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Shape evolution in neutron-rich nuclei with the neu-
tron number N>82 and the proton number Z>50 be-
yond the doubly magic 132Sn nucleus have been in-
vestigated along several isotopic chains. The EU-
RICA project1) provides us with an opportunity to
study extremely neutron-rich nuclei using β-decay and
isomer-decay spectroscopy. We reported the results of
the isomer-search experiment for neutron-rich Cs iso-
topes2), where new isomers were found in 145Cs, 146Cs,
147Cs, and 148Cs. To understand the nuclear structure
of these neutron-rich Cs isotopes in the low-spin states,
we studied the β decay of neutron-rich Xe to Cs iso-
topes.
The neutron-rich Xe isotopes were produced through

in-flight fission reaction using a 345-MeV/nucleon 238U
beam. Particle identification was performed using the
mass-to-charge ratio (A/Q) and the atomic number
deduced from the information of time-of-flight (TOF),
magnetic rigidity (Bρ) and energy loss of fission frag-
ments through BigRIPS and ZeroDegree Spectrome-
ter3). The isotopes were implanted into a stack of
five double-sided Si-strip detectors (WAS3ABi)1). β
rays emitted from the isotopes were also detected by
WAS3ABi. The parent nuclei of the β decay were iden-
tified by position correlation on the WAS3ABi between
the implanted fragments and the detected β rays. γ
rays emitted after the β decay were detected by the
γ-ray detector array which is called EURICA1).
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Fig. 1. A/Q spectrum of neutron-rich Xe isotopes.

Figure 1 shows a spectrum of particle identification
for the Xe (Z = 54 ) isotopes as a function of A/Q.
The fully-stripped AXe54+ ions are separated from the
hydrogen-like A−3Xe53+ ones owing to the high A/Q
resolution.

Coincidence data of β-γ and β-γ-γ with particle
identification of 143Xe, 144Xe, 145Xe, 146Xe, and 147Xe
isotopes is analyzed. As an example, the γ-ray energy
spectrum and the decay curve for the β decay of 145Xe
to 145Cs are shown in Fig. 2. We found 11 new γ rays
associated to the transitions in 145Cs emitted after the
β decay of 145Xe. These γ-ray peaks are represented as
full circles in Fig. 2. Other peaks are mostly assigned
to transitions in the granddaughter 145Ba nucleus. The
inset in Fig. 2 shows the decay curve deduced by the
time difference between the implantation of 145Xe and
the detection of the β rays gated on newly found 5
γ rays in 145Cs. The half-life of the β decay was de-
termined to be 197(10) ms, which is consistent with
the reported one in Ref. 4. Detailed analyses are in
progress.
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Fig. 2. γ-ray energy spectrum and decay curve of the β

decay of 145Xe to 145Cs.
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Identification of a millisecond isomeric state 129Cd via the detection
of internal conversion and Compton electrons†
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Isomeric states near nuclear shell closures are a sen-
sitive probe to study the position of single-particle or-
bitals and their evolution. In the present work we
have studied for the first time excited states in 129Cd
which decay via the emission of γ rays. The neutron-
rich 129Cd ions were produced at the Radioactive Iso-
tope Beam Factory (RIBF), identified and separated
in BigRIPS and then implanted in the active stopper
WAS3ABi, consisting of eight closely packed DSSSD,
which is surrounded by the germanium array EURICA.
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Fig. 1. Energy spectrum of the Si detector in which the
129Cd ions were implanted for all decays observed in

the first 10 ms (black) and from 30 to 40 ms (red) after

the implantation.

Two types of events were recorded by the data ac-
quisition system, the implantation of the ions into the
active stopper WAS3ABi and their subsequent decays.
In the decay of 129Cd a very short-lived component
in the range of a few milliseconds was observed, much
shorter than the previously reported half-lives of the
two β-decaying states in 129Cd1). The inspection of the
energy spectrum of the Si detector in which the 129Cd
ions were implanted for all decays observed in the first
10 ms after the implantation (see black curve in Fig. 1 )
revealed a peak structure at about 340 keV and an ex-
cess of counts below 250 keV. Those structures are not
visible for decays occurring in the time interval of 30 to
40 ms after the implantation for which the smooth en-
ergy distribution expected for β decays is observed (red
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∗3 Departamento de F́ısica Teórica, Uni. Autónoma de Madrid
∗4 GSI Helmholtzzentrum für Schwerionenforschung GmbH
∗5 LPSC, UJF, CNRS, INPG, Grenoble
∗6 Department of Physics, Tohoku University
∗7 Department of Physics, University of Tokyo

curve) in Fig. 1. A comparison to Monte-Carlo simu-
lations indicated that conversion electrons and Comp-
ton electrons from transitions following the decay of
a ms isomeric state in 129Cd lead to the registration
of decay events in the active stopper. The energies of
subsequent X-rays are summed with a certain chance
to the energy of the Compton electron which shifts the
peak to about 340 keV. Four transitions with energies
of 353, 406, 1181 and 1587 keV were observed in de-
layed coincidence with the implanted 129Cd ions and
the half-life of the new isomeric state was determined
to T1/2=3.6(2) ms from the summed time difference
distributions between the observed decay events and
the observation of either the 406- or 1181-keV γ rays.
Furthermore, the measured intensities of both γ rays
and conversion electrons were used to tentatively as-
sign an E3 multipolarity to the primary isomeric tran-
sition with an energy of 353 keV.
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Fig. 2. Proposed decay scheme and comparison to the shell

model calculations NA-14.

The deduced decay scheme is compared to shell-
model calculations employing state-of-the-art realistic
interactions (NA-14, same as in Ref.2)) in Fig. 2. The
dashed lines represent the predicted positions of low-
lying positive parity states as well as states with posi-
tive and negative parity in the spin range 17/2− 23/2.
None of these states is predicted to be isomeric. Based
on this comparison the new state was assigned to have
spin and parity (21/2+). The experimentally deter-
mined reduced transition strength of B(E3) = 0.50(3)
W.u. for the (21/2+) → (15/2−) E3 transition is in
perfect agreement with the value predicted by the SM
calculations, B(E3) = 0.48 W.u..
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