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ARTICLE INFORMATION ABSTRACT

Neutrinos are perhaps the most elusive particles in our Universe. Neutrino physics could be counted
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as a benchmark for various new theories in elementary particle physics and also for the better un-
derstanding of the evolution of the Universe. To complete the neutrino picture, the missing information
whether it is about their mass or their nature that the neutrinos are Majorana particles could be provided

by the observation of a process called neutrinoless double beta (Ovp) decay. Neutrinoless double beta
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decay is a hypothesised nuclear process in which two neutrons simultaneously decay into protons with
no neutrino emission. In this paper we proposed a neutrino mass model based on A, symmetry group
and studied its implications to OvBf decay. We obtained a lower limit on |[M_| for inverted hierarchy

and which can be probed in OvBf experiments like SuperNEMO and KamLAND-Zen.
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1. Introduction

Our knowledge about the fundamental laws of Universe
has been greatly enriched by the efforts made in the
various experimental and theoretical fields of physics, but
at the same time many new mysteries about the working
of the universe have confronted us. The most intriguing
one is the existence of the elusive elementary particle i.e.,
‘neutrino’. The remarkable history of the neutrino begins
with the investigation of the 3-decay. To recover the energy
conservation of the 3-decay, lead to theoretical formulation
of this new particle in 1930 by Pauli. Due to extremely small
cross section, detection of neutrinos is comparatively much
more difficult than for other standard model particles, and
needs some special techniques to detect them. Neutrinos
interacts with matter via the exchange of the heavy virtual
W* and Z-bosons. Since the discovery of neutrinos many
new phenomenon and various Standard Model(SM) came
into existence. But the establishment of the concept of
neutrino oscillations which clearly indicated the existence of
neutrino mass, 0U33 decay came into a bigger picture. Since
the existence of the 0UB3f decay is related to the neutrino
mass, the 0U3( decay gained increasing importance with the
discoveries made by the various oscillation experiments. The
first signature of a physics beyond the SM was obtained in the

neutrino oscillation experiments which hinted towards the
new mechanism required for the neutrino mass generation.
The smallness of the neutrino mass could be explained by
assuming that the total lepton number is violated at some
high energy scale (10"-10'°GeV). The leptons and quarks
are Dirac particles. The leptons (antileptons) as well as
the quarks (antiquarks) are different particles, they have
the same masses but their electric charges are different. If
neutrinos are Majorana particles, in this case neutrinos and
antineutrinos are identical. Observation of the 0v3(3 would
be a definite validation that neutrinos are the Majorana
particle.

In this paper we have used Inverse seesaw mechanism
[1-3] to generate right-handed neutrino masses at TeVscale.
Using A, flavor symmetry, we proposed a model in which
we implemented type-II seesaw mechanism [4] to reduce
the number of parameters in neutrino mass matrix. We
also used Z, and Z, symmetries to avoid extra terms in our
lagrangian.

This paper is structured as follows. In section 2, we
discussed about inverse seesaw mechanism. In section 3, we
discussed A, symmetry group and our model. The section 4 is
devoted to neutrinoless double beta decay. Finally, conclusions
are summarized in section 5.
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2. Inverse Seesaw Mechanism

Inverse seesaw is an important mechanism to generate small
neutrino mass. Inverse Seesaw is able to generate neutrino
mass near TeV scale [1]. In this mechanism three extra
right-handed neutrinos N (T=1,2,3) and three singlet
fermions S (T=1,2,3) are required to be added, resulting
the lagrangianas shown below

_ - -
L= VLsz\/—SLmJ\/—E HSY + he, (D

where ‘m_’,'m’ and ‘p’ are the 3x3 complex mass matrices.
Here ‘m’ represents the interaction between neutral fermions
and right-handed neutrinos. The ‘W’ gives the Majorana mass
terms for singlet fermions. The corresponding neutrino mass
matrix have the form

0 m, O
M, =\m, 0 m| 2
0 m' u

If we consider the order p << m << m, then after the block
diagonalization of above matrix, the 3x3 effective neutrino
mass matrix is obtained as

=y (o, ®

where ‘m™ and ¢ M’ are the transpose of mass matrices ‘m’
and ‘m’, respectively

3. The Model

Non-abelian discrete symmetry group A, is a group of even
permutations of four objects. The order of group A, is 12.
Two elements of this group i.c.,

1 0 0 0 0 1
§=/0 -1 0 |andT=|1 0 0],
0 0 -1 010

generate all the 12 elements of group, and satisfies: $* =
T? = (ST)?. The geometrical representation of group A, is
of regular tetrahedron. The elements S and T corresponds
to reflection and rotation, respectively. The group has four
conjugacy classes, so it has four irreducible representations,
three singlets i.e., 1-1’-17and one triplet, 3 [5].

The model is an extension of the Standard Model by
five right-handed neutrinos, N, (T = 1,2,3), N, and N, and
five fermion singlets, S, (T=1,2,3), S, and S.. The fermion
field content and respective charge assignments are shown
in “Table 1” and scalar field content and respective charge
assignments are shown in “Table 2”.

Table 1: Fermion fields used in the model and their respective
charge assignments.

Symmewy L, L L I° I, I° N, N, NS S S

VA T 4 T 4
SU(Z)L 2 2 2 1 1 1 1 1 1 1 1 1
A, (S UG LS NS S A TS NS S B
22 1 1 1 1 1 1 1 1 1 -1 -1 -1
Z W ow ow wwwwwwWw wow

Table 2: Scalar fields used in the model and their respective charge
assignments.

Symmetry H n ¢ b, b, A A

1 2
sU@), 2 2 1 1 1 3 3
A, 1 3 3 1 1 1 1
Z, 1 1 1 1 1 1 1
z 1 1 1 1 W W W

We implemented the Z, and Z, cyclic symmetries along
with A, symmetry in order to constrain the extra couplings
in the lagrangian. The leading Yukawa Lagrangian of the
model obtained using inverse seesaw is
LISS = yeLel:H + yuL,uZ:H + y‘rL‘rl:'H

VLN + Y LN+ y LN

+VILNH +y LNH +y NSy, ()

+y11€NTST¢R + y;NTSﬂS + yiNT‘Svs@Z)

+y;‘NTST¢ + 1,8, 8,0, +y.8,8,0, +he,

In addition to Higgs field H, we have used m, 4,
dp P fields in the model and their respective charge
assignments are shown in “Table 27. In “Eq. 47,
1 2 3 4 5 0 1 1 2 3 1 2
ye’y;zﬂyT’YV’Y\/’YV’YV’y\MYR’YR’y(;)’yo’y@’yx’ys are
the Yukawa couplings. The type-II seesaw contribution to
the Lagrangian is
Ly y=1(LL +L,L +LL,)A,

+f,(LL,+L L +L,L,)A, +he.
After applying the vacuum expectation values i.e.,
<> ~v, (1,0,0), <@ > -v5(1,0,0), <H> =v, < g, >=v,,
<g>=v, <A>=v,, <A> =v,, we obtained a
charged leptonic mass matrix as m; = Diag(y, y,, y)v,
Other mass matrices are obtained as,

400 F 0
m,={B 0 0 0 O],

)

D
cC 00 0 H
x 0 0 7 v y 0 0 0O
0 x h 00 0y 000
m=[0 2 x 0 Oland=|0 0 y 0 O]
/I 00 z 0 000 n O
v 00 00 000 00O
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1 2 3 4 5
where, A=yv,. B=yv . .C=yyv F=yv, H=yyv,
1 _ 2 o _ 0 1 _ 2
Y=YV =YV, X = YpVp,Z= yRVRal - y¢V¢9V - y¢v¢a
) . .
h'=y,v,.Under inverse seesaw -+ type-1I mechanism, the
above matrices lead to the light neutrino mass matrix as

follow
X+X' 0 A+A'
M,=| 0 AX |, )
A+A" X' A"
where,

X=F’n/z",X'=f,vA,,A=—-FH In/vz*,A"=f,VA,,

A'=H’ (12”"')’22)/"222- The neutrino mass matrix
obtained is a texture one zero mass matrix as it contains
one element equal to zero. Since the neutrino mass matrix
is symmetric, so (Mv),, = (Mv), , and is counted as one
element. Texture zero models are widely used in literature to
reduce the number of parameters in neutrino mass matrix.

4. Neutrinoless Double Beta Decay(0v33)

In order to reveal the nature of neutrinos with definite
masses, it is necessary to study processes in which the total
lepton number L is violated. At present it seems that the
only feasible experiment to settle whether neutrinos are
Majorana neutrinos is neutrinoless double beta decay.
Neutrinoless Double Beta Decay is a hypothesised nuclear
process in which two neutrons simultaneously decay into
protons with no neutrino emission. The Ov@3-decay is
presently the only feasible way to establish the Majorana
nature of neutrinos which would imply that neutrinos are
their own anti-particles. Neutrino-less double beta decay is
represented by

(4,2) > (4,Z+2)+2¢

Inverse seesaw
Type-|l seesaw s
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The Feynman diagram for Ov33-decay is shown in Fig. 1. In
this process, only two electrons are emitted. This is possible
if and only if the neutrinos are Majorana particles.
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Figure 1: Feynman diagram for neutrino-less double beta decay.
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Y

We obtained texture one zero neutrino mass matrix
as shown in Eq. (5). There are a number of neutrino mass
models, but texture zero models are very successful as
they have high predictability and rich phenomenology
[6-15]. This kind of one zero mass matrix is T, texture
[15]. This type of texture one zero mass matrix has non
zero contribution towards OvBp-decay and we used similar
methodology to study its implications to Ovpp-decay as in
Ref. [15].

It is clear from Eq. (4) that we can distinguish the
contribution of inverse seesaw and type-II seesaw to [M_|,
as M| element of the mass matrix is sum of both seesaw
mechanisms. We have plotted the model parameters
X' (inverse seesaw contribution) and X(type-II seesaw
contribution) with effective Majorana neutrino mass|M_|.
We have also shown the sensitivity reach of 0vp33-decay
of experiments like SuperNEMO [16], NEXT [17, 18],
KamLAND-Zen [19], and nEXO [20] in our plots shown
in Fig. (2) below.

10 -
Inverse seesaw

Type-|l seesaw s
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Figure 2: Variation of [M_| with model parameters X (ISS contribution) and X'(type-II contribution) for normal hierarchy and inverted

hierarchy.
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‘The main isotope used in SuperNEMO is #2Se, and it decays as

82 82 -
Se,, = Ky, +2e

For NEXT, KamLAND-Zen and nEXO experiments, the
main isotope used is '**Xe and the decay is shown as

136 136 —
Xe,, = “Bay +2e

For numerical analysis, we used neutrino oscillations
experimental data NuFIT 5.0 [21]. It is clear from Fig.
2(a), for inverted hierarchy scenario, we did not get any
clear lower bound for [M_|. In case of normal hierarchy, we
obtained a clear lower bound as can be seen in Fig. 2(b),
and it is in the sensitivity range of the SuperNemo and
KamLAND-Zen experiments.

Conclusions

Neutrinos are massless in SM as there is no right-handed
neutrino present in this model. According to the SM,
neutrinos are electrically neutral and massless particles with
three active flavors (v,v ,v ). The mystery of the nature of
neutrinos (Dirac or Majorana) is one of the most fundamental
problem of neutrino physics. The solution of this problem
will have an important impact on the understanding of the
origin of neutrino masses and mixing. The evolution of
neutrino oscillations gave a new direction towards non-zero
neutrino mass, but it did not give any hint about the nature
of neutrinos with definitemass. Hence in order to give mass
to neutrinos we need some kind of new physics.

We have extended the SM by using A, xZ,xZ, flavor
symmetry. A clear lower bound for [M_|is found for inverted
hierarchy case which is in the sensitivity range of the 0vf33-
decay experiments like KamLAND-Zen and SuperNEMO,

hence can be examined in these experiments.
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