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The level structure of Ba has been studied by the Sn( C,3nv) 

reaction. A set of negative-parity levels based upon a 9/2* state Is 

Interpreted in terms of the rotation-alignment coupling of h.- ,. neutron 

holes to the triaxial core. A new band structure built upon a 7/2 statâ 

is also observed. It could be due' to the coupling of a g7y« neutron hole 

to the triaxial core, 



A new kind of level structure was discovered by studies of La 

nuclei produced by (H,I.,xnv) reactions and was explained by the 
2 

rotation-alignment model proposed by Stephens and Simon . This model 
also describes the structure of odd-neutron deficient nuclei in the 

3 
A ** 135 region and it vas suggested that quantitative deviations from 

the experimental results could be eliminated by considering asymmetric 

shape effects such as y-distortion or softness. The influence of y 

deformations has been extensively analyzed by Meyer-ter-Vehn who deve-
4 loped a very successful!, model for nuclei in the traacitionjial regions. 

To extend the systematica towards more neutron deficient nuclei, 

we present in this letter our results on the N • 73 barium isotope. 
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Very few data on Ba were .vailable before our experiments 

although recently some excited levels were identified in the 
130 129 

Ba(d,t) Ba reaction. In the triton spectra two strong peaks are 

associated by their angular distribution with jK= 0 and * = 5 angular 

momentum transfers corresponding to the 1/2 ground state and the ll/2~ 

excited levels at 277 keV respectively. 
129 

In order to further identify the Ba properties we employed 
the techniques of classical in-beam nuclear spectroscopy. A target made 
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of 3 mg/cm Sn on 1 mil lead was bombarded with the C external beam 

of the Grenoble variable-energy cyclotron. The excitation functions of 

the Y-*ays were measured at 45, 47, 49, 51 and 54 MeV. The maximum yield 
120 12 129 for the Sn( C,3ny) Ba reaction was found to occur at 51 HeV. The 

angular distributions of the Y-rays were obtained from measurements of 



- 3 

in-beam spectra taken at -20", 0°, 20°, 40°, 55°, 70° and 90" relative 

to the incident beam. The single spectra were recorded both during and 
3 between the beam bursts using a 2.5 cm planar detector with a résolu-

3 
tien of 1.0 UeV FWHM at 100 keV and a 55 cm coaxial detector. The 

prompt and delayed y~Y coincidence éventa from two coaxial detectors 

of 77 and 55 cm were recorded simultaneously. Half-lives of levels 

were deduced from Che v-RF coincidences. 
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It is known * that the odd-neutron nuclei in the A ~ 130 

transitional region have an odd-parity band level structure. This is the 

case for Ba, Ce and Md nuclei with 77 neutrons, all of which have a band 

built on an I - 11/2" isomeric state. In the N = 75 isotones, the "band 

head" is an I - 9/2" state.. All these levels are generated from neutron 

hole-configurations in the h..,. shell and their energies and transitions 

probabilities are well reproduced by considering the coupling between 
4 

neutron holes and a triaxial core . 
129 

In Ba, such a band structure also exists. The positions of 
the levels relative to the 9/2~ and 11/2" states are comparable to those 
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in Ba and Ba. The level spacings decrease slightly when going down 

129 to N • 73 indicating a larger deformation for Ba, in agreement with 

the trend observed in the even-even cores. Moreover, the intensities of 

the transitions and the branching ratios are similar to each other in 

all these three Ba nuclei. 

Since the spin and the parity of the isomeric states have been 

unambiguously determined in Ba and Ba, we can assign I » 9/2** and 

11/2" to the first two members of the odd-parity band in Ba.. 



All the transitions shown in the level scheme of figure 1 are 

seen in the y~Y coincidences spectra. The assignments of levels ere de

duced from the multipolarities of the transitions. 

A calculation of the energies and transition probabilities has 

been made with the computer code of Meyer-ter-Vehn for a static, trlaxial 

rotor plus particle model. The energies are well fitted tfith a deformation 

parameter p - ,23 and an asymmetry y s .{0e. The experimental and theore

tical transition probabilities are also in good agreement. 

A Using the approximate classification of Meyer-ter-Vehn , it is 

possible to distinguish between two sets of odd-parity levels. The first 

one is built on the 0 = 11/2 state. It contains the yrast cascade, made 

of very strong E2 transitions, and two other parallel cascades ending at 

the (13/2**). and (15/2 )- levels. The yrast levels have a dominant 

0 • 11/2 component and can be considered as (K,t>) band-heads on which a 

AI c 1 spin sequence is built. In the second set based on the 0 - 9/2 

state, appear the K - 9/2" and 13/2" states. Because of a smaller feeding, 

only a few levels are observed there. 

A new set of strongly populated levels is observed in addition 

to the odd-parity band. It consists essentially of two cascades of stret

ched E2 transitions which feed levels connected by weak Al R 1 transitions. 

The level spacings of the cascades are similar to those of yrast cascade 

ending at the ll/2~ state, Ve have not observed a transition depopulating 

to lowest level and there is only one connection between this band struc

ture and the negative parity system. 



This new level structure can be identified considering the 

strong 173.5 keV Y-ray which desexcites the 9/2" state. The Legendre 

polynomial coefficients of this v~ray are A^ « -0.212 ± 0.035 and 

A.- c 0.027 * 0.037 which are characteristic of a pure L = 1 transition. 

Thus the state fed by this transition has a spin I » 7/2 or 11/2. Since 

in the N « 73 region, the only 11/2 negative parity state is the one 

generated from the h__,„ shell, the only odd-parity reasonable remaining 

level could be the 7/2 level from this hiw, shell. If so, the 173.5 keV 

Y-ray would be fast. This Y-ray appears in the out-of-beam spectra and a 

lifetime T. ._ ** 18 ns has been measured for the 9/2~ state. Such a large 

value is impossible between two states from the same h-, J_ shell. There

fore the assignment of an El raultipolarity to the 173 keV y^ray remains 

as the only possibility which yields an hindrance'factor F *> 3.5 10 and 

justifies assigning 7/2 to this state. 
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Our results appear to contradict the Ba(d,t) Ba pickup 

results where Griffioen and Sheline found a strongly excited ll/2~ 

level but never observed a peak corresponding to a 7/2 hole state. The 

ll/2~ level of the h.,.. band-structure that we observe can unambiguously 

be assigned as the 11/2" (je = 5) level at 277.1 keV [ref. ]. Then, choo

sing this energy value as a reference, the 7/2 state of our level scheme 

is"only 7 keV above the 1/2 ground state, i.e. the £ - 4 triton peak might 

be hidden by the stronger, unresolved 1 = 0 ground state peak. This is not 

in contradiction with an energy resolution greater than 15 keV, Moreover, 

standard BUBA calculations of the differential cross-sections o , for the 

JS = 0 and jï= 4 angular momentum transfers show that the o. (8) cross-

i*0,j»l/2 
sections are always 3 or 4 times greater than o (6) in the angular 

A4.J-7/2 



region measured by Griffioan and Sheline. Thus we believe that the (d,t) 

experiment could not observe the 7/2 state at 7 keV which we identify 

by in-beam spectroscopy. ' / 

/ 
Up to now, there is no obvious interpretation for the even-parity 

structure, A possibility is given by the coupling of a g ?, 2 neutron-hole co 

the triaxial core. Indeed, the first calculations performed indicate that 

the energies of the levels are in very good agreement with the one calcula

ted using a triaxial core (B * .27 and y *.21*) coupled to a g_*_ neutron 

hole. 

developped in 1 2 5Ba, 1 2 7Ba, l 2 9Ce and 1 3 1 C e [B]. 

We would like to thank Drs, J. Meyer-ter-Vehn, P. Kleinheinz, 

F.S. Stephens, R.H. Diamond and E. Rost for very valuable discussions. 



REFERENCES 

1 J.R. LEIGH et al. Nucl. Phys. A213. 1 (1973). 

2 F.S. STEPHENS and R.S. SIMON, Nucl. Phys, A183, 157 (1972). 

3 J. GIZON, A. GIZON, M.R. MAIER, R.M. DIAMOND and F.S, STEPHENS, Nucl. Phys. 

A222. 557 (1974). 

4 J. MEYER-ter-VEHN, Nucl. Phys. A249, 141 (1975). 

5 D.J. HOREN, A - 129 Nucl. Data, B8, 123 (1972). 

6 R.D. GRIFFIOEN and R.K. SHELINE, Phys. Rev. Ç_10, «24 (1974). 

7 3. GIZON, A. GIZON and D.J. HOREN, Nucl. Phys. A252, 509 (1975). 

8 J. GIZON et al. to be published. 



FIGURE CAPTION 

Fig. 1 High spin levels in Ba populated through the Sn( • C,3n) 

reaction. The black arrows indicate the odd-parity system. The 

1/2 ground state has not been drawn on this level scheme. 
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