

2 5Na have been measured at E L i = 36 MeV

using the Oxford University Folded Tandem accelerator. Elastic

and inelastic scattering data for 6Li + 26Mg have also been

collected. The inelastic scattering has been analyzed using a

zero-range DWBA calculation and a value of 0.26 + 0.02 has been

extracted for the 82 deformation parameter of the 2+(1.81 MeV)

state in 2*>Mg. An exact finite-range DWBA analysis of the single-

proton pickup reaction has been performed and the overall normal-

ization of the theoretical cross-section was found to depend

critically on the optical-model potentials used. A value for

C2S for 26Mg(0.0 MeV) -> 25Na(0.0 MeV) + p of 3.0 + 0.3 has been

obtained using shallow heavy-ion radius potentials. This value

is in good agreement with those deduced from light-ion work and

with theoretical values.

This work has been accepted for publication in J. Phys. G.

(Letters).

* Nuclear Physics Laboratory, Oxford University
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6.2 (t,a) experiments with polarized tritons at Los Alamos

(D.G. Burke and collaborators)

This very successful series of experiments, initiated

several years ago and mentioned in the 1978 and 1979 annual

reports, has been continued. The experiments are performed at

the Los Alamos Scientific Laboratory as the only polarized triton

beam in the world is available there. However, many of the

targets used in this series of experiments were prepared by Y.

Peng at McMaster, and the data analysis is performed largely at

McMaster and the University of Bergen.

The main projects in this category during the past year are

discussed below.

6.2.1 The 162'164Er(t,ot)161'163Ho reactions

(D.G. Burke, E. Hammaren*, G. Ljzfvhjzfiden**, J.A. Cizewski*,

++ ++
E.R. Flynn and J.W. Sunier )

These experiments were undertaken because several states in

1 6 1Ho and 1 6 3Ho exhibited anomalous strengths in proton stripping

reactions1' and it was hoped that the additional information

gained from proton pickup reactions might help explain the

anomalies. Unusually large strengths for some of these levels

were also found in the (̂ ,01) studies. The observed effects

appear to be due to a strong mixing o£ the low-lying positive
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parity states, similar to that expected from Coriolis effects,

but the strength of the mixing is larger than that produced by

the usual Coriolis matrix elements. Although in most studies the

theoretical Coriolis matrix elements are found to be too large to

fit the observed data and attenuation factors are commonly

applied, the mixing in i 6 1Ho and 1 6 3Ho requires "attenuation"

factors larger than unity. It is found that the increased matrix

elements which are selected to give the best explanation of the

rotational level energies also yield an improved description of

the stripping and pickup strengths. However, the exact nature of

the anomalous mixing remains unexplained. A manuscript has been

submitted for publication.

1) J.D. Panar, 0. Straume and D.G. Burke, Can. J. Phys. J>5_

(1977) 1657.

6.2.2 The 159Tb(t,ct)158Gd reaction

+ 4.4.

(D.G. Burke, E. Hammaren*, C.L. Swift, J.A. Cizewski , E.R. Flynn

and J.W. Sunier )

As the (t,o) reaction has proven to be a very powerful

technique when used with even-even targets, for which each tran-

sition is restricted to a single j, £ combination, it was decided

to test the usefulness of the reaction for the case of an odd

target. In general each transition would then have amplitudes

from several combinations of j, * values and if these amplitudes

were comparable in magnitude the analyzing powers would tend to

- 91 -



average out to values near zero. However, in the deformed rare

earth region, considerations based on the Nilsson model suggest

that in most cases the (t,a) transition strengths should be

dominated by a single j, i, combination. In this case many of the

strong transitions would be expected to exhibit large analyzing

powers, similar to those in experiments on even-even targets.

The *-^Tb(t,a)^^^Gd reaction was selected for this study because

many levels in 158Gd had previously been assigned in a recent

study by Greenwood et al '. In addition some proposed tentative

assignments by Greenwood et al involved two-quasiproton states

which were expected to be readily identifiable on the XD:*Tb(trcL)

reaction and hence the opportunity existed to test these assign-

ments while testing the usefulness of the reaction on the 158Gd

levels that were well known.

The experimental spectra shown in Fig. 30 are seen to exhibit

large analyzing powers for most of the strong transitions, con-

firming the expectation that the (t,a) reaction would also be

very useful for cases of odd target nuclei. The Kv = 1 + and

4 + bands labelled as the f3/2+[411] + 5/2+[413]} configurations

in Fig. 30 were assigned by Greenwood et al1* and the (t,ct) data

strongly confirm these assignments by showing the characteristic

large negative analyzing powers for the predominantly j = 7/2,

I = 4 transitions involved in the transfer of a 5/2+[413]

proton.

A manuscript describing these results has been written.

1) Greenwood et al, Nucl. Phys. A 3JM (1978) 327.
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triton beam in the "up" and "down" orientations. The level assignments were pre-

viously^ known, except for the K11 • 4~, {3/21411] + 5/2"[532l) band

which was established on the basis of the present (t,a) data.



6.2.3 The 1 9 4' 1 9 6' 1 9 8Pt(t,a) 1 9 3' 1 9 5 > 1 9 7Ir reactions

(D.G. Burke, J.A. Cizewski+, E.R. Flynn , J.W. Sunier andR.E. Brown1 ')

This project was undertaken as a test of the "supersymmetry"

scheme proposed by Iachello ^ as an interpretation of low-lying

levels in the region of the Ir - Pt nuclei. The experiments were

performed at Los Alamos in the spring of 1980 and during the

summer the spectra were analyzed with the peak-fitting computer

program at McMaster '. Representative spectra from each of

the three nuclides are shown in Figs. 31-33. Angular distribu-

tions of cross sections and analyzing powers were studied for 23

levels in 1 9 3Ir, 34 in 1 9 5Ir / and 25 in 1 9 7Ir. As examples of

these angular distributions the ones for 1 9 3Ir levels are

shown in Figs. 34-36. Spectroscopic factors were extracted

using DWBA calculations with the optical model parameters

employed in a study of the 208Pb(t,a) reaction3K

In the supersymmetry model the selection rules for single

nucleon transfer reactions are ':

ha - ;+ 1/2, and

Ax = + 1/2

(For the odd nuclide a and T are the quantities a^ and T^ of

ref. 1.) The target ground state would have T = 0 and a = N, the

number of bosons. The I11 = 3/2+ ground state of each corre-

sponding final iridium nucleus has T = 1/2 and o = N + 1/2 and

therefore is populated by an allowed transition. The only other

low-lying I = 3/2+ state which can be populated according to the
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selection rules is the one with T = 1/2 and a = N - 1/2 and it

should have a strength which is % 70% of that for the ground

state4 K It is seen that the data for the 194Pt(tT, u) 1 9 3Ir

reaction are in reasonable agreement with this prediction as the

spectroscopic factors for the ground state and the 460 keV

Iv = 3/2+ level of *93Ir are 1.6 and 1.1 respectively, and

those for all other 3/2+ states are weak (Sj,. < 0.3). As

one moves to the heavier isotopes a larger fraction of the 3/2+

strength is found in the ground state transition, although the

i total amount of 3/2+ strength remains approximately constant.

The spectroscopic factors for the 195Ir and 197Ir I 1 = 3/2+

ground states are S ^ = 2.1 and 3.5, respectively. The most

strongly populated excited I71 = 3/2+ state in 195lr is at 500

keV with S£j = 1.5, while in
 1 9 7Ir no excited I77 = 3/2+ states

1 Qft 1 Q"7

were observed. Hence it appears that the i:7OPt - -"-"Ir sequence

is not a good example of supersymmetry. It is also noted that

the low-lying I = l/2+ states are populated significantly in

1 9 5Ir (Sfcj = 0.75) and 1 9 7Ir (S£j = 1.2), although they would

have been interpreted as T = 3/2 and transitions to these levels

would be forbidden. The strength of the low-lying l/2+ state at

; 73 keV in 1 9 3Ir is difficult to obtain because this level is not

resolved from the strongly populated 11/2" level at 80 keV. An
'-<V
**,•>

| upper limit of Sj^ ̂ 0 . 8 can be established for the 73 keV
| level, and the actual value is probably about half this amount
'f

| (estimated by considering the cross sections for the unresolved

[ l/2+ - 11/2" doublet in the present (t,a) data and in the (d,3He)

f data of Iwasaki et al5*.
\
'• - 1 0 1 -



Furthermore, it is noted that the 460 keV level of i93Ir

is populated very weakly in the * Os(3He,d) ^ Ir reaction ^

(the strength is ^ 1% of the ground state value). The population

of this o = N - 1/2 level would be forbidden in the supersymmetry

scheme as tb ground state of Os would have one more boson

than the 193jr o r 194 p t groun<3 states and hence the transition

would require Aa = 3/2. Thus the observed behaviour that this

level is populated strongly in the (t,a) reaction and weakly in

the (^He,d) reaction is explained by the supersymmetry descrip-

tion. (This behaviour can also be explained in terms of the

Nilsson model in which the 460 keV level would be interpreted as

the 3/2 l/2+[411] proton hole state.)

1) F. Iachello, Phys. Rev. Lett. 44 (1980) 772.

2) A large portion of this work was performed by C.L. Swift.

3) E.R. Flynn et_al, Nucl. Phys A279 (1977) 394.

4) F. Iachello, private communiction to J.A. Cizewski.

5) Y. Iwasaki et al, Annual Report of Kernfysisch Versneller

Instituut, 1979, page 10.

6) R.H. Price, D.G. Burke and M.W. Johns, Nucl. Phys. A176

(1971) 338.

* University JyvSskyia

** University of Bergen

t Yale University

tf Los Alamos Scientific Laboratory
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SECTION II - MACHINE OPERATION
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Jim Stark closing up the FN tandem.
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Machine Operation (October 1979 - October 1980)

FN Operation

Over the last twelve months, a few successful runs were

accomplished at 9 million volts on the terminal, but in general,

high voltage operation has been restricted due to the condition

of the tubes. Some low value resistors have been installed on

damaged sections in #3 tube in order to reduce voltage gradients

in this area. We now have over 70,000 hours on our accelerator

tubes. In late October the charging belt failed after 5670 hours

of use. This lifetime is fairly normal.

Calculations made to check the beam transmission through the

machine suggested regrading of resistors in the injection area of

the #1 tube. This has resulted in significant improvement in

beam transmission. We are now transmitting 60% or better of the

low energy current to the image cup (protons and deuterons).

Machine operating time was essentially the same as last year

based on the tube timer (see table 4). However, we have been

troubled by inadequate source operation for a number of heavy ion

species. We hope to improve this situation when the new source

system is installed next year.

KN Operation

The KN accelerator has been operating steadily all year at

up to 2.5 MV. Only the usual routine source repairs, etc., have

been required.
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Remote controls for the quadrupoles and steerers have been

installed in the target area.

150 KV Operation

The 150 KV accelerator has run very well this year with

minimal maintenance. A new 32 kV einzel lens power supply has

been installed.

Table 4

Accelerator Utilization

(based on belt charge timer, Oct. 31 to Oct. 31)

FN hours

% utilization

Max FN voltage

No, of days at

or above 9 MV

No. of ion species

% p & d (unpolarized)

% p & d (polarized)

% tritium

% 3He and 4He

% other ions

KN hours

% utilization

1977

6055

69%

9.3

50

12

33%

30%

15%

22%

3382

39%
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1973

5125

59%

8,7

0

15

36%

9%

7%

19%

29%

3330

38%

1979

5526

63%

9.0

1

16

23%

11%

15%

28%

23%

2465

28%

1980 est.

5715

65%

9.0

4

17

24%

17%

2%

23%

34%

3340

38%



SECTION III - DEVELOPMENT



Henry Harms checking the tritium ion source prior to maintenance.
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Development

1 4C and 10Be Dating Equipment

The reflected Cs sputter source for obtaining negative ion

beams from milligram-sized samples is now in operation. Beams of

25 yamps of *C and 500 nanoamps of BeO have been produced.

Development work to improve reliability and reduce sample

changing time is continuing.

The electronics staff have designed and built an instrument

for measuring the current in the ion beam being used to stabilize

the accelerator. The device gives a precise measurement of the

total beam, including the portion falling on the stabilizer

slits.

The new injection system which will inject beams of

different masses into the accelerator simultaneously, is under

construction at Simon Fraser University.

Data Handling System

The data handling systems consist of a PDP-9 computer, a

PDP-15 computer, a TN 1710 pulse height analyzer and an ND 1100

pulse height analyzer. The solid state physics group have a

PDP-11/05 system used on-line and a PDP-11/03 system used off-

line. The PDP-15 is used mainly for off-line data analysis. It

is capable of being used on-line, but is used in that capacity

only by the 1 4C group. A 9-track mag-tape unit has been

acquired for the PDP-15. In order to reduce the time required
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for analysis of address recorded data, a 256 K word random access

memory is being added in such a way that it simulates a disk.

Tritium Source

There were no changes in the design of the tritium ion

source but considerable experience was gained in using and main-

taining previously contaminated source parts.

During the week of September 27, 1980, a five-day run using

low intensity triton beams was successfully performed. Many of

the expensive components used in the previous triton run were

used with minimal contamination of the ion source box and "down-

stream" components. At the conclusion of the run, the entire

source was moved to the tritium source storage rack for use in

future experiments.

Sputter Source Development

Sputter ion source development has been carried on with two

separate sources.

(1) Mark III Source

This source is now currently used for all heavy ion work and

has been successfully developed for use as a "reflected" source.

Other improvements include the use of Boron Nitride insulators in

critical high temperature areas as well as improved methods of

supporting and alignment of the caesium sputter assembly.

(2) Mark IV Source

Development of the "Mark IV" source is proceeding slowly but

it should be on the test bench by January or February of 1981.

The following work has been completed.

- 110 -



Phil Ashbaugh inspecting the caesium section of the new sputter

source.
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The steerer power supply for the new ion source,
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a) A high voltage support platform has been constructed and

approximately 75% of the electronic components have been

installed.

b) A 100 kV air insulated accelerator tube has been received and

fitted with voltage grading resistors.

c) All source mechanical drawings have been completed and

machining and testing of components is about 80% complete.

There has been considerable delay with this aspect of the

work as one of our two machinists has been ill for three

months. However, it is anticipated that all mechanical work

will be completed by the end of January 1981.

d) The electronic components of the source are proceeding well.

Some 90% of purchased parts have been received and construc-

tion of "home-made" power supplies is about 60% complete. A

control terminal and a LSl-11 basic control computer has been

received. The micro-computer control systems have been

designed but are not yet built.

e) Vacuum Systems: The main diffusion pumping system and vacuum

gate valve has been received. Vacuum gauging and controls

have yet to be built.

Pulsed Beam Facility

The fast beam chopper at the high energy extension has been

rebuilt and the driving electronics modified to enable operation

at 10 MHz. Measured burst widths of 1 to 2 ns have easily been

obtained for proton and a beams. The 10 MHz injection buncher

and its driving electronics are complete. Measured bunch widths
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have been limited to 3 ns for protons and 3.5 ns for a beams by

velocity spread in the ion source. These widths will decrease

when the planned ion source upgrading to allow higher injection

energies is complete. Use of the fast chopper to take a 2 ns

"slice" of the present beam bunches will allow approximately 20%

beam utilization.

The deflection plates for the microsecond pulser, already in

place after the analyzing magnet, will be used to reject unwanted

beam bursts, providing beam burst separations of 50, 100, 150 ns

etc. Design work on the driving electronics is underway.

Target Lab Facility

A special small vacuum chamber has been constructed for

manufacturing carbon stripper foils using the "ethylene cracking"

method.

Methods have been developed for the production of self-

supporting 54Cr targets pf 200 - 500 yg/cm2 thickness from

approximately 5 mg. of its oxide.

Thick self supporting rare-earth targets such as Sm, Nd, and

Gd of 100 - 200 yg/cm thickness have also been produced.

Polarized Ion Source

A new "Diffstak" pump has been installed on the argon region

of the polarized ion source. This pump reduces the partial

pressure of non-condensable gases (especially hydrogen or

nitrogen from the duoplasmatron) and lowers the load on the

cryopumps. A new cryopump compressor has been installed which
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Jim Stark checking a turbo pump rotor.
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Maria Krystalski checking the Analogue Multiplexer,
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handles both cold heads simultaneously with higher capacity. In

addition, the number 2 cold surface has been replaced with a

prototype design adapted from developments at Daresbury.

The overall effect of these changes has been the elimination

of beam oscillations caused by the buildup of insulating surfaces

on the #2 cryopump and an increase in analyzed beam to perhaps

100 nA on average.

Focal Plane Detectors

A new multiwire focal plane detector for the spectrograph

has been under development all summer. It consists of five

anode wires giving both position and AE signals. The position

resolution was improved after modifying the detector body and

experimenting with different types of anode wire. Current work

is underway to further improve the resolution by optimizing the

electronics for maximum signal to noise ratio.

The delay-line detector has undergone some further develop-

ment with the addition of a scintillator for total E determina-

tion. Extensive work on the optimum configuration of electronics

has been carried out.

Electronics

Three research instruments have been developed during the

past year; a time to digital converter, a multiplicity filter

unit and a five input coincidence unit.

There is no commercial instrument available for measuring

time intervals in the range of a few microseconds to about 0.1
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seconds. A time to amplitude converter was developed to fill

this need. It consists of a counter and a 20 MHz crystal oscil-

lator with the necessary logic to start counting and to read the

contents of the counter when an event occurs. It contains a

first-in-first out memory that can store the time of occurrence

of as many as 64 events in a burst. The instrument is con-

structed in a NIM module and replaces an ADC in the pulse height

analyzer system.

The multiplicity filter consists of circuits to detect the

time of occurrence of events from 8 scintillation counters, and

logic circuits that produce an output pulse if any two or more

signals occur in coincidence within 100 nanoseconds. This filter

is used to eliminate low multiplicity events from analysis. All

of the circuits are contained in a single 10" x 12" chassis.

The five input coincidence unit is contained in a NIM

module. It is designed to receive the timing signals from up to

5 Ge detectors. Logic signals are produced when coincidences and

triple coincidences are detected. It is possible to gate this

unit by the output of the multipliciy filter unit.
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Anne Trudel assembling the wire detector.
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Personnel Associated with the Laboratory Nov. 1979 to Nov. 1980

Academic and Research Staff (McMaster University)

D.G. Burke Professor

J.A. Cameron Professor

J.A. Davies Professor/part time

G.U. Din Research Associate

E.E. Habib* Visiting Associate Professor

E. Hanunaren** Research Associate

A. Islam Post-doctoral Fellow

J.A. Kuehner Professor

I.G. Nowikow Research Assistant

A.A. Pilt Assistant Professor

W.F.S. Poehlman Research Associate

M.A.M. Shahabuddin Research Associate

R. Shang Research Associate

R.G. Summers-Gill Professor

D.A. Thompson Professor

J.C. Waddington Professor

* On leave from the University of Windsor

' ** Returned to University of JyvSskyia, Finland (August 1980)

1 Scientific Collaborators and Research Staff from Other

£r Institutions

! W.P. Alford University of Western Ontario

[ W.F. Davidson National Research Council/ Ottawa

i W.R. Dixon National Research Council, Ottawa

T.E. Drake University of Toronto
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P.K. John

J.Do King

R.C Korteling

J.R, Lien

G. LjzJvĥ iden

D.E. Nelson

J. Rekstad

J.J. Simpson

J.R. Southon

R.S. Storey

0. Straume

1. Tashlykov

T. Thorsteinsen

B.Y. Tong

University of Western Ontario

University of Toronto

Simon Fraser University

University of Bergen, Norway

University of Bergen, Norway

Simon Fraser University

University of Oslo, Norway

University of Guelph

Simon Fraser University

National Research Council, Ottawa

University of Bergen, Norway

Belorussian State University, U.S.S.R.

University of Bergen, Norway

University of Western Ontario

Technical Staff

P.G. Ashbaugh

J.W. McKay

R.A. McNaught

H.J. Blanchard

M.A. Krystalski

J.W. Stark

H. Harms

W.F. Williams

P. Ganza

Y.K. Peng

Director of Operations

Accelerator Engineer

Supervisor, Electronic Systems

Electronics Technician

Electronics Technician

/Accelerator Supervisor

Accelerator Technician

Accelerator Technician

Technician, Department of Engineering

Physics

Research Assistant
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J.A. Parkinson

J.F. Rosenthai

E. Cairns

A.S. den Bleker

Mechanical Maintenance

Mechanical Maintenance

Summer Special Systems Engineer

Secretary

Graduate Students

D. Bot

M. Buckby (Toronto)

E. Hampton (Toronto)

A. Ibrahim

V. Janzen

A. Larabee

A. Lee

H. Mach

B. Maddock

R. Newcombe

N. Parikh

R. Schubank

R. Sobie (Toronto)

D.V. Stevanovic

A. Trudel

M. Vetterli

L. Watt (Toronto)

F. Whiteside
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The terminal of the FN tandem.
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