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B. STAFF MOVEMENTS AND VISITÜI-.: 

Aipin this ye<?r the laboratory has benefited from the 
presence of several visitors si>onding all or part of t hoir 
sabbatical leave with us in order to work with the 14UD 
accelerator. Th-T>e people have provided a great stimulus to 
the activities of the department. The visitor program may woll 
become increasingly important, particularly as thé reliability 
and versatility of the 14UD accelerator continues to improve. 
Dr. G.M. Crawley returned to Michigan State University in August 
after spending a year in the laboratory. Dr. J.C. Lisle returned 
to the University of Manchester in February after a stay of seven 
months. Dr. J. Cerny (Lawrence Berkeley Laboratory, University 
of California) visited us for three months, and Dr. I.F. Wright 
(University of Manchester) was here for six months. Dr. G.J. 
Clark (C.S.Ï.R.O., Sydney) has been appointed a Visiting Fellow 
for one year while collaborating with the ion-solid interaction 
group, mainly in pursuing pollution studies. Dr. Jan Hellström 
(Ingenjörsvetenskapsakademien, Stockholm) arrived in Novcrr.bor for 
a stay of three months. Visits of a few weeks duration were made 
by Professor S.S. Hanna (Stanford), Dr. J. Freeman (Harwell), and 
Dr. K. Katoii (Tokyo). Short term visits, mainly for the purpose 
of giving seminars, were made by Dr. J.M. Poate (Bell Laboratories, 
U.S.A.), Dr. K. Amos (University of Melbourne), Dr. J. Ball (Oak 
Ridye National Laboratory) and Professor B.M. Spicer (University 
of Melbourne). 

The following new Research Fellows joined the deoartment 
during the year: Dr. A.F. Johnston, who had been working with 
the linear electron accelerator at the University of Glasgow; 
Dr. S.U. Sie, who had been working with the Emperor tandem 
accelerator at A.E.C.L, Chalk River, while based at Queen's 
University, Kingston, Canada; and Dr. A.F. Zeller, who had been 
doing heavy-ion physics with the tandem accelerator at Florida 
State University. Dr. C M . Bartle, from the University of 
Wisconsin, is working with us as an A.I.N.S.E. Fellow. 

Dr. K.H. Bray, who had been an A.I.N.S.E. Fellow, left the 
department in February to join the Department of Manufacturing 
Industry in Canberra. Dr. R.A.I. Bell resigned his Research 
Fellowship in March to take up studies for a Law Degree at the 
A.N.U. and was appointed a Visiting Fellow in the department. 
Dr. N. Shikazono returned to the Japan Atomic Energy Research 
Institute in December after spending three years here as a 
Research Fellow. 

During the year Dr. D.C. Weisser, a Research Fellow since 
1970, took up an appointment as Accelerator Research and Opera
tions Manager within the department. 

Three members of the Department, Dr. T.R. Ophel, Professor 
Sir Ernest Titterton and Dr. P.B. Treacy, spent periods overseas 
on study leave. 

Dr. Ophel returned in October after spending nine months at 
the Physics Division, Argonne National Laboratory, where he 
collaborated on work involving studies of heavy-ion transfer 
reactions. He attended the Particle Accelerator Conference and 
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the Spring h.P.S. meeting, both of which wore held in Wnshinjton 
D.C. Invited talks wore giver, at Aruonno, L.A.S.L. (Los Alamos), 
the University of Western Michigan, A.F.C.L. (Chalk. River) .nui 
the University of Manchester. He also visited the Nuclear 
Structure Facility at Daresbury and various equipment suppliers, 
including the Cyclotron Corporation in Berkeley, N.E.C. in 
Madison, Wisconsin, and the General Ionex Corporation and H.V.E.C. 
in Massachusetts. 

Professor Titterton was overseas from early May until late 
July. During this period he spent a little over two weeks in 
South Africa and six weeks in the United Kingdom. In South 
Africa, Sir Ernest gave lectures in the Universities of Witwaters-
rand, Pretoria and Capetown ' nd at the Southern Universities 
Nuclear Institute. He gave an address to the Association of 
Scientific and Technical Societies of Soutu Africa at Kelvin 
House, Johannesburg, and lectured at the Atomic Energy Establish
ment, Pelindaba. His lengthy visit to the U.K. involved calls to 
most major laboratories conducting nuclear structure researches 
and to all those engaged in major accelerator developments. 
Lectures and seminars were given in Oxford, Birmingham, the 
Science Research Council's Nuclear Structure Laboratory and the 
Atomic Energy Research Establishment. En route home, Sir Ernest 
visited the Weizmann Institute (Israel) where a second 14UD 
accelerator similar to ours is under construction. During calls 
in the University of Malaya (Kuala Lumpur) and the University of 
Singapore, Sir Ernest gave lectures to staff and students and, in 
each centre, delivered a public address. In .ddition, two radio 
interviews were given - one for the BBC in England and the other 
for Radio Singapore. 

Dr. Treacy was overseas during August and September. In 
Auckland, New Zealand, he visited the University and also visited 
ANAC Ltd. to discuss equipment under construction. In Europe he 
attended conferences at Zurich (International Conference on 
Polarization) and Amsterdam (International Conference on Atomic 
Collisions in Solids). He also discussed nuclear and atomic 
physics problems at the Universities of Strasbourg, Heidelberg 
and Oxford and at the U.K. AERE, Harwell. 

Professor J.O. Newton will be away for most of 1976 for 
sabbatical leave at Lawrence Berkeley Laboratory, University of 
California. 

Dr. R.H. Spear visited Sweden in Apri-1 for acceptance tests 
of the ESP90 magnetic spectrograph constructed by Scanditronix 
for use with the 14UD accelerator. He also visited the tandem 
accelerator laboratory at the University of Uppsala. 

Dr. R.B. Alexander attended the following two conferences in 
September (with support from his Q.E.II Fellowship allowance): 
(i) International Conference on Ion Beam Surface Layer Analysis, 
Karlsruhe, West Germany, and (iî  International Conference on 
Atomic Collisions in Solids, Amsterdam. In addition, he 
vitited the Institute of Physics, University of Aarhus, Denmark; 
the Clarendon Laboratory, University of Oxford; and the U.K. 
AERE, Harwell. 
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Dr. CM. Bartle attended the conference on Nucl»ar Cross 
Sections and Technology held in Washington D.C. in March. 
Subsequently he visited the Lawrence Livermoro Radiation 
Laboratory and the Oak Ridge National Laboratory. He also spent 
a week at the University of Wisconsin, where he conducted experi
ments with a graduate student on the l,Ffe (n ,n) uI!e reaction and 
gave a seminar on the A.N.U. accelerator facilities. 

Professor Titterton gave a series of lectures in the James 
Cook University, Townsville and at the invitation of the Uriver-
sity of Technology, Lae, visited them to give a number of 
lectures and seminars for staff and students. He also visited 
the University of Papua New Guinea (Port Moresby) giving a 
public lecture and a number of talks to staff and students. 

Dr. M. Borsaru obtained .lis Ph.D. degree during the year, and 
is now working with the Division of Mineral Physics, C.S.I.R.O. 
Dr. C.S. Newton submitted his thesis, and has been appointed to 
a Research Fellowship in the department to continue his investi
gations of ion-solid interactions. Mr. I..0. Barbopoulos has 
completed the work for his thesis and has taken an appointment 
as Teaching Fellow at Duntroon Military College. 

The department was represented at the following conferences: 
A.I.P.-NUPP Summer School at Goolwa, South Australia, February 
17-20 (J.O. Newton, J. Narzynski, R.II. Sp>.-ar, E.W. Titterton and 
P.B. Treacy); Second Australian Conference on Science Technology, 
AMZAAS-SA Inc. (paper presented by Mr. A.H.F, Muggleton); Fifth 
Radio-Biological Conference at Lucas Heights (K.W. Titterton); 
and the joint Sydney University-AIiMSE Plasma Physics Conference 
(b'.W. Titterton) . 

Mr. C. Kobayashi, a member of the technical staff of the Japan 
Atomic Energy Research Institute, visited the laboratory from 
September to December in order to observe the operation of the 
14UD accelerator; his institute will soon install a similar 
accelerator. 

t 
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C. INTRODUCTION 
The outstanding feature of the past yonr his bo.-n the strong 

shift of experimental activity from the FN tandem to the 14U0 
pelletror,. The 14UD was formally accepted from N.E.C. at the 
end of 1974. Its reliability and versatility have improved 
continuously during 1975. Much effort has been devoted to 
improvements in the vacuum sy^cem and to modifications of the 
corona-point assemblies. Most operation has been with terminal 
voltages in the range from 10 to 12 MV, although late in the year 
the machine operated satisfactorily at terminal voltages above 
13 MV. It is believed that voltage performance is now mainly 
limited by wear of the corona points, and operation at 14 MV is 
expected to »>e possible again when a new set of points is fitted. 
Beams accelerated so far include protons, deuterons, ''He, I 2 C , 
1 6 0 , 1 8 0 , '"N, 1 9 F , 3 ? S , 3 5C1 and 1 2 7 I . Losses of scheduled beam 
time have arisen mainly from problems with the lithium-exchange 
ion source? modifications made to the source during the year have 
significantly improved its reliability. Three be?m lines have 
been in us:, one with a 51-cm scattering chamber, one with the 
electron spectrometer, and one with a precision gamma-ray angular 
distribution cable. An extension to the target room C:Engehus") 
is being built so that an ESP90 magnetic spectrograph can be 
installed at the end of the scattering-chamber line. Other 
developments planned for 1976 include the commissioning of a new 
beam line which can use beams from the 2 MV accelerator as well 
as the 14UD, and the installation of a beam chopper, a sputter 
cone ion source, and a recoil distance apparatus. The IIP2100 d ita 
acquisition system and off-line system are both operating smoothly 
currently six independent ADCs may be used, and work is proceeding 
which will permit extension tc eight ADCs. 

The EN tandem has continued to operate reliably with a minimum 
of maintenance. Demand for beam time dropped sharply as routine 
operation of the 14UD became possible. The cyclotron injector has 
been out of operation of most of the year beca- se of problems with 
the vacuum system. Performance of the polarized negative ion 
source continues to be disappointing, particularly in view of the 
large amount of effort which has been invested in it; it is hoped 
that the electrostatic mirror/einzel lens system installed during 
the year will improve injection optics sufficiently to produce a 
significant increase in analysed beam. The IHM 1800 computer 
system can now handle up to six ADCs. The computer was seriously 
damaged by a lightning strike in late Octpber, and was out 
of operation until mid December. 

As would be oxpectcl with increasing availability of the 14UD, 
the emphasis of the department's research work has continued to 
move toward heavy-ion (M) physics. The study of yrast and 
statistical gamma-cascades following (HI,xn) reactions has been 
continued and extended. Spectroscopic investigations of tran
sitional nuclei near A = 150 and A = 190 have been made using 
Coulomb excitation and (HI,xn> reactions. As a result of Dr. 
Cerny's visit, a new program has been introduced which uses 
neutron-rich ' 80 beams to produce reactions in neutron-rich 
targets, and so populate exotic nuclei far from the line of 
stability; using the reaction 6"Nit 1 8O, 2 0Ne) 6 2Fe, the mass 
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excess of 6 2Fe was measured to !>o -58.93 5 t 0.0 50 MeV, and an 
excited state of f 2Fe was observed at 0.53 ± 0.05 MeV. 

One of the most interesting research findings made during 
the year arose from a systematic study of the quadrupole moments 
of the first excited 2 + states of the even-A cadmium isotopes. 
The technique used involved measurement of the re-orientation 
effect in Coulomb excitation with beams of "He and I 6 0 . Previous 
experimental work had given confusing results which had been 
interpreted as showing substantial variation of quadrupole moments 
with mass. Theoretical calculations had been performed to fit 
this variation. The A.N.U. results show that there is no sig
nificant variation of the quadrupole moments with mass number, 
and suggest that substantial modification of previous theoretical 
calculations is required. 

Direct-reaction investigations using (p,d), (p,t) and (d,p) 
reactions have continued. Among the residual nuclei studied 
are 7 ' ' 7 9' 8°» 8'Se and 9 7 » 1 0 l R u . Angular distributions have been 
obtained for many excited states and analysed using the DWBA. 
The isotopes 5'»* 5» 5 7Mn have been studied via the (m,p) reaction; 
many states not previously observed have been found, and corres
ponding angular distributions extracted. 

Alpha capture to the giant multipole resonances in 5 8Ni, 
6"Zn and 6 6Zn has been studied using th* 25.4-cm Nal(Tl) crystal. 
In each case the E2 strength was founu o be about 10 to 15^ of 
the El strength, and to exhaust about 40% of the energy weighted 
sum rule. 

The ion-solid interaction program on the 2 MV accelerator has 
included studies of radiation damage, atom location, channeling 
and beam foil spectroscopy. In addition, a preliminary collabora
tion with '"•.S.I.R.O. has resulted in an applied program using 
ion-induced X-ray analysis to monitor airborne pollution. 
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D. RLSKARCH EQUIPMENT AND COM! ilTKR PROGRAMM IUC 

1. The 14UU Accelerator (Weisser, Ophel) 
The accelerator was available for research for the qroater 

part of the year followinq acceptance from W.E.C. in December 
1974. Earlier, N.E.C. had made various modifications to the 
vacuum pumps inside the pressure vessel to improve pumping along 
the low energy tube. The chanqes involved the addition of a 
sublimer pump near the mid-section, between units 6 and 7, and 
of hot-filament ionizer units there and in each of the terminal 
pumps. At the same time, an electrostatic quadrupole triplet 
and power supplies were installed in the terminal. The triplet 
was not part of the oriqinal contract;. Located about mid-way 
between the foil stripper and the high energy tube entrance, the 
focussing provided should mitigate multiple scattering by the 
stripper foil and provide partial charge-state selection of the 
beam accelerated in the high energy tube. Difficulties encoun
tered due to spark damage of the pump contrôla were complicated 
by the unreliable performance of the ionizers. The decision 
was made to accept the machine on the basis of measurements made 
at 14 MV with beams of protons and 3 5 C 1 , prior to installation 
of the pumps, rather than allow details of pump operation to 
prolong formalities and thus delay effective use of the accelera
tor. It had been established previously that most of the beam 
loading effects were due to inadequate vacuum within the low 
energy tube, and the modifications, when operating effectively, 
were considered to represent a more than adequate solution. 

The ionizer units at the mid-section and terminal were 
finally replaced with 10 litre/sec triode ion pumps. The pump 
current meters are monitored by T.V. to provide pressure .neasure-
ments at each location. Tests had shown that the combination of 
a conventional ion pump of very modest capacity and an N.E.C. 
sublimer pump could easily attain pressures of <v 10" 8 torr. It 
is evident that with clean, tight and well-baked systems, such 
as the N.E.C. tube and the stainless steel beam lines, the load 
of non-getterable residual gas is small and readily pumped by a 
small dxode or (preferably) triode ion pump. The ionizer unit 
of the external system at the low energy ei:d of the accelerator 
has also been replaced by a similar triode pump leaving only the 
one N.E.C. ionizer in the corresponding system at. the high energy 
end. It too will be replaced shortly. Inadequate de-coupling 
of the ion source vacuum from the low energy entrance of the 
accelerator, which undoubtedly contributed to beam loading, had 
been observed when protons were being accelerated. When the 
lithium exchange source was installed and helium source gas used, 
pressures throughout tho accelerator and beyond the analyzing 
magnet increased to above 10~ 5 torr since neither the original 
ionizer units nor the replacement 10 litre/sec ion pumps provided 
anywhere near sufficient inert gas pumping speed. Installation 
of a pumping impedance of 0.2 litre/sec reduced the low energy 
tube pressure to 1 x 10" 6 torr. Replacement of the N.E.C.pump, 
located between the source and the inflection magnet, by a 250 
litre/sec turbomolecular pump has solved the problem, enabling 
th. source to be operated without restricting the helium flow 
required for maximum output. A more practica] mounting arrange
ment for the N.E.C. sublimer cartridge has been devised in which 
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tho assembly is mounted on a sm-i 11 confiât flanqo. This des ion 
enables sublimers to be changed much more conveniently and with
out removing the main pump flamje. 

With the present configuration, pressures throughout the 
accelerator are typically below 10"' torr with beam. Some beam 
loading is still evident but it is much reduced from the level 
which obtained without continuous terminal pumping. 

Of the total scheduled beam time of 4400 hours, actual opera
tion amounted to 2800 hours, the difference arising mainly from 
problems with the source. Typically, terminai voltages ranged 
between 10 and 12 MV, although toward the end of the year, 
measurements were made with terminal voltages above 13 MV for a 
period of five days. Regular openings were scheduled 'io allow 
assessment of the corona-point voltage distribution assemblies 
and of shielding of electrical systems from spark damage. 
Simultaneously with the pump modifications, the original single 
corona point assemblies on the tube were replaced with three-
point assemblies in which the points were soldered in place 
rather than clamped. A similar arrangement was used on the 
column where previously three single-point assemblies were mounted 
on each equipotential plane. The wires connecting tube element 
ends to the column between units were removed. Initial experience 
with the new points was much more satisfactory than had been 
obtained with the single points for which the effects of inter
mittent contact, of point fracture and of points falling out had 
proved very troublesome. Over the year, there have been essen
tially no column point failures. Tube point failures (excessive 
wear) occurred in regions of the low energy tube where mis-
focussed beam could strike the tube. Replacement of the two 
connecting wires in each unit, in the region where the point 
wear was found, eliminated the problem in the low energy end. 
Subsequently, substantial failures of points began suddenly 
along the sections of the high energy tube. The likely cause 
was again beam striking tube electrodes due to problems with the 
power supplies of the terminal triplet. It is believed that a 
solution has been four.i for this. In less than one year of 
operation, the gradual wear of the points has reduced the current 
drain at a given gas prer.sure and terminal voltage by a factor of 
two. We antic-pate replacing all of the points throughout the 
machine to re-establish sufficient corona current drain at high 
tank gas pressures. 

Two catastrophic failures happened during actual operation. 
In the first, beam burned through the bellows of a valve outside 
the tank in the high energy drift section letting the entire 
accelerator vacuum system up to atmospheric pressure. The 
machine was operational one week later after replacement of 
gauges, sublimers and ionizer filaments throughout. The second 
event was the breaking of a charging chain after an estimated 
life of 3600 hours. While the cause is still being investigated, 
inspection suggested that one or more pellets fractured. Three 
new chains were installed, complemented by the new flared 
inductors and shim contacts on the pulley wheels. The charging 
system now .uns extremely well without the anomalous intermittent 
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effects soon with the previous chains, and terminal voltaqes of 
13MV and above were achieved readily after its installation. 
Operation at 14 MV is expected to be possible .iqiin wh.;i a no.. 
set of points is fitted. 

Extensive work has been done to achieve more effectively 
interlocked protection of the various systems. The original 
vacuum protection, consisting of fast valves triqgered by 
ionization qauqe controllers, was too easily tripped by machine 
sparks. Appendage ion pump units have been used instead. Motors 
within the pressure vessel, which drive the lotatinq shafts and 
charging chains, rely or convective cooling by the tank gas. One 
incident occurred where the shaft motors were damaged, probably 
by operation when the tank pressure wis too low. Operation of 
the motors has been interlocked with tanK gas pressure and with 
tube vacuum. The possibility of a component failure causing the 
tube to suddon'y attain tank gas pressure remains a matter of 
concern. Tests of many of the components with pressure bursts 
of 200 p.s.i. hav shown that suitably constrained bellows are 
adequate and that i\r-ju_ of the components within the reqion 
presently isolated by the fast valves can withstand such an 
impulse. Even so, it is planned to install fast valves, adequate 
to prevent significant loss of sulphur hexafluoride, closer to 
each end of the pressure vessel to minimize the number of com
ponents (in particular with bellows-actuated assemblies) within 
the protected region. 

Initial evaluation of the terminal triplet has been encourag
ing. With oxygen beams, use of the triplet increases the 
intensity of a desired charge stat^ Learn by about 2C%. For 
chlorine, the enhancement is 50%, orresponding to a particle 
transmission of 70% from the low e.iergy entrance (tank cup) to 
the beam stop beyond the analyzing magnet. Typical beam currents 
throughout the machine when the triplet is used are as follows: 
1 6 0 / 1 8 0 - terminal voltage 12 MV 

a) tank cup 1.5 yA 
b) totel beam at high energy exit 
c) analyzed beam 4+ 0.1 uA 

5+ 1 .25 UA 

6+ 3 . 8 uA 

7+ 1 . 2 5 uA 

8+ 0 . 1 yA 

5.2 pA 
0.025 ppA* 
0.250 puA 
0.633 pyA 
0.179 puA 
0.012 puA 

6.5 uA 1.10 puA 
Transmission ^ 73% 

puA : particle micro-amperes 
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l S('T ~ tormina] voltage 13.1 MV 
n) tank cup 0.27 yA 
b) t o t a l bean; a t h igh ene rgy e x i t 1.5 y A 
c ) a n a l y z e d beam 6+ 0 . 0 1 uA 0.O02 pyA 

7+ 0 . 2 1 uA 0 . 0 3 1 pyA 

3+ 0 . 5 1 pA 0.06' ' , pyA 

9+ 0 . 5 7 uA 0.O6 3 puA 

10+ 0 . 3 0 A 0 . 0 3 0 pyA 

11+ 0 . 0 6 yA 0 . 0 0 5 pyA 

12+ 0 . 0 0 6 yA 

1 .67 uA 0 . 1 9 5 puA 

Transmission 'v 71% 
Without the triplet, almost identical analyzed chlorine 

beams were obtained when the injected lrw energy beam intensity 
was 0.75 yA. The discrepancies between the total exit beam and 
the sum of the analyzed beams for th° various charge states are 
attributed to variations of electron suppression at tin_ two 
locations. Bean loading for oxygen beams of intensities simi]ar 
to those given above accounts for about half of the total 
charging current, e.g. 95 yA out of a total of 202 yA. 

Th2 beam quality is excellent. This is manifested by the 
ability to close the image slit gap of the analyzing magnet to 
0.030" without significant beam loss and by the good trans
mission through tight collimating systems used on the beam 
lines in the target area, e.g. better than 701 through 0.060" 
diameter collir. ators. 

2. 14UD Foil Lifetimes 
Our experience with foil lifetime is a qualitative impression 

gained as a by-product of experimental use of the machine. The 
relevant statistic for efficient operation of the accelerator 
is how frequently one is forced into the tank because of ex
haustion of the 113 foils. In our experience, a load of foils 
lasts from 45 to 60 days. During such a period the machine 
would typically be accelerating, as a percentage of time, oxygen 
65%, sulphur 10%, helium 20%, protons/deuterons 5%. In the use 
of these beams no complete foil breakage occurred. Preliminary 
tests with 120 nA of iodine resulted in 1.5 hour foil life. 
Generally for oxygen, foils arc changed when the beam current 
falls to half its initial value. For 6 + beams, this usually 
occurs after 8 to 12 hours. It seems that when pressing for 
high current in low charge states, the foil lifetime for oxygen 
reduces to about 6 to 8 hours. The foils in use are estimated 
to be from 2 to 5 yg/cm2. 
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3. Gas-Handling System forth«' 14UD Accelerator (Spoar,Weisser) 

The system has operated reliably throughout tho y.-.ir. : ; 
mid November, 1975, 35 complete transfer cycles had been per
formed, corresponding to a rate of 1.06 per ^onth since the 
s/^teii1 was charged with SFg in January 1973. losses of SF^ 
have been insignificant during the past year, and the total 
loss so far is estimated at about 7,600 lb. of the initial 
charge of 65,000 lb. No additional SFg has been added to the 
system. A reserve store of 22,500 lb. exists. 

Because of concern expressed in some laboratories about the 
effects of oil contamination on the insulating properties of 
SFg, visual and tactual evidence was sought for the penetration 
of oil into the 14UD tank; no such evidence was found. 

4. Negative Ion Source (14UD) (Weisser) 

Several modifications of the General Ionicj lithium exchange 
source have inproved its reliability and usef ulnc-oS. Adequate 
beams of 1 6 0 , ' 8 0 , 1 9 F , 3 2 S , 3 5 C 1 have been obtained using very 
dilute gas mixtures of about 1% of contributing gas in 99% ÏI2 -
This has resulted in typical filament lifetimes of o0 hours to 
80 hours. Improvements in the design of the lithium boiler and 
its heat shields have extended the useful life of a charge of 
lithium beyond twelve days. 

In almost all cases, the maximum beam current is limited 
either by the experimental counting rates or target heat 
dissipation problems, or by machine loading difficulties. 

Beam Source Gas Typ.Intensity Typ.Limitation 

counting rates 

ion source 

ion source 

loading/counting 
rate 

loading 

counting rate 

ion source 

counting rate 

counting rate 

proton 
deuteron 

Ü2 ) 
d 2 ) 

1.5 uA 

''He -He 1.5 11A 
1 2 C 5% C , 

95% h2 ' 1 uA 

1 6Q 1% co 2 

99% H 2 

3 M A 

1 8 0 0.5% C 1 8 0 ? 

99.5% H 2 

3 UA 

1 9p 0.5% SFg 
99.5% H 2 

1 uA 

I » N 4% N 2 

96% H 2 

1 pA 

3 2s 0.5% SFg 
99.5% H 2 

1 uA 

3 6C1 1% Chloroform 
99% H 2 

3 uA 
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5. Magnetic Spectrograph for HUD Accelerator (Kean, Spear) 
The KSP90 split-pole spectroqraph arrived from S-.ir.d i t j on i x 

on July 15. Unfortunately, construction of the F.ngehus u:.d not 
commence until October 1. Staqe I of the Enqehus was complete 
by the end of November. The rails and support carriaqe for the 
maqnet will now be installed, and the maqnet itself lowered 
into place. Staqe II (roof plus mezzanine floor) is due to 
commence on March 1, 1976. A heavy-ion detection system will 
be constructed for use in the focal plane. 

6. Energy Calibration of 14UD Accelerator (Baxter , Lsat, 
F ewe 11/, JoyaP, Kean, Spear") 

The beam enerqy calibration cf the 14UD has been determined 
with a precision of t 5 keV using the 14.231-MeV resonance in 
the 1 2C(p,p 0) and 1 2C(p,a 0) reactions. The resonance shape for 
the latter reaction (measured at 9^a^ = 40°) indicates a beam 
energy resolution of 1.7 ± 0.3 keV. The beam energy has also 
been calibrated to an accuracy of 3 parts in 10^ at 33 MeV 
equivalent proton energy by comparing the energies of back-
scattered aJpha particles from a thin 17C target with the energy 
of alpha particles from a thin ThC" source. The analysing 
magnet constant at 33 MeV agrees with that at 14 MeV within the 
experimental errors Differential hysteresis effects are 
avoided by takinq the current to 200 amps and back to zero 
three times before bringing the magnetic field up to the desired 
value. 

7. Recoil Distance Apparatus for the 14UD (Dracouiis, Sie) 
A nv. recoil distance apparatus for use on the 14UD has 

been designed and is being constructed. The design drew 
heavily on the Chalk River and Manchester models, with several 
improvements added to increase its versatility. It is antici
pated that this apparatus will allow determination of the 
target to stopper distance to an accuracy of 25 microns, which 
for a recoil velocity of the target nuclei of 2% of c would 
correspond to a time resolution of 4.25 picoseconds. We have 
had the cooperation of Mount Stromlo Observatory workshop to 
polish the stopper to the required degree of flatness (a few 
microns). Completion of construction is expected before the 
end of 1975. 

8. Beam Chopper for the 14UD (Sie, Weisser) 
A relatively slow beam chopper (minimum repetition time of 

0.4 us) with high duty cycle is beiny designed in cooperation 
with G.J. Clarke of the School electronics shop. The chopper 
is designed primarily for experiments involving (HI,xn) 
reactions, e.g. to distinguish the radioactivity y-rays from 
reaction y-rays, and for studies of long Lived (T 2 0.5 us) 

y Member of Department of Physics, School of General Studies, 
A.N.U. 
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isomeric states. The system will be non-resonant, generating 
a square wave voltage of 700 volts amplitude and 50 ns rise 
time with "pulse on" width and repetition period ind̂ pf-ndr-ü * î y 
variable in steps of 200 ns. An upper limit to the repetition 
period of 500 ms has been set. The deflector plates will be 
located between the ion source and the inflection magnet. 

Preliminary beam optics calculations by I.G. Graham 
indicated that one r.nit of deflector plates could be used both 
for the lithium exchange source and for the new Hiconex source 
to be installed. It is anticipated that the resultant rise 
time for an 1 S 0 beam will be better than 80 ns. 

Completion of this project is expected at around the 
beginning of 1976. 

9. The FN Tandem Accelerator (Ophel, Weisser) 
Though the En tandem continued to operate reliably, demand 

for beam time dropped sharply reflecting the greater avail
ability of the 14UD. Furthermore, because data acquisition 
facilities were inadequate, after the breakdown of the 1800 
computer, for the work in progress, the accelerator was shut 
down for six weeks for general maintenance and upgrading pro
jects. Many of these had been delayed unduly by the shortage 
of technical manpower during the period in which the 14UD was 
being brought into operation. As a result, annual operation 
totalled only 4500 hours as compared to the usual 6000 hours 
or more in past years. 

Seven tank openings were required. Four were necessary to 
repair minor electrostatic problems (resistors and tube-to-
column springs) which were the result of prolonged operation 
at 6 MV and above. The remainder were scheduled openings to 
replenish foils in the stripper. Early in the year, the 
negative ion source suffered minor damage when overloading of 
the focus resistors ignited the perspex shield surrounding 
the high voltage feedthroughs on top of the vacuum box. The 
source was out of commission for 10 days. 

In the future, it is likely that research projects using 
the accelerator will mainly comprise those which exploit the 
relatively unique features available,viz. the cyclotron injector, 
the polarized ion source and the large Nal(Tl) spectrometer 
system. 

10. Cyclotron Injector (Gebbie, Ophel) 

Throughout the year, the cyclotron vacuum system was plagued 
by beckstreaming of oil into the dee region, preventing sched
uled use of the machine. When the probiert first became apparent, 
failures of the recirculating system supplying cooling water to 
the diffusion pumps were thought to be responsible. The pumps 
were cleaned and charged with DC704 oil but the backstreaming 
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persisted. Subsequently, col i caps recommended by the pinker 
(N.R.C.) wore fitted to replace the baffles fitted by the 
Cyclotron Coloration and Santovac 5 pump fluid war. used 
instead of the DC704. Rackstreaming is still occurrinq, though 
siqnificantly reduced from earlier. The dees and the extrac
tion deflector electrode now hold normal voltages and it is 
anticipated that schedui?d operation will re-commence shortly. 

11« Energy Calibration of the EN Accelerator (Baxter , Esat, 
Fewell)1', Joye?^ Kean, Spear~) 

The beam energy calibration of *-he EN tandem has been 
checked every few months during the year. The results are in 
agreement with those obtained last year, and indicate a long 
term reproducibility for 8-MeV "Mle ions of better than 5 parts 
in 101*. The image slits were removed for polishing on several 
occasions during toe year, so the slit flanges appear to re
locate satisfactorily, making optical re-alignment unnecessary. 
At 8 MeV equivalent proton energy the true beam energy is 4 ± 2 
parts in 101* lower than that calculated by computer programs 
such as ENFREQ. 

12. Polarized Negative Ion Source (Hollas) 
The electrostatic mirror-einzol lens system for inflecting 

the polarized negative ion beam and forming the correct waist 
for injection into the EN tandem has been completed. Tests 
using a beam from the PNIS, upstream from the tandem axis, 
indicate that greater than 80% of the beam is reflected through 
90°. The mirror and eirfeel lens were installed on the EN tandem 
during a tnree day shutdown. The mirror has not yet been fully 
tested in the final position. The einzel lens, which is 
positioned at the low energy base plate of the pressure tank, 
improves the transmission for most ion beams from the HVEC 
negative ion source. 

13. Associated Particle System (Bartle) 
A 30 cm thin wall scattering chamber has been constructed 

in the School workshop and is being installed on one of the EN 
tandem beam lines for experiments using fast neutrons. The 
cnamber incorporates a rotatable detector table which is 
supported on a bearing axis and can be positioned externally. 
Support for the chamber is provided by a steel pillar mounted 
at the centre of a standard angular correlation table. A 
rotating target assembly which fits the top flange of the 
chamber should be complete before the end of 1975. Other 
equipment constructed for the system includes: a photomultiplier 
unit with temperature stabilization and improved electronic 
stability, neutron beam profile measuring equipment, two fast 
preamplifiers and insertion amplifiers, and a range of curface 
barrier and neutron detectors. 

/ Member of Department of Physics, School of General Studies, 
A.N.U. 
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14. 2 MV Accelerator (CS. Newton) 
The accelerator has operated reliably for a period of 

1200 hours, mostly for 1-MeV lielium ions. The only repair 
undertaken was to replace the radio-frequency power supply 
valves, which exploded inside the tank for some unknown 
reason. The main use of the accelerator has been directed 
to radiation damage studies and airborne pollution studies. 

15. Radiation Protection (Gebbie) 
The now routine operation of a third major accelerator 

together with a greater awareness by department personnel of 
the radiation hazards around the laboratory, has prompted a 
good deal of activity this year in the radiation protection 
area. 

Detailed radiation surveys around the environs cf the 14UD 
have now been made covering a wide variety of beams and energies 
The higher energy capability of the 14UD means that many beams, 
previously "safe" at EN energies, now pose a much greater 
hazard around the laboratory. 

The main sources of fast neutrons around both the 14UD and 
cyclograaff systems have been identified and local shielding 
installed in these areas. This particularly applies to the 
analyzing magnet accoss at the base of the 14UD tower and to 
the aperture, EN stripper and object slit areas of the cyclo
graaff. A large shielding wall is also under construction 
around target area 1, the area into which cyclograaff beams are 
run. Severe limitations on the use of high energy proton and 
deuteron beams from the 14UD must still be observed as the 
protection afforded public access outside these target area 
walls is inadequate for such beams. 

The fixed neutron-monitor system presently operating 
warning lights in the cyclograaff environs is being extended 
to the 14UD area. In addition, the monitors will eventually 
operate safety interlock systems on all doors leading to 
potentially hazardous areas. Electronics for this purpose are 
near completion in the School electronics shop. 

16. HP 2100 Systems for 14UD (Hay) 
The nuclear system has run smoothly throughout the year. 

The most common mode of data collection has been address 
recording of ADC data on magnetic tape, usually with portions 
of the data being selected to display 1- or 2-dimensional 
spectra during collection. The original test interface for 
the ADCs was modified last year to hr.idle either 3 ADC 
coincidences or up to 3 independent ADCs; it has been upgraded 
again to allow up to 6 ADCs, with the restriction that the ADCs 
actually being used must generate unique addresses not exceeding 
16K. As opportunity has permitted work has proceeded slowly 
with the 10-words-per-event interface (up to 8 ADCs, each up to 
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8K address ramjo, and up to 2 words of other arbitrary informa
tion); it is hoped to begin acceptance tests on this interface 
in the next 2 months. Hardware failures this year wore the 
loss of a power supply in the 7970B magnetic tape diivo, loss 
of the high voltage supply in the 2600A terminal, and drift in 
the X-position of the 1310 point display screen; only the 
first failure resulted in system "down-time" - a few hours 
until the fault. ..is identified and data recording switched 
through the link to the tape drive on the off-line processor. 
The software has received no attention, although it is rumoured 
that one of the subroutine packages for ADC reading, sorting 
and recording on magnetic tape may be capable of de-activating 
itself silently. 

Use of the off-line disk-based operating system has 
increased markedly for sorting address-recorded data, spectrum 
analysis, reaction kinematics and charged particle beam transport 
calculations. System software development has been practically 
completed this year. The main change has been development of 
an alternative means for connecting routines for driving 
peripheral equipment; from the users' viewpoint the benefit 
has been reduction of the memory-resident operating system 
from 9K to 5K words, while from the system viewpoint it is now 
much easier to read on-line diagnostic programs, recover from 
accidental "loss" of data, and develop new drivers. 

Several problems associated with disks have shown up during 
the year. On the hardware side these have included errors due 
to drive-belt slip, intermittent errors due to a faulty inter
face board, inability to use one disk subchannel because a 
demountable disk had knocked the heads out of alignment, and 
the replacement of a disk whose oxide surface had worn after 
25 months of continuous operation. In addition there have been 
some half-dozen cases of erroneous writing of data on disks; 
some of these were traced to programming errors in the original 
system, and some are still unexplained. Overall, the performance 
of the system has been good, with no significant loss of informa
tion and less than 3 days down-time in the year. 

17. IBM 1800 Computer (Hebbard) 
This year, until late October, was a quiet one for ust.~s 

of the 1800. However, a considerable number of wiring changes 
were made in the Interface Compute::, while still maintaining 
service, to achieve the planned control of up to 6 ADCs from 
either experimental area. The limitation still exists of a 
maximum of 6 ADCs from the two experimental areas served. This 
hardware is now fully installed and partially tested. All the 
software changes necessary have been incorporated into existing 
programs and new software for the additional ADC facilities has 
been developed but not yet tested. 

The 3 Nuclear Data ADC Interface Converters and the NIM Bins 
in which they are mounted have been modified successfully without 
interruption to service. In addition, a set of 3 Canberra ADC 
Interface Converters has been designed, constructed and put into 



- ;i 41/1976 

service. Those Interface Converters are designed so that a 
mixture of ADC types may be used to measure a nuclear event. 
They are also extremely useful as a service aid when fault 
findina, because they can provide the AhC with an environment 
in which it can free-run without involving the computer. 
During the development of the Canberra ADC Interface Converters, 
it was found that the ADC deadtime output signals did not always 
give a true reflection of the ADC condition. To correct this, 
the ADCs v/erc modified. Detailed timing of the components of 
deadtime gave information of value in the design of the 14UD 
Interface which uses only Canberra ADCs. 

During the year, the timing and control circuits for the 
experimental display boxes were replaced with an improved 
version. The software was modified simultaneously. This will 
extend the life of the storage oscilloscope screens by elimin
ating the spurious turn-on of storage mode which the former 
hardware required. It will also reduce the frustration of 
experimenters caused by the premature removal of their displayed 
dcta. A new display box for off-line users is under construc
tion. Using hardware available in these boxes, independent 
sets of data switches (with appropriate software) were provided 
for each of the two experimental areas and for off-line users. 

In late October, the 1800 computer was damaged by lightning. 
The destructive energy seems to have entered through the data 
link between the 1800 and the IBM 360/50 computer of the Univ
ersity Computer Centre. The 1800 did not become operational 
anain until the middle of December. It was repaired without 
the link to the 360/50 computer. The addition of the magnetic 
tape facility to the 1800 in 1973 had reduced the usage of the 
link almost to zero. Furthermore, the software at the 360/50 
end of the link was not designed to give us adequate or conven
ient support in transferring data through the link. Therefore, 
the elimination of the link will not cause any significant change 
in performance. 

18. Data Transfer and Processing (Nurzysnki) 
A set of programs has been written to facilitate transfer 

of IBM-1800 data to the UNIVAC-1108 computer, and their sub
sequent processing. The programs make it possible to read 
magnetic tapes containing IBM-1800 data and to create data or 
program files at the 1108 computer. Such files can be then 
accessed easily 

19. Computer Program for Analysis of Yrast Cascade Gamma Ray 
Studies (Sie) 

In the analysis of data obtained in studies of yrast gamma 
rays (see section E.7.1 of this report), the contribution of 
the discrete lines must be eliminated first, with the aid of 
appropriate gamma spectra obtained with a Ge(Li) detector. An 
interactive program to facilitate the analysis has been developed 
on the HP 2100 DOS system. The program makes extensive use of 
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dlskfiles compatible with those generated by I.e. Graham's 
program HPSKT. Most of the main features are of general use, 
such as routines for finding centroids and peak areas, cei'-i'.L 
acdition of spectra, and gain transformations. The central 
feature of the program is a means of synthesizing the Nal 
detector response function from several experimentally measured 
spectra of monochromatic gamma-ray sources. The spectrum •'s 
divided into several components: the photopeak, the Compton 
edge, the backscatter peak, and IP the case of high energy 
(K, > 1.02 MeV) gamma rays, the single and double escape peaks, 
are least squares fitted to a Gaussian function. The general 
Compton distribution is fitted to an inverted Gaussian up to 
the Compton edge energy. The fits to the backscatter, single 
escape and double escape peaks are made after this general 
Compton distribution is subtracted. The resultant parameters 
from fits to spectra of 1 3 9 C e , 2 0 3I!g, 7Bc, 1 3 7 C s , 5^Mn, 6 5Zn, 
i:iC.o, 8 B Y are found to vary quite snioo* hly with the y _ray energy 
Additional lineshapes from higher energy y-rays wore obtained on 
the 2 MV accelerator from the reactions 'Refp,'») (E. - 3.56 MeV) , 
1 5N(p,cO (Fy= 4.43 MeV), and 19F(p,«){E,.= 6.14 MeV); although 
there is some doubt about the effect or ambient background and 
geometry on the lineshapes. 

The desired response function of the Nal detector for any 
y-ray energy can now be constructed from the components by inter 
polatinc the parameters. Tests on this technique were made by 
comparing the measured complex 1 5 2 E u spectrum with that fabri
cated- The result was satisfactory except ;"or V.y < 200 keV, 
where the technique appears to be inadequate. Further improve
ment of the fitting procedure in this regime is being made. 

20. Program for Analysis of Doppler-Broadened Gamma-Ray 
Lineshapes (Sie) 

A program to calculate the lineshape of the photopeaks 
of gamma-rays emitted by an ensemble of nuclei recoiling in a 
solid medium has been adapted to run on the HP 2100 DOS system. 
This program was developed at Chalk River and was used there 
successfully in deriving lifetimes of high spin (I > 6) states 
populated by Coulomb excitation with heavy ions in the back-
scatter coincidence mode, in the regime of initial recoil 
velocity of 3-5% of c. The program uses the semi-empirical ^ 
Northcliffe and Schilling electronic — , Lindhard's nuclear -rj , 

dx , a x 

and the Blaugrund method for treating effects of largo angle 
nuclear scattering, which occurs predominantly at lower 
velocities (̂  <, 1%). A preliminary application of this progran 
at this laboratory has baen made on y-rays in l l , 9Sm following 
Crulomb excitation with 1 6 0 ions. Further development of the 
program is being carried out to improve the simulation of the 
multiple scattering effect at low velocities. 
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K. RESEARCH PROGRAM 
The? year saw "he publication of 22 papers by .-,ta!"f and 

students of the department, while 17 were in prroS. In 
addition, 13 internal reports were issued. 

1. REACTION MECHANISMS 
1.1 Reactions using f^si neutrons (Bartle, Gebbie, Hollas) 

This is a new program developed in co-operation with the 
AINSE and the AEC to study nuclei using fast neutrons. Equip
ment for the program should be complete before the end of 1975 
allowing experiments to commence at both ANU and the AEC at 
Lucas Heights. The initial experiments will be concerned with 
testing the performance of the equipment. At EN-tandem energies 
such -. system e n be used to produce a controlled fast neutron 
beam successfully (N.I.M. 121 (1974) 119) but similar experi
ments have not been conducted at cyclograaff energies. The 
Li(n,f*)t reaction is to be studied in the range 10-14 MeV in 

order to provide knowledge of the reaction mechanism, and cross 
section data for feasibility studies of fusion reactor concepts. 
These measurements are quite difficult to make accurately as 
highlighted by comments of E.P. Wigner OP recent progress in the 
field "Here is a dream of mine come true: in the case of the 
6Li + n £ Mie + 3He reaction all three cross sections, that is 
the two scattering and the one reaction cros? section, and even 
angular distributions have been measured" (summary on papers at 
Conference on Nuclear Cross Sections and Technology 1975 -
Proceedings Vol. II, p.964). It has bean shown that angular 
distributions can be unfolded from the pulse-height spectrum 
observed from reactions in 6Li I(Eu). Data obtained in experi
ments at the University of Wisconsin have been studied using 
several approaches. In the 2-4 MeV range reactions through an 
intermediate compound nucleus appear to dominate whereas direct 
reactions are important above 6 MeV. Angular distributions 
obtained in the 10-14 MeV range where no data of any description 
exist could be important in correctly understanding the reaction 
This also is a range important to tritium breeding calculations. 
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1.2 Search for "2-stcp resonance" in sarii(p,p') (Crawley', 

Frawley, Hollas) 

Jeramb and Amos have demonstrated (Z.Physik 267 (1974) 367) 

that the angular distribution data obtained by Jarvis et al. 

(Nucl.Phys. A102 ^ 1967) 625) for 17.2 MeV proions inelastically 

scattered to the first 1 state (2.9U MeV) in NJ can be 

reproduced by a microscopic antisyrametrized distorted wave 

calculation which includes core-polarization exchange terms (in 

the form of virtual excitation of resonances in the core system). 

Previous attempts to explain the (p,p') angular distributions of 

Jarvis et al. to the three unnatural parity states in 5 8Ni at 

2.90 MeV (l +) r 3.420 MeV (3
+) and 3.775 MeV (3+) had not been 

successful. 

The initial aim of the present study was t-.-> provide angular 

distributions for (p,p') to the 1 state at 2.90 MeV in steps 

of 1 to 2 MeV over a broad energy range up to about 25 MeV 

incident proton energy. The lower energy limit was to be the 

energy above which statistical compound nuclear effects become 

mimportant. To determine this energy, excitation functions 

v/ere taken at angles of 90°, 120° and 150 J. Fluctuations were 

observed in the p (ground state), p 1 (1.464 MeV 2 ) and 

p2(2.459 MeV 4
+) yields up to 20.6 MeV. At 20.6 MeV the 

fluctuations in the p 2 yield are still substantial. Excitation 

functions taken with 20 keV steps and larger running times 

between 18.10 and 18.46 MèV show very strong fluctuations in 

the yields to the 3 + states at 3.420 MeV and 3.775 MeV. No yields 

could be extracted for the 1 state at 2.90 MeV. Yields 

extracted for a number of other groups a.lso show substantial 

fluctuations. A Fourier analysis (not yet complete) of these 

excitation functions yields an overall average level width of 

about 13 keV. The present results show that the analysis of 

Geramb and Amos is not valid, and indicate that 5 8Ni is not a 

suitable target for the investigstion of 2-step resonance effects 

in inelastic proton scattering. 

t Not a member of this University. 
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2. DIRKCT RKACTIONS 
2 .1 Neutron pickup reactions on the Se istH. <>jpjis ( A n i o 1, 

Barbopoulos, Borsaru, Gebbie, Hollas, Nurzynski) 
The 9°» 8 2Se(p,d) 7 9- 6 lSe reactions have been studied at 

33 MeV proton energy. A total of 25 deuteron yroups corres
ponding to states in 7 9Se below 2.9 MeV have been observed 
and their excitation energies assigned. Angular distributions 
for 18 of these states were extracted with six of them being 
obtained for the first time in particle spectroscopy. DWBA 
analysxs yielded six new £ assignments and confirmed the 
assignments based on the (d,p) reaction (Phys. Rev. B_9 (1965) 
B350) for the remaining states. For 8 ISe, 31 particle groups 
were observed and 29 angular distributions were extracted. 
DWBA analysis resulted in 14 new £ assignments. 

The results for these and other Se isotopes indicate that 
the reaction mechanism can, in general, be quite well accounted 
foj by assuming a direct pickup process. However, the nuclear 
structure is far from being understood in this region. In 
particular the appearance of states with spins of 7/2 , 5/2 
at low excitations is puzzling. An attempt has been made to 
interpret these states as arising from Coriolis coupling. 
Accordingly, calculations for 7 5 » 7 7 » 7 9 » 8 I S e were carried out 

+ + 
assuming mixing of the Nilsson orbitals (440)1/2 , (431)3/2 , 
(422)5/2 + , (413) 7/2 +, (404)9/2+ and (4n)l/2 +. Quadrupole 
and pairing interactions were included in the calculations. 
The results indicate that, using a positive deformation, the 
presence of these anomalous states can be explained. Their 
.excitation energies and spectroscopic factors were found to 
be close to the measured values. 

2.2 8 0> 8 2Se(p,t) 7 8' B 0Se at 33 MeV (Aniol, Barbopoulos, Borsaru, 
Gebbie, Hollas, Nurzynski) 

Angular distributions to approximately 20 states in the 
8 0Se(p,t) 7 8Se reaction have been extracted. These distribu
tions are in the process of being analyzed with the DWBA theory. 

Spectra from the 82Se(p,t)8°Se reaction have been fitted 
with AUTOFIT and angular distributions are being extracted. 
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2 - 3 T h - ^ ' Q0»u(d,p) 9 7> ' 0 1Ru reactions (Amol, BarLopoulos, 

üorsaru, Gebbie, Hollas, Nurzynski) 

Tho neutron single particle structure of 9 7Ru and '°'Ru 

1U;G been investigated using the (d,p) reaction at F, - 11.5 

hoV. Tho only previous information on the level structure of 
9 7 Ru coir.cs fron studies of y-radiation following the decay of 
9 7Rh (Nuclear i,ata Sheets 1^ (1972) 86; S. Ohya, Nucl. Phys. 

A2 3 5 (1974) 361) and from the '"Hodi.ny) reaction (Nuclear Data 

Sheets J_JL_ (1972) 86). A new and more accurate determination of 

the (d,p) ground state Q-value and mass of 9 7Ru was obtained 

using the 1 3C(d,p Q),
 1 2C(d,p Q) and

 1 60(d,p ) reactions for the 

energy calibration. The value obtained for the mass is 

96.907554 +0.000033 amu, which is within the limits of the value 

96.90763 ± 0.00011 amu of the Wapstra and Gove compilation 

(A.H. Wapstra & N.B. Gove, Nuclear Data Tables A9_ (1971) 283) . 

Angular distributions for sixteen levels in 9 7 Ru have been 

analysed using the DWBA code DWUCK to obtain î.-values and 

spectroscopic factors. 

Previous information on the level structure of ]° lRu comes 

from studies of y-radiation following decay from '°]Tc and 
1 0'Rh, from Coulomb excitation and from the 1 0 CMo(a,3ny) reaction 

(Nuclear Data Sheets 1_1 (1972) 86) . In the present study, 

nineteen levels in ' ° ' Ru have been identified and are presently 

being analysed to determine £-values and spectroscopic factors. 

2.4 A study of the Mn isotopes (Aniol, Barbopoulos, Gebbie, 

Hollas, Nurzynski) 

The isotopes 5 3 ' 5 5 ' 5 7 M n have been studied using the (a,p) 

reaction induced by 18 MeV alpha particles from the EN tandem 

accelerator. Measurements have been completed and about 100 

angular distributions have been extracted for the three isotopes. 

The cross sections measured ranged from about 150 ub/sr at 15° 

for the strongly excited states to approximately 0.5 pb/sr for 

weakly exciced states. The results of these measurements yielded 

many states not previously observed in particle spectroscopy. 
S 7Mn is particularly interesting since no information has 

previously been reported concerning its excited states. Using 
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the (a,p) reaction, 50 r;tat.es wore identified as belonging to 
w M n and their excitation energies determined. Furthermore a 
new ground state 0-va lue for the reaction l *('r (a ,p) 5'"Mn has 
been determined and was found to be - 4302 • 20 keV. This 
differs by 132 keV from the published value (Nuclear Data 
Tables All (1973) 127). This discrepancy can be removed by 
assuming that the 83% branching mode of the ß-decay of 5 7Mn 
leads to the 136 keV level in 5 7Fe instead of to the 14 keV 
level suggested by Ward et al. (Nucl. Phys. AJ_3_4 Q969) 60). 
When this is done the Q-value predicted on the basis of more 
accurate measurements (S.S. Vasiley and L.Y. Shavtvalov, 
Soviet Phys. JETP lj8 (1964) 955) of the ß~ endpoint energy is 
-4 299 keV, in agreement with the direct measurements made in 
our experiment. 

Preliminary DWBA analysis has been carried out for the 
three isotopes. It has been found that, in general, angular 
distributions corresponding to states previously observed in 
single nucléon transfer reactions exhibit features of a direct 
transfer mechanism and can be, with some success, accounted for 
by the DWBA theory. However, the majority of states excited 
in the (a,p) reaction at this energy are featured by distribu
tions that cannot be described using such a simple approach. 
Using the distributions which exhibit clear features of a dirjet 
mechanism and which can be fitted well with the DWBA theory, the 
following new spin-parity assignments are suggested. For 
5 5Mn: 1.883 MeV, 5/2"; 2.199 MeV, 7/2". For 5 7Mn: 0.081 MeV, 
7/2"; 0.849 MeV, 3/2~; 2.841 MeV, 3/2*. 

Measurements at 26-MeV alpha-particle energy have been 
commenced using the 14UD accelerator. It is hoped that the 
reaction mechanise,, will be less complicated at this energy and 
that spin-parity assignments will be easier to make for a 
greater number of states. 

3- SPECTROSCOPY OF LIGHT NUCLEI 
3.1 The 1 2 C ( « , Y ) reaction (Bray, Frawlp; f Ophel, Treacy) 

The excitation function of the 1 2C(a,y) reaction at 90° 
was remeasured to resolve discrepancies relating to the 

http://tat.es
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positions and relative strengths of the resonances near 7.04 
and 7.88 MeV and to establish off-resonance yields more 
accurately. 

The measurements were made with the 2 5.4 cm sodium iodide 
spectrometer since cosmic ray suppression was essential to 
observe the off-resonance yield. Excellent agreement was 
obtained with earlier work in this laboratory and at Caltech. 
Use of the backgro ind suppression prevented accurate cross-
sectior determinations. Since published data differ by a 
factor of two, a re-measurement on resonance with a smaller 
detector is planned to complete the work. 

3.2 High spin states in 2 l >Mg (Johnston, Hegqie , Wright ) 
High spin states of 2 l ,Mg in the vicinity of 20-MeV 

excitation energy are being investigated using the 
1 2C ( ' 60,a,a2Y) 2 °Ne reaction in the hope of identifying the 
10 state of the ground state rotational band. Excitation 
function measurements have been made for l 5 0 lab. energies 
between 48 and 68 MeV and (o,,a2) coincidence measurements at 
60 and 63 MeV. Further triple correlation measurements are 
required. 

3.3 The spin of the 8.374-MeV resonance in 2 ,I' observed in 
proton elastic scattering from 2 8Sj (Aniol, Dartlu, 
Gebbie, Hollas) 

The 8.374-MeV resonance state in 2 9 P is thought to be the 
T„ = -1/2 member of the T = 3/2 isobaric spin quartet, which 
has its parentage in the T„ = +3/2 ground state of 2 9A1. 
Hardy and Verall (Phys.Lett. 13̂  (1964) 148) first obtained 
evidence for this state when they detected "delayed" proton 
decay from the T = 3/2 states following super-allowed ß decay 
from 2 9 S , and subsequently Hardy and Skyrme (Isobaric Spin in 
Nuclear Physics, ed. J. Fox and D. Robson, Academic Press. Inc. 
NY 1966) used the isospin allowed reaction 3 ,P(p,t) 2 9P to 
populate this state. Morrison et al. (Phys. Rev. 174 (1968) 
1366) and later Bardin et al. (Phys. Rev._C5 (1972) 1351) 

•H Not a member of this University. 



studied the résonance via 2 8 .c,i (p,y ) 2 9 p excitation functions, 
and Teitleman and Temmer (Phys. Rev. 177 ( 19Gc>) lf,rj6) dctor-
mined the proton partial width in elastic scattering excitation 
functions. The identification of this resonance as having 
isospin T = 3/2 is based on its narrow to:.al width and the 
large y-radiation partial widths, as well as the 1=2 inter
ference pattern observed in proton elastic scattering 
excitation functions. Bardin's analysis of angular distribu
tions of y-radiations to known spin states in 2 3 P restricts 
the spin of the resonance to 3/2 or 5/2. If this resonance 
has T = 3/2, then it must have the same spin and parity as tue 
ground state of 2 9 A l , determined to be 5/2 by Jaffe et al. 
(Proc. Phys. Soc. (London) ]_6_ (I960) 914). 

An experiment tc uniquely determine the spin of thr: 

8.374-MeV resonance has been initiated. The first attempt to 
locate the narrow (T ̂  200 eV) resonance was unsuccessful due 
to instabilities in the ANU 150V-25A DC power supply of the 
analyzing magnet. Using a Hewlett Packard 6274A 60V-15A power 
supply and the biased target technique of Morris and Ophel 
(Nucl. Instr. and Meth. 4_0_ (1966) 245), the resonance has been 
located and optimum target thickness and accelerator parameters 
determined using an unpolarized proton beam. Excitation 
functions at three angles for the analyzing power of plastically 
scattered polarized protons will be measured over the resonance 
to establish the spin. 

4. GIANT MULTIPOLE RESONANCES 
4.1 The 160(rt,p)19F reaction (Frawley, Hollas, b -zono) 

The purpose of this experiment is to observe the isoscalar 
giant multipole resonances (especially the giant quadrupole 
resonance) through the (ct,p) reaction. 

Recent analysis of (a,y) data for sd shell nuclei has 
revealed that the semi-direct capture mechanism significantly 
contributes to the E2 capture cross section. This indicates 
that the E2 a-capture reaction proceeds through the doorway 
state in which the core nucleus is excited to the isoscalar 

l 
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CQR and the u-particle is captured into an orbit around the 
core nucleus. Since the GQR i:; a coherent p.irt iclo-hn I n 
state, this doorway state should have large particle width. 
Therefore, if we look at the final states whi~h contain large 
amplitudes of a hole state of the core plus an a-particle, 
we may expect to select this doorway state among others. 

Based on this rather simple idea, we chose the 
1^Oja.p)'9F reaction to observe the effect of GQR because 
(i) 2 0Ne has a large a-particle spectroscopic factor, and 
(ii) the negative parity states of 1 9 F are known to be well 
described by proton hole states of ' 6 0 plus an ot-pdrticle. 

The strong concentration of EI strength at about 25-MeV 
excitation energy of 1 $ 0 has been observed by a polarized 
proton capture y-ray measurement and by 160(p,p') measurements. 
Since protons can excite both isoscalar and isovector GQR, it 
is not clear whether this E2 strength is isoscalar or isovector. 
It was hoped that we could give the answer to this problem if we 
could observe the doorway stats through the 1 60(a,p) 1 9F reaction 
because a-particles can excite only isoscalar states. 

The excita Lion function has been measured at 66.5°, 130° 
and 164° from E = 23.4 MeV to E = 26.85 MeV using the 14UD 

a a 
pelletron accelerator. A W0 3 target of 200 uq/cm2 with gold 
backing was used. Three Si surface barrier detector telescopes 
and a monitor were put in the 51 cm scattering chamber. In 
order to reduce the background, particle identification was 
carried out. An overall energy resolution of about 50 keV was 
obtained and protons leading to individual states of ' 9F up 
to 6.5 MeV excitation energy were clearly separated. These 
states include all spins from 1/2 to 13/2 for positive parity 
states, and from 1/2 to 9/2 for negative^ parity states. 

A detailed analysis has not yet been done, but a prelimi
nary analysis of the 164° excitation functions reveals some 
structures which seem to be due to resonances rather than 
statistical fluctuations, because peak positions are correlated, 
i.e. all excitation functions for protons leading to different 
final states have a common peak energy. In addition, there is 
a tendency for the excitation functions for higher spin states 
to have more structure. Thi~ is also inconsistent with 
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Statistical fluctuations for which the excitation functions 
for lower spin states .should have more structure. At the 
present stage, it is rot clear whether these resonances are 
isolated states or some kind of intermediate states. Obvious
ly we need more detailed analysis of the data, and the 
measurement of anyular distributions would give more informa
tion. 

We would also like to emphasize that this is the first 
measurement of resolved proton yroups leading to individual 
final states of I 9 F . Therefore, apart from the original 
intention, this data should Live useful information about the 
reaction mechanism and the nuclear structure of final states 
of , 9F. 

4.2 Radiative capture of alpha particles using the 25.4 cm 
Nal(Tl) spectrometer (Bennett, Hickey, Shikazono, 
Weisser) 

The study of a-capture to the giant dipole and quadrupole 
resonances has continued this year. Three more nuclei have 
been examined, in all cases the capture reaction to the giant 
dipole resonance being isospin allowed. Experimentally this 
work utilizes the 25.4 cm Nal(Tl) crystal spectrometer with its 
inherent good rejection of cosmic-ray background, as the cress 
sections are of the order of ub/sr. 

(a) Alpha capture to the giant multipole resonances of 5 >Ni 
The reaction s*Pe(a,y) S 8Ni has been used to investigate 

the giant dipole and quadrupole resonances in 5 9Ni. An excita
tion function was measured from 8.0 to 14.5 MeV bombarding 
energy in 150-keV steps. In addition nine angular distribu
tions were measured. The yield showed rapid fluctuations of 
the order of the step size. The E2 strength was found to be 
10 to 15% of the El strength and in this case exhausted 45% 
of the energy weighted sum rule. The results are well fitted 
by compound nuclear calculations. 
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(b) Alpha capture to 6 l , ' 6 é Z n 

The reactions 6 °Ni (a.v) 6 uZn and 6 2Ni (<t,y ) f f' 7n have both 

been studied. excitation functions have been measured in 

250-keV steps from 6.5 to 14.5 MeV and from 4.0 to 15.0 MeV 

bombarding energy respectively. Ten angular distributions 

were also measured in both cases. Roth excitation functions 

exhibited fluctuations but these had evidently been damped 

down by finite target thickness effects. Again the E2 strength 

was seen to about 10 to 15% of the El strength. For 6 1 ,Zn, 

the El strength exhausted 30% of the energy weighted sum rule, 

and for 6 6 Z n , 40% (assuming that the El radiative capture 

proceeds through the compound process). Compound nuclear 

calculations on these nuclei are still in progress. However, 

it does appear at this stage that these two nuclei are not as 

well fitted by these calculations as other nuclei studied. 

(c) Theoretical calculations 

Calculations reported last year on l , 0Ca have now been 

extended to '"'Ti, 5 8 N i , 6**Zn and ' 6 Zn. As El radiative 

capture in sd-shell nuclei proceeds mainly through the 

compound process, an assumption is made that this is also 

true for the fp-shell. This allows one to obtain the total 

Y-absorption cross section. This procedure gives, for 

example, values for the giant dipole resonance of l*''Ti of 
r± r 

E D = 17.5 MeV and e 2 -£• • -ip£ =0.07 from the ANU data. 
R F G rY 

r _ denotes the radiative width of 100% of the energy weighted 

sum rule and t! other symbols are as used by Shikazono and 

Terasawa (Nucl.Phys. A250 (1975) 260). Furthermore, for this 

case, the E2 radiative capture can be shown to be consistent 

with calculated compound cross sections, it not being clear 

that there is any contribution from direct or semi-direct 

processes. 
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5. COL! LOMIJ FXC ITAT ION 
5.1 Réorientât ion effect measurements in the cadmium 

isotopes (Baxter , Bell, Fsat, Koan, Spear) 
All the experimental data have been obtained for a 

systematic study of the static quadrupole moments Q ? + and 
D(E2) values for the first excited states of the even-A 
cadmium isotopes. Beams of ''He and I 6 0 ions from the EN 
tandem were used, and scattered particles were detected 
close to 180° using a high-field annular surface-barrier 
detector. For the ''He data, peak to backyround ratios 
achieved were an oider of magnitude better than those 
reported for similar experiments by other workers. Contrary 
to theoretical predictions and previous experimental results, 
we find no evidence of significant variation in Q ? + with mass 
number. Assuming constructive interference from higher 2 
levels, we obtain: 

Q 2 +( 1 0 6Cd) = -0.32 i 0.08, Q 2 + ( , 1 0 C d ) = -0.36 ± 0.08; 
Q„+( , 1 2Cd) = -0.42 j>. 0.08, Q->+(lll,Cd) = -0.38 t 0.08; 
Q 2 +( 1 1 6Cd) = -0.42 ± 0.08 eb. For 1 1 6Cd, BfE2: 0 + - 2 +) = 
0.532 + 0.004 e 2b 2, 20% lower than the previously adopted 
value. Data for 1 0 8Cd are still being analyzed. 

5.2 Reorientation effect measurements in the region A = 200 

(Baxter', Esat, Joye , Kean, Spear) 
Using techniques similar to those which have been applied 

to study of the cadmium isotopes, quadrupole noments Q 2+ are 
being measured for isotopes of mercury apd lead. Due to 
difficulties in fabrication of suitable targets, these experi
ments are still at an early stage. For 2 0 6Pb, a preliminary 
value B(E2: 0 + -* 2 +) = .089 e 2b 2 has been obtained. This work, 
which requires ''He beams from the EN and 1 6 0 beams from the 14UD, 
is intended to provide information regarding the approach to 
sphericity at 2 0 8Pb. 

? Member of Department of Physics, School of General Studies, 
A.N.U. 
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5.3 Quadrupolc moment measurements of light nuclei (Baxter, 
y 

Fewell , Kean, Spear) 
Preliminary measurements have been made for the study of 

the reorientation effect in light nuclei usinq Coulomb excita
tion of the projectile. Satisfactory beam quality from the 14UD 
has been obtained, and early difficulties with the stability 
of the lead chloride targets appear to have been due to 
unnecessarily small beam spot size. Beam energy calibration 
measurements, which are required for reliable reorientation 
measurements, have been completed up to 33 MeV equivalent 
proton energy. 

5.4 Coulomb excitation of odd-A samarium isotopes (Dracoulis, 
Garrett, Leigh) 

Coulomb excitation studies of the odd-A samarium isotopes 
I I , 7Sm and 1 1 , 9Sm have been completed. Energy levels, transition 
probabilities, parities and some spin assignments have been 
determined. 

Detailed calculations have been performed assuming inter
mediate coupling between E vibrational core and particles (or 
holes) in the f 7/ ? shell. The model parameters are derived 
from a fit to ,l,f'Sm energy levels. Smooth variation of the 
phonon energy and coupling strength then produces excellent 
results for energy levels and transition probabilities in 
l u 7Sm, '-»Sm and 1 , , 9Sm. 

5.5 Coulomb excitation of 1 5 1 E u (Dracoulis, Garrett, Leigh) 

The low-lying states of , 5 1Eu are not well established 
due mainly to the complications introduced by several pairs 
of states separated by less than 1 keV and similar problems 
due to unresolved y-rays. In order to clarify the level scheme 
several high resolution y-y coincidence experiments following 
the Coulomb excitation of 1 5 3Eu by ' 60 ions have been performed 
By using hiyh resolution small volume planar GeLi detectors 
(as well as larger detectors) a number of previously unobserved 
low energy transitions have been found and the high resolution 

y Member of Department of Physics, School of General Studies, 
A.N.U. 
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has allowed sepatute coincidence data to be taken for the 
previously unresolved lines. Further, a number of higher 
energy transitions not previously identified in Cou Ion, h 
excitation have been found. These results will allow the 
deduction of a level scheme consistent with previous Coulomb 
excitation work, and with the results of both ß-decay and 
particle transfer reactions. Further measurements are planned 
to determine the spins and transition strengths of the low-
lying states. 

5.6 Coulomb excitation of the 3 state in1'''Cd (Johnston, 
Kean) 

It has been suggested (D.R. Gill et al., Phys. Rev. Lett. 
3_2 (1974) 889) that the level at E x = 1.959 MeV in ^ C d , 
previously thought to be the single-phonon octupole vibrational 
state, does not have spin and parity of 3 but rather 1". 
Coulomb excitation by 1 7 C ions is being used to determine the 
spin, parity and ground state transition probability of this 
level. Preliminary results tend to confirm the 3 assignment. 

6. HEAVY ION TRANSFER REACTIONS 
6.1 Exotic nuclei (Cerny , Crawley , Mickey, Shikazono, 

Weisser, Zeller) 
This year has seen the introduction of a new program of 

heavy-ion transfer studies at high energies using the 14UD 
accelerator. Initial emphasis has been on accelerating neutron-
rich u 0 to produce reactions on neutron-rich targets. The 
object of this has been to populate exotic nuclei far from the 
line of stability by various forms of heavy-ion transfer 
reactions. Demonstration of the stability of such nuclei and 
measurements of their mass-excess are important physical 
parameters. Such information is of interest, amongst other 
things, in determining the limits of nucléon stability. 

- As such reactions proceed with exceedingly low yields 
(v 1 ub/sr), the measurement of angular distributions is 
impractical. Consequently the structural information obtained 
from such work tends to be limited to identification only of 

t Not a member of this University. 
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excited states. In order to complement these exotic nuclei 
studies with investigation of the reaction mechanisms themselves, 
exploratory work has commenced with the ('"ri/'u) reaction on 
selected targets. 

The main experimental difficulty in dealing with heavy-ion 
reactions, other than tliose associated with the low yields 
involved, is the identification of the reaction product. 
Various alternative methods to do this include magnetic 
spectrometer analysis, time-of-flight techniques, enerqy loss 
measurements in a thin detector backed by a thicker one ( A E - E ) , 
or a combination of these methods. While identification of 
heavy ions as light as the carbon isotopes is now routine in 
most laboratories, it is much more difficult to identify iso
topes of oxygen and neon which «re of interest in this work. 
By taking advantage of the high enerqy of ions, identification 
of differing isotopes of the same element has been achieved 
with a four-counter telescope. The first two detectors provide 
two separate AE signals, the third provides the E, and the 
fourth is a veto detector to reject those unwanted light 
particles that traverse the front three counters. In this way, 
two independent mass signals are obtained. S"ch a system 
routinely separates the oxygen isotopes, and when assisted 
with favourable reaction Q-values, is able to separate 2 0 N e 
from 2 2 N e . 

(a) " ,Ni( 1 8Q, : ; oNe) 6 2Fe 

The ( 1 8O, 2 0Ne) reaction is of special interest as its 
light ion analogue is the impractical (n,3He) reaction. A 
96 MeV ' 8 0 beam was used to bombard self-supporting 6"Ni 
targets. The reaction was found to proceed with a cross 
section of ^ 4 yb/sr. The value for the mass excess of 6 2 F e 
was measured to be -58.935 ± 0.050 MeV. In addition an 
excited state of 6 2 F e was observed at 0.58 ± 0.05 MeV. 

(b) * 8Ca(' 80, 2 °Ne)" 6Ar, » 8Ca(' B0, 2 2 N e ) " *Ar 

A 105-MeV 1 8 0 beam was used to bombard ""'ca targets placed 
on carbon backings. This experiment has been designed to 
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measure the mass excess of both ^ A r -"uid " 6Ar. Tnese two 
nuclei have both been observed previously in light ion 
reactions. However the light ion reactions were beset with 
problems from carbon and oxygen contaminants that are not 
present for the heavy ion reactions. The data from this work 
aie currently being analyzed. 

(c) 1 9O( 1 > !0 >
1 ,'0) ? ?() 

? 2 0 has been observed as being a stable nucleus from 
deep inelastic scattering work. However there exists some* 
controversy over its mass excess (see, for example, Jelly et 
al., Phys.Rev. Cil (1975) 2049). Tnis experiment has been 
designed to resolve this situation. A beam of 96 MeV 1 8 0 
bombarded a target of Li 1 8OH. This compound was chosen as 
target material because elastic (Rutherford) scattering from 
a material containing a heavier element (say WO ) , could cause 
appreciable background problems. In addition to detecting the 
l>,0 in the counter telescope, another detector was placed in 
the complementary recoil position so as to detect 2 2 0 recoils. 
Unfortunately problems caused by oxygen isotopic exchange in 
the LiOH target reduced the effective target thickness and 
only an upper limit to the cross section of 900 nb/sr has been 
found. It is intended to repeat this experiment shortly using 
a more effective target material. 

(d) 2"Mg, 2 , ;Mg("'N, 1 0B) 2 9si, 3 0Si 

Preliminary work on these eactions has commenced with 
excitation function measurements. 

6.2 Elastic, inelastic and transfer reactions induced by 
1 2 C and ' 3 C (Leigh, Pollacco, Shikazono, Weisser) 

A search was conducted to obtain optical parameter sets 
which simultaneously fit the excitation function data described 
in last year's report for single neutron transfer, inelastic 
and elastic scattering of carbon ions incident on N = 28 target 
nuclei. It was shown that the best fit to the elastic data 
using the global search code 'Genoa* did not provide an 
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acceptable fit to the inelastic data, calculated using the 
DWBA code NUCSCAT. However, potentials which fit th.- in
elastic scatterinq data also provide reasonable fits for the 
elastic scattering. The resulting potential reproduces the 
n-transfer excitation functions exceedingly well. 

Experiments to study thi same reactions with oxygen 
isotopes have already started. Optical model results are not 
however available yet. 

7. EXPERIMENTS INVOLVING (hcv.vy-ion,xn) REACTIONS 

7.1 Yrast and statistical y-cascades following (HI,xn) 
reactions (Dracoulis, Leigh, Johnston, J.O. Newton, 
Sie) 

The work reported last year is continuii.g. The good 
rotational nuclei 1 ? I*W and 1 7 5 W have been studied through the 
(160,4n and 5r) reactions on 1 6 2 » 1 6 3 D y and 1 6 3, 1 6 l*r>y respectively. 
The odd-mass nucleus ' 6 l Yb has been studied through the 
reactions l * 8Sm (' 6 0 , 3n) and '' h 9Sm (' 60,4n) . An attempt has 
been made to observe the spectra at lower y-ray energies than 
before. As a check on the validity of the (n,y) coincidence 
method, which has the advantage of relatively high data 
collection rate, I 6 1 Y b is also being investigated through the 
much slower but more definitive (Y»Y) method. Considerable 
effort has been put into developing improved computer programs 
for fabricating the Nal "discrete line" .spectra from the 
intensities deduced from the coincident Ge(Li) spectra. 
Analysis of these results is not yet complete but tho general 
features of the yrast and statistical spectra appear similar 
to those reported for 1 6 0 / 1 6 2 Y b last year. 

7.2 High spin states in W nuclei studied by (160,xn) reactions 
(Dracoulis, J.O. Newton, Sie, Walker, Wrighth 

In association with the "yrast" experiment (see 7.1) 
measurements have been made to establish the level scheme in 
1 7 5 W using y-ray spectroscopy following the (160,xn) reaction 

t Not a member of this University. 
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on the Dy isotopes. Several rotational bands have been 
observed a^i further measurements are planned to clarify the 
ordering of the low-lying intrinsic states. This study will 
be extended to survey the behaviour of high spin states in 
both "W and W and in the neighbouring even-even nuclei 
1 7*W and 1 7 2 W . 

7.3 Systematic studies of the feeding of rotational levels 
in (d,3n) reactions (Dracoulis, Ferguson*, Leigh, 
J.O. Newton, Slocombe) 

As stated in the 1974 annual report, the relative in
tensities of ground state rotational band (gsb) members 
populated in the (d,3n) reactions leading to the nuclei 1 5 8Dy, 
1 £*Er, I 6 8 Y b , 1 7 , ,Hf and 1 8 0 W are being studied. Similar 
studies following (ot,xn) reactions have reported a deviation 
from a statistical population expected for these (relatively) 
low-spin reactions, and the presence of a small proportion of 
delayed feeding with lifetimes in the nano-second reqion. 
Emphasis in the presenc work has been placed on the observation 
of and the identification of the source of the delayed feeding. 
Small amounts of delayed feeding were observed in all the cases 
studied and the sources have been identified in all but one 
case with known high K isomeric states. A theoretical analysis 
of the results in terms of a model of the de-excitation process 
which includes preferential decay through high K rotational 
bands is in progress. 

7- 4 Spectroscopic studies of the odd Eu nuclei populated in 
"••he (d,3n) reaction (Dracoulis, Leigh, J.O. Newton, 
Slocombe) 

high spin states in the odd proton nuclei l l , 9Eu, 1 5 1Ea 
and 1 5 3 E u which span the well known transition region near 
neutron number N = 88 are being studied using y-ray spectros
copy following the (d,3n) reactions on the even-even Sm 
isotopes. 

Rotational bai ..s in the deformed nucleus , 5 3 E u (N-90) 

Former member. 
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have been established up tc spins of about 25/2. The results 
of this study including an analysis of the band structure 
using the rotational model including Coriolis coupling have 
been published. The calculations successfully account for the 
rotational band built on the «»round state 5/2 [413] and for 
the perturbed 5/2~[532) band, but fail to explain the phase 
of the perturbation in the 3/2 [4111 band. 

The related study of the N = 88 nucleus 1 5 1 E u is progress
ing and in conjunction with this work a complementary study of 
the Coulomb excitation of ' 5'Eu is being carried out [see 5.5]. 
The data on 1 5 1 E u , nominally a spherical nucleus, indicate the 
presence of a decoupled band; that is, a cascade of stretched 
E2 transitions with energies similar to the spacing of the 
ground state band of the even-even core 1 5 0 S m or 1 5 2Gd, based 
on the 11/2 isomeric state at 196 kcV. The presence of this 
band indicates deformation and may be evidence for the co
existence of spherical and defo- ad shapes in this transitional 
region. No evidence is seen for bonds built on the proposed 
deformed 5/2 state at 261 keV identified in the 'p,t) reaction 
on 1 5 3Eu (Taketani et al. Phys. Rev. C12 (1975) 108; Burke et 
al. Phys.Lett. 4 3ü (197J) 470). This may be a consequence of 
the decay mode of the (d,xn) îeaction which will preferentially 
populate the higher spin states at low energy. 

The analysis of the spectroscopic data on | 1 , JEu is at an 
early stage. 

7.5 Study of > 9 9 T 1 , 2 0 1 T 1 ana 2 B 3 T 1 through (d,3n) and (g,2n) 
reactions (Dracoulis, J.O. Newton, Slocombe) 

Measurements and analysis of the data on z o l , 2 0 3 x l have 
continued. Detailed level schemes and spin assignments have 
been made. The level scheme for 2 0 3 T 1 differs from that of 
2 0 1 T 1 , in that no evidence is found for the rotational band 
based on the 9/2"[505] state. Similarities are however found 
between levels in the two nuclei which are presumably based on 
spherical states. Coriolis calculations have been made in 
order to try to explain the systematics of the rotational states 
observed in the odd mass nuclei 1 9 1 - 2 0 1 T I . Since the positions 



of tho lov; spin states may provide crucial information regard
ing the validity, or otherwise, of those calculations, y"Y 
coincidence measurements have been made on t he ! , 7 Au (,*, 2r.) ' '* "* Tl 
react: ;.on at 22-MeV bombarding enerqy. This reaction gives much 
cleaner spectra than the (d,3n) reactions on the mercury oxide 
targets. It is hoped that the low angular momentum input at 
22 MeV will enable more information to be obtained on the low 
spin states than did the previous measurements at 27 MeV, 
which were directed towards study of the very high spin states. 

7.G Electron spectrometer studies of ' 8'Ta(' 9F,4n)' 9 6Pb 
(Baxter**, Fewell*\ Hinds**, Joye**) 

Conversion electron and y~ray studies of the excited 
states of 1 9 6Pb have continued using the x 8 ' T\ (* 9F, 4n) ' 9 6Pb 
reaction, with a self-supporting Ta target (about 1 mg/cm 2). 
This reaction has a lower background yield than the previously 
used J 8 uW( 1 60,4n) 1 9 6Pb reaction, because the latter target was 
tungsten oxide on a carbon backing. Data have also been 
obtained on the out-of-beam decay of 1 9 6 P b , yielding information 
on the states of 1 9 6 T l , and also on I 8 , T a + 1 9F Coulomb 
excitation. 

Coulomb excitation is a considerable problem in our electron 
spectra because of its very high yield together with the poor 
electron energy resolution (8 keV at 624 keV, at best). The 
latter has been the subject of considerable effort during the 
year and we have still not succeeded in getting good energy 
resolution from commercial Si(Li) detectors in the spectrometer. 
Because we have used several electron detectors there is still 
a large amount of calibration work to be done before internal 
conversion coefficients can be determined. 

7.7 Vacuum dcoricntation following (HI,xn) reactions 
(Dracouiis, Gebbie, Sis, Slocombe, Walker) 

Atoms recoiling at high velocities from target foils 
following nuclear reactions have a range of charge states and 
f Member of Department of Physics, School of General Studies, 

A.N.U. 
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exist in a range of excited atomic states. As the atomic-
states decay the hynerfine field at the nucleus is changing 
in both magnitude and direction. The interaction of the 
field with the magnetic moment of the excited nuclear states 
which in (ill,xn) reactions are partially aligned with respect 
to the beam direction deorients these states resulting, for 
example, in attenuation of the y-ray angular distributions. 

In an attempt to study this effect with the ultimate aim 
of gaining information on the magnetic moments of high spin 
states we have compared the angular distributions of y-rays 
from the ' 2 2Sn ( '60,in)'3"Ce reaction with the Ce nuclei 
recoiling in vacuum, and into Fb backings. At the recoil 
velocities of this reaction (< 1% v/c) the effects are 
expected to be sr.all and we have not observed a significant 
difference between the two cases. The presence of contaminant 
y-rays from competing reactions and from (16ö,4n) reactions 
on the small proportion of other Sn isotopes in the targets 
has severely limited the attainable experimental accuracy, 
particularly for measurements with the vacuum recoil cases 
where the y-rays are Doppler ihifted. Measurements are 
continuing with (32S,4n) reactions in which the higher recoil 
velocities may produce more favourable results. 

7.8 g-factors of high-spin states (Gebbie, Sie, Walker) 
Interest in g-factor measurements of high spin states 

(I > 10) has been spurred by various newly observed phenomena 
such as the so-called "phase-transition" and "shape-transition" 
in the highly excited heavy nuclei (A > 10t. . These states 
are usually populated following (HI,xn) reactions, and the 
g-factors are measured through the effect of deorientation 
occurring during recoil in vacuum. However, several experi
ments have indicated that at high value of nuclear spin, the 
effect may weaken, if not altogether vanish, due to decoupling 
of the nuclear from the atomic spin, which is the source of the 
perturbing magnetic field. We are exploring the possibility 
of using another known strong magnetic field, i.e. the transient 
field which acts on a nucleus recoiling in a polarized ferro-
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magnetic médium. Since the tine between the formation of the 
compound nucleus and the population of the level:; of interest 
is of the order of a f< ;: picoseconds, the nuclei will he 
allowed to recoil through vacuum for the period prior to im
plantation into a magnetized host such as iron. 

One of the problems involved is the high background 
radiation from reactions on the iron. To suppress this, a 
coincidence requirement between the y-rays and the K x-ray 
of the product nucleus will be used. Preliminary runs on the 
14UD employing 156 MeV 3 2 S beams on prospective targets and 
on Fe foils showed that the discrete lines are not overlapping. 

ö. 10N-SQL11) INTERACTIONS 

(Alexander, G.J. Clark , Hay, C.S. Newton, Treacy) 

The present ion-solid interaction program has grown out 
of research in beam-foil spectroscopy started in this depart
ment in 1969. A high-vacuum facility for beam-foil and 
channeling studies has been assembled on the 2 MV accelerator, 
from equipment that has been either bought or developed within 
the department and school. This equipment is now being 
relocated in order to utilize beams of energetic ions from 
both the 2 MV and 14UD accelerators. 

The present interests of the group include channeling in 
single crystals, radiation damage in crystals, beam-foil 
spectroscopy and ion-induced x-ray analysis. Brief des
criptions of current projects are given below. 

( .) Radiation damage studies 

This is a continuation of work reported in the Ph.D. 
thesis of G.G. Newton. Radiation damage induced by 1-McV 
helium ions in alkali halide single crystals has been studied 
by simultaneous observation of back-scattering of channeled 
ions, emission of characteristic K x-rays and optical 
absorption in the F-centre band. The original aim was to 
investigate the apparent annealing effect which had 'een 
observed in the back-scattering yield. This effect is also 

t Not a member of this University 
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seen in the x-ray yields. This can be explained in terms of a 
model based on the aggregation of point defects, formed by 
electron-hole recombination, accompanied by F-centre saturation. 

This work will be continued with the 1 4UD accelerator using 
fast heavy ions (- 90 MeV 1 2 C ) . Detailed observations of optical 
absorption spectra are planned in order to help identify more 
specific defects produced by different ion types and damage 
densities. 

(b) Atom location s tuaies 

The ain of this work is to determine the lattice location 
of Gd implanted into Fe single crystals (dose 5 x 10 ions cm ) 
The experiments involve the channeling and backscattering of 
2 MeV ' *• N ions, and preliminary results indicate that ̂ 4 0% of 
the Gd is in substitutional sites. The results will be compared 
with earlier results for the location of Yb implanted in Fe, and 
with hyperfine interaction measurements on both Gd and Yb im
planted in Fe (carried out elsevhere). This is to investigate 
a hypothesis that a substantial fraction of the Gd and Yb is 
internally oxidized in the Fe host. In addition to this aspect 
of the work, the Gd location results should help to clarify the 
influence on channeling dips of strain caused by impurity atoms. 
Further experiments will be carried out with more energetic ions 
from the 14UD accelerator. 

(c) Basic channeling studies 

Theoretical methods have been developed to compute quantum-
mechanical scattering of ions by thin single crystals U 50 
atom-layer thickness). Results so far seem to imply that 
diffraction effects with swift heavy-ion' beams (e.g. 1-MeV 
protons) should be detectable, and that correlated thermal 
vibrations in the crystals may be observable. 

It is planned to do experiments with thin crystals to 
measure precise angular distributions at different temperatures. 
In certain cases, the use of very low temperatures (liquid 
helium) may be necessary. Techniques for such experiments are 
being explored. 
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(ci) Computer simula t ions of channeling 
Monte Carlo computer calculations, based on a classical 

model, are beiny carried out to simulate the channel ing of 
charged particles in a crystal lattice. The aims of these 
calculations are threefold: 

(i) To study the effect on channeling trajectories 
of strain caused by impurity atoms and lattice 
defects. This is important in flu: interpretation 
of channeling experiments for determining impurity 
atom location and for investigating radiation 
damage in single crystals. Related experimental 
investigations are planned (see *b)). 

(ii) To calculate theoretical blockiny distributions, 
in order to investigate certain probier - in the 
interpretation of blocking experiments for 
measuring short compound nuclear lifetimes. In 
particular, the influence of depth effects on 
the blocking distribution is being examined. 

(iii) To investigate fundamental aspects of the 
channeling process. These calculations are 
complementary to analytical quantum-mechanical 
calculations being performed by Treacy (see (c)). 

(e) Beam-foil spectroscopy 
This is a continuation of work reported in theses of 

M.H. Doobov and C.J. Sofield concerning Stark splitting of 
states in ions excited by passage through a foil. Passage of 
the excited ions from a zero electric field in the vicinity of 
the foil to high fields where the splitting is observed was 
found to leave a twofold ambiguity in the transitions giving 
each polarized Stark component of the spectrum. The ambiguity 
should be resolved if quantum-beat measurements can be made on 
individual lin- s. 
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( f ) I'ol lut iun s t. uv<; j.s 

A preliiiiinary collaboration with CSIKO !M:Ï re.îultol ii. an 

applied program usiny ion-induced x-ray analysis to monitor 

airborne pollution. This involves measuring the yields of 

characteristic x-rays generated when samples collected on 

filter paper are bombarded by protons. The techniques are now 

so well developed that analysis can be done on a routine basis. 
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F. OTHER ACTIVITIES 

Regular research mcïtinys and seminars wpro hoiJ 'hrouqh-

out the year. "Nuclear Teas" were also held from time to time. 

Dr. P.B. Treacy has acted as Chairman and Mr. C S . Newton 

as Secretary of the local section of the Australian Institute 

of Physics. 

Professor J.O. Newton has been a committee member of the 

Nuclear and Particle Physics group of the Australian Instituai 

of Physics. 

É Pr fessor Sir Ernest Titterton continued his work as a 

'Of member both of the Executive Committee and Council of the 

I Australian Institute of Nuclear Science and Engineering. He 

; attended a number of meetings of the Advisory Committee of 

the Strategic and Defence Studies Centre and participated in 

relevant seminars, and gave lectures to the Joint Services Wing 

and the Air Force Staff College. Professor Titterton appeared 

before the Ranger Uranium Environmental Inquiry as an expert 

witness on the occasions, and presented a written submission 

(ANU-P/625). 

G. PH.D. THESIS PRESENTED DURING THE YEAR 

NEWTON, C.S. "Ion-induced damage in alkali halide 

crystals" 
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