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Abstract We study an inverse seesaw ISS (2,3) framework to explain neutrino
phenomenology and dark matter simultaneously with one zero textures of neutrino
mass matrix. ISS (2,3) is obtained by the addition of two right-handed neutrinos
and three gauge singlets sterile fermions to the standard model. The model is more
predictive because of presence of less number of right-handed neutrinos than the
conventional inverse seesaw. Moreover, texture zeros in the structures of the mass
matrices reduce the free parameters. We extensively study the effect of different tex-
tures of neutrino mass matrix on sterile neutrino dark matter phenomenology. Based
on different properties of the dark matter, we verify the viability of different one zero
textures of the light neutrino mass matrix.

16.1 Introduction

Neutrino mass and mixing, ordering of the neutrino mass, Dirac CP phase, dark mat-
ter and baryon asymmetry of universe (BAU) are major reasons to expect physics
beyond standard model (BSM). Different BSM frameworks are available in litera-
ture which can account for such issues. Inverse seesaw is one of the most promising
mechanisms as the neutrino mass generation takes place at lower scale than the
conventional seesaw. Here, we study an inverse seesaw framework where two right-
handed neutrinos and three sterile fermions are added to the standard model particle
content. The most attractive feature of the model lies in the fact that besides explain-
ing neutrino mass, it can lead to a sterile neutrino in keV scale which can account
for a viable dark matter candidate. We consider the possibility of one zero at certain
position of the neutrino mass matrix. In the framework of ISS (2,3), there are three
phenomenologically viable one zero textures of neutrino mass matrix. We have stud-
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ied dark matter phenomenology in all the three textures. Then we have implemented
cosmological bounds on the parameters and have confirmed the viability of different
textures.

The paper is planned as follows. In Sect. 16.2, we describe the neutrino mass and
dark matter production within the framework of ISS (2,3). Section16.3 is the brief
discussion on different one zero textures of neutrino mass matrix. We discuss the
results of the numerical analysis in Sect. 16.4. Finally, we conclude in Sect. 16.5.

16.2 Neutrino Mass and Dark Matter Production

In ISS(2,3), the standardmodel is extended by the sequential addition ofRHneutrinos
and SM singlet fermions si [1, 2]

L = −1

2
nTLCMnL + h.c (16.1)

The mass matrix in the basis nL = (νL , NR, s) can be written as,

M =
⎛
⎝

0 Md 0
MT

d 0 MN

0 MT
N μ

⎞
⎠ (16.2)

We obtain the light active neutrino mass in this framework as

mν ≈ MddM
T
d (16.3)

where d is a 2 × 2 matrix given by

M−1
H =

(
d2×2 ...

.... ....

)
wi th MH =

(
0 MN

MT
N μ

)
(16.4)

Apart from the light active neutrinos, the model naturally leads to a sterile neutrino
dark matter (DM). To study DM phenomenology, one needs to consider three main
aspects: relic abundance, stability and structure formation. The relic abundance of
the proposed dark matter can be expressed as [1]

ΩDMh
2 = 1.1 × 107

∑
Cα(ms)|Uαs |2

( ms

keV

)2
, α = e, μ, τ (16.5)

Cα(ms)can be determined numerically and are found to be of order 0.5.
To ensure the stability of dark matter, we calculate the decay rate of the lightest

sterile neutrino in the process N −→ ν + γ which is given by [4],
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Γ = 1.38 × 10−32

(
sin22θ

10−10

)( ms

keV

)5
s−1. (16.6)

where sin22θ = 4
∑

α |Uαs |2 with α = e, μ, τ .

16.3 Different One Zero Textures of Neutrino Mass Matrix
in ISS(2,3)

The one zero textures of the neutrino mass matrix allowed in the framework of ISS
(2, 3) are

a =
⎛
⎝

× 0 ×
0 × ×
× × ×

⎞
⎠ , b =

⎛
⎝

× × ×
× × 0
× 0 ×

⎞
⎠ , c =

⎛
⎝

× × 0
× × ×
0 × ×

⎞
⎠ . (16.7)

For class a ,

MD =
⎛
⎝
0 b
c 0
e h

⎞
⎠ , μ =

⎛
⎝

p 0 0
0 p 0
0 0 p

⎞
⎠ , MN =

(
f 0 0
0 g 0

)
. (16.8)

For class b ,

MD =
⎛
⎝
a b
c 0
0 h

⎞
⎠ , μ =

⎛
⎝

p 0 0
0 p 0
0 0 p

⎞
⎠ , MN =

(
f 0 0
0 g 0

)
. (16.9)

For class c ,

MD =
⎛
⎝
0 b
c d
e 0

⎞
⎠ , μ =

⎛
⎝

p 0 0
0 p 0
0 0 p

⎞
⎠ , MN =

(
f 0 0
0 g 0

)
. (16.10)

In all the cases, we have considered maximal possible zeros in M and μ. Different
zero textures ofMD are taken to get the one zero textures of the neutrinomassmatrix.

16.4 Numerical Analysis and Results

The light neutrino mass matrix can be diagonalised with the unitary PMNS matrix
[5] as follows:

mν = UPMNSm
diag
ν UT

PMNS (16.11)
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Again, the active-sterile mixing can be obtained by the numerical diagonalisation of
the full 8 × 8 mass matrix using U

UT MU = Mdiag = diag(m1,m2....m8) (16.12)

In the framework of ISS (2, 3), the lightest neutrino mass is found to be zero. We
evaluate the model parameters in all the textures by comparing the neutrino mass
matrix arising from the model with the one which is parametrised by the available
3σ global fit data [3]. After evaluating the model parameters, we calculate the mass
of the sterile neutrino dark mattermDM as well as DM-active mixing using Eq.16.12
and the parameter space for all the categories are shown in Fig. 16.1. Again, with the
mass and mixing of the dark matter, we evaluate the decay rates of the sterile DM
and relic abundance in the above categories which are represented in Figs. 16.2 and
16.3, respectively. We have also implemented the cosmological X-ray bound [4] and
XQ-100 Lyman-α which is also compatible with SDSS-I + UVES data [6] bound on
sterile neutrino dark matter.

From Figs. 16.1 and 16.2, it is evident that a wide range of parameter space is
allowed by cosmology data. However, the texture A2 can account for only 15% of
the total DM abundance for the allowed mass region as can be seen from Fig. 16.3.

Fig. 16.1 DM-active mixing as a function of the mass of the DM in different textures
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Fig. 16.2 Decay rate (in s−1)of the lightest sterile neutrino as a function of DM mass in different
textures

Fig. 16.3 Predictions of different textures on relic abundance of sterile neutrino dark matter
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16.5 Summary and Conclusion

We have conducted our study in the framework of ISS(2,3) which leads to three light
active neutrino states, two pseudo-Dirac states and an additional sterile state in keV
range. We have explored the scenario with only two right-handed neutrinos and one
texture zero of neutrino mass matrix and their impacts on sterile neutrino dark matter
phenomenology. We have calculated dark matter mass, DM-active mixing and decay
rate of the proposed particle and have obtained the mass-mixing parameter space
within the range predicted by cosmology for the three textures. However, it has been
observed that one particular texture leads to a very small relic abundance of dark
matter. Thus, we may conclude that only two 1 − 0 textures in the framework of ISS
(2, 3) are suitable for explaining dark matter as well as neutrino phenomenology.
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