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Doublet bands in '?2®La and systematic features of energy separation
of doublet bands observed in the A~130 mass region "
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Abstract: High spin states of 12®La have been studied through the fusion-evaporation reaction 118Sn(MN, 4n)128La
at a beam energy of 69 MeV. A positive-parity side band with the same configuration as that of the yrast band has
been identified. Moreover, it is noted that the energy separation AE(I)= E(I)side—E(I)yrast of all doublet bands
reported in odd-odd nuclei in the A~130 mass region exhibit a staggering pattern systematically, and they stagger

up at even-spin and stagger down at odd-spin.
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1 Introduction

In the A ~130 mass region, the doublet bands with
the 7thi1/2®Vhy1/2 configuration have attracted signifi-
cant attention and intensive discussion in the past few
years. The interpretations of some of the reported dou-
blet bands have been controversial and the most noted
example is the doublet bands in '3*Pr. The doublet
bands in 3*Pr were argued to be the doublet bands with
best chiral characteristics among the doublet bands ob-
served in N=T75 isotones (**°Cs, '32La, *Pr, "*Pm and
138Eu) [1]. However, this claim was not supported by the
later analysis of related data [2] and the experimental re-
sults of electromagnetic transition probabilities based on
lifetime measurements [3].

The validity of a theory is often tested by how well
the theory reproduces the systematic behavior of the
phenomenon, and thus it is important to establish the
systematic behavior of the doublet bands which system-
atically appeared in the A ~130 mass region. To serve
this purpose, the present work extends the observation
of doublet bands in odd-odd nuclei to '*®La and re-
views the systematic behavior of the energy separation,
AE(I)=E(I)sde—E(I)yrast, of all doublet bands reported
in the A~130 mass region.
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2 Experimental details

The experiment was performed through the
H8Sn (N, 4n)'?*La reaction with the beam provided
by the HI-13 tandem accelerator at CIAE in Beijing.
The ''®Sn target with an enrichment of 92.8% and a
thickness of 2.4 mg/cm? was rolled onto a lead backing.
The y-ray detecting array consisting of 12 Compton-
suppressed HPGe detectors and two planar HPGe detec-
tors was used to collect y-y coincidence data. The Ge
detectors in the array were placed at 90°, £37°, +30°,
and +60° relative to the beam direction. Emnergy and
efficiency calibrations of the detectors were performed
by standard sources of ®*Co and '*?Eu. The bombarding
energy of 69 MeV was selected to populate the nucleus
128T,a by the excitation function measurements. A total
of 3.6x10°% two fold coincidence events were collected.
A symmetrized coincidence matrix and an asymmetric
DCO (directional correlation ratios of oriented states)
matrix were constructed for off-line analysis. In our ar-
ray geometry, if one gates on a quadrupole transition,
the expected Rpco value is close to 1.0 for stretched
quadrupole transitions and close to 0.6 for stretched
dipole transitions. Similarly, with a dipole gating transi-
tion, the Rpco value is close to 1.7 and 1.0 for quadrupole
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and dipole transitions, respectively. Based on the -y
coincidence relationship, together with the intensity bal-
ance of transitions, the partial level scheme of *¥La is
constructed and presented in Fig. 1.

3 Result and discussion

Yrast band 1 is the most intensely populated in the
present experiment, and its configuration has been as-
signed to 7thy1/2®@Vhiy,2 in previous work [4, 5]. After

o band 1 the work of [4, 5], I"=5" was assigned to the bandhead
m w of the 7thy, /92Vh11 2 band by T. Hayakawa et al. [6] based
2425 W 2 on the studies of S-decays of '**La and '*#Ce.
8* 160,05 - Band 2 (the side band) has been reported for the first
P 114.066‘...1.&.0 + 7 1243.0 -1 time in the present study. The intraband transitions of
37.0 = this band have been extended up to 20A, and six new
=5 1175.4 linking transitions of 743.6, 766.1, 601.2, 836.3, 565.7
band 2 and 704.1 keV between bands 1 and 2 are observed. A
0 1153.3 —2r typical y-v coincidence spectrum is shown in Fig. 2. Con-
sidering the dipole character of the linking transitions of
10450 —_ 1 20ty 1087.0 766.1 and 565.7 keV with DCO ratios of 0.93 and 1.12,
and the quadrupole character of 704.1 and 836.3 keV
18+ 1015.0 1045.9 p 19° transitions with DCO ratios of 1.78 and 1.82 (DCO ra-
5487 tios from gating on the dipole transition), the spin-parity
971.0 —r 189 /9816 assignments of band 2 are firmly confirmed.
I 4308 The alignment plots of band 1, band 2 and the known
033 T A Tthi1/2®V(ds/2/g7/2) band, reported in Ref. [4], of '**La
. 49l0.485 . are shown in Fig. 3 where the 7thi1/2®V(ds/2/g7/2) band
o exhibits a sharp backbend at Aw=0.45 MeV caused by
7872 !'_ 15* the rotational alignment of the first pair of hyi/» neu-
a1 4?.671 ; trons. The absence f)f a band .Crogsing at this frequency
. \ for bands 1 and 2 in Fig. 3 indicates that the vhiis
orbital is Pauli blocked in both bands, which suggests
that an 7th,, /- orbital is involved in the configurations of
these two bands. Moreover, the large initial alignments
(~6h) for both bands 1 and 2 strongly suggests that the
hi1/2 proton is involved in the configuration of bands 1
Fig. 1. Partial level scheme of '**La deduced from and 2. All these experimental observations suggest that
the present study. The insertion shows the bot- band 2 has the same 7'ch11/2®vh11/2 configuration as that
tom portion of band 1.
of band 1.
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Fig. 2. Typical v-v coincidence spectrum supporting the level scheme of doublet bands in '?®La. Y, S and L stand

for transitions in the yrast band, the side band, and the linking transitions.
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Fig. 3. Rotational alignments of bands in '*®La.

The Harris parameters are Jo=17.0 MeV~'h2,
J1=25.8 MeV R,

Furthermore, it should be noted that the particle or-
bitals of the 7hy;/o ®Vhy1/2 band have been assigned
as hy1/2[550]1/27 for the proton and hqy/2[523]7/2~ for
the neutron [5]. According to the Gallagher-Moszkowski
rules [7], the deduced bandhead spin of the 7th1,5QVh11 /2
band should be 1/2+7/2=4. This is in contradiction with
the I=5 assignment of T. Hayakawa et al. [6]. It is well
known that the signatures of the 7mhi1/2 ®Vhii/2 band
of odd-odd nuclei in the mass region of A~130 are in-
verted at low spins. A spin assignment of I =4 or of
any even number to the bandhead of the mhq1,2®Vhi1,2
band in '*®La will lead to the normal signature split-
ting without inversion at low spin, and thus the assign-
ment of I =4 is not acceptable. One of the possible
ways to remove this contradiction is to assign the neu-
tron orbital as hi1,2[514]9/27 instead of hqy,2[523]7/2
or to assign the proton orbital as hq1,2[541]3/27 instead
of hy;1,2[550]1/27. This is a problem which needs to be
studied further.

Finally, to inspect the systematic features, AE(I)=
E(Dgde — E(I)yrast of experimentally observed doublet
bands in the A~ 130 mass region are presented in Fig. 4.
To avoid overlap, the AE(I) of neighbouring isotopes are
separated by 120 keV. Two systematic features are re-
vealed in Fig. 4. Firstly, the AE(I) of all reported dou-
blet bands exhibit a staggering pattern, and they stagger
up at even-spin and stagger down at odd-spin (except at
I1=13 for **°Cs and I >18 for **Pm and '**Pr). This
phenomenon is most pronounced at I=11, 12 and 13.
Usually, the experimental error of «-ray energy is much
less than 1 keV and by taking into account the cumula-
tive effect of errors, the errors of the level energies are
not more than 1-2 keV. The error bar of AE(I) is less
than the diameter of the dots in Fig. 4, and thus the stag-
gering pattern of AE(I) is believed to be a real effect.
Secondly, the “slope” of the variation trend of the aver-

age magnitude of AE(I) decreases from positive (such as
122Cs, 128 La and **2Pr) to negative (such as '32Cs, '**La
and '**Pr) with increasing neutron number for isotopes

Cs, La, and Pr.
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Fig. 4. AE(I)=E(I)siae—E(I)yrast of all reported
doublet bands in odd-odd nuclei in the A ~130
mass region. Data sources: *2Cs [8], '**Cs [9],
126Cs [10], '28Cs [11], '3°Cs [11], "*2Cs [11], '*®La
(present work), *°La [12], '*?La [1], **La [13],
132py [12], ¥*Pr [14], ¥*°Pm [1], and ***Eu [15].

The formation of chiral geometry in odd-odd nuclei
requires that the valence proton sits on the orbital lo-
cated in the lower part of the 7thy;/» subshell and the
valence neutron sits on the orbital located in the upper
part of the vhq;/, subshell. It is difficult to imagine that
the valence neutrons of all the Cs isotopes from '?2Cs to
132(Cs sit on the three orbitals located in the upper part
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of vhiy o subshell, and thus the reported doublet bands
in 1227132Cg cannot all originate from chirality. On the
other hand, the AFE(I) staggering pattern clearly ap-
pears in all doublet bands of Cs isotopes from '?2Cs to
132Cs. Therefore, it is possible that the AFE(I) staggering
phenomenon is not relevant to the chirality. Hopefully,
the above discussions will stimulate more experimental
studies based on life-time measurements and systemat-
ical theoretical studies on the systematically appeared
doublet bands in odd-odd nuclei in the A~130 mass re-
gion.
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