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Abstract. We perform large-scale shell-model calculations and successfully
describe the low-lying spectra and half-lives of neutron-rich N = 82 and N = 81
isotones with Z = 42 − 49 in a uniﬁed way. Shell-model study shows that their
Gamow-Teller strength distribution has a peak in the low-excitation energies,
which signiﬁcantly contributes to the half-lives. This peak is dominated by the
ν0g7/2 → π0g9/2 transition and enhanced on the proton deﬁcient side of these
isotones due to the Pauli blocking eﬀect and the change of the eﬀective singleparticle energy of the ν0g7/2 orbit.

1 Introduction
β-decay half-lives of neutron-rich nuclei around N = 82 are key data to understand the second peak of the solar abundance in the r-process nucleosynthesis [1]. The r-process path is
considered to go through the neutron-rich region of the nuclear chart. Where the r-process
path comes across the magic number N = 82, β decay and neutron capture occur alternately
and form the waiting points of neutron captures in the r-process. After that, these nuclei cause
multiple β-decays and reach the stability line of the nuclear chart, causing the second peak
of the solar abundance. The half-lives of N = 82 and N = 81 isotones are important nuclear
data for understanding the r-process nucleosynthesis. In the present work, we adopt nuclear
shell-model calculations and investigate theoretically the β-decay properties of N = 82 and
N = 81 isotones. This article is based on Ref. [2].

2 Shell-model calculations
We performed large-scale shell-model calculations to discuss β-decay properties of N = 81
and N = 82 isotones. The model space for the shell-model calculation is taken as 28 < Z < 82
(0 f5/2 , 1p3/2 , 1p1/2 , 0g9/2 , 0g7/2 , 1d5/2 , 1d3/2 , 2s1/2 , and 0h11/2 ) for the proton orbits and
50 < N < 82 (0g7/2 , 1d5/2 , 1d3/2 , 2s1/2 , and 0h11/2 ) for the neutrons orbits with 78 Ni being
an inert core. The shell-model interaction consists of the JUN45 interaction [3] for the f5 pg9
space, the SNBG3 interaction for the neutron 50 < N < 82 space [4], and the monopolebased universal interaction [5] for the rest part. We truncate the model space by restricting
up to 2 proton holes in the p f shell and up to 3-particle 3-hole excitations across the N = 50
gap so that the calculation is feasible. Since the M-scheme dimension of the shell-model
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Hamiltonian matrix reaches 3.1 × 109 and is quite large, eﬃcient usage of a supercomputer
is essential. We employ the shell-model code KSHELL [6] for massively parallel computing.
The Lawson method is applied to suppress the contamination of center-of-mass motion [7].
In Ref. [2], we demonstrated that the present shell-model interaction successfully reproduces
the binding energies and low-lying spectra of N = 80, 81, and 82 nuclei, which conﬁrms the
validity of the present setup of the shell-model study.

3 Results and discussions
We employ the Lanczos strength function (LSF) method [8] to obtain the Gamow-Teller
(GT) strength distribution. In this method, the initial state of the iterations is prepared as
O(GT )|φ p , where O(GT ) is the Gamow-Teller operator, στ− , and |φ p  is the wave function of the parent nucleus. We performed 250 Lanczos iterations and evaluate the strength
distribution in the subspace spanned by the Lanczos vectors. The quenching factor of the
Gamow-Teller transition is taken as 0.7, which is widely used. We do not evaluate the ﬁrstforbidden transition since its contribution is expected to be rather unchanged [9] and can be
absorbed into the quenching factor.

   !





















"



   !




$!



"








"

















#





"


 




"


 





"






 

%

&

$'

!

"



(

)


"








 







 



Figure 1. Gamow-Teller strength distribution of N = 82 isotones, (a) 131 In, (b) 130 Cd, (c) 129 Ag, (d)
Pd, (e) 127 Rh, (f) 126 Ru, (g) 125 Tc, and (h) 124 Mn, provided by the shell-model calculations. The blue
and red dotted lines denote the neutron separation energies and Q-values, respectively. The dashed lines
are the folded strength functions by a Lorentzian with 1-MeV width. Revised from Ref. [2].
128

Figure 1 shows the GT strength distribution of N = 82 isotones provided by the LSF
method. While the strength of the low-energy peak of 131 In (Z = 49) at around E x = 2 MeV
is small, the strength grows gradually as the proton number decreases. In these isotones, the
GT transition from the neutron 0g7/2 orbit to the proton 0g9/2 orbit is dominant for the β
decay. At Z = 50, the proton 0g9/2 orbit is fully occupied and suppresses the Gamow-Teller
transition because of the Pauli blocking. With decreasing the proton number from 50 to 40,
the proton 0g9/2 orbit becomes vacant and the Pauli-blocking eﬀect is weakened. Therefore,
the GT strength is gradually enhanced as the proton number decreases till Z = 40. In addition,
the evolution of the neutron 0g7/2 orbit contributes coherently to this enhancement as follows.
Figure 2 shows the neutron eﬀective single-particle energies (ESPEs) of N = 82 isotones.
The proton 0g9/2 orbit is fully occupied at Z = 50 and the ESPE of the neutron 0g7/2 orbit
is the lowest among the ﬁve orbits, as indicated by the experimental energy levels of 131 Sn
[10]. On the other hand, at Z = 40 the proton 0g9/2 orbit is vacant and the neutron 0g7/2 orbit
is raised up and approaches the Fermi level because of the strong attractive monopole force
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Figure 2. Neutron ESPEs of N=82 isotones. The blue solid, red solid, green dashed-dotted, green
dashed, and black dotted lines denote the ESPEs of the neutron 0h11/2 , 0g7/2 , 1d5/2 , 1d3/2 , and 2s1/2
orbits.

between the π0g9/2 and ν0g7/2 orbits. This strong attractive force is caused by a cooperative
attraction of the central and tensor forces [5].
The half-lives are evaluated by accumulating the transition probabilities from the parent
ground state to the daughter states whose excitation energies are below the Qβ value. Figure 3
shows the beta-decay half lives of the N = 81 and N = 82 isotones. The present shell-model
results shown as blue solid circles reproduce the experimental values quite well except that
of 131 In. The half-lives provided by other theoretical models, such as preceding shell-model
study [9], relativistic QRPA [11] and the gross theory with the KTUY mass formula [12, 13],
are also shown in Fig. 3. These results show a certain overestimation, especially for N = 81
isotones.
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Figure 3. β-decay half-lives of N = 82 (left panel) and N = 81 (right panel) isotones. The red symbols
with error bars denote the experimental values [14]. The blue circles, orange triangles, green squares,
and brown inverted triangles denote those of the present shell-model study, the previous shell-model
study [9], the relativistic QRPA [11], and the gross theory [13] with the KTUY mass formula [12],
respectively.
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4 Summary
We present shell-model results of the β-decay half-lives by the GT transition. The experimental half-lives of N = 82 and 81 isotones are well produced by the present shell-model study
and some predictions are presented. The low-energy peak of the GT strength gradually increases as the proton number decreases from 50 to 40, which is caused by the Pauli-blocking
eﬀect of the proton 0g9/2 orbit and the ascension of the ESPE of the neutron 0g7/2 orbit
coherently.
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