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Abstract

Recently, we have a confidence that neutrino has a tiny mass and mixing does exist among neutrino
flovors as one can see from experimental data that reported by many collaborations. Based on exper-
imental data that flavor mixing does exist in neutrino sector which imply that all three mixing angles
are nonzero, we derive the neutrino mass matrix from a cobimaximal neutrino mixing matrix. We also
evaluate the prediction of neutrino mass matrix with texture zero from a cobimaximal neutrino mixing
matrix on neutrino masses and effective Majorana mass. By using the advantages of experimental data,
the obtained neutrino masses are m1 = 0.028188 eV, m2 = 0.029488 eV, and m3 = 0.057676 eV, and
the effective Majorana mass is 〈mββ〉 = 0.09896 eV that can be tested in future neutrinoless double beta
decay experiments
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1 Introduction

One of the main problem in neutrino physics till today is the explicit form of the neutrino mixing matrix
which can accommodate the recent experimental data. We have already known three well-known neutrino
mixing matrices i.e. bimaximal mixing, tribimaximal mixing, and democratic mixing, but now all of the
three well-known mixing matrices are inapproriate anymore when confronted to the recent experimental
data, especially a nonzero mixing angle θ13 as reported by T2K [1] and Daya Bay [2] colloaborations. In
order to obtain a mixing matrix which can proceed a consistent predictions with experimental data, Ma
[3] proposed a new mixing matrix which is knowm as cobimaximal mixing by assumming mixing angle
θ13 6= 0, θ23 = π/4, and the Dirac phase δ = ±π/2. In [3] also claimed that the cobimaximal neutrino
mixing matrix is achieve rigourously in a renormalizable model of radiative charged-lepton and neutrino
masses.

In this paper, we evaluate the neutrino mass matrix which is obtained from cobimaximal neutrino
mixing matrix. The obtained neutrino mass matrix is used to predict the neutrino masses and an effective
neutrino mass that can be tested in future neutrinoless double beta decaya experiments. In section II
we derive the neutrino mass matrix with neutrino mixing matrix is a cobimaximal mixing. In section
III, we evaluate the power prediction of neutrino mass matrix with texture zero on neutrino masses and
effective Majorana mass of neutrinoless double beta decay. Finally, section IV is devoted for conclusions.

2 Neutrino mass matrix from a cobimaximal neutrino mix-
ing matrix

Theoretically, neutrino flavor eigenstates (νe, νµ, ντ ) are related to neutrino mass eigenstates (ν1, ν2, ν3)
via a neutrino mixing matrix V as follow

να = Vαβνβ , (1)
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where the indexes α = e, µ, τ , β = 1, 2, 3 , and Vαβ are the elements of the neutrino mixing V . The
standard parameterization of the mixing matrix (V ) read [4]:

V =

(
c12c13 s12c13 s13e

−iδ

−s12c23 − c12s23s13eiδ c12c23 − s12s23s13eiδ s23c13
s12s23 − c12c23s13eiδ −c12s23 − s12c23s13eiδ c23c13

)
(2)

where cij is the cos θij , sij is the sin θij , θij are the mixing angles, and δ is the Dirac CP-violating phase.
If we use the value of mixing angle θ23 = π/4, and the Dirac phase δ = π/2, then the neutrino mixing

matrix in Eq. (2) has the following form

V =

 c12c13 s12c13 is13
−
√
2

2
(s12 − ic12s13)

√
2

2
(c12 + is12s13)

√
2

2
c13√

2
2

(s12 + ic12s13) −
√

2
2

(c12 − is12s13)
√

2
2
c13

 (3)

which is known as a cobimaximal neutrino mixing matrix. In the basis where the charged lepton mass
matrix is already diagonalized, the neutrino mass matrix defined by the mass term in the Lagrangian is
given by

Mν = VMV T , (4)

where M is neutrino mass matrix in mass basis

M =

(
m1 0 0
0 m2 0
0 0 m3

)
(5)

By inserting Eqs. (3) and (20) into Eq. (4) we have the following neutrino mass matrix [5]

M =

(
a b+ iβ −(b− iβ)

b+ iβ c− iγ d
−(b− iβ) d c+ iγ

)
, (6)

where

a = c212c
2
13m1 + s212c

2
13m2 − s213m3,

b = − 1√
2
s212c

2
12c

2
13 (m1 −m2) ,

c =
1

2

(
(s212 − c212s213)m1 + (c212 − s212s213)m2 + c213m3

)
,

d = −1

2

(
(s212 + c212s

2
13)m1 + (c212 + s212s

2
13)m2 − c213m3

)
, (7)

β =
1√
2
s213c

2
13

(
c212m1 + s212m2 −m3

)
,

γ = −s12c12s13 (m1 −m2) .

3 Neutrino masses and effective Majorana mass

We are in position to impose the texture zero into neutrino mass matrix of Eq. (6). By inspecting
neutrino mass matrix in Eq. (6) one can see that the realistic neutrino mass matrix with texture zero is
by putting the elements of neutrino mass matrix as follow

Mν(1, 1) = a = 0, (8)

and

Mν(2, 3) = Mν(3, 2) = d = 0, (9)
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By imposing the texture zero as shown in Eqs. (8) and (9), the neutrino mass matrix have the following
form

M =

(
0 b+ iβ −(b− iβ)

b+ iβ c− iγ 0
−(b− iβ) 0 c+ iγ

)
. (10)

Now, we want to derive relations of neutrino masses as function of mixing angle which then can be
used to determine the neutrino masses and its hierarchy by using the experimental data of neutrino
oscillation especially the experimental value of squared mass differences. From Eqs. (8), (8), and (9) we
can obtain the following relation

s213m3 = c212c
2
13m1 + s212c

2
13m2, (11)

and

c213m3 =
(
s212 + c212s

2
13

)
m2 +

(
c212 + s212s

2
13

)
m2, (12)

which then proceed

m3 = m1 +m2. (13)

The Eq. (13) is our new neutrino mass relation when the neutrino mass matrix obtained from a cobi-
maximal mixing constrained by two texture zero as shown in Eqs. (8) and (9).

From Eq. (13) we can have the following relation

m2
3 −m2

2 = m2
1 + 2m2m1, (14)

or

m2
1 + 2m2m1 −∆m2

32 = 0, (15)

where ∆m2
32 = m2

3 −m2
2 is the squared mass difference of atmospheric neutrino. The global analysis of

squared mass difference for atmospheric neutrino and solar neutrino read [6]

∆m2
32 = 2.457× 10−3eV2, (16)

and

∆m2
21 = 7.50× 10−5eV2, (17)

respectively.
If we insert the value of squared mass difference of Eq. (16) into Eq. (15), then we have

m1 = −m2 + 0.001
√
m2

2 + 2457. (18)

From Eqs. (15), (16), (17), and (18) we can have the neutrino masses as follow

m1 = 0.028188eV,

m2 = 0.029488eV, (19)

m3 = 0.057676eV. (20)

It is apparent from Eq. (20) that hierarchy of neutrino mass is a normal hierarcy.
After we have known the neutrino masses, we then calculate the prediction of cobimaximal mixing on

effective Majorana mass because the effective Majorana mass is a parameter of interest in neutrinoless
double beta decay. The effective Majorana mass 〈mββ〉 is a combination of neutrino mass eigenstates
and the neutrino mixing matrix terms as follow [7]

〈mββ〉 =
∣∣ΣV 2

eimi

∣∣ , (21)

where Vei is the i-th element of the first row of neutrino mixing matrix, and mi is the i-th of the neutrino
mass eigenstate. From Eqs. (3) and (21) we then have an effective Majorana mass

〈mββ〉 =
∣∣c212c213m1 + s212c

2
13m2 − s213m3

∣∣ . (22)

If we take the central values of mixing angle θ13 = 90 [2] and θ12 = 350 [6] and the neutrino masses
as shown in Eq. (20), then we have the effective Majorana mass as follow

〈mββ〉 = 0.09896eV, (23)

that can be tested in future neutrinoless double beta decay experiments.
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4 Conclusions

We have use a cobimaximal neutrino mixing matrix to obtain a neutrino mass matrix. The obtained
neutrino mass matrix is constrained by two texture zero i.e. Mν(1, 1) = 0 and Mν(2, 3) = Mν(3, 2) = 0
and by using the advantages of the experimental data of squared mass difference, then we can obtain
neutrino masses in normal hierarchy i.e. m1 = 0.028188eV, m2 = 0.029488eV, and m3 = 0.057676eV.
By using the central values of reported experimental mixing angle θ13 and θ23 and obtained neutrino
masses, the effective Majorana mass is 〈mββ〉 = 0.09896eV that can be tested in future neutrinoless
double beta decay experiments.
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