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Abstract

A new isomer (Tl/2 = 1.9 £ 0.2 seconds) has
been identified in 127ga. A 7/27 spin and pa-
r1t¥ assignment has been deduced. The ground state

7Ba is established as a 1/2% state. New posi-
tive parity band structures have been observed.

1. Introduction

From in-beam experiments performed with the
118Sn(12C, 3n) reaction, collective band structures
have been easily identified in 12782 1), an odd-
parity rotational-like band developed on a 9/27
base state has been explained in terms of an hjy1/2
neutron-hole coupled to a triaxial core. An even-
parity band based upon a 7/2° state has also been
associated with the coupling of a g7/, neutron-hole
to the core with the Fermi energy located in the
highest orbital of the shell. More generally, the
experimental collective level patterns excited by
heavy ion reactions in the odd-A neutron-deficient
bariums (N=67 to N=77) have established prolate-
type nuclear shapes for these nuclei by a treatment
in the framework of the triaxial rotor-plus-parti-
cle model 2). Nevertheless, the experimental syste-
matics on high spin states excited via heavy ions
reactions give only a partial knowledge of these
isotopes. Indeed, transitional nuclei of this re-
gion are known to be rather soft and both prolate
and oblate nuclear shapes have been theoretically
predicted 3
In the special case of 127Ba, the information
about low-spin, low-energy states is very poor. In
previous experiments the half-life was not well de-
termined. Two different values were proposed by
d'Auria et al 4 , one associated with a high spin
state, Ty /p = 10 minutes and another one correspon-
ding to a low-spin state, T;,, = 18 minutes. In a
more recent measurement, only one half-life has
been reported
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Fig. 1 : Comparison between gamma singles spectra

for samples collected at A = 129 + 19
(BaF' ions) and at A = 129 + 38 (LaF; ions)
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(T = 13.0 * 0.5 minutes) by Pathak and Preisss)
froé the decay of 1271a to 127pa. The spin and pari-
ty of the ground state of 12782 have not been deter-
mined from these previous measurements.

From the 1n—beam exgeriment performed at
Grenoble with the 8sn ( C, 3n) reaction on lead-
backed targets, the lowest state observed was a 9/27,
identified by systematics with the heavier odd-A
isotopes. In this work, it was impossible to decide
if this 9/27 state is an isomeric level or eventual-
ly the ground state of the 7Ba nucleus.

Such a complicated situation has suggested to
include the study of the Ba isotope in the syste-
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Fig. 2 : Part of a multlsgectrum analysis on the
conversion electrons of mBa,The collection time
was 5 seconds. Each spectrum was recorded during

1 second. The spectra shown have a time separation
of 2 seconds. Lines labelled with a point belong
to 127Ba(T1/2 = 13 minutes).
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matic search on low-energy isomeric states underta-
ken at Isocéle II, using the new extraction possi-
bilities of barium and lanthanum nuclei.

2. Experimental techniques

The isotopes studied in the present paper have
been produced by bombardment of molten cerium me-
tallic targets with a 280 MeV 3He beam or a 200 MeV
proton beam. The barium and lanthanum isotopes have
been extracted at Isocele II, using the new fluoru-
ration technique based on the volatility differen-
ces of the fluorides ). The efficiency of the me-
thod is demonstrated in figure 1.

The mass separated samples were collected on
a tape driver and transported in front of the de-
tectors. The identification of the nuclei was main-
ly based upon singles measurements carried out with
high resolution Ge(Li), X-ray intrinsic Ge and
Si(Li) detectors. Conversion electron spectra have
been recorded with a magnetic selector ). The mul-
tispectrum analysis was performed on the y-ray sin-
gles and the conversion electron spectra (8 time
groups per spectrum).

3. Experimental results

In y-ray singles spectra recorded with Ge (Li)
detectors on BaF' samples collected at a mass
A = 146, one new line at 56.2 keV and Ba X-rays
have been identified with a new half-life of
1.9 + 0.2 seconds. From a multispectrum analysis
(8 groups of 1 second) of conversion electron spec-
tra on samples collected during 5 seconds (figure 2)
the same half-life has been observed for the strong-
1y converted transitions at 24.2, 56.2 and 80.2keV
(figure 3). The multipolarities of these low-energy
transitions have been determined. From y-X and y-e
coincidences the (80.2 * 0.2) keV (E3) transition
appears as the cross-over of the two (24.210.1) keV,
(M2) and (56.2%0.1) kev, (M1,E2) transitions.
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Fig. 3 : Decay curves of low energy transitions
observed in 127MBa, The open circles show measure-
ments taken with a Ge(Li) detector while the dia-
monds show the Si(Li) measurements and the squares
the measurements with the electron selector.

with the 127La F5 samples collected at a mass
A = 165, the y-ray singles spectra show a lot of
new transitions. Indeed, as the ground state of
La has spin and parity 11/27 8) , its decay feeds
levels at relatively high spins in Ba. The par-
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Fig.4 . Partial level scheme of Ba fed by the

La decay.

tial level scheme established mainly from y-y coin-
cidences is reproduced in figure 4. Several points
have to be mentioned to show the complement between
the decay and in-beam measurements. The ne ative
parity band already observed in the 18Sn( 2C 3n)
reaction 1) is fed up to the 15/27 level at 777 keV.
In addition to the previously identified states 9/27,
11/27, 13/27, 15/2", a lower energy level is esta-
blished at 79.4 keV below the 9/27 state mainly by
prompt y-y coincidences (figure 5). This level can
be identified as a 7/2°, by analogy with the hj1/2
negative parity structures detected in lighter
odd-A barium isotopes . This assignment is very
important to establish the decay of ™Ba (T 1/2=1.9
seconds) . Indeed, from the systematics, the lower
levels in odd-A bariums are 1/2% and 3/2% , the first
one being the ground state. The (M1, E2) 56.2 keV
transition is located between these states and the
isomeric transition, 24.2 keV (M2) is placed between
the 7/2° and the 3/2% states. The place of the

56.2 keV transition is confirmed by different other
y-y coincidences and by the intensity balance.

Three positive-parity bands are fed from the
12713 decay. The one based on the 7/2% level at
195.6 keV is the regular gs/o band structure obser-
ved in the 118gn( 2¢, 3n) reaction. This structure
is strongly connected with the one based on a level
at 81.3 keV and deexcited by a 25.1 keV transition
to the lower 3/2 state (figure 6). As the multipo-
larity of the 114.3 keV transition has not been de-
termined in the present work, the (5/2 ) assignment
made for the level at 81.3 kev (figure 4) is only
tentative. The strong connexion between the two ro-
tational bands suggests that the base states 7/2
and (5/2 ) are both originating from the same g7/2
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Figure 5 - y-y coincidence spectra which show the
lower part of the negative parity band.
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Figure 6 - y-y coincidence spectra which show the
decay of the positive parity structure to the lower
levels of !27Ba.

shell. The third positive parity band is based on
the 1/2% state, but, as no multipolarities have been
established up to now, the nature of this band can-
not be discussed in details.

4. Discussion

From the present work several points are weel
established in 127a. Two different half-lives have
been identified. The first one (T1 2 = 13 minutes)
is associated to the 1/2% ground state while the
second one (T1/2 = 1.9 seconds) corresponds to the
7/2” isomeric state. The systematics of the lower
energy states in odd-bariums with 127 < A £ 133
is now well established and reported in figure 7.
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Figure 7 - Lower states in odd-A bariums.
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