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WITH 136xe PROJECTILES* 

I. Y. Lee, D. Cline,t P. A. Butler, R. M. Diamond, 

J. 0. Newton,§ R. S. Simon,§§ and F. S. Stephens 

Nuclear Science Division 
Lawrence Berkeley Laboratory 
University of California 
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ABSTRACT 

192 194 196 . • The ' ' Pt nucle1 were Coulomb excited with 

136xe projectiles. Strong excitation of the ground-state 

band and the "gamma" band were observed. The B(E2) values 

implied by the observed yields suggest that these Pt nuclei 

behave like rather rigid triaxial rotors. 

The collective properties of nuclei in the Os, Pt and Hg region 

have been the subject of many recent experimental and theoretical studies . 

These nuclei are in the shape transitional region between the well-

. 208 deformed rare-earth nuclei and the double closed-shell Pb, and 

several different collective models have been used to account for the 

properties of their lowest-lying states. These models range from the 

1 triaxially deformed rigid rotor , through various rotation-vibration 

models about triaxial 2 or axial shapes3 , to they-unstable (shape-unstable) 
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4 model . Collective model calculations with the complete Bohr Hamiltonian 

have been performed by Kumar and Baranger using potential-energy surfaces 

and inertia parameters calculated within the pairing plus quadrupole 
. 5 

model . They predict a prolate to oblate shape transition in the Os-Pt 

region. In addition, they predict shallow deformation potentials, 

especially soft toy-vibrations. Calculations using the deformed-oscillator 

model and the Strutinsky normalization procedure also give shallow potentials6, 

with prolate-oblate energy differences of only around 1 MeV. 

The experimental evidence for non-axial collective motion in these 

1 . . "t . . 7-:-10 nuc e1 1s qu1 e conv1nc1ng The static electric quadrupole moments 

+ of the lowest 2 states strongly suggest a gradual prolate to oblate shape 

t . . t. th t . f d t 16° . 186o t 35° . 198p rans1 1on, a 1s, rom a groun s ate y ~.. 1n s o y ~ 1n t. 

An analysis of unique parity spectra in adjacent odd-A nuclei within the 

rigid triaxial rotor-plus-particle mode1 11 implies similar values for the 

triaxial deformation parameter y. The location of the collective second 

2+ state below the first 4+ state in these doubly-even nuclei is in agree

ment with triaxial deformation. The average values12 of the deformation 

2 3 parameters <B > and <B cos 3y> appear to be well defined by the experi-

mental data but the spread about these average values, that is, the softness 

is essentially undertermined. The only evidence on the softness comes 

from the surprising constancy of the y-values extracted f~om the unique 

parity spectra in adjacent odd'-A nuclei, which suggests rather stable 

triaxial shapes. However the level energies are not a very good probe of 

the nuclear shape; they are rather insensitive to softness and are 

appreciably perturbed by other structure effects such as Coriolois anti-

pairing, etc. In contrast, the E2 matrix elements are a more 

• 
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direct measure of quadrupole deformation of the nuclear charge distribution. 

The interband E2 transitions between the high-spin states of the ground and 
I I I 

the 'gamma' bands and the E2transition strength between double (0 and 4 ·) 
• I 

and single (2 ) vibrational stites are ~specially sensitive to the 

12 y-softness The goal of the present work was to determine the y-softness 

of the Pt nuclei from measurement of these E2 transition strengths by 

heavy-ion Coulomb excitation. 

136 The Pt isotopes were Coulomb excited using a Xe beam from the 

SuperHILAC of the Lawrence Berkeley Laboratory. The targets consist of 

"'1 mg/cm2 self-supporting rolled metallic foils of isotopically enriched 

192Pt(57.3%), 194Pt(97.4%), and 196Pt (97.5). Three silicon detectors 

0 0 0 were used to detect scattered Xe ions at cingles of 66 , 77 and 90 to 

the beam direction in coincidence with de-excitation y-rays observed 

in a 40 cm3 coaxial Ge(Li) detector located at -30°. The Doppler broadening 

of the y-ray lines was reduced to about 1% of the y-ray energy by using a 

thin target and placing the Ge(Li) detector in the average recoil direction. 

Five 7.6 by 7.6 em Nai detectors, serving as a multiplicity filter, were 

placed around the target. The number of Nal detector firing in coincidence 

with a scattered Xe - Ge(Li) coincidence was used to determine the y-ray 

multiplicity for each y-ray transition observed in the Ge(Li) spectrum. 

The dependence of the y-ray yields on 1) the multiplicity distribution, 

2) the. bombarding energy, and 3) the projectile scattering angle, provided 

three independent measures of the location of each de-excitationy-transition 

in the nuclear decay scheme. 

A beam energy of 620 MeV was used for most of the experiment. This 

energy corresponds to 88% of the Coulomb barrier calculated using a target 
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projectile separation d=l.l6(A l/ 3 +A 113 + 2) fm. Previous work13•14 has 
t p 

shown that for bombarding energies below ~90% of this Coulomb barrier the 

correct B(E2) values are obtained using Coulomb excitation theory. 

Additional data were obtained for 194Pt at bombarding energies of 595 MeV 

and 680 MeV. The incident beam energy was measured to ± 1% by time-of-

flight. The y-ray detection efficiency of the Ge(Li) detector was 

determined using a calibrated 152Eu source. 

A coincidence y-ray energy spectrum and the associated level 

scheme for 194Pt are shown in Fig. 1. The transitions of 696.4 and 1114.5 

keV de-exciting a level at 1925.9 keV are new, and we assign its spin to 

be 6+. The line at 763 keV is probably a mixture of 10-+ 8 and 8 1 
+ 61 

·transitions; Several features of the spectrum are worth noting: 1) two 

bands are being excited, and the states connected to the ground state 

by the same number of E2 excitation steps are populated approximately 

equally; 2) the y-ray energies of the 4 1 
+ 2 1 and 6 1 + 4 1 transitions 

are very close to those of 6 + 4 and 8 + 6 transitions, respectively; 

3) the 2 1 ,4 1 and 6 1 levels lie below the 4,6and8levels, respectively; and 

4) no other band is excited with appreciable yield. 

Since there are two coupled bands excited with comparable strength, 

a given level can be excited through several paths so that its yield will 

depend on many E2 matrix elements. This makes it difficult in most cases 

to extract the individual E2 matrix elements from the present Coulomb 

excitation data. Therefore we compare the experimental yields with the 

yields calculated using E2 matrix elements given by different collective 

models. Several sets of E2 matrix element were obtained from recent 

calculations of Leander15 . In his calculation the Bohr Hamiltonian was 
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solved numerically with analytical expressions for the nuclear collective 

potential energy. By varying several parameters, he could generate 

virtually any potential-energy surface. We used the matrix elements· 

corresponding to a y-unstable'potential, soft and stiff triaxial 

potentials with the minimum at y = 30° and 2 (soft) or 5(stiff) MeV below 

the.prolate or oblate energies, and the rigid triaxial model of Davydov and 

Filippov1 for y = 30°. For the Coulomb excitation calculations the 

values of the matrix elements were scaled from the experimental values 

of <O+IIM(E2)112+> according to the predictions of the models. The 

+ + 
inclusion of the E4 matrix elements based on the measured <0 IIM(E4)114 > 

changes the yields by at most 5%, so they are ignored. The experimentally 

determined energy levels were used and the values for the unobserved 

higher-spin levels were obtain~d by extrapolation. 

Figure 2 shows the experimental and calculated yields. All the 

models give similar results for the population of the ground state band, 

so that we cannot make distinctions among the models based on these 

levels. At high spin values the observed populations fall below the 

calculated values, probably implying appreciable mixing with the known 

two quasi-particle bands in this region. This effect is seen to increase 

for the heavier Pt nuclei. 

In the y-band there are considerable differences among the results 

from these models. The rigid triaxial model is in reasonable agreement 

with the data; whereas the models with softer potentials give higher 

population of the y-band. The low observed populations in the y-band do 

not seem likely to be related to the fall-off of the ground band yields 

mentioned above since 1) it happens for much lower spin values and 

2) it does not increase for the heavier Pt nuclei. Similarly, the 
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excitation of the second 0+ state in 194Pt (which does not exist in the 

rigid triaxial rotor model) has only 20% of the strength expected for a 

y-unstable nucleus, again in support of a rather rigid shape. None of 

h h k + 1 d . 194Pt . f h h t e ot er nown 0 states were popu ate 1n or 1n any o t e ot er 

Pt nuclei, although in 192Pt the 583 keV y-ray from the known 0+ state 

was masked by the 6 + 4 transition. The systematic absence of any strongly 

coupled second 0+ state seems to argue rather strongly against y-soft 

potentials. 

Some progress can be made toward comparing the individual B(E2) 

values with those from the models in the cases 192Pt and 194Pt. Figure 3 

I 
shows that all the models predict the same B(E2) value for the 2 + 2 

'- ~' ; 

transition and it is in good agreement with the 194Pt value. .The higher 

y-band members decay to both the ground...,band and to y-band levels, and 

the ratios of these B(E2) values are known. Preserving these ratios 
I 

(using the measured Ml/E2 mixing ratios for the I +I transitions), 

while fitting the present yields, gives the points for the 4 1 and 6
1 

states shown in Fig. 3. The data for both 4
1 

states disagrees slightly 

with. the rigid triaxial model. The 4 1 
+ 4 transitions are too strong, 

which might easily be explained as due to some y softness; however, 

the 4
1 

+ 2 1 transitions are somewhat too weak, which is not so easily 

explained. Overall it seems clear that these B(E2) values support a 

rather rigid triaxial-rotor model, though some discrepancies remain. 

The present .Coulomb excitation yields, the known static quadrupole 

7-10 I moments , the occurrence of the 2 state below the ground-band 4 

.state, and the level sequences in nearby odd-A nuclei11 , all suggest 
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triaxial shapes for 192
•
194

•196Pt with an average y ~ 30° .. ·We have 

Coulomb-excited the higher-spin members of the gamma band and demonstrated 

the sensitivity of their yields to y-softness. These first .measurements 

f f .. d" h h 192,194,196p 1 . b h l"k o y-so tness 1n 1cate t at t e t nuc e1 e ave 1 e 

rather rigid triaxial rotors. These conclusions contradict current 

theories which predict y-soft nuclear potential surfaces. It is not 

clear whether this disagreement reflects inadequacies in the microscopic 

calculations of the collective potentials or some problem in interpreting 

the data. One such problem might be the use of inertial parameters 

derived from the assumption of irrotational flow in all the models 

considered. It is not clear to what extent our interpretation of the 

data would be affected by comparing against models having more realistic 

inertial parameters. It will be interesting to see if other transitional 

.· nuclei behave like these Pt nuclei. 
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FIGURE CAPT! ONS 

Fig. 1 Coincidence gamma-ray spectrum and partial level scheme for 194Pt. 

Fig. 2 Experimental and calculated relative yields (normalized to the 

calculated values of they-unstable model) for Pt isotopes. 

Fig. 3 Experimental and calculated relative B(E2) values (normalized 

to the calculated values of y-unstable mode) for Pt isotopes. The 

experimental values :for the ground band I-+ I - 2 transition are taken 

from Ref. 16. 
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