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Discovery of a µs isomer of 76Co†

P.-A. Söderström,∗1 S. Nishimura,∗1 Z. Y. Xu,∗2 K. Sieja,∗3 V. Werner,∗4,∗5 P. Doornenbal,∗1 G. Lorusso,∗1

F. Browne,∗1,∗6 G. Gey,∗1,∗7,∗8 H. S. Jung,∗9 T. Sumikama,∗10 J. Taprogge,∗1,∗11,∗12 Zs. Vajta,∗1,∗13

H. Watanabe,∗1,∗14 J. Wu,∗1,∗15 H. Baba,∗1 Zs. Dombradi,∗13 S. Franchoo,∗16 T. Isobe,∗1 P. R. John,∗17,∗18

Y.-K. Kim,∗19 I. Kojouharov,∗20 N. Kurz,∗20 Y. K. Kwon,∗19 Z. Li,∗15 I. Matea,∗16 K. Matsui,∗2

G. Martnez-Pinedo,∗5 D. Mengoni,∗17,∗18 P. Morfouace,∗16 D. R. Napoli,∗21 M. Niikura,∗2 H. Nishibata,∗22
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Changes in nuclear shell structure far from stability
are largely associated with the monopole component of
the proton-neutron interaction. Thus, there is a large
ongoing experimental effort aiming to investigate how
these shell and sub-shell closures evolve for very exotic
nuclei at and below 78Ni. The study of single neutron
and proton particle and hole states outside 78Ni is one
important way to gain information on this topic. In
a recent paper new experimental results on 76Co, one
neutron-hole and one proton-hole in 78Ni, were pre-
sented. Due to the purity of the excited states, this is
a unique case to study the neutron-proton interaction
in a region with sparse experimental information.

The 76Co nuclei were produced by in-flight fission
of a 345 MeV/u 238U beam on a 3 mm beryllium tar-
get and then separated using the BigRIPS fragment
separator and the ZeroDegree spectrometer. At F11
the WAS3ABi1) silicon detector stack was used for im-
plantation and β-decay correlation measurements and
the EURICA spectrometer was used for measuring the
energy and time of the γ rays. In total, approximately
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Fig. 1. Proposed experimental level scheme of 76Co com-

pared to shell model calculations using a modified

LNPS interaction.

1000 76Co ions were implanted in WAS3ABi during 10
days of measurement.

In the experiment, two coincident γ rays of 192 and
446 keV from the decay of a t1/2 = 3 µs isomeric state
of 76Co were observed. The decay of the isomer was
assigned to an E1 transition with a reduced transition
probability of B(E1; 3+ → 2−) = 1.79 × 10−8 W.u.
Shell model calculations carried out with an up-to-
date LNPS interaction2,3) including monopole changes
to assure the correct propagation of proton single-
particles energies showed the states to be about 70%
pure structures of πf−1

7/2 ⊗ νg−1
9/2 or πf−1

7/2 ⊗ νp−1
1/2 hole

configurations for negative and positive parity states,
respectively. Thus, the relative νg−1

9/2 and νp−1
1/2 po-

sitions could be fine tuned by changing the strength
of the πf−1

7/2 ⊗ νp−1
1/2 monopole. The results of these

calculations are shown in Fig. 1.
Furthermore, a β decaying 8− state was also ob-

served in the data, consistent with the LNPS shell
model calculations. These results will help constrain
further developments of theoretical models in the
πf7/2 ⊗ νg9/2 region between 60Ca and 78Ni, where
scarce experimental data are available.
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Determination of Qβ for the Gamow-Teller decay of 100Sn and 98Cd
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The heaviest self-conjugate doubly magic nucleus
100Sn is known to have the largest Gamow-Teller de-
cay strength B(GT ) of all nuclei.1) A precise deter-
mination of B(GT ) is needed to test the robustness
of the N = Z = 50 shell closure suggested by shell
model calculations. This implies the importance of
measuring the β-decay endpoint energy Qβ of 100Sn
with better precision. An experiment to study the
superallowed Gamow-Teller decay of 100Sn was per-
formed at the RIBF facility of RIKEN Nishina Center
in June 2013. 100Sn and a large cocktail of neutron-
deficient isotopes down to N = Z − 2 were produced
by fragmenting a 345 MeV/u 124Xe beam with inten-
sities up to 36 pnA on a 4 mm 9Be target. The nu-
clei of interest were separated and identified through
BigRIPS and the ZeroDegree spectrometer, before be-
ing implanted into one of the three double-sided silicon
strip detectors (DSSD) of WAS3ABi. The DSSDs were
complemented by 10 single-sided silicon strip detec-
tors in a closed-stack geometry for Qβ measurement
at maximum efficiency in the downstream direction.
WAS3ABi was surrounded by 84 HPGe and 18 LaBr3
detectors of the γ-ray spectrometer EURICA. Thus,
gating on the γ-ray transitions of the daughter nu-
clei results in a high purity of the β+ energy spec-
trum. The accurate measurement of the total β+ en-
ergy using WAS3ABi was hindered by processes such
as bremsstrahlung, annihilation-in-flight, and particle
escape. Hence, neither the measured endpoint nor
the experimental distribution of the measured ener-
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Fig. 1. Complete energy deposit in the experiment (black)

of decay products after the implantation of 98Cd nu-

clei coincident with γ-rays at Eγ = 1176 ± 2 keV

and 30 simulated spectra (red) of positrons at Qβ =

2737 keV. The arrow denotes the range of comparison.

A parabolic fit yields χ2
min at Qβ = 2750± 36 keV.

gies could directly be used to determine the Qβ-value.
Therefore, Geant4 simulations of the WAS3ABi geom-
etry and physics processes were used to study the de-
tector response and determine the endpoint energy2).
For each trial, Qβ was used as the input parameter
and positrons were generated in the WAS3ABi geome-
try to form a simulated energy spectrum. Then, it was
compared to the experimental energy spectrum by a
χ2-test. The experimental Qβ resulted in the mini-
mum χ2

min. The uncertainty of χ2 originating in the
simulations is obtained by performing 30 simulations
for each trial energy (see Fig. 1). In order to verify this
method, the β-decay of 98Cd into the 1691-keV state
in 98Ag3) was studied (see Fig. 1). The minimum χ2

min

is obtained by Qβ = 2750± 36 keV, which agrees well
with the literature value of 2717(40) keV4). Analysis
for Qβ of 100Sn is ongoing, and it will be finalized soon.
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