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A. SUMMARY OF THE YEAR'S ACTIVITIES 

For the greater part of the year, the 14UD accelerator has 
performed very reliably, in contrast to the preceding two 
years in which performance was hampered by problems of chain 
breakage and 3F 6 breakdown products. This improved perform
ance is attributed In large part to the new gas recircul
ation system which has a gas cycle time of 2 hours compared 
to 12 hours previously. As a consequence of the Increased 
availability of the 14UD, murmurlngs have been heard that 
the pressure of running experiments has left precious little 
time for the analysis of data. However, as should be evi
dent from the remainder of this report, time has been found, 
and most of the programs described in last year's report 
have advanced considerably In 1984. 

Extensive use has been made throughout the year of the new 
pulsed beam system. The operating frequency of the low-
energy buncher has been decreased from 37.5 to 9.375 MHz in 
order to increase the pulse separation to 106.7 ns, a value 
more useful for most experiments, and the phase stabiliz
ation has been substantially Improved. 

Two major proposals were prepared and submitted in the past 
year. The largest was for $6.7M to construct SHEBA - the 
Superconducting HEavy-lon Booster Accelerator (SHEILA was 
rejected as a possible alternative) - and has gone forward 
to the Commonwealth Tertiary Education Commission. It is 
proposed that the 14UD be used as a pre-accelerator to 
Inject heavy-Ion beams into a booster linear accelerator 
comprised of about 40 superconducting resonators. Beam 
emerging from this booster would be increased in energy by 
20 MeWcharge, corresponding to 2-3 times the energy 
possible with the 14UD alone. 

The second proposal was submitted to the Major Equipment 

4 
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Committee of the University requesting funds for the pur
chase of a data acquisition and analysis computer system to 
replace the aging Hewlett Packard computers. At the time of 
going to press (November 19B4) we have jvst learnt that this 
proposal has been successful. The new system will be built 
around two VAX-11/750 computers, one of which will be 
dedicated to data acquisition, and the other to graphical 
display and interactive analysis of data, program develop
ment and general computation. Data will be stored on large-
capacity disks. 

On the research side, this year saw the debut of the C-frame 
magnet for g-factor measurements. In conjunction with the 
pulsed beam it has been used to measure the g-f&ctors of 
high-spin isomers in 210,211,213^ ̂ ^ 211,212,213Fr^ T h e 

previously unknown level scheras of the very neutron-
deficient tungsten isotopes, and 1 6 7W, have also been 
established up to spin 26h, and further information has been 

172 176 
obtained on the level schemes of Os and Pt in order to 
clarify the origin of the low-spin anomaly in the ground 172 state rotational band of Os. 

Studies of nuclei far from stability have concentrated on 
36 

exploiting the recent availability of S targets. The mass 
and low-lying level scheme of P have been measured for the 

33 34 35 
flrat time, and the masses of J ' 81 and P have been 
determined to a higher accuracy than previously. A number 
of excited states of the latter three nuclei have also been 
observed for the first time and the excitation energies and 
intensities of these levels are in good agreement with shell 
model calculations performed within a full sd shell basis. 

13 14 
The ( C , 0 ) reaction has been used to determine the masses 

25 39 
and level schemes of He and S, and measurements of the 

27 19 
level schemes of Na and Mg have been completed. 
Coulomb excitation studies have been somewhat more diverse 
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this year, ranging across the periodic table from Li to 
Pt. The Li study was undertaken in order to measure the 

effect of the giant dipole resonance on Coulomb excitation 
in a very light system and to check the validity of the re
orientation technique for the determination of nuclear guad-

24 28 
rupole aoaents. Coulomb excitation of Mg and Si pro-

go 
jectiles by Zr was also studied with the ala of determin
ing the giant dipole resonance contribution to the Coulomb 
excitation of these sd shell nuclei. Measurements of the 

+ 194 196 
quadrupole moments of the first 2 states in Pt, Pt 

198 
and Pt have been undertaken in order to clarify the con
fused situation resulting from conflicting previous measure-196 ments, and because of the claim that Pt is a particularly 
good example of the 0(6) limit of the interacting boson 
model. In addition, caudles of the octupole vibrational 
states in the even-mass barium isotopes have been completed 
this year. 
Studies of the fission of nuclear systems at high excitation 
energy and high angular momentum have proceeded on a number 
of fronts. Of particular Interest are the measurements of 
the multiplicity of -r-rays emitted by fission fragments 
following a series of heavy ion fusion reactions. Clear 
evidence of shell effects is observed in the variation of 
multiplicity with fragment mass asymmetry. In addition, the 
average multiplicity, and hence the average fragment angular 
roaentum. Increases with increasing target aass for a given 
beam and energy, even though the compound nucleus spin 
decreases with mass. Angular momentum carried by collective 
excitations of the fissioning system described as twisting, 
bending, wriggling and tilting must be Invoked to account 
for this behaviour. Measurements of the aultlpllcltles of 
pre-flsslon neutrons have continued, and a series of experl-
aents aiaed at deterainlng the angular aoaentua 
distributions in compound nuclei has been performed. 
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The hyperflne interaction group, Melbourne-based but with a 
local representative, has actively continued to exploit the 
enhanced transient magnetic fields experienced by fast ions 
in ferromagnets to measure magnetic moments of states with 
sub-picosecond lifetimes in Isotopes of Ag, Os, H, Er and 
Au. Measurements are also underway to determine the tran
sient field at high velocity (v/c>0.05) where models of the 
enchanced field effect predict that the field should begin 
to diminish. Preliminary indications are that this is 
Indeed the case. 

One of our new staff members has initiated a program of 0-
decay measurements directed towards finding a nuclear system 
which could serve as a "neutrino balance" in attempts to 
measure the mass of the electron neutrino. Measurements of 
decay energies have been performed for Tb and 5*Pb using 
sources prepared at Isolde. 

The study of ion-solid interactions has been concentrated on 
the measurements of pre-eguilibrlum energy loss of fast 2 halogen Ions in very thin (*2 ug/cm ) carbon foils using the 
Enge spectrometer. Analysis of the data is directed towards 
determining the cross sections for capture, loss and excit
ation of electrons in the various atomic shells. Consider
able effort has been expended in eliminating sources of 
systematic errors in the measurement of these very small 
energy losses (1 part in 10 of the beam energy), and in 
particular in finding a position-sensitive heavy ion 
detector which does not exhibit rate dependent shifts in 
peak position. 

The 61 cm mass spectrometer Is now in routine use with a 
considerably improved data collection system which permits 
shorter collection times. Measurements have been made of 
the ratios of magnesium Isotopes in fine-grained inclusions 
from the Allende meteorite, and the amount of fractionation 
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is found to be correlated with the relative abundances of 
rare earth eleaents. In addition, excesses of (non
linear effects) are seen over and above the linear mass 
dependent fractionation. 

Last year's report noted the decision to build a single post 
accelerator Module consisting of four superconducting 
quarter-wave resonators with the intention of evaluating the 
quarter-wave design and of gaining experience in the tech
niques of resonator manufacture. In the light of this 
decision a temporary re-organization of laboratory personnel 
took place at the beginning of 1984, with David Weisser 
becoming full time on the module project and Trevor Ophel 
talcing over accelerator operations for the year in what he 
modestly calls a holding operation. So far, the prototype 
resonator has been successfully electron-beam welded at 
Hawker-de-Havllland in Sydney, a vacuum brazing furnace has 
been set up to enable the side doughnuts to be joined to the 
can, and the plating and polishing facility has been estab
lished. The need for hand polishing has been obviated by 
the development of a tumbling technique, and new lead-
plating techniques will be evaluated using a test apparatus 
which uses aultipactoring as a diagnostic probe. Machining 
on the four resonators for the module is almost complete, 
and the 150 MHz power amplifiers are under construction. 

It is traditional, and necessary, to acknowledge here the 
contributions of a number of people to the life of the lab
oratory. Our visitors, some of whom are becoming very 
familiar faces, are a valued resource, contributing new 
ideas and first hand news of developments elsewhere. Special 
mention should be made of Jeny Sokolowskl whose expertise 
and energy have been invaluable over the past year In the 
development of the booster module. 
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Our colleagues In Theoretical Physics, F.C. Barker, Y. 
Kondo, B.A. Robson, R. Smith and L.J. Tassie have provided 
theoretical support for the experimental program, have 
always been willing to share their knowledge with enquiring 
experimentalists, and have enlivened our seminars. 

The technical staff has remained cheerful and enthusiastic 
in the face of new challenges thrown up by the accelerator 
and research equipment, and have often shown considerable 
initiative In the development of the beam pulsing system and 
the post-accelerator module. He take this opportunity to 
express our thanks for their efforts. 

Our thanks are also due to the secretaries who contribute 
significantly to the smooth operation of the Department, and 
who carry out the lion's share of the work on this report of 
the year's activities. 
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C. RESEARCH PROGRAM 

During the year, 33 papers were published by staff and 
students of the department and a further 7 have been 
accepted for publication. 

In the following subsections, the name of the person 
primarily responsible for the work described is placed 
first. Except where indicated otherwise, institutional 
affiliations are given in Section B of this report. 

1. Nuclei far from Stability 

1.1 Mmes mfl level schemes of 3 3 g l and, 3 43J, 
(Flfield,Bark,Drumm,Hotchkis,C.L.Hoods) 

34 33 
The nuclei Si and Si have been studied via the 
3 68< nB, 1 3N) 3 4Si and 3 6S< nB, 1 4H) 3 3Sl reactions at a beam 13 14 energy of 83 M«v\ The N and N ions were momentum 
analysed by the Enge split-pole spectrometer and identified 
with the aid of the standard multi-element gas-filled 
detector at the focal plane. The targets consisted of 175 2 ug/cm layers of Ag-8 on thin carbon backings, and the 

36 
lsotopically enriched sulphur contained 82% of 8 and 18% 
of 3 4 S . 
Spectra of 1 3 N 7 * Ions from the 3 68( 1 1B, 1 3N) 3 4Si and 
3 4S( nB, 1 3N) 3 28i reactions are shown in figs.C.la and C.lb. 
respectively, and were measured without changing the field 
In the spectrometer. A second spectrum from the 
3 4S( 1 1B, 3N) 3 281 reaction which was obtained using a 2.5% 
higher value of the spectrometer field is shown in fig.C.lc. 
This latter spectrum served to calibrate the focal plane 
position in terms of channel number and permitted an accur-

34 ate determination of the 81 ground state mass. The mass 
34 

excess of 81 derived from the data is given in table C.l. 
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Plg.C.l . Position spectra of 1 3 N 7 + Ions from ( nB, 1 3N> 
reactions on S and J S targets. 

An excited state of 3*Si at an excitation energy of 5.33 MeV 
is also evident in flg.C.la. This is an excellent candidate 
for the first 2 + state in 3 4S1 which Is predicted at 4.89 
MeV by shell aodel calculations using the new A-dependent sd 
shell Interaction of Wlldenthal. Further, If the reasonable 
assuaptlon is made that the reaction proceeds by the pickup 
of a di-proton cluster in its state of maximum spatial 
symmetry, then the shell model wavefunctions may be used to 
calculate two-proton spectroscopic factors for the ground 
state and lowest 2 + state. Combining these with exact 
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finite range DHBA calculations leads to the prediction that 
the lowest 2 + state should be populated with 40% of the 
Intensity of the ground state. Experimentally, the level at 
5.33 MeV has 25% of the intensity of the ground state, in 
reasonable agreeaent with the prediction. The spectrum of 
fig.C.la extends up to 7.5 MeV in 31 and no other states 
are observed up to this excitation energy. Only one other 
shell aodel state, a 3 + level at 6.00 MeV, falls In the 
observed energy range, but a non-normal parity state cannot 
be populated by the cluster transfer aechanisa considered 
above. 

Spectra of 1 4M 7' f ions froa the 3 68< nB, 1 4N> 3 3Sl and 
3 4 S ( U B , U N ) 3 1 3 i reactions are shown in flg.C.2. Although 
the ground state aass of Si has been deterained previously 
froa a B-decay end point measurement, no excited states have 
been reported. 

In the present work, a more precise determination of the 
ground state mass has been obtained and is listed in table 
C.l, and excited states at 1.06 and 4.36 MeV have been 
observed. Again, comparison may be made between the 
observed relative Intensities and those predicted by the 
DNBA calculations using shell-model spectroscopic factors. 
Such a comparison suggests strongly that the observed 1.06 
MeV level may be associated with the lowest 1/2 aodel state 
which has a predicted excitation energy of 0.89 MeV, and 

TABLE C.l. Masa excesses of 3 381 and 3 4Si 

Nucleus Mass 
Present work 

Excess (keV) 
Previous work 

3 38i 
3 48i 

-20550*30 
-20017125 

-205691 50 
-198501300 
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8 
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' W N ) 3 ^ (0) 

436 

3 4 S("B, , 4 N) 3 , Si (b) 

075 oo 
1/2' 3/2* 

WlAw 
300 400 

CHANNEL NUMBER 
500 

Flg.C.2. Position spectra of 1 4 N 7 + ions from < UB, 1 4N) 
reactions on S and 3*S targets. 

that the observed peak at 4.32 HeV is probably dominated by 
the first 5/2* state predicted by the model at 4.38 MeV. 
The lowest 7/2* state and second 3/2* state are predicted at 
3.99 and 4.42 MeV respectively but their calculated 
intensities are less than 20% of the 5/2* state and they 
probably would not have been observed above the background 
In the present work. 

1.2 The neutron rich nuclei 3 6 p , 3 5 p ana 3 4 P 
<Drum»,Flfield,Bark,Hotchkis,C.L.Hoods) 

The ('Li,'Be) reactions on enriched targets of*bS and J*S 
have been used to determine the ground state masses of the 
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nuclei 
36p 

and 3*P respectively. The reactions were 
observed at a beaa energy of 52 MeV and a reaction angle of 
10 degrees with a 4.5 degree horizontal aperture. Spectra 
of 
figs.C.3 and C.4. 

7 36 34 
Be ions populating states in P and P are shown in 

The ground state R&SS excess values were determined froa a 
calibration of the focal plane using the (7Li, Be) charge 
exchange reaction on a SiO, target, measured under the saae 
conditions as those used to obtain the spectra in flgs.C.3 
and C.4. In this case, the ground state peaks of N and 
28 Al served to determine the reaction Q-value in the region 

The local 36 34 of the P and P ground states respectively. 
dispersion was determined from the low-lying levels of 16, N 

300 -

200 

CO 

300 

200 

100 

to) *S( 7Li, rBe)MP 

(b) MS( rLi, 7Be) MP 
229 

744 447 I 
200 300 400 

CHANNEL 
800 

Fig.C.3. 7Be spectra a) froa the reaction 3 6S( 7Li, 7Be) 3 6P 
and b) 3 48< 7Li, 7Be) 3 4P at identical field 
settings. 
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populated In the 1 60( 7Ll, 7Be) 1 6N reaction and by field 
changes which positioned these levels In the region of the 
36 34 
P and then of the P ground state peaks. The mass excess 

of 3 6 P was found to be -20.251+0.027 HeV, which is less 
negative than the Oarvey-Kelson prediction of -20.68 HeV. 
No other measurement of the aass of 3 6 P Is known to have 
been reported. A single excited state was observed at 36 252110 keV In P. The ground state and first excited state 
are believed to be a 4~,3~ doublet formed from the coupling 
of a 28^2 proton to a If7/2 neutron. 

The aass excess of P was measured as -20.56910.04 HeV in 
good agreement with the established value (-24.54510.02 
HeV). Previously unreported levels were observed at 
4.4710.07 end 7.4410.07 HeV in 3*P. 

200 

100 

fl'Kf 
E T ' 52 MeV 229 

(b) *S<7Li,rBe)*P - ^ 
e«io* " 

7 6 5 4 

MtV 

m^S^W 
500 600 700 800 

CHANNEL 

Fig.C.4. As for fig.C.3 but for targets of a) 3*S and 
b) 3 2 S . 
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In addition to the above Measurements for 3 4 P and 3 6P, the 
•ass and level scheme of 3 5 P were Investigated via the 
3 6P( 6Ll, 7Be) 3 5P reaction at a beam energy of 52 MeV and at 
a number of reaction angles. Typical spectra are shown In 
fig.C.5. A mass excess value was found using the position 
of peaks due to the reaction 3 4S( 6Ll, 7Be) 3 3P on the 3 4 S 
contamination In the 3 6 S target. The (6Li,7Be> reaction was 
also observed on an enriched 3*S target to identify the 
contaminant peaks and to obtain a dispersive calibration of 
the focal plane. A mass excess value of -20.828t0.017 MeV 
was obtained for 3 5 P which is in good agreement with, but is 
•ore precise than prevlou measurements. Excited states 
were also observed in 3 5 P at 2.5±0.07, 3.9*0.07 and 
4.67*0.07 MeV. The lower pair are believed to be the lowest 
3/2+ and 5/2+ states In 3 5P. 

200 

0 

600 

to 400 

o 
200 

0 

400 

200 

0 
500 600 700 800 

CHANNEL 

101 "Sl'Li/Be^P 
9 .20* 

. 386 

00 

-A*A». V\A. 
B lb) '•siVBer^P 

fl.7* 

00 

II 

vJ UJfctiL 
"B 10 "StVBe) 3 3? 

6>r 
K>0 

Fig.C.5. Be spectra from the reaction ( bLi, 7Be) on targets 
of a) 3 6 S , e-20», b) 3 6 8 ,e -7« , and C) 3 4 S,6-7». 

http://-20.828t0.017
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1.3 The M»» of 3 9 9 
(Drusfli,Bark,Fifleld,Hotchkis,C.L.Hoods) 

The 4 0 A r ( 1 3 C , 1 4 0 ) 3 9 S reaction at 96 HeV was used to obtain a 
39 

measurement of the ground state mass of S. The spectrum 
of 1 4 0 Ions obtained at a mean scattering angle of 10° is 
shown in flg.C.6. The present work Is an improvement on a 
preliminary measurement reported last year and made with the 
Ar( 0, He) S reaction. There Is less background in the 

39 
region of the 8 ground state peak and no ambiguity exists 
due to excitations of the ejectile, A preliminary ground 
state mass excess value of -23.15t0.10 HeV has been 
obtained, in agreement with the previous measurement and 
close to the Garvey-Kelson prediction. A single excited 
state has been observed at around 1.5 MeV in S. Analysis 
is in progress. 

10 

100 

E*96MtV,**\0° 

JE 

~l.5 

ikaiuWU 
200 300 

\ H 1 
400 
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Flg.C.6. A spectrum of 1 4 0 ions from the reaction 
4 0Ar( 1 3C, 1 40) 3 9S measured at a reaction angle of 
10*. 
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1-4 Study of 2 5Me via the 2 6Mo( 1 3C. 1 40) 2 5He reaction 
(C. L. Hoods ,Fif leld, Bark .Drum ,Hotchkis) 

The mass of the Tz-5/2 nucleus 2 5Ne has been determined from 
the Q-value of the reaction 2 6Mg( 1 3C, 1 40) 2 5Ne at a 1 3 C 
energy ui 96 HeV. The 0 ions were momentum analysed using 
an Enge split-pole spectrometer and detected at the focal 
plane in a multi-element, gas-filled detector. The 
resulting mass excess for He is -2.03i0.05 MeV and is more 
accurate than, but consistent with, those reported in 
earlier work ' ' . Excited states of Ne were observed at 
energies of 1.74+0.03, 3.33±O.03, 4.07±0.03 and 6.2810.05 
MeV (flg.C.7). The experimental energy resolution was 
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628 >w WtSAX« 
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EJtm* S 4 J 
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CHANNEL NUMBER 

300 

Pig.C.7. Position spectra for a) 2 6Mg< 1 3C, 1 40) 2 5Ne and 
b) 2 4Mg< 1 3C, 1 40) 2 3Ne reactions at a 1 3 C energy of 
96 MeV and ©«8°, measured at the focal plane of 
the magnetic spectrometer. The Ne data were 
collected to assist the identification of states 
in 2 5Ne. 
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230±26 keV FVWM. The peaks at 1.74 and 3.33 KeV are broader 
than this and their shapes suggest that each is an un
resolved doublet with roughly equal strength in both levels. 
The pair centred at 1.74 HeV would then have a separation of 
110±100 keV and that at 3.33 HeV a separation of 2001100 
keV, the large uncertainties reflecting the poor statistical 
accuracy of the data. At 8° to the beam direction the cross 
section to the ground state, averaged over the 4.5° entrance 
aperture to the spectrometer, was 1.5 ub/sr. 

The level spectrum of Ne observed in this work is compared 
in flg.C.8 with a 2 6Mg( 7Li, 8B) 2 5Ne spectrum observed by 
Hilcox et al and with an untruncated Ohw shell-aodel 
calculation perforaed by Hildenthal using the new 

• Ex 
(Ma/) 
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MANY 
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5/2*' 
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2 2 

i 47 
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'4 23 
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•297 

•405 407 

•325 333 

5/2*. 
3/2'-

.178 
'169 

-203 
•165 •174 

«- 1/2* -00 -00 -00 
SHELL MODEL Z6Mg(7Li,8B)MNe 26Mg('Tj,,40)25Ne 

25 
Flg.C.8 . Energy levels of Ne observed in this work via 

the 2 6 M g ( 1 3 C , 1 4 0 ) 2 5 N e reaction, by Wilcox et a l 1 } 

via the 2 6Mg( 7Li, 8B) 2 5Ne reaction, and predicted 
In a shell-model calculation by Wildenthal . 
Shell-aodel states above 4.5 MeV are not shown. 
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"universal" sd-shell interaction4*. Kinematic matching and 
nuclear structure considerations suggest that the states 
populated strongly in the 2 6Hg( 1 3C,**0) 2 5Ne reaction are 
probably those having large overlap with the ground state of 
* Ne coupled to an sd- or pf-shell neutron. The 1/2 0.0 
and 3/2* 1.69 MeV states predicted by the shell model have 
large components of these configurations and are provision
ally identified with the peaks observed at 0.0 and 1.74 MeV 
respectively. 

1) K.H. Wilcox et al.,Phys.Rev.Lett.30(1973)866. 
2) D.R. Goosman et al., Phys.Rev.&(1973)1133. 
3) A.P. Kabachenko et al., Dubna Report Mo.D7-

5769,1971,pg.204. 
4) B.H. Wildenthal, private communication and B.A. Brown 

and B.H. Wildenthal, Phvs.Rev.C27(1985)1296. 

1.5 MttBBCg and, level schemes of 27fla, m a 2 9»q 
<Flfield,Bark,Drumm,Hotchkis,C.L.Woods) 

Preliminary measurements employing the Mg( 0, F) 2 7Na and 
2 6Mg< 1 80, 1 50) 2 9Mg reactions were reported in last year's 
report. These measurements have now been completed, and 
yield values of -5514±60 and -10600145 keV for the mass 
excesses of 2 7Na and 9Mg respectively. Several excited 
states of both nuclei were also observed. In addition, 

18 17 18 IB 
measurements of the ( °0, ?) and ( 0 , 0 , reactions on a 
2 4Mg target and of the 2 4' 2 6Mg( I 80, 1 60) 2 6' 2 8Mg, 
2 6Mg( 1 60, 1 50) 2 7Mg, and 2 6Mg( 1 60, 1 7P) 2 5Ila reactions were 
performed in order to throw some light on the mechanism of 
the three-nucleon transfer reactions. A report of these 
experiments has been accepted for publication in Nuclear 
Physics A. 
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1.6 The Mass of 4 1 C1 
(Hotchkls ,Drua»,Flf leld,C.L.Hoods) 

A measurement of the aass of 4 1C1 via the 4 0Ar( 1 80, 1 7F> 4 lCl 
reaction was reported in last year's Annual Report. This 
aeasureaent has been repeated at a aore forward angle using 
the new gas target cell and the resulting position spectrum 
is shown in flg.C.9. The energy resolution and number of 
counts in this spectrum are considerably higher than 
achieved in the earlier measurement, although the calibra
tion of the focal plane position was not as accurate as that 
obtained previously. Nevertheless, the value obtained for 
the mass excess of 4 1C1, -27.2510.15 MeV Is in excellent 
agreement with the value -27.2510.10 reported last year. 

The differential cross section for population of the 4 1C1 
ground state was found to Increase from 8 to 30 ub/sr 
between 15 s and 8 s. 

100 
4 0 Arl'*0, , r F) 4 , CI 

200 250 300 
Channels 

350 

Fig.C.9. Position spectrum of 1 7 p 9 + ions from the 
4 0Ar< 1 B0, 1 7F) 4 1Cl reaction. Excitation energies 
of excited states of 4 1C1 are given in MeV. 
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2. Nuclear Reactions and Scattering 

2.1 Spin assignments In 5 7Co using the (^i.^e) reaction 
(Bark,Ergland,Ophel) 

Recently, angular distribution measurements of the Fe(a,t) 
reaction at 38 MeV could not be accounted for In terms of 

57 the existing spin assignments In Co. In particular, the 
results for the second excited state at 1.505 MeV were In 
apparent conflict with a spin of 1/2". 

7 6 
Since forward angle J-dependence of the ( Li, He) reaction 
has been demonstrated to yield unambiguous assignments, 56 7 6 measurements were made of the Pe( Li, He) reaction at 34 
MeV over the angular range 3°-20°(lab). Sixteen states In 
57 6 
Co were identified in the He spectrum and angular 

distributions obtained over the full angular range for most 
of them. 
Preliminary analysis using DAISY has provided good fits to 
the data, confirming the assignments for the states below 3 
MeV excitation. The 1.505 MeV, populated by L«l transfer in 
the (3He,d) reaction, definitely has a spin of 1/2" rather 
than 3/2". Analysis is continuing on the data for levels 
above 3 MeV excitation. 

2.2 Excitation functions of the elastic scattering of 1 6 0 
bv 2 4Mg (Drumm,Hebbard,Ophel with Y.Kondo and 
B.A.Robson of Theoretical Physics) 

16 24 
The elastic scattering of 0 from Mg has been investi
gated at 90° centre-of-mass and over the energy range 
31<Ecm<45 MeV In steps of 1.0 MeV and in some cases 0.5 MeV. 
The measured cross section data are shown in fig.CIO and 
show a fairly regular structure of about 2 MeV 
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Pig.C.10. Excitation function for the elastic scattering of 
l 6 0 froB 2 4Mg measured at 90°. 

spacing in the centre of mass frame. Since the present 
measurements have been made at 90° centre-of-mass, the 
scattering is dependent only on the even partial waves. 
Thus the shape resonances observed in the present work can 
be assigned even J values removing a possible ambiguity. It 
is hoped that the present data, when analysed, will allow 
determination of the sign and magnitude of the parity 
dependent part of the nucleus-nucleus scattering potential. 

2.3 The reaction 2 88i( 1 60. 1 2C) 3 23 (Hebbard) 

In the early part of the year, data analysis for this 
reaction was performed. It Is clear that there are some 

4 
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"holes" in the excitation function for 0 beam energies 
from 50 to 80 MeV, where better data are needed. The 
improvements made in the Gas Absorber Detector mean that 
better data should be available soon. 

2.4 The reaction 2 0Me( 1 60. 1 60) 2 0Ne (Hebbard,Druma) 

The excitation function for elastic scattering of 0 from 
Ne is to be measured at 90°C.H.(51.34°lab) over an energy 

range near 27 MeV CM. (50 MeV lab), in order to test 
theoretical predictions of the parities of gross resonant 
structures already observed in this energy region. 

A preliminary measurement has been made, using an existing 
gas target and detecting reaction products in a gas/solid 
state counter telescope. From these measurements, an 
improved gas target and gas/solid state counter telescope 
are being designed. 
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3. Coulomb Excitation 

3.1 Ouadrupole momenta of the Platinum isotopes 
(Baxter,Burnett,Esat,Fewell,Gyapong,Spear) 

For many years the quadrupole moments Q 2+ of the first 
excited states of the stable, even-mass platinum Isotopes 
have been regarded as WJII determined quantities. They were 
first measured by Glenn et al. from Pittsburgh who 

194 obtained, In particular, 0.6410.16 eb for Pt and 
196 0.5110.18 eb for Pt (assuming constructive Interference 

from the second 2* state). Subsequently a group from 
2) 

Rochester Is reported to have obtained 0.62±0.06 eb for 
1 9 4Pt and 0.78*0.06 eb for 1 9 6Pt. Although the Rochester 
results have never been published, they are widely quoted. 
Recently, however, the Pittsburgh group has remeasured the 
quadrupole moment of Pt They now obtain Q 2+ • 
0.13±0.17 eb, that Is, consistent with zero, and they give 
reasons for rejecting their old result. A similar revision 196 to the value of Q,+ of Pt would be particularly Important 4) 196 for the claim that Pt is a very good example of the 
0(6) limit of the interacting boson model (IBM). This claim 
was based on an examination of the low-lying energy levels 
of Pt and their branching ratios. Tne agreement of these 
with the 0(6) limit has been described as "spectacular" 
However, the 0(6) limit predicts Q 2+ " 0 . A non-zero quad
rupole moment can be obtained only by sacrificing the 0(6) 
symmetry - the addition of a small amount of the SIX 3) limit 
of the IBM can reproduce the Rochester value of Q 2+. 

We have sough to clarify the situation by remeasuring these 194 196 quadrupole moments. Measurements on ' Pt are complete, 
iog 

and those on Pt are nearly so. Although only two inde
pendent measurements of the Coulomb excitation probability 
P of the first excited state are required to determine 
B(E2>0+-»2+) and Q 2+, we have made measurements under more 
than two different experlaental conditions in order to 
obtain substantial redundancy and Increased confidence in 
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the correctness of our result. The four conditions used in 
the case of Pt were the backscattering of 0, C and 
He and the scattering of He through 90°. These gave values 
of the sensitivity p of P e _ to the quadrupole moment 
ranging froa 7.6% e~ b~ for the 0 scattering down to 0.9% 
e b for the scattering of He through 90*. For each of 
the four situations, excitation probabilities were measured 
over a range of boabarding energies in order to monitor 
experimentally the onset of Coulomb-nuclear Interference 

194 and thus avoid the effects of the nuclear force. For Pt, 
we have data under three conditions - the backscattering of 
1 6 0 , 1 2 C and 4He. 

Experimental methods and data analysis conform to our usual 
practices7'8'. Preliminary results for 1 9 6Pt are B(E2;0+-»2+) 
*1.380±0.005 and Q2+*0.8410.08 eb. The only corrections 
which have been applied to the data are those due to the 
effects of higher states, including the giant dlpole 
resonance (assuming k»l). The uncertainties are due to 
statistics and uncertainties in spectrum analysis; other 
uncertainties have not yet been included. 

1. J.E. Glenn et al..Phvs.Rev.188(1969)1905. 
2. P. Russo et al.,Univ.of Rochester Nucl.Structure Lab. 

Annual Report (1978),p.82. 
3. C.Y. Chen et al..Phvs.Rev.C2B(1983)1570. 
4. J.A. Clzewskl et al., Phvs.Rev.Lett.40(1978)167t and 

J.A. Clzewskl et al., Nucl.Phvs.A323(1979)349. 
5. F.C. Khanna in "Short Distance Phenomena in Nuclear 

Physics" ed.D.H. Boal and R.M. Holoshyn (Plenum Press, 
N.Y. 1983)p.417. 

6. H.H. Bolotln et al..Nuc1.Phvs.A370(1981)146. 
7. H.J. Vermeer et al.,Aust.J.Phys.£2(1984)273. 
8. M.P. Fewell et al..Mucl.Phvs.A32K1979)457. 

3.2 Coulomb excitation of Li 
(Vermeer,Baxter,Burnett,Esat,Fewell,Spear) 

Coulomb excitation of the 0.478-MeV, J*»l/2~, first excited 
7 7 

state of LI has been studied using beams of Li ions and 
13B 208 

targets of Ba and Fb. Spectra of scattered particles 
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were measured at 171* using an annular SI surface-barrier 
detector ( 1 3 8Ba and 2 0 8 P b targets) and at 90* using an Enge 

208 split-pole magnetic spectroaeter ( Pb targets). For each 
experimental configuration, the bombarding energy at which 
Coulomb-nuclear Interference became significant was deter
mined experimentally. An analysis based upon the reorient
ation effect yielded the following results: the static 
electric quadrupole moment of the J*-3/2~ ground state 

2 
(Q 3 / 2-) Is -4.0±1.1 e f m , the contribution of the giant 
dlpole resonance (GDR) to the Coulomb excitation cross 
section Is 2.7+0.2 times as great as would be calculated 
from the hydrodynaaic model, and B(E2;3/2~-»l/2~)>7.42±0.14 2 4 e fm . The value obtained for Q 3 / 2 ~ i s i n excellent 
agreement with results reported from atomic- and molecular-
beam spectroscopy and from Coulomb scattering of aligned 
7 
Li. Thus it provides a strong verification of the validity 
of the reorientation effect technique for the determination 
of nuclear quadrupole moments, provided that the GDR effect 
is treated adequately. 

3.3 Glant-dipole-resonance contribution to the Coulomb 
excitation of 2 4Md and 2 B31 (Gyapong,Fewell, 
Esat,Burnett,Baxter,Spear,Vermeer) 

24 28 The Coulomb excitation of Mg and Si projectiles by 
90 

targets of Zr has been studied at 90° with the Enge 
spectroaeter over a range of bombarding energies. The 
primary aim is to determine the contribution of the giant 
dlpole resonance (GDR) to the Coulomb excitation of the + 24 28 
first 2 states of Mg and 31. Hhen taken In conjunction 24 with previous data Involving Coulomb excitation of Mg and 
28 208 
Si at 90* and 180* by Pb targets, the present measure

ments should provide an explicit determination of the para
meter Jc (the strength of the GDR contribution relative to 
that predicted by the hydrodynaaic model). Analysis of 
results Is in progress. 
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3.4 Relatlvlstlc corrections to the thaorv of Coulomb 
glCitftUgn (Fewell) 

There currently exist two relatlvlstlc theories of Couloab 
excitation - one applying to scattering angles near 0* 

2) which is correct for all projectile velocities v, and one 
2 2 applying to 180" scattering which is correct to order v i e , 

where c is the velocity of light. Work has begun on the 
extension of the second of these theories to all scattering 

2 2 
angles. In addition, since the corrections of order v /c 

2) 3 3 
are not insignificant , corrections of order v /c are also 
being investigated. 
As a preliminary to the full calculation, the case of the 
excitation of an infinite mass target is being calculated. 
This avoids the difficult problems associated with acceler
ated reference frases which are required when the recoil of 
the target is considered. Also, the theory for 180* 
scattering suggests that the corrections are largest for 
this case. 

1. A. Ninther and K. Alder,Nucl.Phye.A£ia<1979)518. 
2. H.P. Fewell, Nucl.Phy«.AJ2£(1984)373. 

3.5 Octupole vibrational states in the even-mass barium 
isotopes (Burnett,Baxter,Hinds,Spear,rewell with R. 
Smith of Theoretical Physics) 

For each of the nuclei 1 3 2 ' 1 3 4 ' 1 3 6 ' 1 3 8 B a , a low-lying state 
which is strongly excited in the scattering of 20-MeV a-
partlcles at 175* Is identified as the first 3" octupole 
vibrational state. Angular distribution measurements for *-
particle scattering to this state and to the well known 
first 2* state in 132'13*'136,138Ba a r e l n a q t B 9 m 9 n t w l t h 

harmonic-vibration coupled-channels predictions. Deform
ation parameters are obtained, and the deduced lsoscalar 
transition rates are compared with measured electromagnetic 
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transition rates. The first 3" states In l 3 2 ' 1 3 * ' 1 3 6 ' 1 3 8 B a 
are found to be at excitation energies of 2.070, 2.249, 
2.529 and 2.879 MeV, respectively. A state in Ba at an 
excitation energy of 1.948 MeV is tentatively identified as 
the first octupole vibrational state in this nucleus. 

3.6 A Hcsgurwnt of BtE3iQ*-»3~) *ni EPIC E3 transition 
probubimiM in i 3 2 ^ 3 4 ^ 3 6 > 1 3 B B a yum Cwiomfr 
excitation (Burnett,Baxter,Hinds,Pribac,Spear, 
Vermeer) 

Reduced transition probabilities, B(E2) and B(E3), have been 
measured for low lying 2 + and 3" states In 1 3 2 » 1 3 * ' 1 3 6 » 1 3 8 B a 

12 using Coulomb excitation by 40 MeV C ions. The B(E2) 
values are in general consistent with previous measurements 
and the B(E3*0+-»3^) values are 0.17610.022, 0.14810.018, 
0.15510.018 and 0.13310.013 e 2 b 3 for l 3 2'l 3*'l 3 6'l 3 8Ba 
respectively. These B(E3) values correspond to about 24 to 
17 tteisskopf units and such enhancements suggest that these 
3" states have an essentially collective character which may 
be attributed to octupole vibrations. 

3.7 Quadrupole moments of barium isotopes 
(Burnett, Baxter, Hinds, Spear, Gyapong, Fewell, 
Esat) 

Experiments to measure the quadrupole moments Q 2+ of the 
first excited states In 13*' 1 36' 1 3 8Ba using the reorient
ation effect are in progress. Previous measurements have 
Indicated both prolate1'2* and oblate3'4> shapes for the 
barium nuclei. The data taken so far at ANU are summarized 
in the table below, where p Is the usual sensitivity 
parameter. 
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Mass "Small-p" Data "Large-p" Data 

134 - 12C(33-35 MeV;175*> 
160(43-49 HeV;175°) 

136 7L1(15,16 MeVj 175") 
12C(3B,40,42 MeV; 90°) 

-

138 - 160(43-50 MeV;175°) 

4 
Measurements below the Couloab barrier for the systems He+ 
1 3*' 1 3 8Ba and 1 60+ 1 3 6Ba will complete the experimental stage 
of this work. 
1. J.R. Kerns and J.X. Saladin, Phys.Rev.££(1972)1016. 
2. A.M. Kleinfeld et al., Nucl.Phvs.A283(1977)526. 
3. M.J. Bechara et al., Phvs.Rcv.C29(1984)1672. 
4. C.N. Towsley et al., J.Phys.Soc.Japan 21(1973)442. 
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4. Discrete ^r-rav Spectroscopy 

4.1 High spin ?Ut?«? ana particle nignaent In 1 6 6 w 
167 

and W (Gerl,Byrne,Dn 
Poletti,8.J.rStuchbery) 

and W (Gerl,Byrne,Dracoulis,Polettl,A.R. 

The study of very neutron deficient tungsten isotopes has 
been extended to 1 6 7 H (H«93) and 1 6 6 W (H-92). Excited 

147 24 
states were populated using the * Sa( Mg,4n) and 
1 4 2Hd( 2 88i,3n> reactions leading to 1 6 7W, and the 
1 4 2Hd( 2 83i,4n) 1 6 6W reaction. Following excitation function 
aeesureaents to determine opticus beam energies, y-y 
coincidences were measured with three large volume Gaaaa-X 
detectors, and a LEPS detector, each in coincidence with a 
Coapton suppressed detector. Relatively thin targets, M 2 ag/ca , were used to allow the recoiling nuclei to decay in 
flight. The LEPS detector was used to observe character
istic X-rays to establish the proton number of the residual 
nuclei. Singles "r-ray angular distributions were also 
aeasured with the Coapton-suppressed detector. 

The level scheaes, which were previously unknown, were 
established to spin *26h in the yrast bands in each case. 
Sidebands, possibly of negative parity, were also observed. 
Allgnaent plots for the yrast bands (assumed to be based on 

,2 
the aligned 13/2* state in the W case) are shown in 
fig.C.11. As expected, the first backbend due to <1i3/2) 

allgnaent Is delayed In W due to blocking of the i 1 3 / 2 

neutron orbital. The yrast band In W is also observed to 
sufficiently high frequency to be comparable to that in 
where a second anoaaly la observed , an anomaly suggested 
to be due to allgnaent of the i 1 3 / 2 protons . At first 
sight, the absence of a comparable anoaaly in H Bight 
imply that the second anoaaly in Is due to neutrons 
rather than protons. However, coaparison with Cranked Shell 
Model calculations shows that the ii|/2 proton configur
ations will be at higher energy ' i W than In 1 6 8 W because 

167 
of the smaller deforaatlon of W. Since the i 1 3 / 2 orbit 
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Is from an upper shell It has a strong dependence on 
deformation. 

1) G.D. Dracoulis et al., Hucl.Phva.A405(1983)363. 
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Fig.C.11. Aligned angular Momenta for the yrast bands in 
1 6 6 W and 1 6 7W. A pronounced backhand occurs in 
1 6 6 H at a frequency of about 0.26 MeV, with an 
allgnaent gain of *12h. The backbond in 1 6 7 W is 
delayed to 0.32 MeV, with a reduced allgnaent gain 
of 9h, consistent with a blocking interpretation. 
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4.2 Spectroscopy of 1 7 6Pt. 1 7 8 P t and 1 7 2 0 s (Dracoulis, 
Byrne,Gerl,Stuchbery,Poletti,S. J. ,Poletti,A.R.) 

Earlier studies in this laboratory of the yrast states in 172 the neutron deficient isotope Os revealed an anomaly in 
the ground state rotational band at low spin This 
anomaly, Which occurs below the region of the band crossing 
due to rotation alignment of the i 1 3 / 2 neutron, is as yet 
unexplained, although it was suggested in ref. that it 
might be related to the shape coexistence that is well 
established in the light Hg isotopes (see e.g. the review of 
Heyde et al. ). If that were the case, the structure of 

176 
the nucleus Pt would be of interest since it lies between 
osmium and mercury in proton number, it has a deformation 
(on the basis of its 2+-»0+ transition energy) which is 172 similar to Os, and furthermore, the only other state 
known in its level scheme is a low-lying (433 keV) 0 state. 

To pursue this problem we have made further measurements on 
172 

Os, principally to find a reaction which is less 
contaminated than that previously used, and we have studied 176 178 the yrast states of Pt and Pt. Measurements on very 172 176 neutron deficient Isotopes such as Os and Pt are not 
straightforward because charged particle emission becomes 
competitive and may dominate over pure neutron emission in a 
heavy-ion fusion reaction. 

The approach that has been taken is to select reactions, on 
the basis of fusion-evaporation calculations, that involve 
heavy projectiles, and the minimum number of evaporated 
particles (corresponding to a limited number of open exit 
channels), one of these being a proton. 

144 31 172 
For example, the 3m( P,2np) Os was calculated to be 
the dominant reaction just above the Coulomb barrier, and 
this was .onfirmed by -y-ray measurements. The -y-ray spectra 
obtained were considerably improved over those obtained in 
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28 148 
our previous study with the ( 31,4n) reaction on Sm. 
Similar reactions, 1 4 4Sm( 3 5Cl,2np) 1 7 6Pt and 
144 37 17B 

Sm( Cl,2np) Pt have been used to populate states in 
1 7 6Pt and 1 7 8Pt, although 1 7 8Pt can also be formed in more 
conventional reactions. In both Pt cases the yrast band has 
been identified to a spin *20h using y-y coincidence and 
singles measurements. The Pt yrast band is regular, 

176 
whereas the Pt level scheme suggests a change in struct
ure at low spin. The results are still being analysed, and 
lifetime measurements are planned to elucidate the structure 
at low spin. 
1) J.L. Durell et al., Phys.Lett. 115(1982)367. 
2) K. Heyde et al., Physics Reports 1Q2(1983) Number 5,6. 

209 
4.3 Lifetimes of, yrftst stages In Rn (Poletti,A.R., 

Byrne,Dracoulis,Gerl,3tuchbery,Poletti,8.J.) 
The spectroscopy studies of 2 0 9Rn were described in the 1983 
Annual Report, and at that stage were essentially complete. 
However, several problems remain in the level scheme, in
cluding the non-observation of an yrast 21/2~ state, ex
pected close to the observed 15/2", 17/2* and 19/2" states, 

4 - 1 
from the *<hg/2)g+ ^5/2 "ultiplet. The 21/2 state may 
have been weakly populated, or it may be very close in 
energy to the observed states, and been missed in the level 
scheme because of an unobserved transition. (Low-energy, 
highly converted transitions are a common problem In these 
heavy nuclei.) As an additional check on the level scheme, 
a direct timing measurement was carried out using the pulsed 
beam facility with a <lns FHHM beam pulse, with 107 ns 
separation, and Gamma-X and LEPS detectors. These measure
ments provided more accurate lifttimes for several short 
isomers previously identified, and the corresponding decay 
curves are shown in flg.C.12. As well, on the basis of cen-
trold shift data, summarised in flg.C.13, a short lifetime 
of 1 ns was assigned to the 1687 keV 19/2" state. From fig. 
C.13, the 77 keV tradition which decays from the 19/2' 
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209 Fig.C.12. Tine spectra for selected transitions in Rn, 
measured with respect to the beam pulte. 

TABLE C.2. 2 0 9 R n mean lives from centroid shifts. 
Ev T(P>Oa) x(ns) b ) 

77 0.7(5) 
96 1.2(5) 
109 
200 

10(5) 
16(5) } 20(3) 

388 1.3(5) 
668 1.1(5) 
731 11.5(20) 12.6(3) 
798 0.9(5) 
c) 1.0(3) 
a) Centroid shift • T. 
b) From fitting slope of lifetime curve. 
c) Average of 5 y-rays below the 1687 keV 

level. 
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209. Fig.C.13. Centrolds of time spectra for transitions In ~"Rn 
•easured with respect to the beaa pulse. Long 
lifetime components from the known Isoaers have 
been subtracted from the spectra before obtaining 
the centroids. 

state, and the 96, 388, 668 and 798 keV transitions which 
follow that decay show a consistent centrold shift. 

The lifetime results are summarised in table C.2. 

There is no necessity, from the present results, to modify 
the level scheme. 

210 
4.4 a-factors in «*vRn (Poletti,S.J.,Byrne,Dracoulis, 

Gerl,Polettl,A.R.,Stuchbery) 
210 The g-factors of seven Isomers in Rn, whose level scheme 

has been established In this laboratory1), have been 
202 12 210 measured. The Hg( C,4n) Rn reaction was used, at 78 
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MeV beaa energy and a beaa pulse separation of 4 us. This 
211 

separation is longer than that used in the ** Rn measure
ments because of the presence of several isoaers with T M 202 us. A liquid Hg target was used to maintain the spin 
alignment. 

Analysis of the results Is not complete, but some prelialn-
ind 
.2) 

ary results are summarised in Table C.3. The 8 +, 14 and 
17 states have previously been measured by Haier et al 
and our results are In reasonable agreement with theirs. 

The measured value for the 20 state is in good agreement 
with the value expected for our assigned configuration 

2 2 
*<hg/2li3/2>20+ ( r e f « 1 ) a n d this supports our expectation 
that an yrast 41/2" state, (20*) x vp^ 2' w i l 1 occur in 

Rn (see following report). The two higher spin states 
22* and 25" have lower g-factors, consistent with neutron 
contributions to the total spin; both of these states were 2) previously assigned as having core-excited configurations . 
The interpretation of the results is proceeding with a view 
to reproducing the g-factors, the enhanced E3 transition 
which connects the 25" and 22 state, and the excitation 
energies, which are low because of the proton-neutron 
interaction . 

210 
TABLE C.3. g-factors in Rn (preliminary) 
Level Energy 

(keV) 
im 
(ns) 

J w <S 

1665+A 910 8* 0.905(15) 
3248+A 104 14* 1.065(16) 
3812+A 1590 17" 1.055(16) 
4994+A 17 20* 1.177(18) 
6469+A 1500 22* .700(11) 
7310+A 49 25" .734(11) 
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1) A.R. Polettl et al., Nucl.Phvs.A380(1982)335. 
2) K.H. Haier et al., Hyp.Interactions £(1980)87. 
3) A.P. Byrne and G.D. Dracoulis, Nucl.Phvs.A39K1982)1. 

211 
4.5 a-factors and excited states in *A*Rn 

(Polettl,A.R.,Byrne,Dracoulis,Gerl,Lewis,Stuchbery, 
Poletti,S.J.) 

211 
The g-factors of Isomeric states in Rn, which have 1 2) previously been identified in this laboratory ' have been 
measured. To maintain the nuclear alignment (which suffers 
from relaxation effects in the previously used Pt( 0,xn) 

2) 
reactions"), a liquid mercury target was used with the 

Hg( C,5n) reaction at 85 MeV. The C beam was pulsed, 
with 1 ns wide beam pulses separated by 2160 ns. Two gamma-
ray detectors (%25% efficient, Gamma-X) were placed at 135° 
and -135° to the beam axis. A magnetic field of 2.34T was 
applied perpendicular to the beam-detector plane. 
The results,and some suggested configurations are shown in 
Table C.4. A change has been made to the level scheme of 
ref.2 for the following reasons. The 20 ns isomer had been 
previously identified as a 41/2" state at 5247 + A keV. 
However, the g-factor of 0.74(2) for this isomer does not 

2 2 
agree with the value expected for the t* ( n9/2 ii3/2 >20 + 

v pl/2 341/2~ c o n f i^ 1"*^ 0 0 previously assigned. The measured 
g-factor is in agreement with a core-excited configuration 

3 - 2 
dr(hg / 2

ii3/2 ) v t pl/2 ) 99/2 343/2~ f o r a * 3 / 2 8 t * t e "hie*1 

Blomqvlst has suggested will lie close to the yraet 41/2" 3 state ). The 20 ns lifetime may arise from such a 43/2 
state decaying by a very low energy Ml transition to the 
41/2" state which might Itself have a short lifetime. If 
this Interpretation is correct, inclusion of a 43/2" level 
in the yrast sequence necessitates an increase in spin of 1 
unit for each state previously assigned above the 41/2* 
state. A level scheme including this revision is shown in 
fig.C.14. 

http://Nucl.Phvs.A39K


Table C.4. g-factors and suggested configurations in Rn 
Level 
Energy 
(keV) 

(ns) 
JV g measured 

Configuration g 
theory 

1578+A 860(40) 17/2" +0.912 (9) w ( h 9 / 2 ) 8 + V pl/2 +0.928 

3927+A 58(2) 35/2 + +1.017(12) " ^ g ^ i s ^ r T vpi/2 +1.042 

5247+A1 20(l) a ) 43/2" b ) +0.74 (2) 1 , ( h9/2 i13/2 )17" V ( j " >0g9/2 +0.755 

6106+A" 42(1) 49/2 + b ) +0.766 (8) (i) 

(ii) 

7 r ( h9/2 i13/2 )20 + V ( j " )0 g9/2 
1 T ( h9/2 i13/2 )17" v ( j " )0 j15/2 

+0.847 

+0.671 

8856+A' 290(5) 63/2" b ) +0.626 (7) (i) "^l/l^lyi*!** V ( j " 2 ) 0 f 5/2^9/2- Lll/2 +0.69 

( i i ) 1 ' ( h 9 / 2 f 7 / 2 i 1 3 / 2 ) 1 8 - fi 
/ • - 2 % * - l 4 

v(D > f

5 / 2 3 9 / 2 3 1 5 / 2 

( i i i ) i » < h 9 / 2 f 7 / 2 i 1 3 / 2 ) 1 7 > i , " « 

v ( j " 2 ) f 5 / 2 g 9 / 2 j 1 5 / 2 

+ 0.59 

+ .505 
a) Maybe composite lifetime including < 4 ns from the 41/2~ state. 
b) Assuming a 43/2~ state close to the previously assigned 41/2 state. 

VO 
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Fig.C.14. Revised level scheae for 2 1 1Rn (see text). A 43/2' 
state has been Inserted In the yrast sequence 
above the 41/2" state (cfiref.2). 
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The highest spin isomer, at 8856+A' keV, whose lifetime is 
•ore accurately established as 290(5) ns, is now assigned 
spin and parity 63/2". Its spin rotation in the magnetic 
field is evident in the decay curves for the 1299 keV 
stretched E3 transition which it feeds in cascade. The 
decay curves are given in fig.CIS. The usual ratio 
function R(t) derived from these data is shown In fig.C.16, 
together with that for the 854 keV transition from the 
following 41 ns isoaer. 

The solid curves in these spectra are from a fit to the data 
using the multiple-level formulation described by Hausser et 
4) 

al . The Interference between the spin rotation pattern for 
the 41 ns isomer, and that due to the longer-lived, higher-
lying Isomer, Is evident near 150 ns, in the lower panel of 
fig.C.16. Ratio functions for several of the lower lying 
Isomers, including the 20 ns isomer which decays 

600 400 200 0 
timet ns) 

Pig.C.15. Time spectra for the 1299 keV transition in Rn 
which is fed by the 290 ns Isomer at 8856+A' keV. 
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Fig.C.16. Ratio functions (R(t) « t(135*HI(-135*)) f o r t h e 

1299 IceV and 854 keV transitions. The latter 
transition directly depopulates the 41 ns isomer. 

predominantly through the 1320 keV transition, are shown in 
fig.C.17. 

A full report is being prepared for publication, and further 
tiling measurements aimed at directly establishing the 
presence of the close pair of 43/2~ and 41/2~ states are 
planned. 

1) A.R. Polettl et al..Nucl.Phvs.A359(1981)180. 
2) G.D. Dracoulis et al., Phys.Rev. C24(1981)2386. 
3) J. Blomqvist, private communication. 
4) 0. Hausser et al., Nucl.Phys.&2H( 1976)253. 
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211 
Fig.C.17. Ratio functions for selected transitions in Rn 

4.6 Lifetlncs and a-factors in 2 1 3Rn (Stuchbery, 
Byrne,Dracoulls,Gerl,Poletti,A.R.,Poletti,S.J.) 

213 The nucleus Rn differs from the other radon isotopes 
under study in this laboratory in that it has a valence 
neutron, as well as four valence protons. Consequently, 
different couplings of these particles are expected to 
dominate the yrast spectrin to high spin, in contrast to the 
lighter cases where neutron core excitations Intrude into 
the yrast sequence near spin 2Oh. A number of isomeric 
states have been assigned to Rn , although the level 
schene is not well established, and no firn spin and parity 
asslgnnents have been nade. 

He have neasured the g-factors for the isoners in Rn in 
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210 conditions similar to those for the Rn measurements, but 
with the 2 0*Hg( 1 3C,4n> 2 1 3Rn reaction at an incident beam 
energy of 72 MeV. 

The results are being analysed, but it is already apparent 
that more isomers are populated than were known froa the 
previous scheme . Further spectroscopic measurements may 
be necessary to establish the correct level scheme before 
the g-factors can be interpreted. 

1) T. Lonroth and C. Baktash,Physics Scripta 29(1983)459. 

211 
4.7 High aptn stagestUfgUttCff &n4 q-fftCtgrg jn **Tr, 

TV and Fr (Byrne,Dracoulis,Gerl,Poletti,A.R., 
Poletti,S.J.,Stuchbery) 

211 The series of measurements on the spectroscopy of Fr, 
219 213 

Fr and Fr has been completed this year with direct 
timing measurements (using the pulsed beam facility) to 
search for relatively short-lived isomers, and a g-factor 
measurement on the longer-lived isomers already established. 
The final level schemes are given in figs.C.18 to C.20. 

Several short-lived isomers were found in the direct timing 
measurements including a 6.1 ns lifetime assigned to the 22 212 state in Fr, and a 3 ns lifetime for the 21/2 state In 2ii Fr. The decay curve for the 3 ns Isomer is compared with 
a representative "prompt" transition, In fig.C.21. 

The g-factor measurements were carried out using a natural 
thallium target (30% 2 0 3 T i , 70% 2 0 5T1) and an 87 MeV 1 2 C 
beam. With this combination, the three Isotopes of franclum 

12 
under study were populated via several ( C,xn) reactions on 
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Flg.C.22. Spin rotation patterns for the 29/2* isoaer In 
2 1 3Fr, and the 27" Isoaer In 2 1 2Fr. 

both Isotopes. The beaa pulse separation was 2052 ns. In 
order to reduce the relaxation of the nuclear alignment, the 
thick thallium target was heated to about 560°K, using a 
thermocouple-controlled, AC coil heating systea. The 
teaperature chosen was above the phase transition froa the 
hep crystalline phase to the fee crystalline phase so that 
the static electric quadrupole Interactions were removed . 
As well, since the teaperature Is close to the aeltlng 
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point, radiation damage of the fee structure which will also 
give rise to perturbing electric fields is rapidly 
annealed . 

The aeasured spin rotation pattern for the 350 ns, 2538 keV 
+ 213 

29/2 isomer in Fr is shown in fig.C.22. This state has 
3) 

been measured very accurately by the Chalk River group , 
and our g-factor of -1-1.054(10) is in good agreement with 
their value. This provides a useful internal check on our 
field and tiae calibrations. 
For comparison, the ratio function for the 588 keV E3 

212 
transition which depopulates the 27 stace in Fr is also 
shown in fig.C.22. Its g-factor of +0.81(1) has been 
interpreted as evidence for a core-excited configuration. 
A full report is being prepared for publication. 
1) D. Riegel, Physica Scripta 11(1975)228. 
2) G. Schatz and P. Heubes, Hyperfine Interactions 4(1978) 

751. 
3) J.R. Beene et al.r Hyperflne Interactions 3.(1977)397. 
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5. Fission and Fusion Studies 

5.1 Shell effects and angular momentum partition in heavy-
ion induced fission (Phillips,Leigh,Newton,Foote, 
Hlnde, Dracoulis) 

The multiplicity of -y-rays emitted from both fission 
fragments, <M >, following a series of heavy ion fusion 
reactions has been measured (fig.C.23). Shell effects are 
observed to play a major role in the variation of <M > with 
fragment mass asymmetry (fig.C.24). Reductions in multi
plicity of order 10% are observed when fission leads to 
fragments which both have a closed neutron or proton shell. 
It is not certain that the variations represent changes in 
the combined angular momentum of the fragments. The fission 
fragments from targets of 1 7 0Er, 1 8 1Ta, 1 9 7 A u and 2 3 2 T h 

19 
bombarded with 115 MeV F show a systematic increase in the 
average value of <M > with increasing target mass. This has 
been interpreted as an increase in the average fragment 
angular momentum, even though the compound nucleus spin 
decreases with mass. The role of the collective excit
ations, twisting, bending, wriggling and tilting1* has been 
investigated and adequately accounts for the observed 
behaviour (table C.5). 
1) L.G. Moretto and R.P. Schmitt, Phvs.Rev.C2K1980)204. 

TAILE C-5 Angular moment! imparted by collective aiciteftent for US K*V 
f bombardment of the lilted target!, <tf> l» the average angular 

•omentui which lew* to fititon. The total calculated spin 
lTot " • '• *T i { i l r ' 

Tsrget v >l l l< 
lotitlon 

0nl> 

K1|M • 
Vrlgfltnf 

won 
• H i d • 

Nndlni* 
Twitting 

' l 

l l | M • 
T" t l » | 

'T 

Total 
FrifMnt 

•pin 
'T.« 

UPMI«I»T 
<H > Ton] 

T Pfagtwnc 
Spin 

I?.4 
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Fig.C.23. Gamma-ray Multiplicities as a function of fragment 
mass asymmetry. Points to the left of symmetry 
(R*1.0) correspond to observation of the light 
fragment; the heavy fragment was detecced for 
those to the right, a) Multiplicities for com-

216 213 
pound nuclei Ra and Ac rhow the same 
features, b) Multiplicities for 2 5 1Es, 2 0 0Pb and 
1 8 9lr. 

• 
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C.24. N and Z values of fragments from 2 5 1Es, 2 1 6Ra and 
189 

Ir as a function of mass asymmetry, R. The 
dashed line indicates the positions of primary 
fragments, the full line those after neutron 
evaporation. The hatched areas represent the 
regions where dips occur in <M >. 

5.2 Total neutron multiplicity for fission reactions 
(Hinde,Bokhorst,Charity,Chatterjee,Foote,Leigh, 
Newton,Ogaza) 

To test the consistency of our neutron multiplicity 
measurements, and those of others wlu. have made similar 
measurements for heavy-ion fusion-fission reactions, we have 
compared the total neutron multiplicity <v t o f c) with the 
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energy available for emission E <f), where 

3x(f) * E ^ + Q(f) - EJJ (1) 

Ep M is the centre-of-mass bombarding energy and Eg is the 
total kinetic energy of the fission fragments. Q(f) is 
defined as 

Q(f) - M • M t - (Mj +Hf ) , (2) 

where M and M. are the mass excesses of the projectile and 
target, and M~ ,M# are the mass excesses of fission frag-
•ents after neutron emission (fission products). The 
neutron mass excesses have been omitted here, but will be 
included in equation (3). 

In fig.C.25 we show vfc t plotted against E^if). The data of 
Gavron et al for Yb are shown by full circles. The ANU 
data are consistent with each other, and with the data of 

Gavron et al. To predict the variation of v t o t with E z<f), 
we assume that all excitation energy is removed by neutron 
and y-ray emission, and write the energy balance equation 

'tot 
Ejj(f) • E^<f) • J, (8.07+Ej). 

i«l 
(3) 

E (f) Is the energy removed from both fragments by f-ray 
emission, parameterized as 

E (f) - 8 • 0.07 Ex(f) MeV 

2) 
(4) 

to agree with experimental observations . 



53 

1 1 1 r-

4 GAVRON et o! I M Y b 

4 HOLUB etol l , 5 I r 

\ AMU »'E S l

2 , JFr, 2 ' 0Po. 
200,l»«,lt2 * « 

r o , YD. 

- CALCULATION 

200 300 

E,(f) 
4 0 0 

Fig .C.25 . 

Average neutron kinetic energies for each emission were 
calculated for an evaporation spectrum, using an average 
total mass of A-210, and level density parameter of an*A/10. 
The use of A-168 or A«251 would shift the curve by ±3 MeV at 
vtot" 1 0 , T n e r e f l u l t a n t prediction shown in the figure 
follows the experimental data rather well. The data of 
Holub et al 3 > (for 1 8 5Ir) taken at very high excitation 
energies deviate substantially from the curve. This 
probably indicates that a large amount of energy is removed 
from the system by charged particle emission, either during 
or after fusion. Thus the fission observed was not from the 
simple complete fusion/neutron evaporation regime, but 
resulted from a much more complex reaction. 

1) A. Gavron et al., Phys.Rev.Lett.12(1981)1255. 
2) J.R. Leigh, private communication. 
3) E. Holub et al., Phys.Rev.C2fl(1983)252. 
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5.3 Pre-fission neutrons from fissile nuclei (Hinde, 
Bokhorst,Charity,Chatterjee,Foote,Leigh,Newton, Ogaza) 

Pre-fission neutron multiplicities have been measured for 
fission of the compound nuclei 1 9 2 P b , 1 9 8 P b and 2 0 0 P b formed 
by bombardment of 1 6 4 ' 1 7 0 E r targets by 2 8 ' 3 0 s i beams. 
Together with the previously reported measurements for 
2 0 0 P b formed by the fusion of 1 9 F with 1 8 1 T a , and for 2 1 0 P o , 
213 251 

Fr and Es, we have a large body of pre-fission neutron 
data for fissile nuclei. In all cases the experimental 
multiplicities rise monotonically with bombarding energy. 
However, statistical model predictions show a rapid rise in 
multiplicity, followed by a slow fall as the bombarding 
energy increases. Furthermore, the peak occurs at lower 
bombarding energies and multiplicities as the fissllity 
rises. This is completely at variance with experimental 
results. It was previously reported that for Es, where 
there is a gain of *40 MeV during fission, emission from the 
accelerating fragments is an important process. Emission 
during the saddle to scission transition was found to be 

-21 
small for a transition time of 3x10 s, as predicted by 3) two-body viscosity models . Analysis of our data for 251 systems lighter than Es (where there is little or no gain 
in excitation energy at scission) suggests that a much 
longer saddle to scission time is necessary to explain the 
discrepancy between statistical model calculations and 
experiment. Even with long saddle to scission times, 
emission from the fragments during acceleration is important 
for 2 5 1 E s . 
Until neutron emission lifetimes for hot deformed nuclei are 
reliably known, the saddle to scission time (knowledge of 
which would shed considerable light on the problem of 
nuclear dissipation) is likely to remain uncertain. 
1) D. Ward et al., Nucl.Phvs.A403(1963)189. 
2) D.J. Hinde et al., Phys.Rev.Lett.52(1984)986. 
3) For example, J.W. Negele et al.,Phys.Rev.£17(1978)1098. 
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5.4 Multiplicity of pre-fission neutrons (Newton,Bokhorst, 
Charity,Chatterjee,Foote,Hinde,Leigh,Ogaza) 

Analysis of the measurements of the average multiplicity 
.1) has been (v ) of pre-fission neutrons reported last year 

completed. The results are shown in fig.C.26, where they 
are compared with statistical model calculations (full 
lines). 

the diffuse-
In these it is assumed thati a*/a «1.00j the fission 2) barriers (E,(J>) are as calculated by SierJc ; 

3) 
ness parameter in the angular momentum distribution for 
fission is appropriate to that for the best fit to the 
fission excitation function. The experimental points agree 
well with the calculations for bombarding energies (angular 
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aoaenta) corresponding to E*(J) greater than the neutron 
binding energy (Eg) and exceed the calculated curves for 
E.tJXEL. The boabarding energy for Ef(J)«EN Is denoted by 
E f c h. It has been shown that neutron eaisslon froa the 
accelerating fragaents can affect the deduced value of v 
if this effect is neglected. When this is taken Into 
account in a necessarily approxlaate way the dashed curves 
In flg.C.26 are obtained. These agree better with the data 
but are still too low at the highest boabarding energies in 
the three heavier systeas. The reason for this discrepancy 
needs further investigation. 

1) Annual Report 1983, C5.1,p38. 
2) A.J. Sierk, private communication. 
3) Annual Report 1984, C5.5.3. 
4) D.J. Hlnde et al.,Phys.Rev.Lett.£2(1984)986. 

5.5 Angular aoaentua distributions in coapound nuclei 

It has long been recognized that the fission probability 
depends sensitively on the angular aoaentua, L, of the 
fissioning Bystea. For nuclei with very low fission probab
ility the variation with L is extreaely rapid. Interpret
ation of measured fission cross sections following heavy Ion 
fusion then depends critically on the angular momentum dis
tribution Involved In fusion (FAMD). He have undertaken a 
series of measurements in an attempt to deteralne FAHDs. 
None of the aethods can give an unambiguous distribution but 
It is anticipated that the coablned results will lead to a 
greater understanding of the problea. 

5.5.1 Heaw-lon fusion cross sections <Charlty,Bokhorst, 
Chatterjee,Foote,Hlnde,Leigh,Newton,Ogata) 

The fusion cross section Is related to FAMD by the faaillar 
expression 



57 

°fus " •** J C2L*1H*» 
L 

Thus the experimental determination of o f l J B generally 
defines the value Lj^8,, the L-value for which T £ U 8 « 0 . 5 . 
Whilst o,,,. obviously places Halts on the L-distrlbutlon, 

_fus the detailed variation of T£ with L must be extracted froa 
•odela whose parameters are adjusted to fit 0* . 

Fusion cross sections for a series of reactions have been 
obtained froa measurement of fission and evaporation residue 
excitation functions. The results are summarized in fig. 
C.27 plotted against the Inverse centre-of-mass energy. 
The predictions of the Bass model , frequently used to 
estimate unknown cross sections, are shown by full lines. 

The theory gives results which are generally within MO* of 
experiment, but deviates significantly at the lowest 
energies. Presumably this indicates the inability of the 
model to predict the true FAHD. Other models are currently 

2) being investigated, with emphasis on that of Hong which 
has had some success in describing fusion of 0 with 
1 5*S. 3>. 

1) R. Bass, Phy.Rev.Lett.22(1977)265. 
2) C.Y. Hong, Phys.Rev.Lett.31(1973)766. 
3) R. Vandenbosch et al., Phys.Rev.£28(1983)1161. 
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Fig.C.27. 

5.5.2 Elastic scattering (Bokhorst,Chatterjee,Hinde,Leigh, 
Newton,Ogaza) 

Optical model analysis of elastic scattering data yields the 
L-dlstributlon associated with the total reaction cross 
section, o R 

yR • *x 2 V <2L+1)T£ 
L 
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A convenient and successful paraaetrizatlon of the L 
distribution is 

<• I* • -N»)] 
- i 

where d is adjusted to fit the optical aodel distribution. 
The conventional approach is then to assume the T; u 8 values R L fus are given by the same expression with L{^ v replaced by L B 

the value of d remaining unchanged. 

We have measured elstlc scattering angular distributions at 
a number of energies for 1 3 9La+ 1 9F, 1 5 0Sm+ 1 8O, 1 5 9Tb+ 1 9F, 
1 6 9Tm+ 1 9F, 1 8 1Ta+ 1 9F and 1 7 0Er+ 2 831. The angular range 36°-
162° was covered using a segmented anode ionisatlon chamber 
containing nine silicon surface barrier detectors 6° apart. 
Charge transfer reactions were readily identified and 
separated from elastic and Inelastic scattering by measure
ment of E and &E. Neutron transfer reactions are being 
investigated using the Enge spectrometer. Analysis is in 
progress. 

5.5.3 Fission excitation functions (Charity,Bolchorst, 
Chatterjee,Foote,Hinde,Lelgh,Newton,Ogaza) 

The sensitivity of the fission probability to the FAHD 
should make It a useful probe. For Instance two "reason
able" forms of FAMD giving the same a f U 8 can reeult in cal
culated fission probabilities differing by a factor of four. 
There are still many uncertainties in parameters involved in 
statistical aodel analysis, thus It is not possible to 
extract FAJ© from fission data alone. Indeed the ultimate 
hope Is to use an experimentally deteralned distribution so 
that other parameters, e.g. fission barriers, can be deter
alned unambiguously. Nonetheless It Is Instructive to see 
which FAHDs fit the fission cross sections assuming other 
paraaeters are known. We have taken the fission barriers to 
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be given either by the Rotating Liquid Dro^ Model (RLDM)1' 
2) 

or by the calculation of Sierk . The level density para
meter ratio a,/a was taken as unity. Experimental values fu« of L2.° were used and d, defined in section 5.5.2, was varied to give the optlaua fit to the fission excitation 
functions shown In fig.C.28. The values of d for each 
choice of fission barrier are listed in Table C.6. 

For all but the lighest systens these values, in conjunction 
with Sierk barriers, are consistent with those obtained fro« 
elastic scattering data using slailar aass projectiles. 
1) S. Cohen, F. Plasll and N.J. Swlatecki, 

Ann.Phys. fij(1974)557. 
2) A.J. Sierk and J.R. Nix, Phys.Rev.£21(1980)982. 

A.J. Sierk, private coaaunlcatlon. 
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TABLE C.6. Dlffuseness low energy parameters (d) froa fitting the 
fission cross sections. 

Reaction CN d(Sierk) d(RLDH) Jth Eth (h> (h) <h) (MeV) 
3 <W 7 0Er 200 p i ) 9 - 40 141 
19 F +181 T^ 2 0 0 P b 6 8 40 103 
1 8 0 +

1 9 2 0 s 2 1 0 P o 2 6 39 95 
1 9 F +

1 6 9 T m 1 M P t 4.5 6 49 113 
1 9 F +

1 5 9 T * 1 7 8 W 4 5 57 123 
1 8 o +

1 5 0 s « 1 6 8 Y b 0 3.3 64 127 
1 9F* 1 3 9La 1 5 8Dy 0 3.2 69 131 

5.5.4 Oamma-rav multlUlclties (Newton,Chatterjee,Bokhor.it, 
Hinde,Leigh,Ogaza) 

Whilst elastic scattering deteraines the L-distrlbutlon 
associated with the total reaction cross section, -y-ray 
multiplicities can give direct information on the L-
dlstribution in evaporation residues, after the emission of 
several neutrons; both the average L-value and the width of 
the distribution can be obtained. 

He have measured y-ray multiplicities for the reactions 
159Tl>(19P,inY)17fl",,H and 1 5 0*H 2 8Si,wiY> 1 7 8" 1 ,H, for which 
fusi ,n and fission cross sections have already been 
measured. Discrete >-rays, detected in a Compton suppressed 
Ge detector were taken In coincidence with a multiplicity 
filter consisting'of six 5cm x 5cm NaKTl) detectors, placed 
at 10cm from the target, and with a single 7.5ca x 7.5cm 
NaKTl) detector at 50cm. Results are currently being 
analysed. 

http://Bokhor.it
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5.6 9tfttlsU<?ftl Igtel aflftlyaja of ngyUon evapwUPh 
following heaw-ion fusion (Chatterjee,Ogaza, 
Bokhorst,Foote,Hlnde,Leigh,Newton) 

Measurements of the cross sections for individual evapor
ation channels following heavy ion fusion for the systems 
1 9F+ 1 3 9La-» 1 5 8Dy, 1 8o+ 1 5 0Sm-» 1 6 8Yb and 1 9F+ 1 5 9Tb-» 1 7 8W were 
reported earlier . The data have been extensively analysed 
within the framework of the Rotating Liquid Drop Statistical 

2) Model (RLDM) using the Monte Carlo evaporation code, PACE 
For convenience the measurement and calculations were 
compared in terms of the average neutron multiplicity, 
n*£xo(xn)/£o(xn). 

Both the measured and calculated values of n show a nearly 
linear dependence on projectile energy (Fig.C.29). The com
pound nucleus L-distribution and the parameters k f (scaling 
factor for the RLDM fission barrier) and a-/a_ (ratio of 
level density parameters at saddle point and equilibrium 

3) deformations) were taken from previous analyses of fusion 
and fission data. Variation of a from A/8 to A/12 produced 
an Insignificant effect and an*A/10 was used in further 
analysis. For the nuclear masses along the decay chain 
three options were used (a) the LDM, (b) LDM with pairing, 
and (c) the Wapstra Mass Table**. The L-dependence of the 
yrast line was taken to be that predicted by the RLDM. For 
each of the options the experimental values were fitted by 
varying the El -y-decay strength (the fit was much less 
sensitive to Ml, E2 and M2 strengths). A detailed compari
son favours choice (c), which includes shell effects. With 
this mass option, a satisfactory agreement with the data was 
obtained for El strengths in the range 0.01 to 0.1 Heisskopf 
units. However, with the other mass options, the El 
strengths required for the Yb and H systems appear to be 
unreasonably large O0.2 H.u.). For Dy (see flg.C.29), the 
shell correction changes sign over the neutron decay chain 
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140 
E,ob(M.V) 

Fig.C.29. The average neutron multiplicity, n, as a function 
of projectile energy for 1 9F+ 1 3 9La-» 1 5 8Dy. The 
solid lines are calculations using mass option (c) 
and the Indicated values of El -y-decay strength. 
The dashed curve Is a calculation using LDM-plus-
pairing masses. 

and in this case the slope of the n curve is not satis
factorily reproduced with masses (a) and (b). Hithln the 
framework of the model, it appears necessary to include 
shell effects to ensure agreement with the data. 

1) Annual Report 1983, p.44. 
2) A. Gavron, Phva.Rev.021(1980)230. 
3) Annual Report 1983, p.46. 
4) A.H. Hapstra and K. Bos, Atomic and Nucl.Data Tables 19 

(1977)216. 
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6. Hyperfine Interaction Studies 

6.1 Gvromacmetic ratios in 107>109Aq 

(L.D.Wood,Bark,Bolotin,Morrison,Stuchbery,Yamada) 

Results of our transient field (TF) g-factor measurements of 
the lowest 3/2" and 5/2" states ir ' Ag were given in 
last year's progress report (C6.2). An account of our TF 
investigations for Ag and Pd ions in Fe and Co hosts,includ
ing the g-factor results, has been published in Hyperfine 
Interactions. We have also compared our measured g-factors 
with model calculations. 

For both states in both nuclides, the measured g-factors are 
greater than the extreme weak-coupling model estimates, sug
gesting the need for higher-order terms in the effective 
particle-core Ml operator, or (more likely) impurities in 
the wavefunctions. To obtain a more realistic description 
of these nuclei, one must consider a multi-shell particle-
core calculation in which Pauli blocking could be important. 
He have addresed this problem using a boson-fermlon model. 

The boson-fermion model provided an adequate description of 
the energy-level and Ml observables below 1 MeV in 
107,109^ t h e key factors in the model were Ml renormaliz-
atlon and Pauli blocking corrections. Our results comple
ment earlier supersymmetry studies in showing that strong 
symmetry breaking occurs In the odd Ag isotopes, and that 
particle-core mixing is not weak, k paper reporting our g-
factor measurements and model calculations has been 
published in Nuclear Physics A. 

6.2 Gvromacmetic ratios in 1B8,190,192Q B 

(Stuchbery,Bark,Bolotin,Morrison,L.D.Hood,Yamada) 

1SB 190 192 Analysis of the g-factor measurements in ' ' 0s (out-
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TABLE C.7. Measured gyronagnetic 
states in 188,190,19208 

ratios of designated 

Isotope; 
level (Jfl 

Experimental cr-factors Isotope; 
level (Jfl Present*' Priorb) 

1 8 8 0 „ 2 * - +0.29240.010c) 

•l +0.35840.035 

•l +0.41240.063 
» ; +0.39210.035 +0.43 40.0B;0.640.2 

• ; +0.40 ±0.12 

1 9 0O.,2* - +0.35040.011C) 

•I +0.39640.047 0.45 
2+ 
'2 +0.34440.043 

1 9 20.,2+ - +0.39640.010c) 

*i +0.38840.039 0.39640.010d) 

3 +0.31740.032 +0.27040.030d) 

•5 +0.43 40.09 
a) Present absolute g-factors of specified levels derived 

from the transient field calibration using combined 2,-
state precessions. 

b) See ref.l for previously reported measured g-factors of 
some states. 

c) Weighted average of present static field and prior g(2J) 
values. 

+ + 192 
d) The prior measured values of g(4,) and g<2~) in 0s + + are inferred from the experimental g(41)/g(21) and + + g(22)/g(2,) ratios determined In ref.2 and the present adopted value of g(2?) in that nuclide. 
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lined in last year's report C6.3) has been completed. Our 
results are summarised in Table C.7. Note that the transient 
field (TF) precession measurements are made relative to the 
combined 2+-state precession data for 1 8 8 » 1 9 0 » 1 9 2 o s . As the 
2*-state g-factors have been determined Independently for 
these nuclides, the present results for states higher than 
2^ are insensitive to the specific velocity dependence of 
the TF. Of particular import, the ratios g(2t)/g(2^) were 
determined rather precisely to be 1.45±0.18, 0.99+0.14 and 
0.72+0.06 in 1 8 80s, 1 9 00s and 1 9 2 0 , respectively. Results 
were examined within the standard parameterizations of the 
Interacting Boson Models (IBM). Previously successful fits, 
within IBM-2, to B(E2) and energy level systematics in these 
nuclei were unable to reproduce either the intranucleus or 
mass dependent variation of g(22>/g(21). Reports of this 
work have been published in Phys.Lett.B and accepted for 
publication in Nucl.Phys.A. 

1. Table of isotopes, 7th ed., ed.C.M.Lederer and V.S. 
Shirley (Wiley, New York, 1978) appendix VII. 

2. H.H. Bolotin, I. Morrison, C.G. Ryan and A.E. Stuchbery, 
Nucl.Phys.A40_l< 198)175. 

6.3 Measurements of g-factors in 1 8 4 ' 1 8 6 w 
(Stuchbery,Bolotin,Doran,Morrison,L.D.Wood,Yamada) 

188 190 192 
Our g-factor results for " L : 7 V" x : 7'os could not be encom
passed within the proton-neutron interacting boson model 
(IBM-2) using a first order Ml operator and standard para
meters which reproduced B(E2) and level systemacics. Furth
ermore, incorporating larger admixtures of Majorana states 
to obtain g-factor variations implied mass-dependent g-
factor variations for the 0s nuclides totally inconsistent 
with experiment. To allow IBM-2 to accommodate other than 
constant inter-level g-factors in the absence of Majorana-
state admixtures at least a second order Ml operator must be 
used. This Increases the number of parameters in the model 
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and for meaningful Interpretation requires a larger body of 
experimental data than presently exists in the W, Os, Pt 
region. He are therefore continuing to measure g-factors of 
low-lying excited states in nuclei of mass 180<A<.190. 
Transient field precessions have been measured for the 2^, 
4t, et (and 8 +) states of 1 8 4 ' 1 8 6 w . The measurements and 

1B6 
analysis for W have been completed yielding ratios 
g(4^)/g(2^)=l.04+0.07, g(6^)/g(2j)=1.03+0.20 and g(22>/g(2*) 
=0.63+0.13. Preliminary results for 1 8 4 W are: Ae<4*)/A6<2*) 
=1.07+0.07, Ae(6j)/A6(2*)=1.05+0.10, A6(8^)/A6(2^)= 
1.32+0.33,Ae<22)/A6(2*>= 0.42+0.17. He plan to collect 
further data to improve the statistical precision of the 
A6(2«) measurement before completion of the W analysis. 

Without attempting to define the parameters of a second 
order IBM-2 Ml operator, we note that these parameters are 
expected to vary smoothly with mass - at least within a 
major given shell. Thus nuclei that are either isotopes or 
isotones would be expected to show a smooth variation in 
expc 
168, 

186 188 experimental observables. H and Os are isotones. In 
30s the ratios g(4*)/g<2*) and g<22>/g<2*) have been 

measured (see above) and both found to be substantially 
186 

greater than unity. In contradistinction, in W we 
obser'e g(4^)/g(2^)M while g ^ W g ^ ) is much less than 
unity. This represents a somewhat different change in g-
factor systematics than expected and would appear to indi
cate that some mechanism is responsible that cannot be en
compassed within the IBM. 

186 A paper reporting +"-.e W results and examining them in the 
context of the IBM has been submitted for publication to 
Z.Phys.A. 
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6.4 Gvronacmetlc ratios in ^ r 
(Doran,Bolot in,Stuchbery) 

Recently, cranked Hartree-Fock-Bogoliubov calculations of 
ground-state band g-factors were published for the rare-
earth nuclides 1 5 48m, 1 5 8Gd, 1 5 8' 1 6*Dy and 1 6 6 E r 1 } . In all 
of these nuclei the ground band g-factors are predicted to 
decrease markedly with increasing spin up to about 12 . For 
example, in Er, calculated g-values are g(21)>0.32, 
g(4t>»0.30, g(6t>«0.27, g(8?)*0.23. He have measured 

166 transient field precessions for Er states in the ground 
state band up to spin 10 and in the y band up to spin 4 . 

2 166 The targets were made by rolling 1.6 mg/cm Er foils onto 2 annealed, Pb-backed, 5.4 yn thick Fe foils with *260 ug/cm 
58 

of In as adhesive. Beams of 220 MeV and 175 MeV Ni ions 
were employed; two beam energies were selected to obtain 
different excited-state population profiles, thereby enabl
ing more reliable extraction of g-factors of the strongly 
fed lower-lying excited states. Analysis is in progress. 
Preliminary results suggest that (i) the diminishing of the 
ground band g-factors up to spin 10 + is not as narked as the 
cranked Hartree-Fock calculations suggest , (11) using the 
transient field calibration proposed by the Chalk River 

2) group for rare-earth ions traversing Fe we obtain 
g(2t)»0.32 in accord with previous measurements, and (ill) 
the g-factors In the \-band C g ^ ) ,g(42>3 are signifi
cantly larger (i>20%) than those in the ground-state band. 

We plan to measure g-factors In Dy (an lsotone of Er) 
to determine, in particular, g(20)/g(2,) and g(40)/g(2,). 164 166 These results for Dy and Er will be compared with 
Interacting boson model calculations. As noted above 
(C6.3), it is difficult to explain within the IBM the g-
factor variations observed in the W-Os region; it may prove 
possible to successfully describe the g-factor variations In 
this lower mass region where the nuclear structure appears 
somewhat simpler. 

file:///-band
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1. A. Ansari, E. Wast and K. Mohlhans, Nucl.Phys.A415 
(1984)215. 

2. M.R. Andrews et al., Nucl.Phvs.A383(1983)509. 

197 6.5 Electromagnetic properties of states in Au 
(Stuchbery,Bolotin,Doran) 

As a by-product of our g-factor measurements in ' W, in 
which protective layers of Au were evaporated onto the WO, 
targets, we have measured transient field precessions and 
particle—y coincidence angular distributions for states in 

Au Coulomb excited by 220 MeV Cu beams. Precession 
results are A8(5/2t)=-24.2+3.1 mrad and A6(7/2*) =21.4+2.0 
mrad, giving g(5/2 )/g(7/2+)=1.13+0.18. Using a linear 
calibration of the transient field, obtained by averaging 
previous results for Pt in Fe (summarized in ref.l), gives 
g(5/2*)=0.26+0.04 and g(7/2*)=0.23+0.03. Errors on these 
absolute g-factors include a 5\ uncertainty added in 
quadrature to allow for uncertainties in the Fe-foil 
thickness. In the extreme weak-coupling model, with 
g =0.098 and g =0.469 derived from previously measured g-p c 
values for the ground and first excited states, one obtains 
g(5/2)=0.33 and g(7/2)=0.29. Although the measured g-
factors appear to be slightly below the model estimates, the 
measured and calculated ratios are in good accord. 

Our data (precession and angular distribution) also include 
significant population of several higher-excited states 
which have not been extensively studied. For example, our 
angular distribution results for the (5/22>-»3/2̂  (503 keV 
line) and (7/22>-»5/2̂  (458 keV line) transitions indicate 
that these have predominantly Ml multlpolarity. The 
Doppler-broadened llneshape technique is also being applied 
to the statistically precise data collected during the g-
factor measurements to obtain mean life estimates for the 
shorter-lived states. 

http://Nucl.Phys.A415
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1. A.E. Stuchbery, C.G. Ryan and H.H. Bolotln, Hyp. 
Interact. JJ(1983)275. 

6.6 Transient field strengths for W and Os In Iron and OB 
In nickel (Stuchbery,Bolotin,Doran) 

As a result of our g-factor measurements of excited states 
in 1 8 4 » 1 8 6 w and 1 8 8 ' 1 9 0 ' 1 9 2 o 8 we have obtained information 
on the transient field strengths for these ions In *5.5 urn 
thick Fe hosts; also, we have measured the field strengths 
for Os ions traversing 2.9 urn thick Ni foils at an average 
velocity of *4vQ, and for 1 8 6 W ions traversing 3.0 \m thick 
Fe foils at average velocities of *3.4vQ and 4.4v . 

Results for W and Os ions traversing %5.5 urn Fe foils may be 
summarized as follows: 

(1) The WFc and OsFe field strengths are in good accord 
with each other, 

(ii) The integrated field strengths (*5v to *2v ) are 
about 15% larger than calculated from scaling the 
PtFe field strength; this is smaller than i>50% found 
earlier at lower velocities (t>2v0)(see ref.l). 

(ill) The Integrated field strengths are *20% smaller than 
Implied by the Chalk River2} and Rutgers3' field 
parameterizations which were obtained mainly for 
rare-earth ions in Fe hosts. 

Our present data alone, being obtained with quite thick 
foils and therefore integrating over wide velocity 
Intervals, are not sensitive to the velocity dependence of 
the transient field. (For example, our data could fit 
either a constant or a linear velocity-dependent field 
strengthI) However, taken together with earlier results 
for Os in Fe and Co at low velocities <*2v 0), the combined 
data suggest approximately constant field strengths for 
2vQiVi5vQ t B(0»Efi)-2.71t0.07 kT, B<WE*.)« 2.7210.08 kT. 
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The field strength Measured for Os In Ni, B(Os££.)*l. 0+0.3 
JcT, Is in agreement with the usual assumption that the 
fields scale with bulk magnetization of the host. 

1. A.E. Ctuchbery, C.G. Ryan and H.H. Bolotin, Hyp. 
Interact.13(1983)275. 

2. H.R. Andrews et al., Nucl.Phvs.A383'. 1982)509. 
3. N.K.B. Shu et al., Phys.Rev.£21(1980)1828. 

52 6.7 Transient fields for high velocity Cr in Fe 
(Stuchbery,Doran,Dracoulis,Gerl,Poletti,S.J.) 

As noted in the progress report last year (C6.6), we expect 
the transient field strength for all ions in Fe to begin to 
diminish with increasing velocity above *8vQ due to capture 
of unpolarlzed L-shell electrons of the host becoming 
dominant over capture of polarized H-shell electrons at high 
Ion velocities. To begin to test this possibility we have 

52 measured transient field precessions for high velocity Cr 
ions traversing 5.7 um and 10.7 urn thick Fe foils at initial 
velocities of *12.5vQ 

2 Targets consisting of tl mg/cm natural Cr evaporated onto 
81 

annealed Fe foils were bombarded by 230-MeV Br beams. By 
appropriate selection of a Cu backing thickness behind the 81 
Fe layer, the Br beam Ions were brought to rest while 52 excited Cr ions recoiled out of the target and backing 
layers into a silicon detector placed at 0° to the beam. 

52 
Both incoming beam ions, and outgoing Cr ions were 
shielded from the stray magnetizing field by soft iron cones 
to reduce beam-bending effects. 

52 Analysis of the 5.7 um Fe data ( Cr velocities from *12.5v 
to *9.5v0) is quite advanced. The precession observed 
appears to be about 1/3 of that predicted by extrapolating 
the Chalk River parameterization to higher velocities (i.e. 
A6 B e a Bt6 mrad, while A6 C ]_ *21 mrad). Analysis of the 

http://Nucl.Phvs.A383'
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10.7 \m foil data is In progress; the small fraction of 
data analysed shows (with large error) a precession of such 
magnitude as to be consistent with the present small 
precession result at higher velocities and previous larger 
precessions observed at lower velocities (v<7v ) for Fe In 
F.1'. 

1. J.M. Brennan et al., Phvs.Rev.C16(1977)899. 
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7. Beta Decay Studies (von Dincklage,Gerl,Hay with H.L. 
Ravn,CERN, and G.J.Beyer,Dresden) 

Beta decay continues to be one of the most interesting feat-
1 2) ures of nuclei. Its careful study ' has already provided 

us with severe constraints for any theory of weak inter
actions. Presently the rest mass of the electron- 3 3) antlneutrlno is being probed through beta decay (of H) in 
several experiments around the world. 

4) 
Three years ago a new approach was proposed by De Rujula 
for investigation of the mass of the electron neutrino. 
This method applies to nuclides which weakly decay by cap
ture of an orbital electron. The photon spectrum emitted in 
the decay can then reveal the mass of the neutrino emitted 
simultaneously In much the same way as in the celebrated 
tritium experiments. 
Based on the CPT theorem however we expect this mass to be 
smaller than 50 eV, which, if It is to be observable, 
requires very special energetics of the electron capture 
decay, viz, the near-degeneracy of an atomic energy level 
with the decay energy. 

To date four nuclei have been investigated In some detail, 
1 5 7 T b 5 > , 1 5 8 T b 6 ) , 1 6 3 H o 7 ) and 1 9 3 P t 8 > . While the latter 
Isotope has allowed the limit on m v to be reduced to less 
than 500 eV/c , first results on the holaium decay begin to 
constrain the mass of the neutrino as well. 

He have carried out measurements relating to the decay 
energy of 1 5 8Tb. This is of particular interest because of 
a recent report by Raghavan6) that a transition to a level 
in 1 5 8Gd at 1187 keV has a Q-value of only 156 eV. If 
correct, this decay might serve as a sensitive "neutrino 
balance". However, the 

158^.158 
Gd mass difference implied 

by Raghavan's measurement differs by 20 keV from a number of 
measurements of reaction Q-values, and independent 

<r 
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measurements are desirable. Two methods have been explored. 
One is a careful analysis of the intensity and shape of the 
L X-ray spectrum following electron capture to the 1187 keV 

I C Q 

level in Gd. The resulting spectrum is shown in the 
bottom panel of flg.C.30. The two upper panels represent 
the X-ray spectra from the filling of vacancies in the 2p, / 0 157 and 2p, / 2 subshells, and were obtained using a Tb source 
and requiring coincidences with either a K«, or Ka- X-ray. 
From the analysis of these data it Is possible to Infer the 
L-to-total capture ratio for the 1187 keV level in 1 5 8Tb, 
which in turn is translated into a decay energy. 

This work is carried out using the SI(LI) X-ray spectrometer 
operated by the atomic physics group of this department. 

Independently we have measured the decay energy of T b by 
Investigating Its beta (minus) decay. He have shown that 
the decay energy for electron capture, 0~, can be deduced 
from Q„- by utilizing data from mass spectroscopy. Conse
quently we have remeasured Qa~ with a 2 mm Si(Li) diode 
(cf.fig.C.31). In order to analyze the obtained beta spectra 
the resolution function of the Si(Li) for electrons had to 
be determined. For this purpose a new method based on 
triple (gamma-X-ray-electron) coincidences was developed. 
Although the fit shown in flg.C.31 assumes an allowed shape 
for the electron energy spectrum, the decay is actually a 
first forbidden transition which Is also K-forbldden (AK»3). 
Under reasonable assumptions about the nuclear structure of 
the rotational levels In 1 5 8Tb and 1 5 8Dy, it Is possible to 
calculate the expected departure from an allowed shape. 
This results in a decrease of the B end-point energy by 7 
keV, and implies that Q( 1 5 8Tb-» 1 5 8Gd) » 122418 keV, which is 
to be contrasted with the value of 1237.4 keV which is 
necessary for K-capture to the 1187 keV level In Gd to be 
possible. The present result leaves little room (5% 
assuming a normal probability density function) for the 
decay energy to be as high «. * 1237 keV. 
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Fig.C.30 L X-ray spectra originating from primary vacancies 
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for 2s,<£ 2 f o r 2?i/2 a n d ^ 3 f o r 2*3/2 v a c a n c l e s « 
Notice that the ordinate scale has been chosen 
proportional to the square-root of the number of 
counts per channel. 
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Fig.C.31 The beta spectrum of Tb observed in coincidence 

with a 99 keV gamma ray is shown as the histogram. 
The continuous curve Is the result of the folding 
of a theoretical beta spectrum of allowed shape 
with the measured response function. An endpoint 
energy of 840 keV has been used. A partial decay 
scheme for 1 5 8Tb is shown as inset. Notice that 
the ordinate scale has been chosen proportional to 
the square-root of the number of counts per bin 
(which linearizes the B-spectrum almost perfectly). 

157 158 
Both radioactive sources A Tb and i a oTb were produced by 
thermal neutron capture at the Rossendorf reactor and 
subsequently mass separated at the ISOLDE facility, CERN, 
and chemically purified. 
First test experiments at the 14UD were initiated to produce 
the Isotopes 1 7 4Lu and 1 8 1W, which would allow us to extend 
our program. 
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8. Mottle CpUUQng In Solid* 

8.1 Charge-state distributions of Ions traversing solids 
(Hay,Pender,Treacy) 

Measurements were previously reported1) for 130 HeV CI Ions, 
of the charge-state distributions from charge-selected Ions 2 after transmission through thin (2-130 ug/cm ) carbon foils. 2 Following studies elsewhere ), measurements have been 
extended to cover Li, F and CI Ions at 3 MeV per a.m.u. 
Interpretation with conventional capture and loss cross-
sections shows reasonable fits to the data, but with some 
significant discrepancies. These fits were incorporated 
Into predictions of in-target charge states in studies of 
energy losses as described below (CB.2). 

1) H.J. Hay et al., Nucl.Inst.& Meth.£2(1984)505. 
2) N.E.B. Cowern et al., Nucl.Inst.S. Meth.fiK 1984) 112. 

8.2 Pre-eaulllbrlum energy losses of ions in carbon 
(Hay,Pender,Treacy) 

Studies of energy losses corresponding to shifts of peaks in 
the resistive-wire detector in the Enge spectrograph, have 
been made for 3 MeV per a.a.u. ions of LI, F and CI 
transmitted through carbon self-supporting targets. This 
work was done in collaboration with two visiting scientists, 
Drs C.J. Sofleld and L.B. Brldwell, of AERE, Harwell and 
Murray State University, Kentucky, who are members of a 
group working on similar experiments at Harwell. 

The ions were detected at low rate because of certain rate-
dependent effects (see C8.3 below). Results were combined 
for different parts of the Enge focal-plane detector, and 
analysed using a non-linear fitting procedure in a self-
calibrating program. Observed energy losses were compared 
with values calculated from standard Bethe-Bloch-Barkas 
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theory using charge states deduced from charge-state 
distributions. 

8.3 Instrumentation of pre-eguilibrium heavy ion energy-
loss measurements (Pender,Hay) 

A preliminary description of our energy loss measurements 
was given in the 1983 Annual Report. Briefly, these 
measurements were made using the Enge spectrograph at a 
scattering angle of 0°, the energy loss being estimated by 2 comparing target (typically 2-100 pg/cm of carbon) and no 
target peak positions with the same incident and exit charge 
states. To obtain better than 10\ accuracy in the energy 
loss within our thinnest targets (typically less than 1 part 5 in 10 of the incident ion energy), requires comparisons of 
relative distances less than 10 urn along the Enge focal 
plane. Several instrumental improvements have been imple
mented to Increase the reliability of these measurements. 

1. To improve the averaging of beam fluctuations over all 
target positions, the target wheel is spun continuously at a 
constant rate of 2 cycles/sec. The target position is 
identified from the height of a synchronized voltage ramp. 

2. To enable beam intensity reduction to be made at the 
ion source and to decrease beam energy degradation due to 
silt-edge scattering as a result of beam reduction after the 
analysing silts, a generating voltmeter terminal stabilizer 
was designed and developed. 

3. To overcome systematic errors resulting from local non-
linearities In the detector position calibration, the Enge 
field is slowly cycled by *1%, with a 12-minute period tri
angular sweep, and detector position data versus field for 
each target Is collected. This Information is then passed 
to a computer program written to extract field shifts 
required to place the target and no-target data at the same 
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detector positions. Energy losses are then computed without 
requiring a detector calibration. 

4. In an attempt to overcome errors resulting from 
detector rate dependent positional shifts, various types of 
gas-filled position sensitive detectors were tested. 
However, all were found to be unsuitable; even a delay line 
encoded detector with its Inherent fast timing (typically 
100 nsec) showed positional shifts of order 100 urn when the 
rate was increased from 400 to 3000 particles/sec. He are 
now investigating non-gas filled detectors to find a sultabe 
detector which will enable our experiments to be run at 
sufficiently high rates In order that they can be completed 
in realistic times. 

6.4 Coaouter simulation of charge exchange and energy loss 
(Pender,Treacy) 

The data described in C8.1 have been analyzed using methods 
already described in terms of standard capture (CBK-
Eikonal) and loss (Born) cross sections. Separate papers 
are being written on the two methods employed. 

8.5 Beam-foil X-FftY Spectroscopy (Hay,Pender,Treacy) 

2) 
Data previously obtained have been Interpreted using 3) detailed information on ionic energy states . Analysis 
shows that some transitions are occurring as yrast cascades, 
but the most Intense group observed (3p-»2s) is not, and its 
slow decay Is not explained by usual Ideas on Rydberg atoms. 
This work Is being prepared for publication. 

1) Annual Report, Dept.Nucl.Fhys.(1983)p.59. 
2) " " " p.50. 
3) 3. Bashkln and J.0. Stoner, "Atomic Energy Levels and 

Grotlan Diagrams (New York»North-Holland,1975-82). 
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9. Mass Spectrometry 

9.1 Mg Isotope systematica in fine-grained Allende 
inclusions (Esat with R.S.Taylor, Research School of 
Earth Sciences) 

During the past year we have concentrated our effort on the 
investigation of the isotopic record preserved in Allende 
fine-grained group II inclusions. Their classification as a 
unique group is based on the abundance pattern of the rare 
earth elements (REE). The REE abundance of group II inclu
sions is distinct from all others In that it shows substan
tial depletion of heavy REE relative to light. The work has 
been difficult due to the fine-grained (110 pa) nature of 
the individual mineral grains. He have so far investigated 
5 such inclusions. The results of this work provide import
ant clues bearing on the origins of the group II inclusions. 
Recent petrographic work at other laboratories indicate that 
group II inclusions may be the most abundant type in Allende 
and possibly in other meteorites. However, apart from REE 
analyses, our work is the first detailed analysis of the 
isotopic record. Most previous workers preferred to concen
trate their efforts on large coarse-grained inclusions which 
are mineraloglcally easier to characterize. The results so 
far can be summarized as follows< 

(1) The unique distribution of REE in these Inclusions is 
directly correlated with Isotopic mass fractionation 
in Mg and most likely in Si and possibly in other 
elements (e.g. Ca). 

(11) Over and above the linear mass dependent 
fractionation there are excesses (non-linear effects) 
in , 6Mg. 

(ill) The mass fractionation and the Isotopic non-linear 
effects are variable, at the microscopic level, 
within each Inclusion. 
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26 (iv) The non-linear effects in Mg are all positive and 
correlated with negative mass fractionation 
corresponding to an enrichment in the lighter Mg 
isotopes. In contrast, coarse-grained inclusions -
both group II and others - have positive mass 
fractionation (enriched in heavier Mg isotopes) and 
negative non-linear effects. Silicon isotopes appear 
to exhibit similar behaviour. 

This is the first time that variable isotopic effects have 
been observed within a given inclusion. The absence of such 
variations, in the past, was used as a very strong argument 
against the survival of any original interstellar material 
in the formation of the solar system. Therefore, the 
identification of variable Isotopic effects,In what may be 
the majority of Allende inclusions, gives us physical access 
to interstellar dust - or to material as representative of 
it as we can presently get. 

Further work is at present underway to analyze additional 
group II type inclusions and to discover further clues as to 
their origins. 

9.2 PeterfflnftUon of Clement*! ftfrMndCfflces (Esat,Morton 
with R.S.Taylor, Research School of Earth Sciences) 

Knowledge of the relative abundance of various elements 
provides vital complementary information for samples used in 
isotopic analysis. For example, the relative abundance of 
2 7Al/ 5*Mg, 5 3Mn/ 5 3Cr or 5 6Ni/ 5 6Fe are required for the 
interpretation of the data relating to isotopic ratios of 
Mg, Cr and Nl respectively. For elements with multiple 
isotopes the isotope dilution technique can be used in 
conjunction with a mass spectrometer. However, Al and 
Mn are monoisotoplc. Electron probe analysis of polished 

surfaces is not adequate as crystals are often zoned. 
Dissolved samples can be analyzed by neutron activation in a 
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reactor. However, large O100 ng) samples are required for 
meaningful quantitative analyses. In our case typical 
samples available for elemental analyses range from a few 
hundred pg to 10 ng. 

To overcome these problems we have taken advantage of the 
existing facilities of the 2MV accelerator for elemental 
analysis using proton induced X-rays. In this method, 2 samples, in liquid form, were deposited on thin (MO ug/cm ) 
carbon foils in £2mm diameter spots and dried down. Care
ful attention to cleanliness and the use of pure reagents 
and distilled water has enabled us to produce carbon foils 
essentially free of contaminants (<0.01 ng of Mg, Al or Ca). 
The only discernible contaminants are Na, CI and K which do 
not significantly interfere with the elements of interest. 
Using specially prepared gravimetric standards we have been 
able to calibrate the system and obtain reproducible results 
for Al/Mg and Ca/Mg ratios ranging from 1:1 to about 50:1. 
Preliminary data indicate no serious problems for extension 
of the method to Fe-group elements. 
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10. Experiments at Other Laboratories 

10.1 Lifetime measurements in n* (Dracoulis with 
G.D.Sprouse,Stony Brook, and O.C.Kistner and 
M.H. Rafailovich,BNL) 

The lifetimes of yrast states in were studied using the 
recoil distance method, and the 1 4 1Pr( 3 1P,4n) 1 6 8W reaction 
with beams from the Brookhaven MP Tandem. Gamma-rays were 
detected in two large Ge(Li) detectors, at 0° and 30° to the 
beam axis, which were required to be in coincidence with a 
multiplicity filter. Typical lifetime curves obtained with 
the Brookhaven "plunger" device are shown in fig.C.32. The 
lifetime results from an analysis of these and other curves 
are given in Table C.8, together with the B(E2) values and 
transition moments deduced. 

One result of these measurements was a re-ordering of the 
yrast transitions assigned in ref. , the new order being 
obvious from inspection of the curves in fig.C.32. 

The presence of two relatively long lifetimes in the yrast 
region, one of 38 ps at the yrast 14 state arising from the 
low energy of the 14*-»12* transition, the other of 87 ps 
assigned to the yrast 12 state, and due to a retardation in 
the 12 -+10 transition which connects the s- and g-bands, 
represents an unusual case which may be amenable to g-factor 
measurements. By combining a plunger technique, similar to 
that described by Ryan et al with a large field provided 
either by a transient field, or using the multi-tilted foil 
technique , it should be possible to measure separately the 
precessions, and therefore the g-factors, of the 14 + and 12* 
states. A preliminary measurement using such an arrangement 
and a stack of 12 carbon foils was carried out at 
Brookhaven, and further measurements are planned. 
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Fig.C.32. Selected decay curves for yrast transitions in 
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*°°W. The solid lines are fits to the data. (The 
curve for the 288 keV transition shows a weak 
(1.5%) unshlfted contaninant evident at large 
distances). 
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TABLE C .8. Lifetimes, B(E2) values and transition aoaents 
in 1 6 8W. 

E(kev) (Initial 
state) 

T(ps) B(E2)(e2b2) Q t(eb) a > 

199 
* ; 

307(15) 0.653(.034) 5.72(.15) 
363 • ; 17(4) 0.72(.17) 5.0(.6) 
4B0 

• ; 
<10 >0.3 >3.1 

558 » ; < 3 >0.5 >3.9 
601 i » ; (1.0(0.2))b) (1.0(.2)) (5.5(.5)) 
520 " : 87.4(3.3) 0.0213(.0015)c> 0.79(.03) 
141 " : 1.0(.4)c) 5.4(1.1) 
288 » : 38.3(1.5) 0.98(.04) 5.3(.l) 
437 * • : 5.0(0.6) 1.02(.12) 5.4(.3) 
565 » : (1.5(0.3)d) (0.93(.2)) (5.2(.5)) 
980 « : O150) (<6x0~4) (<.13) 

298 7" >6.5(2.0)e) <1.7(.5)f) <11.1(1.8) 
378 9~ <15(2)e> <0.47(.07)f) >4.5(.3) 
415 11" 7.5(0.4) 0.85(.05) 5.4(.3) 
445 13" 5.4(0.5) 0.85(.08) 5.32(.25) 
503 15" 2.2(0.6) 1.13(.3) 6.0(.8) 
554 17" (1.2(0.6>g) (1.3(.6)) (6.3(1.5)) 

a) Assuming K«3 for negative parity band. Lower K values 
give lower transition moments. 

b) '. .lue obtained with a feeding time of 4.0 ps. 
c) Branching ratios, corrected for internal conversion, are 

520, 0.88(.05); 141, 0.12(.05). 
d) Value obtained with a feeding time of 3.3 ps. 
e) 378 keV transition is contaminated. 
f) Branching ratios are from ref.l. 
g) Value obtained with a feeding time of 2.5 ps. 
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+ 188 10.2 Quadrupole moments of the 12 Isomers In Ha 
190 

and HOT. (Dracoulis with T.Lonnroth and 
S.Vajda,Stony Brook, O.C.Klstner and H.H. 
Rafallovich,BNL, E.Dafni,Weizmann, and G.Schatz, 
Konstanz) 

Yrast 12 + Isomer states appear systematically in the light 
Hg isotopes and are believed to arise from rotation 
alignment of the i 1 3/2 neutrons. In this region the nucleus 
is soft to deformation, and rotation alignment of particles 
may drive the deformation, particularly in the direction of 
triaxlal shapes. 

To address the question of changes in the structure of the 
yrast 12 isomers we have measured the quadrupole moments of 

IBB 
the 134 ns isomer in Hg and the 21 ns isomer in 
190 H gl,2) < 

IBB 190 
Excited states in Hg and Hg were populated using the 
1 6 4Dy( 2 8Si,4n) and 1 7 5Lu( 1 9F,4n) reactions at 136 and 91 MeV 
respectively, with pulsed beams (4 ns pulse width, 400 ns 
pulse separation) from the Brookhaven Tandem van de Graaff 
accelerator facility. The targets were metallic foils, 2 about 1 mg/cm thick, arranged so that the nuclei produced 
recoiled into a Hg backing. The Hg host was prepared using 
a drop of liquid Hg placed In a Cu reservoir, which was 
mounted on a Joule-Thomson cryo-tip and cooled to produce 
solid Hg. 

In both -eactions the beam energy was chosen to be above the 
Coulomb barrier of the target, but below that of the Hg 
backing, so that the required 4n reaction channel dominated. 
In each nucleus the 12 Isomer was strorgly populated and 
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decayed via several stretched E2 transitions to the ground 
state. Since no other isomeric states are populated each of 
the transitions in the decay cascades could be used to 
obtain the quadrupole modulation patterns for the 12 
isomers. 

Time spectra for each -yray were measured using four Ge 
detectors placed at 0°, 90°, -160° and -90° with respect to 
the beam axis, giving two approximately equivalent detector 
combinations. The time dependent anisotropy ratios, R(t) * 
£1(0° cr -160°,t) - 1(90° or -90,t))/CI<0° or -160°,t) + 
1(90° or -90°,t)) were obtained for the sum of the most 
intense transitions following each of the isomers. 

Examples of the modulation patterns obtained with the target 
plane at 45° to the beam axis are shown in fig.C.33. The 

3) 
solid lines are fits using the formulation of ref. from 
which the quadrupole Interaction frequencies, given in table 
C.9, were deduced. 

TABLE C.9. Measured quadrupole interaction frequencies for 
12+ isomers in 1 0 8Hg and 1 9 0Hg, implanted In 
solid Hg. 

Nuclide Temperature*' 
(K) 

Fundamental*' 
Frequency 
w0(T) 

Quadrupole0' 
Coupling 
Constant 

(rad/ns) (MHz) 
188„g 91 0.00339(6) 198(4) 

146 0.00316(6) 184(4) 
186 0.00303(6) 177(4) 

1 9 0 H g 
215 0.00282(5) 165(3) 

1 9 0 H g 91 0.00439(9) 256(5) 

a) Melting point is 234 K. 
b) wQ(T) • wo(0)CI-B T 3 / 2>; ufi • w Q/3. 
c) vft • wn.4I(2I-l)/2t - eQ V„,/h. 
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To extract spectroscopic quadrupole moments from the inter
action frequencies given in table C.9 we have used the 
measured value of the quadrupole coupling constant eQ V z z/h 
for the 1 9 9Hg(Hg) system, 210(20) Miz at 77 K, together with 

2 the independently measured value of 95(7) efm for the quad-199 rupole moment of the 5/2 state in Hg. Using the deduced 
value of V z z we obtain Q 8 > 91(11) efm2 for the 12 + isomer 
in 1 8 8Hg, and Q a » 117(14) efm2 for the 12 + isomer in l 9 0Hg. 

In order to Interpret these spectroscopic moments, and to 
compare the moments for the 12 + states in the even isotopes 
with the related 13/2* isomers in the odd isotopes whose 
spectroscopic moments have been measured by optical tech-

4 5) niques ' , it is necessary to know the wave functions for 
the states. A useful interpretation can be made by assuming 
a simple rotation aligned wave function, with maximum align
ment, for the 12 + states and the 13/2* states. In a model 
with -Y-asymmetry, summation over the RAL amplitudes gives 

QJ12 +) « -0.390 Q„(cosv + 1.734 sin-y) s o 

which we write in terms of a reduced moment Q d as 

» -0.390 Q d(12 +) . 

Correspondingly, for the 13/2* states, 

Q8(13/2"'') - -0.325 Q0(cos-r + 1.711 sin-y) 

• -0.325 Q d(13/2 +). 

The reduced moments Q d for the odd and even cases can then 
be extracted from the measured spectroscopic values and 
compared, as in fig.C.34. A fall-off as the neutron number 
is decreased towards the middle of the 1^3/2 neutron shell 
Is evident In the 13/2+ cases In flg.C.34 and the 12 + cases 
show a similar trend. 
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Fig.C.34. Reduced quadrupole moments 0. for the 12 Isomers, 
+ a 

and for the 13/2 Isomers In the odd Isotopes as a 
function of mass number. The formulae used to 
extract these values from the measured 
spectroscopic values are given in the text. 

A possible cause of the fall in 0. is a change in deform
ation. The equilibrium deformation B is expected to be 
constant across this range of isotopes, and *v 0.12, but the 
potential surface has shallow minima and is therefore 
susceptible to the -y-driving effects predicted by Leander et 
al . Assuming that 0 is indeed constant, the large change 
in the observed moments apparent in flg.C.34 can be 
explained by a relatively small change in y. For example, 
the deduced value of Q d for 1 9 7 H g is -453(40) efm2, which 
compares with the expected value of -393 efm for 0 * 0.12 
and y * -60°. A change to y » -48° would reproduce the 

IBB 2 
measured Hg result of -235 efm . Even larger changes in 



92 

y are predicted by Leander et al D I for a change in the 
position of the Fermi level corresponding to the present 
range of neutron numbers, although the calculations, and the 
suggested values above should only be taken as guides, given 
the assumptions. 

1) K. Hardt et al.,Z.Phys. A312(1983)251. 
2) M. Guttormsen et al., Nucl.Phys. A3B3(1982)541: 

A398(1983)119. 
3) E. Dafni et al.. Atonic Data and Nuclear Data Tables 

23(1979)315. 
4) P. Dabkiewlcz et al., Phys.Lett. B2B(1979)199. 
5) J. Bonn et al., Z.Phys. A276(1976)203. 
6) G.A. Leander, S. Frauendorf and F.R. May, Proc.Conf.on 

High Angular Momentum Properties of Nuclei, Oak Ridge, 
1982. 
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1. The 14UD Accelerator (Turkentine,Ophel,Weisser, 
Brinkley) 

1.1 Overview 

For the greater part of the year, outstandingly reliable 
performance was obtained, contrasting favourably with the 
problems of chain fracture and breakdown products over the 
preceding two years. 

The new recirculation system was completed,providing a gas 
cycle time of about 2 hours. The increased flow rate caused 
some initial difficulties though these were quickly 
resolved. 

Extensive experimental use was made of the pulsed beam 
system, which operated reliably with improved phase 
stabilization. The pulse separation was Increased to 106.7 
nanoseconds, a value more useful for most experiments, by 
decreasing the bunching frequency from 37.5 MHz to 9.375 
MHz. 

1«2 Operation TVWIimTY 

The accelerator was available for 297 days. Actual oper
ation amounted to 240 days (5757 hours), corresponding to 
81% usage. Fig.D.l shows the sequence of terminal volts for 
the year and flg.D.2 the distribution. Both the terminal 
voltage distribution and that of beam types (flg.D.3) are 
similar to those of last year. 

Eight tank openings were required, five of which were 
scheduled. The longest period between openings was 96 days. 
The most protracted opening occurred at the start of the 



105 

500 

I4UD Log GVM MV 
1983-1984 

400 h 

300h 

200h 

5 10 
GVM MV 

Fig .D. l . 



106 

14 
10 

14 
10 
II 

I4UD Log GVM MV TERMINAL VOLTAGE 
- T - T — r ' - r ' i 1 < i t T -• r — r 1 1 — i r ' i r i 1 i i 1 

+ f 1 1 * • — f ¥- ¥ t 1 1 1 1 » 1 1 »——* ( * I 1 1 1 — t 1 f +— 

l l lhl JU 

Fig.D.2. 



107 

20004 

14UD Log MASS 
1983-1984 

I600H 

I200H 

o 
X 

800 H 

400H 

Fig.D.3, 



10B 

year when the tube section, immediately below the second 
stripper assembly, cracked. This was evidently the result of 
spark damage, and both this tube section and the one below 
it were replaced. Other unscheduled openings were due to 
minor, albeit critical to operation, causes, viz. a loose 
inductor which shorted the charging system and failure of a 
stand-off insulator in the terminal. 

Toward the end of the year, an intermittent effect was 
apparent whereby the terminal voltage suddenly decreased by 
1-2 MV without an audible spark or vacuum disturbance. This 
was attributed to deterioration of the nylon tubing instal
led in the column as the means to actuate pneumatically the 
stripper and pump controls. The use of existing, spare 
tubing within the tank appears to have remedied the problem. 

1.3 Improved gas recirculation system (Cooper) 

Investigations reported last year had demonstrated that the 
gas recirculation rate of the SFfe gas through the purifying 
media was inadequate. A second parallel recirculation loop, 
driven by a 135 ACFM blower (compared to the original 25 
ACFM system), was installed. Two separate towers containing 
Vivalyme and alumina were included within the loop to remove 
the breakdown products and the moisture produced by their 
reaction with the Vivalyme. The original loop, with a 
single tower filled with alumina, was retained to dry the 
gas immediately after tank openings and to maintain the 
condition of the alumina in the new system (for which there 
is no provision for thermal reactivation). This arrangement 
has proved surprisingly successful. Whenever regular checks 
of the dewpoint indicated moisture levels above 10 ppm, 
reactivation of the alumina in the tower of the small system 
reduced the moisture level to below 10 ppm and allowed this 
gas quality to be maintained for months at a time. Parallel 
conductivity cell monitoring of the hydrolyzable fluoride 
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component of the breakdown products confirmed that equi
librium levels were reduced by at least the factor of five 
anticipated froa the increased flow rate. 

The new system was not without several initial problems. It 
had first operated for ten days before an unscheduled open
ing proved to be a blessing in disguise. The entire column 
was found to be coated with Vivalyme powder. The amount of 
powder, produced by agitation of the Vivalyme granules in 
the high speed gas flow, was too great to be contained by 
the filters. These had blocked and subsequently ruptured. 
Baffling to diffuse the inlet gas stream and confinement of 
the Vivalyme with gauze solved the problem. Later, "the 
clanging ring" phenomenon was discovered. When the charging 
chains and rotating shafts were off, a loud clanging, caused 
by large amplitude vibrations of the rings opposite the gas 
inlet of the pressure vessel, could be heard. Subsequently, 
sparking was observed in the same region during operation. 
Both effects disappeared when the new blower was turned off. 
There was some indication of similar effects in the column 
adjacent to the gas exit pipe. Deflecting baffles were 
installed in both pipe orifices, eliminating further 
occurrence of such effects. 

Lost Charge. A prolonged episode of "lost charge" i.e. 
input charging current not accounted for by the normal 
corona current drains, occurred though fortuntely with 
little effect on operation. At various times, lost charge 
has been attributed to oil contamination of the gas, to 
concentrations of breakdown products in the vicinity of the 
stabilizing corona assembly and to excessive levels of 
breakdown products In all of the insulating gas. Each time, 
the available evidence seemed consistent with the proposed 
cause. For example, an episode of lost charge in 1978 
showed an improvement after reactivation of the alumina in 
the recirculation system. The rate of decrease closely 
matched the recirculation rate (0.1 hr"1) suggesting that 
breakdown products were the cause. On a more recent 
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occasion, lost charge again decreased after reactivation but 
at a rate twice that of recirculation. This year, the lost 
charge appeared suddenly after the charging system had been 
off for a few hours and decreased exponentially at a rate of 
0.24 day'1. 

During the decay period, the alumina was reactivated and 
fresh Vlvalyme loaded. Neither had any effect on the rate 
of decrease. A common feature of the two most recent 
episodes was the behaviour of the lost charge with terminal 
voltage. Though differing in magnitude, the same kind of 
variation, closely resembling the current/voltage character
istic of the stabilizing needles, was observed. While lost 
charge can arise from any number of anomalous situations, 
the wide spread in values of the rate of its disappearance 
tendt. to cast doubts on earlier attributed causes. 

1.4 Bunchers (Heisser) 

The original gridded buncher had a repetition rate based on 
37.5 MHz which was too frequent for almost all applications. 
The system has been substantially rebuilt for a rep-rate of 
9.375 MHz and retains an efficiency near 40% in spite of 
making no alterations in the far field electrode structure. 
The 9.375 MHz resonator uses a tank circuit rather than the 
previous coaxial line. Next year two additional frequencies 
will be added to improve the bunching efficiency. 

Chopper 1 is unchanged, operating at 37.5 MHz to clean up 
the edges of the bunch. Chopper 2, orthogonal to 1, 
operates at 4.688 MHz eliminating unwanted subsidiary pulses 
from Chopper 1, thus providing a pulse every 107 ns. 

The micro-millisecond ion source chopper has been integrated 
into the fast pulsing system resulting In fast pulses 
separated by large selectable time Intervals. 
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A new phase detector control system has been installed and 
tested operating at 75 MHz using an external tank circuit. 12 Nith the phase feedback on, pulse widths for 62 MeV C of 
350 ps FHHM have been obtained compared to 700 ps for phase 
feedback off. These measurements are made after the double 
focussing, non-isochronous 90° magnet. The split-ring super 
buncher then compresses these 350 ps pulses to <v*47 ps as 
reported last year. 

1.5 Booster module project (Weisser,Sokolowski) 

Coaxial quarter wave resonators, based on the WeIzmann-Stony 
Brook design, are being manufactured. The 150 MHz prototype 
has been successfully electron beam welded at Hawker de 
Havilland. A tumbling technique has been developed to 
produce a 2M finish in the resonator starting with a 
machined finish, thus obviating all hand polishing. A 
vacuum brazing furnace is b^lng set up to join the side 
doughnuts to the can. Almost all the machining on the next 
four resonators is complete. The plating and polishing 
facility is complete but not tested. New plating techniques 
are being evaluated. 

Five, 200 W, 150 MHz amplifiers are under construction. 
Jerzy Sokolowski, a visitor from the Weizmann Institute, has 
played a big role in the entire module project. 

A test apparatus is being constructed to explore plated lead 
surfaces using multipactoring as a diagnostic probe. Ion 
bombardment of the surfaces using various gases is being 
pursued. Various plating solution techniques and alloys 
will be investigated. 
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2. SHEBA - The Superconducting Heavy Ion Booster Acceler
ator (Ophel,Dracoulis,Fifield,Leigh,Newton,Spear, 
Weisser) 

A major proposal for funds ($6.7M) to upgrade the 14UD 
accelerator, foreshadowed in triennial submissions 1982/4 
and 19B5/7 and anticipated by Implementation of pulsed beam 
facilities and resonator investigations, has been presented 
to the Commonwealth Tertiary Education Commission. In what 
Is considered to be an extremely cost-effective scheme, It 
is proposed that the 14UD be used as a pre-accelerator to 
inject heavy-ion beams into a booster post-accelerator 
comprised of about 40 superconducting resonators. Beam 
emerging from the booster would be increased in energy by 
*20 MeV/chargs, corresponding to 2-3 times the energy 
possible with the 14UD alone. Existing experimental 
facilities will be used so that all of the considerable past 
investment will be fully utilized. The layout of the 
planned facility is shown in fig.D.4. 

The submission is set out in two documents. The first 
provides a summary of the proposal while the second provides 
greater technical detail and examines the impact the booster 
would have on likely future research. It is asserted that 
the upgraded facility woud enable the Department to stay in 
the forefront of nuclear research for the next 10-15 years. 

The proposal was presented to RSPhysS in a special School 
colloquium given by Dr T.R. Ophel on May 2. After the 
colloquium, the Department hosted a small reception for 
members of the School. An extensive array of posters, 
summarizing the achievements of the Department with the 14UD 
over the past 10 years, was displayed. Subsequently, Council 
approved the proposal at a meeting on October 12 and recom
mended that it be forwarded to CTEC. With the assistance of 
the Instructional Resources Unit and Dr E.A. Magnusson from 
the Research School of Chemistry, a video feature was pre
pared to complement the submission. With a non-specialist 
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audience in mini, it presents the wide-ranging benefits to 
society of nuclear science and stresses the role played by 
the Department in implementing such benefits in Australia. 
The video, shown to Council and viewed by various other 
groups, has been well received. 

The proposal was presented also to the ANZAAS meeting in 
Canberra during May, the Canberra monthly group of the 
Academy of Science and the School of Physics, Melbourne. 
The latter is Important since it is anticipated that the 
already substantial collaboration with the University of 
Melbourne will tend towards joint research efforts on a much 
wider scale with the advent of the booster. 

Members of the working party of ASTEC, reviewing nuclear 
science in Australia, visited the laboratory while the 
proposal was still in draft form. They have been kept fully 
informed of subsequent developments. The Nuclear and 
Particle Physics Group, representing all nuclear research 
groups in Australia, prepared a submission to ASTEC. The 
booster proposal was endorsed enthusiastically. 

3. Gas Absorber Detector (Hebbard,Drumm,Ophel) 

The gas absorber detector is mounted in the Enge spectro
meter so that its windows are, as nearly r.s possible, at 
right angles to the entering particle tracks. Elastically 
scattered particles, for example, are stopped in the Havar 
foil separating the stopping gas cell from the detector cell 
while lighter reaction products traverse the detector cell. 
Two high voltage resistive wires in the detector cell, oper
ating in gas-amplification mode with appropriate electron
ics, determine the particle tracks. Reconstruction of the 
data along the true focal plane has teen demonstrated to 
have a considerably better resolution than that obtained 
with the early model detectors (using only one position 
wire). However, the stability of the position of the focal 
plane relative to the two position wires in the new model 
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detector was found to be quite unsatisfactory, leading to 
lengthy set-up times. 

In an effort to improve this situation, a better method of 
determining the positions of the ends oi the detector wires 
has been developed. A new, more rigid and repeatable detec
tor support has been constructed end repairs have been 
carried out to the detector mounting carriage. A technique 
for determining more rapidly the position and orientation of 
this short detector relative to the observed focal plane has 
been developed. With these improvements, further tests of 
the detector mechanical stability will be carried out. If 
successful, this should lead to a considerable shortening of 
the set-up time. 

4. Gas Target for the Enge Spectrometer (Hotchkis) 

A new gas target has been designed and constructed to allow 
reaction products to be detected at more forward angles than 
were possible with the cell described in last year's report. 
The geometry of the second gas cell is illustrated in fig. 
D.5. 

ENGE 

^ — — 0 I 2cm 
i i i 

Fig.D.5. A plan view showing the geometry of the new gas 
target. 

Mylar 
window 

Collimator 
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It Is made of stainless steel and Is circular for ease of 
construction. External collimatlon is not required, since 
the effective aperture and target region are defined by the 
spectrometer aperture (at a distance of 27 cm from the 
target chamber centre) and the two baffles within the cell. 
One of these baffles is made of copper and acts as a beam 
stop. The cell and entrance collimator are separately 
insulated so that the Incident beam current can be measured. 
With a 1 mm wide collimator, the target can be used at a 
mean reaction angle of 6° and a spectrometer aperture of 
4.5°, and products from reactions occurring in the nickel 
foil cannot reach the spectrometer. The nickel and Mylar 
fells were attached In the same way as for the other gas 
cell. Measurements performed with this target are described 
in §C.1.3 and C.1.6. 

5. florae garlo Cftlcu^tlQns for Common Suppression, 
Shields (Byrne,Dracoulis) 

The response of our NaKTl) Compton suppression shields, and 
of a compact BGO shield have been calculated using Monte-
Carlo techniques. The dimensions of the shields, and an 
event map corresponding to Interactions in the case of the 
BGO shield, are shown in fig.D.6. The calculations showei. 
that the predicted response of the suppression system de
pends critically on the modelling of the Ge detector placed 
inside the shield, and particularly on "dead" layers in the 
Ge crystal. The approach that has been taken Is to include 
dead layers, in an approximate way, so that the predicted 
response of the system with the NaKTl) shield agrees reas
onably well with the measured; response of our present sup
pression system. For this purpose measurements were carried 
out with various sources, where possible using a coincidence 
technique to remove background events (such as source back-
scatter -Y-rays) which are not included in model calculations 
which assume "ideal" mono-energetic sources. The results of 
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Nal(Tl) suppression shield and collimator 
dimensions. 
BGO shield "basic" dimensions.60 Event map for an incident Co source, 
with the boundaries of the "basic" BGO shield 
indicated. Each point represents an inter
action in the BGO material which is of 
infinite extent, except for the voids for the 
•y-ray and Ge detector entry wells. The 
interactions are followed only until either a 
cumulative 50 keV threshold in the BGO shield 
is reached in which case the original event 
will be suppressed, or the Interaction occurs 
outside the main boundaries. 

22 an experiment for a 511 keV source (produced using a Na 
source and demanding coincidences with 511 keV y-rays 
measured in a 5cm x 5cm Nal(Tl) detector) are compared with 
the model calculations in fig.D.7. Similar measurements 
were made for Co. Using the same Ge detector parameters 
calculations for the BGO shield were then carried out 
varying the dimensions of the shield. For example, the 
p.'jdicted suppression factors for a Co source, as a 
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Flg.D.7. Model and experimental results for a 511 keV 
source (measured In coincidence) and the Nal(Tl) 
shield. 
(a) Calculated and aeasured raw spectra. 
(b) Calculated and aeasured suppressed spectra. 

Note the amplified vertical scale compared to 
(a). 

(c) Calculated and aeasured suppression factors. 

function of the radius of the BGO shield are shown in fig. 
D.8. The dashed line In that figure indicates the predicted 
response for a shield when the Ge detector entry well is 
blocked. 

A full report has been accepted for publication, and further 
calculations with other geometry shields are to be carried 
out. 
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Fig.D.8. Predicted suppression factors as a function of 
radius of the BGO shield for a 6 0Co source, with 
the length fixed at 15.2 cm. 

6« Multiple CoBPton-Suppressor System (Dracoulis) 

A multiple -y-ray detector system based on an array of 
Compton suppressors using Bismuth Germanate (BGO) crystals 
is being designed. BGO suppressors are sufficiently compact 
that a large array can be accommodated, still maintaining 
relatively large solid angles (MOO rasr) for each detector. 
On the basis of Monte Carlo calculations (see this report) a 
BGO shield of basic dimensions 13.2 cm diameter, 15.2 cm 
length should give a peak/total factor for a single 
suppressed detector of <v0.55 for 1.5 MeV y-rays, and 
considerably better for lower energies. 

Several aspects are being considered. One is the advantage 
of a symmetric shield (where the Ge detector enters from the 
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rear, rather than the side as is the case in an asymmetric 
arrangement) over an asymmetric arrangement. The symmetric 
arrangement offers the advantage of easy packing, but only 
has comparable suppression If used with the new "DUET" 
arrangement of a Ge detector in tandem with an inbuilt BGO 
collar. The disadvantage Is that of cost of the DUET, 
offset partly by the smaller BGO shield. There would also 
be an indirect cost in that our present Gamma-X detectors 
would not be compatible. 

Another is the optimum number of detectors. There is no 
optimum in the sense that the more detectors the better, but 
a minimum number of say 8, which would represent a gain of 8 
x 7/2 = 28 In power over the present two (Nal) suppressor 
system,would allow us to remain competitive in *y-ray spec
troscopy. A modular system, as envisaged, would then be 
expanded to *16 detectors within the same support structure, 
without loss of solid angle. 

A second stage of development would Include a BGO "ball" 
composed of a large number of small crystals placed Inside 
the suppressor array to act as multiplicity/total energy 
filter, or as a trigger element to select high spin isomers 
by demanding high multiplicity and a time delay with respect 
to the pulsed beam. 

The calculated count rates of 1 MeV -y-rays for a multiple 
suppressor system Is shown, as a function of the number of 
detectors and of the average multiplicity In flg.D.9. The 
solid angle for each detector is 120 msr, which is the 
jr *lmum feasible given the constraints of detector size and 
shielding, and would only be usable for cases where Doppler 
broadening was not Important, e.g. In heavy nuclei where 
average lifetimes are longer than the characteristic 
stopping times of the residual nuclei. The triple coincid
ence rate is already significant for an 8-detector system. 
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7. Generating Voltmeter Terminal Voltage Stabilizer 
(Pender) 

The 14UD slit stabilization system requires beam intensities 
sufficiently large to give measurable slit currents (typic
ally >1 na) in order to regulate the terminal voltage 
adequately. This limitation can raise problems in selecting 
weakly populated charge states of heavier ions, when using a 
beam chopper with small duty cycles, and when only small 
currents are required, e.g.10* nA for some atomic physics 
experiments. 

As a consequence of this limitation, an investigation was 
made of Generating Voltmeter (GVM) stabilization systems, 
and a prototype controller constructed using the existing 
GVM rotor assembly. Apart from upgrading the GVM rectifier 
circuitry, it was found necessary to replace the existing 
GVM pre-amplifier in order to make the GVM peak output inde
pendent of rotor frequency. Following the success of this 
prototype, a complete stabilizer system was developed. 

In order to minimize the disturbance to existing circuitry, 
the controller was designed to be placed in series with the 
slit stabilizer. An option has been provided to combine the 
GVM and slit control signals in variable proportions. When 
operated in GVM mode, the performance of the controller is 
such that no loss of beam intensity is found when compared 
to its operation in slit mode. 

6. The 61 cm Multi-Detector Mass Spectrometer (Esat) 

The spectrometer has continued to operate well during the 
past year. Most of the available time was spent In the 
analysis of Mg isotopes in Inclusions from the Allende 
meteorite The data acquisition system has recently been 
upgraded with dramatic improvements in data collection 
efficiency. In the original system the outputs from the 
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electrometers were digitized using Keithley voltmeters with 
4.5 digit resolution. The data were then stored in an 
HP2100 computer through a locally built interface. Due to 
the slow analogue-to-digital conversion rate of the Keithley 
voltmeters the system had a duty cycle of only 10* (100 msec 
integration period followed by 900 msec dead time for data 
conversion and synchronization of the three electrometers). 
The system was upgraded with the purchase of three 6.5 digit 
Solatron 7060 voltmeters and a dedicated IEE-488 interface 
unit. The interface is controlled through a DEC 11/24 
computer with 1 Mbyte of memory and two RL02 disk drives. 
With the new voltmeters the data acquisition efficiency has 
been boosted from 10* to >95*. All of the required software 
has been written and tested. Preliminary data indicate 
that, for a given time interval, the precision of the data 
is at least a factor of two better than the old system. 

9. Computers 

9.1 Data acquisition and analysis systems (Foote) 

The HP21MXE data acquisition and analysis systems are now 
over 10 years old and their age has been reflected in a 
significant increase in hardware faults during the year. 
These faults have been mainly associated with the disk 
drives and tape units; however the HP2100 cpu used for data 
acquisition on the 2MV accelerator has also become very 
unreliable. 

Due to the ago of the systems it was not sensible to expend 
too much effort on further development of the software or 
hardware. However a significant Improvement was made to the 
16 channel interface by modifying it so that it now gener
ates a hit pattern which can be read as the first word in 
the list followed by up to 15 adc words of data. The mod
ification has greatly Increased the maximum data rates that 
can be achieved by removing the burden from the software of 



1 

124 

generating a hit pattern and packing data Into the tape 
buffers. Also, as adc Identifier tag bits are no longer 
required, the maximum size of a data word which is allowed 
has been increased from 12 to 15 bits. 

9.2 Proposal for a replacement system 

A proposal has been submitted to the major equipment 
committee of the University requesting funds for the 
purchase of a replacement data acquisition and analysis 
computer system. 

The configuration of the system is shown schematically in 
fig.D.10. The system is built around 2 VAX-11/750 computers 
labelled "A" and "B" which are linked by an Ethernet 10 
Megabit serial line. The choice a of VAX based system was 
made because other VAX systems are available within the 
School to allow software development to begin, because DMA 
CAMAC Interfaces are available commercially for the UNIBUS 
and because there are significant savings to be made in 
maintenance costs. 

The system labelled "A" will be directly linked to 4 data 
acquisition stations which will allow experiments to be 
performed on both accelerators simultaneously and will allow 
2 others to be used for testing, set-up and completion of 
experiments. It has not yet been decided whether to base the 
data taking stations on CAMAC hardware or to use dedicated 
micro-processor systems. Data will be written to either 6250 
bpl tape, magnetic disk or possibly optical disk if these 
are available at the time of purchase of the system. The 
main storage medium for raw data will be decided at the time 
of purchase from the above possibilities. On-line and off
line sorting of data will be carried out on system"A" and 
the spectra transferred to system "B" for display and 
further analysis. Initially "A" will be delivered with 3 MB 
of memory but this will eventually be expanded to 8 MB. 
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The system labelled "B" will handle all tasks not directly 
associated with data acquisition and replay of experiments. 
These tasks Include the graphical display and interactive 
analysis of data, program development and general comput
ation. Data will be stored on a 456MB Winchester disk drive 
and on a 205MB removable pack. All terminals, plotters and 
printers will be attached to this system. 

At the time of going to press (November 1984) we have just 
heard that this proposal has been funded. 

10. Target Preparation Laboratory 

10.1 3 6 3 tarcrets (Muggleton,Fifield) 

A number of very neutron rich nuclei may be produced in 
36 nuclear reactions between heavy ion beams and a S target, 

36 but until recently there was no commercial source of 3 
isotope with sufficient enrichment to make such experiments 
feasible. However, sulphur enriched to 82% in 3 Is now 
available at a cost of <v$200 per mg. Hence a method is 
required for making sulphur targets which will withstand 
heavy ion bombardment. Such a method, which is extremely 
economical in its use of the expensive isotope, has been 
developed by Maier-Komor , and apparatus similar to his has 
been designed and built here. Briefly, targets of Ag 2S are 
produced by first evaporating a silver layer on a mounted 
carbon backing, and then placing the resulting targets in a 
small vacuum vesel with <1 mg of the elemental sulphur. The 
vessel is evacuated and placed In an oven at M20°C when the 
silver is completely converted to silver sulphide. Targets 
of S, 8 and 3 have been successfully produced using 
this technique with thicknesses of the Ag 2S layer ranging 
from 175 to 300 pg/cm . 

1) P. Maier-Komor In Proceeding!) of 11th Conference of 
Nuclear Target Development Society, Seattle, 1982. 
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10.2 Targets manufactured (Muggleton) 

The following targets were produced for nuclear experiments 
during this period: 

Ag, Au, 1 3 8BaCl, C, 1 6 4Dy, Er, 1 6 6 E r r
 1 7 0Er, Gd, 1 5 6Gd, 

1 5 7Gd, 1 5 8Gd, Ho, La, Lu, 2*Kg, 1 4 2Nd, 1 5 0Nd, 1 9 4Pt, 1 9 6Pt. 
1 9 8Pt, S, Ag, 3 4S, Ag 3 6 S , 1 4 4Sm, 1 4 7Sm, 1 5 0Sm, 1 5 4Sm, 1 1 6Sn, 
1 1 8Sn, 1 2 0Sn; 1 2 2Sn, 1 2 4Sn, Ta, Th, 1 6 9Tm. 

10.3 Carbon foils (Muggleton,Gilmour) 

2 Approximately 800 stripper foils 3-5 ug/cm thick were 
produced as well as routine carbon foils for target 
backings. 

10.4 Work for other departments (Muggleton) 

Various vacuum coating projects were undertaken for the 
Laser Group, Engineering Physics. 

10.5 Semiconductor counter preparation laboratory (Gllnour, 
Muggleton) 

During this period 70 standard silicon surface barrier 
counters have been made for use in nuclear experiments. 
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E. STAFF MOVEMENTS AND VISITORS 

1. Arrivals and Departures 

The Department has played host to a number of visitors In 
the course of the year. Professor A.R. Polettl from 
Auckland has been In evidence since January, and Mr J. 
Sokolowski from the Heizmann Institute was of great assist
ance to the booster module project until his departure In 
August. Professor S. Hinds of The Faculties, ANU continued 
as a Visiting Fellow until April. Several scientists have 
also come for shorter periods of up to three months, among 
them Professor W.R. Phillips from Manchester, Professor J.O. 
Rasmussen from Berkeley, Dr C.J. Sofield from Harwell, Dr L. 
Bridwell from Kentucky State, Dr M.J. Rhoades-Brown from 
Stony Brook, and Dr P.M. Lewis from Auckland. Professor Sir 
Denys Wilkinson from Sussex was in residence for most of 
January. Brief visits to the Department were made by 
Professor E.W. Vogt of TRIUMF, Professor A.H. Thomas from 
Adelaide, Professor B.H.J. McKellar of Melbourne, Dr A. 
Johnston of the Office of the Supervising Scientist, and 
Professor K.G. McNeill of Toronto. 

New arrivals in the course of the year included Dr J. Gerl 
from Frankfurt, Mr S.J. Polettl as an MSc student, Dr M. 
Malev as a technical officer, and Dr W.N. Catford as a QEII 
Fellow. Dr D.J. Hlnde completed his time as a School Post
doctoral Fellow in August, but commenced as a QEII Fellow in 
September. Three students submitted PhD theses In the 
latter half of the year; two of them, R.J. Charity and 
M.A.C. Hotchkls leave to take up post-doctoral positions at 
Berkley, while W.J. Vermeer has a similar position at 
Oxford. Professor S. Ogaza returned to Cracow in August at 
the completion of his two years as a Research Fellow. 
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2. Trips. Study Leave and Conferences 

Dr R.D. von Dlncklage attended the "Neutrino '84" conference 
near Dortnund from 11-16 June, and the "On-Line in 1985 and 
beyond" conference at CERN from 18-22 June. 

Dr G.D. Dracoulis returned from an outside studies program, 
based at the State University of New York at Stony Brook, in 
February. As well as carrying out research at Stony Brook, 
and at the Brookhaven National Laboratory, Dr Dracoulis 
attended several conferences and gave seminars at Stony 
Brook, Brookhaven National Laboratory, Rutgers University, 
and ttvs University of Rochester. 

Dr M.T. Esat attended the XVth Lunar and Planetary Science 
Conference at Houston, Texas from 12-16 March, and 
subsequently visited Caltech. 

Dr H.J. Hay attended the 8th International Conference on 
Applications of Accelerators in Research and Industry at 
Denton, Texas from 12-14 November and delivered an invited 
paper. He visited Oak Ridge National Laboratory to have 
discussions with B.R. Appleton and P.D. Miller concerning 
joint work already commenced here and future proposals. He 
also visited J.F. Zlegler at the IBM Research Centre, New 
York. 

Professor Newton made a short visit to Japan from 16-31 
March to attend the International Symposium on Nuclear 
Spectroscopy and Nuclear Interactions and to present an 
invited paper. He also paid visits to the Japan Atomic 
Energy Research Institute in Tokai and the University of 
Tsukuba where he gave seminars. 

Dr J. Nurzynski has been on an outside studies program at 
the Max Planck Institute in Heidelberg this year. 
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Sir Ernest Tltterton made two overseas visits during the 
year. The first was an extended trip from mid-Hay to the 
end of July, taking in laboratories in Canada, the US, 
Britain and Singapore. Seminars were given in many of the 
laboratories visited. The second was a very short trip of 
one week in September to attend the Thirteenth International 
Conference on the Unity of the Sciences held in Washington 
D.C. 

Dr P.B. Treacy attended the Brisbane Congress of the 
Australian Insltute of Physics at Queensland University from 
26 August to 1 September. 

Or D.C. Neisser attended the Second Workshop on R.F. Super
conductivity in CERN in July where he presented a paper. In 
October, he was invited to the Symposium of North Eastern 
Accelerator Personnel at the State University of New York at 
Stony Brook. He chaired a session and delivered two talks. 

The 10th AINSE Nuclear Physics Conference was held in 
Canberra from 6-8 February and was attended by 30 members of 
the Department. 

The 54th ANZAAS Congress was held in Canberra this year from 
14-18 May and was attended by Professors Newton and Polettl 
and Drs Fiflela, Ophel and Spear. Professor Newton, 
Professor Poletti and Dr Ophel each delivered an invited 
talk. 

The 1st Australian Technology Accelerator Forum was held at 
Lucas Heights from 20-21 August and was attended by A.K. 
Cooper, A. Lawson, A.J. Rawlinson, R. Turkentlne and H.J. 
Wallace of this Department. 
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F. DEPARTMENTAL SEMINARS 

The following seminars were given in the department during 
the past year. 
* Joint seminar with Theoretical Physics Department. 

Feb 3 C. SOFIELD (Harwell), "Hiyher order projectile-
charge and charge-changing effects in the 
electronic stopping of energetic ions in solids" 

Feb 20 R.D. VON DINCKLAGE, "The mass of the electron 
neutrino" 

Feb 27 J.O. RASMUSSEN (Berkeley), "Applied physics with 
relativistic heavy ions: inertial fusion 
reactors and pion radiation therapy" 

Mar 5 M.T. ESAT, "Preserved Interstellar dust grains in 
Allende or Metamorphism in a planetary 
'pressure cooker'" 

Mar 12 E.W. VOGT (British Columbia), "On nuclear 
resonances" 

*Mar 20 K.H. WOLTER (Munich), "Semi-microscopic 
description of heavy-ion reactions" 

Mar 26 G.D. DRACOULIS, "(i) Around Stonybrook; 
(11) Tilted-foil g-factor measurements" 

Apr 2 R.D. VON DINCKLAGE, "The anti-neutrino spectrum 
of a nuclear reactor" 

Apr 9 J. GERL, "Electromagnetic properties of excited 
bands in actinide nuclei" 

Apr 16 R.H. SPEAR, "Coulomb excitation of 7Li" 
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*Apr 30 R. SMITH (Theoretical Physics Dept.,ANU), 
"Nuclear-molecular resonances in the interactions 
of sd-shell nuclei" 

May 21 M.T. ESAT, "Report on 15th Lunar and Planetary 
Science Conference" 

May 28 R.D. VON DINCKLAGE, "Secondary beams of 
radioactive ions: ISOLDE" 

*June 4 F.C. BARKER (Theoretical Physics Dept.,ANU), 
"Ratio of the 4He<Y,p)3H and 4He(>,n)3He cross 
sections" 

June 18 R.H. SPEAR, "Some aspects of nuclear 
astrophysics, with particular reference to the 
synthesis of the light elements" 

June 25 P.B. TREACY, "ANU experiments on charge exchange 
and energy loss" 

July 2 S.M. BURNETT, "Octupole vibrational states in the 
even-mass Ba Isotopes" 

July 9 C.L. HOODS, "Semi-classical calculations of the 
strengths of simple one-step cluster-transfer 
reactions" 

July 18 J.B. WARREN (British Columbia), "TRIUMF" 

July 30 R.D. VON DINCKLAGE, "Report on Neutrino 84 
Conference" 

Aug 6 R.J. CHARITY, "Heavy-ion Induced fission 
reactions" 

Aug 7 D.C. WEIS3ER, "CERN Superconductivity Workshop" 
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Aug 13 A. JOHNSTON (Office of Supervising Scientist,NT), 
"Investigation of radiation transport from 
uranium nines in the Northern Territory" 

Aug 21 A.H. THOMAS (Adelaide), "The cloudy bag aodel" 

Sept 10 D.J. HINDE, "Pre-fission neutrons and fission 
dynamics" 

Sept 17 B.H.J. McKELLAR (Melbourne), "Astrophysical 
limits on the properties of heavy neutrinos" 

*Sept 19 F.C. BARKER (Theoretical Physics Dept.,ANU), 
"Report on overseas trip" 

Sept 24 K.G. McNEILL (Toronto), "In-vivo measurement of 
body calcium and nitrog< n by neutron activation 
analysis" 

*Sept 26 Y. KONDO (Theoretical Physics Dept.,ANU), "Report 
on overseas visit" 

Oct 8 M.A.C. HOTCHKIS, "Studies of light neutron-rich 
nuclei" 

Oct 15 L.K. FIFIELD, "The stucture of neutron-rich 
nuclei with 25<A<40" 

Oct 22 A.R. POLETTI, "The yrast spectroscopy of 
208-211Rn„ 

Oct 23 O.C. WEISSER, "Report on SNEAP Conference" 

Oct 29 P.V. DRUMM, "The heavy-ion charge exchtige 
reaction" 
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Nov 5 N.N. CATFORD, "Identification of high-lying 
gamma-decaying states in light nuclei using the 
Oxford magnetic spectrometer" 

Nov 12 J.R. LEIGH, "Spinning fission fragments" 

Nov 19 A. CHATTERJEE, "The formation and decay of hot 
rotating compound nuclei with A-150-200" 

Dec 10 H.J. HAY, "Report on overseas visit" 
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G. OTHER ACTIVITIES 

Dr M.P. Fewell was elected a member of Faculty Board, and is 
currently Secretary/Treasurer of the Nuclear and Particle 
Physics Group of the Australian Institute of Physics. He 
gave a lecture course on "Nuclear Reactions and Collective 
Models" to students of Physics C14 in the Faculty of 
Science. 

Or R.H. Spear continued as Chairman of Faculty, RSPhysS. He 
presented a lecture to the Canberra branch of the Australian 
Institute of Physics entitled "From Nuclei to the Stars: 
W.A. Fowler and the 1983 Nobel Prize for Physics". He also 
delivered a course of lectures on "Nuclear Astrophysics" to 
4th year Honours Students in the Physics Dept., Faculty of 
Science. He is a member of the Advisory Committee for the 
Australian Journal of Physics. 

Sir Ernest Titterton relinquished his position as ANU 
representative on the Council of the Australian Institute of 
Nuclear Science and Engineering of which he had earlier been 
President, in February. 

Under the Joint auspices of the Institute and the ANU he 
gave two Public Lectures during February. The first was to 
commemorate the 50-year old discovery of artificial radio
activity and was titled "Radioactivity, natural and arti
ficial and its applications". The second, given on the 
occasion of a meeting of the AINSE Council at the ANU was on 
the subject of "Risk, Safety, Costs and Commonsense". 

Sir Ernest attended the regular meetings of Macquarie Univ
ersity Council of which he is a member elected by Convoca
tion. During the year he gave lectures in many Schools and 
Colleges including a series on Energy Problems as part of a 
formal course at the Canberra College of Advanced Education. 
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In September Professor Titterton, as Chairman of the Atomic 
Heapons Tests Safety Committee, responsible for Australian 
Safety during weapon tests (and disbanded in 1973), made a 
submission to the Royal Commission into British Nuclear 
Weapon Tests in Australia. He expects to be called to give 
evidence before the Commission in early 1985. 
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H. THESES SUBMITTED DURING THE YEAR 

(a) PhD Theses 

CHARITY, R.J. "Heavy ion induced fission reactions" 

HOTCHKIS, M.A.C. "Studies of light neutron-rich nuclei" 

VERMEER, W.J. "Coulomb excitation of the nuclei Li, B, 
1 2 C , 1 7 0 , 3 2 S and 2 0 8Pb" 

(b) MSc Thesis 

MUGGLETON,A.H.F, "Experimental studies of vacuum evaporated 
thin film nuclear targets" 


