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Abstract

High~spin levels in odd-mass 125-13334 nuclei
excited by the reaction Sn{12C,3n) have been studied
using in-beam y-ray spectroscopic methods. Negative-
parity states (hll/Z system) and positive-parity
states (g7/2 system) have been identified. The expe-
rimental results are in agreement with the predic-
tions of the triaxial core model.

. Introduction

Decoupled bands in odd-A La isotopes and band
structures in odd-A Ce and Nd isotopes have been
identified in the transitional region around 4 m135.
The interpretation of these results with a particle-
plus-rotor model has given evidence of & moderate
prolate deformation for these mucleil). More recen-
tly, for several isotopes in this region where
enough detailed experimental structure was available
the triaxial core model has been successfully
applied by J. Meyer—ter-Vehnl).

However, the applicability of the model is more
evident in the A & 190 mass region where the struc—
ture of the unique-parity spectra and the existence
of low-excited levels are better known, especially
in Ir, Au and T1 isotopes.

To obtain more precise experimental information
in the A = 130 mass region and to extend the syste-
matics towards more deficient nuclei, several stu-
dies have been undertaken on odd-barium isotopes
from A = 133 to A = 125 and are reported here.

In all cases, a negative-parity structure asso-
ciated with a hole in the hIl/Z shell has been found.
In lggBa7 the basic state of this structure has an
I=j =11/£ spin and in the other isotopes with
N =% 75, this basis state becomes an I = (j=1) =9/2
state. In odd-barium nuclei with A« 129, a posi-
tive-parity system has been also identified and
associated with a hole in the gy;p shell.

These new experimental results are compared
with the predictions of the triaxial core model.

2. Experimental procedure

The high-spin states in barium isotopes with
A = 133, 131, 129, 127 and 125 have been studied by
y-ray spectroscopy fellowing (12C,3n) reactions on
isotopically enriched even-A tin targets. The tar-
gets were backed with 25 um lead.

Excitation functions for the (12C,xn) reactions
have been performed at five different bombarding
energies between 43 MeV and 57 MeV with beams provi-~
ded by the Gremoble variable energy cyclotron. The
y-spectra were detected using several Ge(Li) detec~
tors. In-beam and out-of-beam singles spectra were
recorded so that both prompt and delayed y-rays
could be identified.

Angular distribution measurements were perfor-
med at several angles including 0° and 90° relative
to the incident beam. In the case of 129,1258a, the
experimental A4y coefficients have been deduced from
y-spectra taken at seven different angles.

The prompt and delayed v-y coincidence events
were recorded simultaneocusly, Half-lives of isomeric
levels were deduced from timing against the beam
bursts.

3. Results

In this paper, we shall place special emphasis
on the favoured band structures strongly fed using
the (120,3n) reaction.

All the levels of these odd-A barium isctopes
are not excited in a similar way in these reactions.
It seems therefore necessary to emphasize the most
important features for each nucleus, In fact, the
analysis of the results can be made in three parts,
namelgi (1) the two heavier members '33Ba (N =77}
and 3lpa (N=75), (2) the 1298a nueleus (N=73),
studied in greater details, and (3) the two lighter
ones 127pa (N=71) and 125pa {¥=69).

3.1. The %3Ba and !3!Ba nuclei

The detailed exgerimental results concerning
excited levels of 1939Ba and !3!Ba observed in the
(12¢,3n) reaction are available in a paper already
published3).

The lowest states of the level scheme were pre-
viously known from radiocactivity studies.

The ground-state spin of 133pa (T]/ =10.4 y) is
1/2% and the first excited level at IZ.% Kev (3/2%)
is fed by an M4 transition from the I" = 11/2,
Ty/3 = 38.9 h isomeric state#) at 288.4 keV. In the
125%gn(12¢,3n)133Ba reaction, the most intense y=1i-
nes are associated with a band structure based upon
this 11/27 state. The perturbed rotational band ob-
served exhibits the same characteristics as one al-
ready found?) in lggCe77 and 126Nd77.

The spin assignment of the ground-state of
1318a (T,,, = 11.5 d) is 1/2*. This spin has not
been directly measured but is obtained from the
131pa » 131cs decay and is also in good agreement
with the ground-state sgin in the neighbouring nu-
clei '2%8a, 13383 and 12%Ke. The isomeric level ar
187.5 keV éTI/Z = 14,6 min.) has a T™ = 9/27 spin
assignment®) which is deduced from its de-excitation
to the ground-state through a 79 keV (E3) - 108 keV
(M1_+ E2) cascade corresponding to the 9/2” + 3/2% &+
1/2° spin sequence.

In our in-beam experiment, using intensities,
excitation functions, multipolarities and coinci-
dences of the y-lines, a strong negative~parity band
is identified based upon the 9/2~ isomeric state.
The irregular structure observed is in good agree~
ment with the one already found by (HI,xn) reactions
in 133Ce,  and 135Md_, nuclei”)
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3.2. The 1298a nucleus

It was difficult to establish the level scheme
of 1298a presented in fig. 1, because relatively
lictle data were available prior to this investiga-
tion using the 1?20sn(12¢,3n)12%98a reaction. Levels
had been identified by Griffioen and Sheline in the
1308a(4,t)12%8a reaction?). In particular, they have
assigned an 1/2% level as the ground-state and have
shown that a level at 277 keV, associated with an
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Fig. 1 - High-spin levels of 12995 excited

angular momentum transfer of £ = 5 could be an "=
11/27 state.

A strongly populated cascade of five stretched
E2 transitions Is found in coincidence with a very
strong y-line having an angular distribution sharply
peaked at 90°. Since this cascade is similar to the
one alreadY observed in other N = 75 nuclei as 135Nd,
133ce and !3!Ba, an I" = 9/27 assignment is proposed
for the level at 180.5 keV in !'2%Ba. The yrast cas-
cade is composed of five E2 transitions. By a care-
ful analysis of all the experimental data such as
Y-y coincidences, excitation functions and angular
distributions, it was possible to connect several
other lines with the cascade mentionned above.

The negative-parity levels of the scheme (fig.l)
form a system based on the h hole-neutron orbi-
tal which has been separated 1nto two parts. The
first part is based upon the I=j=11/2 state and is
made of AL = | bands built on the 11/27 and §5/2"
levels at 277.1 and 796.0 keV. Its levels are con~
nected by AL = 2 sequences parallel to the yrast
cascade. The second part of the hj; ;5 system is
built on the I = (j=1) = 9/2 state and has a simi~
lar structure. Since these levelslie higher in ener-
gy, this part is weakly fed in this heavy-ion indu-
ced reaction.

Tn 12983, another set of strongly populated le-
vels is also observed., It consists of two segquences
of stretched E2 transitions with spacings similar to
those in the yrast cascade. They feed levels connec~
ted by weak AI = | transitions., All y=-transitions in
this structure are prompt and there is no comnection
with the negative-parity system.

The identification of this new set of levels is
deduced from the study of the strong and delayed
(v 18 ns) 173.5 keV y-ray which deexcites the 9/2
level at 180.5 keV. The experimental angular distri-
bution coefficients indicate that this y-line is a
pure L = 1 transitior and linear polarization measu-
rements®) show that it has an electric character.
Therefore, the 7 keV level has an I = 7/2° assign=-
ment since there is no 11/2% available in this

in the 1208n(12¢0,3n)12%8a reaction

region. Our assignment does not_contradict the
130Ba(d,t)1298a pick-up results’/’,

3.3. The 127Ba and 125Ba nuclei

Prior to our experiments, there was ne informa-
tion concerning the level structure in these two
lighter Ba nuclei. Among the levels excited in
(12€,3n) reactions, one observes two band structures
which are strongly fed and are similar to those pre-
viously described for 129Ba.

As shown in fig. 2, the bll(Z system is very si-
milar in both nculei. This is also the case for the
E7/2 structures presented in fig. 3.

4. Discussion

The cdd-mass barium nuclei studied in this work
are moderately deformed. Within the framework of the
triaxial rotor-plus-particle model they are conside—
red as a triaxial prolate core coupled to an odd nu-
cleon?), In the N = 77 case, the odd~peutren corres—
ponds to the first hole in the hyy/2 shell. For more
deficient nuclei, i.e. for lower Fermi energies, a
9/27 state appears as the basic state of the negati-
ve-parity structure. This is the case in 1298z which
has been selected as an example to illustrate the
following discussion., The systematics have been com-
pared and are treated more fully in a forthcoming
paper®).

4.1. The hy;/p system

The arrangement used to classify the levels of
1298z is able to bring out two subsystems in the
hyy/g system. In fact this division is provided by
the coupling of an odd particle in a pure single
j=shell to a triaxial core2). This theoretical model
predicts that the negative-—parity system is broken
up into subsystems with basic states of spin = } =
11/2, 9§ = (3~-1) = 9/2,... . Each system consists of
a set of AL = 1 bands respectively based upon X = §,
K=+ 2, K=9 =+ 4... . The relative position of
the subsystems is related to the Fermi energy.
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Fig. 2 - Systematics of the hy, o hole-system in
odd~A barium nuclei. %Ae wavy levels
belong to the 2 = 9/27 subsystem.

The rwo-dimensional level pattern in & subsys-—
tem can be qualitatively understood as the rotation
of the triaxial core which may occur about different
intrinsic axes. If j is the single-particle angular
momentum, rotation parallel to i gives rise to AT =
2 bands {rotatiom=-alignment) and rotation perpendi-
cular to j gives rise to AL = | bands (stromng
coupling).

The experimental structure found in !%9Ba can-
not be explained for an axially-symmetric core.
Consequently the two-dimensional pattern which is

especially well developed in the £ = 11/2 subsysten
is good evidence for a triaxial prolate-type shape.

The spectrum calculated with the deformation
?arameters vy = 21° and B = 0.24 deduced from
28,130Ba and without attenuation of the Coriolis
interaction reproduces the general trend and the
main features of the experimental emergies, transi-
tion probabilities and §(E2/M1) mixing ratios.

4,2, The gy/p System

Although the experimental positive-parity sys-
tem built upon the 7/2% basic state from the g27/2
shell is less complete than that for the hiyp sys-
tem previcusly discussed, it has been treated in a
similar way. The Fermi energy has been located on
the highest orbital of the gy shell., Calculations
done with the B and v deformations previously selec-
ted for the hjj/p system give a better agreement
with the observed data than those done using only an
axially-symmetric core. Thus the evidence for appea-
rance of the gy,7 shell in this mass region is showm
here for the first time. Moreover, the observed
structure can also be described in the triaxial core
model.

4.3. Systematics

The conclusions concerning the levels in 129Ba
are considered to be valid for all the nuclei pre-
sented in this paper. The systematics of the nega-
tive and positive-parity systems are shown in fig. 2
and fig. 3.

The B deformation of the nuclei increases when
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Fig. 3 - Systematics of the g7/ hole-gystem in
odd-4 barium nuclei.

the neutron number decreases as shown by the ener-
gies of the L2 transitions of the yrast cascade.
This is also the trend ovbserved in the level spa—
cings of the ground-state band of the doubly-even
barium nuclei. Since the B deformation increases,
the Coriolis coupling is reduced as seen from the
energies of the AL = 1 transitions of the odd-A nu~
clei. The B deformation tends to be stabilized in the
two lighter isotopes simce their level structures are
very similar.

In the N = 77 case, the Fermi energy is located
on the highest orbital of the byy/2 shell and, for
75 neutrons, it penetrates inside the hyy/2 shell.
Therefore the first 9/27 level becomes the basgic
state of the odd-parity system. Afterwards, for more
deficient nuclei, this Fermi energy is lowered some-
what till it reaches the highest orbital of the E7/2
shell. We must point out that the variations of the
position of the Fermi surface are not very sensitive.

The v deformation also varies with the neutron
number. It follows the same trend as in the doubly—
even nuclei i.e, it decreases by ome or two degrees
when going from A to A-2 mass number,
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