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Investigation of octupole correlations of neutron-rich Z ∼ 56 isotopes 
by β-γ spectroscopy
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It has long been a question whether there exist nu-
clei with static octupole deformation. The interaction
between orbits with ∆J = ∆I = 3 is responsible for
octupole correlations and the nuclei with such orbits
close to the Fermi surface are expected to have large
octupole correlations. The Possible nucleon numbers
where this occurs are Z or N ∼ 34, 56, 88, and 134.
The neutron-rich Ba isotopes (Z = 56, N ∼ 88) are
expected to have large octupole correlations and are
good candidates for octupole deformation. The even-
even Ba isotopes have been studied from A = 140
to 148, and low-lying positive- and negative- parity
octupole bands connected with enhanced E1 transi-
tion rates have been discovered1). Although the E1
rates should have a peak at N = 88, Ref.1) revealed
that 148Ba92 has E1 rates as large as those of 144Ba88,
whereas 146Ba90 has much smaller E1 rates. The the-
oretical calculations available so far provide different
answers for octupole correlations in this region. For
example, the microscopic-macroscopic method2) pre-
dicts some β3 values, whereas Hartree-Fock calcula-
tion3) argues that there is no state with a dipole mo-
ment. Therefore, the experimental investigations of
more neutron-rich Ba isotopes is required.

We performed β-γ spectroscopy on neutron-rich Z ∼
56 isotopes at RIBF. The neutron-rich isotopes were
produced using in-flight fission of a 345MeV/nucleon

∗1 Center for Nuclear Study, The University of Tokyo
∗2 Research Center for Nuclear Physics, Osaka University
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Fig. 1. Preliminary γ-ray energy spectra of the β decay

from 150Cs to 150Ba. The time window is 200 ms from

the ion implantation.

238U beam bombarding a 3-mm thick Be target. The
typical intensity of the primary 238U beam was ∼ 6
pnA during the two days of measurement for the Ba
region. Fission fragments were identified by measur-
ing the time-of-flight and magnetic rigidity in the sec-
ond stage of BigRIPS and by measuring the energy
loss by using the ion chamber at the final focal plane,
F11. The secondary beam was implanted into an ac-
tive stopper WAS3ABi4), which consists of five layers
of double-sided-silicon-strip detectors for ion-β corre-
lation. The γ rays from the implanted nuclei were de-
tected by using EURICA5), an array of 12-cluster Ge
detectors in which each cluster consists of 7 crystals.

Figure 1 shows the γ-ray energy spectrum of β-decay
events after the implantation of 150Cs. Candidates for
peaks are present at energies of 100 and 597 keV. The
peaks at 100 keV can be interpreted as the 2+ to 0+ γ
decays. The energies of the proposed 2+ level of 150Ba
is lower than those in 148Ba, indicating an increase in
quadrupole deformation at 150Ba. Test of the signifi-
cance of the 597-keV peak and examination whether it
can be a negative parity state with octupole collectiv-
ity are in progress.

References
1) W. Urban et. al.: Nucl. Phys. A 613, 107 (1997).
2) P. A. Butler et. al.: Nucl. Phys. A 533, 249 (1991).
3) W. Nazarewicz et. al.: Nucl. Phys. A 429, 269 (1984).
4) S. Nishimura et. al.: RIKEN APR 46, 182 (2013).
5) S. Nishimura: Nucl. Phys. News 22, No.3 (2012).

Study of neutron-rich 142Xe using β-decay spectroscopy

A. Yagi,∗1,∗2 H. Kanaoka,∗1,∗2 A. Odahara,∗1 R. Lozeva,∗3 C.-B. Moon,∗4 H. Nishibata,∗1,∗2 T. Shimoda,∗1

P. Lee,∗5 R. Daido,∗1,∗2 Y. Fang,∗1,∗2 S. Nishimura,∗2 P. Doornenbal,∗2 G. Lorusso,∗2 P.-A. Söderström,∗2
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Study of neutron-rich 54Xe isotopes with N>82 is
very important for understanding shape evolution from
spherical to prolate shapes for nuclei in the mass re-
gion beyond the doubly-magic 132Sn nucleus. In par-
ticular, the N=88 nucleus of 142Xe is expected to have
octupole collectivity in low spin region, because the
144
56 Ba nucleus (N=88) is well known for having the
large octupole deformation1). In this work, to reveal
various nuclear structures of 142Xe, the low-spin states
in 142Xe were investigated using β-decay spectroscopy
of 142I (Z=53).
Neutron-rich 142I was produced by in-flight fission

of a 238U beam at the RI Beam Factory (RIBF) in
RIKEN. Particle identification for the fission fragments
was performed based on the TOF-Bρ-∆E method us-
ing the BigRIPS and the ZeroDegree spectrometer2).
Nuclei were implanted in the 5 double-sided Si-strip
detectors (WAS3ABi3)) at F11. Beta rays and γ rays
were measured using the WAS3ABi and the EURICA
array consisting of 12 Cluster-type Ge detectors3), re-
spectively. In order to measure the half-life of the ex-
cited states in the time range from a few hundred pi-
coseconds to a few nanoseconds, a fast timing detector
system, which consists of 18 LaBr3 detectors for γ rays
and 2 plastic scintillators for β rays, was installed4).

Figure 1 shows the decay curve obtained by the time
difference between the implantation of 142I and the de-
tection of β rays in WAS3ABi gated on the known 287-
keV γ rays (2+ → 0+) of 142Xe5). The half-life of the
β decay of 142I was determined to be 229(3) ms, which
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Fig. 1. Decay curve of the β decay gated on the 287-keV γ

ray in 142Xe.
was more accurate than the value of 222(12) ms in
Ref. 6. Figure 2 shows the energy spectrum of γ-rays
emitted after the β decay of 142I. Three known tran-
sitions in 142Xe are clearly observed with energies of
287, 403, and 971 keV. The B(E2) value of 0.6(3) e2b2

determined from the half-life of the 2+1 state, which
was obtained as 0.22(9) ns by using the fast timing
system, is in good agreement with the one obtained
by Coulomb-excitation measurement of 0.7(1) e2b2 in
Ref. 7. The deformation parameter β2 was deduced
to be 0.16(3) using the B(E2) value in this work. This
indicates that the nucleus 142Xe has a small prolate
shape. The decay scheme after the β decay of 142I
was newly constructed in this work with 36 levels up
to an excitation energy of 3.2 MeV. Two levels in this
new decay scheme were assigned as candidates of the
(1−) and (3−) states which are members of the K=0−

octupole band, populated in high spin region by the
spontaneous fission of 248Cm in Ref. 5. A detailed
analysis is in progress.
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Fig. 2. Energy spectrum of γ-rays emitted after the β de-

cay of 142I. Peaks with closed circles indicate newly ob-

served γ rays in 142Xe.
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