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Abstract

We have made a systematical texture study on some neutrino mass models (Singh1 et al.,2002; Singh2 et al., 2002)
which are based on diagonal charged lepton mass matrices (Ml) and Dirac neutrino mass matrices (MD).  We
investigate the zero textures of the Majorana mass matrix (MR). Interestingly  we find that all the MR’s corresponds
to only one zero textures. We also observe that the one zero texture of MR propagate to the left-handed neutrino
mass matrices as their vanishing minors. We perform a minimal realization of the textures under the context of an
Abelian symmetric group. However in doing so, we have  extended  the SM to include some SU(2) singlet scalar.
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1. Introduction
From the theoretical proposition of massless

neutrino by Pauli  to massive neutrinos confirmed
undoubtedly by a series of neutrino experiments,
neutrino physics has tremendously progressed with
time. However the Standard Model (SM) of particle
physics fails to account for the massive neutrinos. So,
in order to account for the  massive neutrinos one has
to move beyond the SM of particle physics . In this
regard the basic SM extensions include the existence
of right-handed Majorana neutrino.  The tiny masses
of neutrinos can be naturally explained by GUTs via
seesaw mechanism. In the Type-I seesaw mechanism,
the effective neutrino mass matrix Mí is given by

T
DRD MMMM 1−−=ν         (1)

where MD and MR are respectively the Dirac
neutrino mass matrix and right-handed Majorana mass
matrix. The symmetric neutrino mass matrix in Eq(1)
can be parametrized in terms of 9 parameters (3

masses, 3 angles and 3 phases). However only 5
parameters have been measured by neutrino oscillation
experiments.(3 mixing angles and two mass squared
differences). Inspite of tremendous progress and
painstaking efforts, none of the feasible experiments
can fully determine the neutrino mass matrix. Thus,
for simplicity in the structure of the neutrino mass
matrix, one considers the light neutrino mass matrix to
have several vanishing entries. Zero textures (Xing
2002; Merle et al., 2006; Dev1 et al., 2007, Dev2 et
al., 2007) in Mí have been extensively studied because
of their implications for the possible existence of family
symmetries which require certain entries of the matrix,
which are extremely small compared to the other
elements of the matrix, to vanish. Since according to
equation(1), (Mí) is a combination of the Dirac mass
matrix (MD) and the heavy right handed Majorana
neutrino mass matrix (MR), so the zeros of MD and
MR, propagate as zeros in Mí. Thus the study of zero
texture of MD and MR is more basic than the study of
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Mí (Ma, 2005). The zeros in MD and MR apart from
propagating as zeros in Mí may also reûect as vanishing
minors in Mí , provided MD is diagonal. Apart from
zero textures,  vanishing minors (Dev3 et al., 2010,
Dev4 et al., 2010 ) and hybrid textures (Dev5et al.,
2010) are some of the interesting proposals that are
being studied extensively so as to restrict the form of
the neutrino mass matrix and thus reduce the number
of free parameters. Zeros in any arbitrary entries of
the mass matrices can be enforced effectively with
the help of certain Abelian group symmetry  (Grimus
et al., 2004;  Grimus 2005;  Gautam et al., 2015; Lashin
et al., 2012). In our paper we have made use of the
minimal abelian group for our textures, that is, Z5 cyclic
group symmetry to enforce zeros in the mass matrices.
The paper is organised as follows:in section 2, we have

presented a general form of texture zero and vanishing
minor in the neutrino mass matrices. In section 2.1,
we have studied the one zero textures of the symmetric
RH Majorana mass matrix of the bimaximally mixed
neutrino mass matrices (Singh1 et al.,2002; Singh2 et
al., 2002),where MD and Ml are chosen to be diagonal,
also vanishing minors were observed in each case.
We present symmetry realization of the mass matrices
using an Abelian cyclic group Z5 with suitable scalar
singlets and Higg’s doublets in section 3. And ûnally
end up with conclusion in section 4.
2. Vanishing minors in Mí with texture zeros

of MR
We work in the basis where the charged lepton

mass matrix Ml is diagonal, and the Dirac mass matrix
MD [1] and the general form of the symmetric RH
Majorana mass matrix respectively takes the form

     Where  ë = 0.22 is the Wolfenstein parameter, m
= 6, n = 2 and tanâ τm  = C(say) is a constant The

effective neutrino mass matrix, in the context of Type-
I seesaw mechanism becomes

where R1 is a constant and |MR| = (adf “ae2 “b2f
+ 2bce”c2d).  All the possible one zero texture of the

symmetric RH Majorana mass matrix are shown in
the table below:

Table : All possible one zero texture of MR
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Here we have distinguished the different
structures of texture zero in different classes. For
example, class A: gives the mass matrix where the
zero corresponds to the position ’a’ of the matrix; class
B: mass matrix where the zero corresponds to the

position ’b’ of the matrix and so on.. As our MD is
diagonal, the zeros of MR will show as a vanishing
minor in Mí . In the context of type-I seesaw, the
effective neutrino mass matrix Mí  with MD as diagonal
and one zero texture of MR (class A) becomes

Where |MR| = (“b2f + 2bce”c2d).Thereby giving
rise to a vanishing minor in Mí  for a zero corresponding
to class A in MR. Similarly, for each class of MR, a
vanishing minor is obtained in Mí  with MD as diagonal.

2.1. One zero texture of MR

When Ml=diag (me, mμ, mô)and MD=diag
(ë6,ë2,1)C  (C being a constant) the neutrino mass
matrix arises solely due to MR. It is found that the
texture study of the right handed Majorana mass

matrices in each case, that is, normal, degenerate and
inverted hierarchy from ref, gives different texture
structure.

2.1.1 Normal hierarchy

i (a) The right-handed Majorana mass matrices
of the form MR with vR H” 1014 gives rise to a structure
with e=0(class E). This leads to the following effective
neutrino mass matrix through seesaw mechanism

Where   R1 is a constant and ||
1

RM
C =  where

)(|| 22 dcfbadfM R −−=  .  Thus a vanishing minor

is obtained in Mí  for e = 0 in MR

2.1.2 Degenerate case
I(B) The right handed Majorana mass matrix is

of the form
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2.1.3 Inverted heirarchy II(A)
 With a = 0.5, ª = 0.002, ç = 0.0001, vR H” 1012 in

the terms açªë12 and çªë8 can be effectively forced to zero. Thereby reducing MR to the following form

Thus the structure of Mí  (II(A),III(A) with b=0) becomes

where m0 is a constant and ||
1

RM
C =  where|MR| =

(adf “ae2 “c2d) . In each case a vanishing minor is
obtained in Mí  for a corresponding zero in MR.

Similarly when a texture study is made on all the other
models i(b),I(A),I(C),II(B) from ref  they reveals
different texture structure as shown in the Table
below-

where ä1 = 3.6×10"5, ä2 = 3.9×10"3, VR H”
1013GeV.  Enforcing (ä1 + ä2)ë

12 = 0, ä1ë
8 = 0, MR

reduces to the following structure



Table 2 : Texture structure of the mass models

3. Symmetry realization
Texture zeros can be enforced in any arbitrary

entries of the mass matrices with an extended scalar
sector and Higg’s doublet by means of Abelian
symmetries. For symmetry realization  of different

textures of MR we consider the minimal Abelian group
Z5 cyclic group symmetry. The leptonic  ûeld
transformations are different for different texture mass
matrices. Let the ûelds transform under Z5 as
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where ù = ei2ð/5 is the generator of Z5,

),,( τμejD Lj =  denotes SU(2)L  doublets,

),,( τμellR =  denotes the RH SU(2)L singlets and

),,( τμν ek
Rk =

 the RH neutrino singlets.

The bilinears Rjkj lDD LRL ,ν  and  
RR j

T
k C νν 1−

relevant for MD ,Ml and MR respectively transforms
as

We consider the SM Higgs’  transforming trivially under Z5 -: 11 φφ →                        (13)

For the case i(a)(class E texture)we consider
three scalar singlets (÷1 ,÷2, ÷3) transforming  under

Z5  as-

                               (14)

13
4

13333312
2

12 ,, χωχωχχχωχ →→→

thereby leading to the following form of MD, Ml and MR

The Z5 invariant Yukawa Lagrangian becomes

where φτφ 2
~ i= .

Here MR contains two types of mass terms viz.
the terms arising from Yukawa coupling to the scalar
singlets ÷’s and bare mass terms. The scale of the
former depends upon the scale of the Abelian Group
Z5 breaking. The bare mass terms are the mass terms
that arises without the involvement of the extra scalar

singlets which were incorporated in our extended form
of the SM. So there is no restriction on the scale of
the bare mass terms, and hence can have a higher
mass scale. Thus a large effective neutrino mass can
arise in such a model. The symmetry realization of all
the other models are illustrated in the table below-
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4. Conclusion
We have explored one zero texture of the

bimaximally mixed neutrino mass models and
attempted to realize these textures with the minimal
Abelian group. We found that Z5 is the smallest possible
group which can realize our textures.  It is an interesting
observation that the location of one zero of symmetric
MR determines the possible schemes of neutrino mass
spectrum in certain cases. The a=0 texture (classA)

of MR allows all the three schemes, viz., normal,
degenerate and inverted schemes. The b=0 texture
(class B) favours the degenerate and inverted
schemes, while the e=0 texture(class E) allows only
the normal hierarchical scheme. The c=0(class C),
d=0(class D) and f=0(class F) textures of MR have
not been found to favour any models under
consideration. It is interesting to find that in each of
the case the particle content remains to be constant.
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