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Introduction
The neutrinoless double beta (0νββ) decay

is an important lepton number violating nu-
clear decay that occurs when two neutrons in-
side some even-even nuclei are converted into
two protons, and two electrons [1]. If this
rare process is observed, one can conclude that
neutrinos are their own anti-particle (Majo-
rana particle), which is favored by many be-
yond the standard model physics theory. This
process can also reveal the absolute masses
of neutrinos. The nuclear transition matrix
element (NTME) is an essential quantity to
study 0νββ decay, as it connects the neu-
trino mass with the decay rate of the process.
Hence, one of the objectives of this study is
to calculate the reliable NTMEs for 0νββ de-
cay within the large-scale nuclear shell model
framework.

We have chosen 124Sn as the decay candi-
date of 0νββ for its immense interest from the
double beta decay community of India, includ-
ing the TIFR and INO.

Earlier, the NTME of 124Sn was calcu-
lated in the shell model in closure method
[1] in which the effects of the excitation ener-
gies of a large number of intermediate states
were approximated with constant closure en-
ergy to avoid the computational complexity
of calculating a large number of intermediate
states. Here, we are motivated to include the
real effects of those excitation energies on the
NTMEs of 0νββ decay of 124Sn. This method

∗Electronic address: shahariar.sarkar@iitrpr.ac.

in

is known as the nonclosure method [2].

Theoretical formalism of NTME
calculation

The total NTME for light neutrino-
exchange 0νββ decay can be written as [3]

M0ν = M0ν
GT −

(
gV
gA

)2

M0ν
F +M0ν

T , (1)

where the Fermi (M0ν
F ), Gamow-Teller

(M0ν
GT ), and Tensor (M0ν

T ) type matrix ele-
ment can be written as

Mα = 〈f |Oα12|i〉 (2)

with |i〉 is 0+ ground state of initial nucleus
124Sn and |f〉 is 0+ ground state of final nu-
cleus 124Te. The α represents the type of
NTME (F , GT or T ). Expression to the
calculate the NTME of Eq. (2) in terms of
one body-transition density (OBTD) and two-
body matrix elements can be found in Eq.
(42) of Ref. [3]

Results and Discussion
First, we have calculated the initial, in-

termediate, and final nuclear states through
large-scale shell model diagonalization with
shell model code KSHELL [4]. These states
are further used to calculate the OBTD that
appears in the expression of NTME. The two-
body matrix element part of the NTME is cal-
culated by programming written by us.

Now we present some of the calculated re-
sults of NTME for 0νββ decay of 124Sn. Total
NTME is the sum of each partial NTME orig-
inating through the contribution of each spin-
parity of the intermediate nucleus 124Sb. De-
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FIG. 1: (Color online) The dependence Fermi and
Gamow-Teller nuclear transition matrix elements
of 0νββ decay of 124Sn on the spin-parity of in-
termediate states of 124Sb.
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FIG. 2: (Color online) Variation of Fermi and
Gamow-Teller nuclear transition matrix elements
of 0νββ decay of 124Sn on the number of interme-
diate states of 124Sb.

pendence of Fermi and Gamow-Teller NTME
with different Jπk of 124Sb are shown in FIG.
1. Here, NTMEs are calculated in nonclo-
sure method with GCN5082 effective interac-
tion [5] for AV18 SRC parametrization [3] by
considering contribution from first fifty states
of 124Sb. It is found that for all Fermi type
NTMEs, contribution through each Jπk is neg-
ative, and for Gamow-Teller, all contribution
is positive. The most dominating contribution
comes through 1+ state for GT type NTME.

Finally, the dependence of Fermi, Gamow-
Teller NTMEs on the number of excitation
energy of virtual intermediate nucleus 124Sb
is examined and shown in FIG. 2. Here,
NTMEs are calculated with GCN5082 shell
model Hamiltonian using nonclosure approxi-
mation for AV18 type SRC. Variation is shown
for the first fifty states of 124Sb. It is generally
found from earlier studies [2, 3] that NTMEs
attain a stable value by considering about 100
intermediate states which goes up to about 10
MeV in excitation energy. In the present case,
we are able to examine the variation for a max-
imum of fifty states, and NTMEs are mostly
attaining a stable value.

Summary

In summary, we have calculated the reliable
Fermi and Gamow-Teller NTMEs of 0νββ de-
cay of 124Sn using a large-scale nuclear shell
model. The nonclosure approximation was
used to include the true effects on excita-
tion energy of the virtual intermediate nucleus
124Sb. The dependence of NTME on different
spin-parity of the intermediate state and num-
ber of excitation energy are discussed.
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