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Abstract

Deviation from tri-bi-maximal (TBM) mixing is an important topic in the recent neutrino physics. In this paper we try to get
non- zero Ugz without disturbing the atmospheric and solar mixing angles. Present analysis is in case of inverted and normal
hierarchical mass models using the charge lepton correction in the PMNS (Pontecorvo-Maki-Nakagawa-Sakata) matrix without
CP violating phase. Here we have shown that in this case one can perturb the TBM condition in order to generate a seizable
value of Ug in the range of 0.6 to 0.8, while at the same time keeping solar neutrino mixing near its measured value, which is

close to sin2 g, =1/3 and the atmosphere neutrino mixing close to sin?g,, =1/2.
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Introduction

The latest experimental data of the solar mixing angle points
towards the specific form of lepton mixing matrix. This pattern
is known as tri-bi-maximal mixing (TBM) or Harrison-Perkins-
Scott (HPS)* pattern, proposes flavour mixing matrix Upys as:
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Predictions of equation (1) viz. sin®@,, =1/2, sin® 6, =1/3,
are consistent with atmospheric neutrino oscillation data. It also
leads tosing,, =0. Recent values of Sin”@,, and Sin’ &,

obtained from the global fits of neutrino oscillation are very
close to those predicted by TBM are?”:

sin® 0,, = 0.466°2°7° @)
andsin® g, = 0.312722%%. ®3)

Even if nature has chosen TBM as lepton mixing scheme, one
can expect deviation from it on very general grounds specially

on vanishing @, ;, which is against the recent experimental data.
To achieve experimental data deviation from TBM is required
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special on@,; either by corrections,

renormalization effects.
If we give interest on the third mixing then we can see many

author have reached none vanishing &, , in model independent

charged lepton

way in the 3o range:

sin® 6, =0.016+0.010 4)

Similar values and ranges have been found in other independent
analysis®®. In the present paper, we try to investigate the
possibility of breaking TBM with seizable value of Ug as a
result of deviation from this mixing in normal and inverted
hierarchical models. Same type of work had been reported® in
model independent way. In this paper, our aim is to implement
the idea in different neutrino mass models which will be useful
for any neutrino mass model using SO (10) GUT with seesaw
mechanism. In our calculation, we play around the value
suggested by equation (4) where we have not considered the CP
phases. Main idea in the calculation is that, we try to keep the
values of mixing fixed. For our analysis we have used the
inverted and normal hierarchal mass models from ref ®*, These
mass matrices are given by,
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Similarly, normal hierarchical mass matrix with TBM has the
following form,

_52 _51 _51
m,=l-06 1-06, -1+6, |m, (6)
-5, -1+, 1-6,

Methodology

The PMNS matrix is, in general, product of two unitary matrices
Uu=U/uU, @)
whereU  diagonalizes the neutrino mass matrix andU is

associated with the diagonalization of the charged lepton mass
matrix. Analysis on TBM has been carried out considering
diagonal charged lepton mass *°. Also, analysis on charged
lepton correction unlike the present work have been carried out
in different aspects’®? . For the present analysis neutrino

mixing matrix U , without CP violation phase can be written as:

14 14 14 14 14
Ci3Crp C13S12 Si3
— 14 14 14 14 14 14 14 14 14 14 14 14
Uv =| 7 G381 —Cpp51385  CppCh3 —S15513555  CigSys 8
14 14 14 14 14 14 14 VaV 14 14 Vv
512523 —C12513C53 —C15553 =C2381351, €13y
The unitary matrix U, which can be written as:
I Al | ol I
Ci3Cip Ci351, Si3
U, =|-cls, —cls.sl, clch.—s. ss. chs.| (@
|~ 23912~ “12°13923 12723 ~ ©12°13923 13523 | (9)
I ol I ol Al Il lal ol | A
512523 ~C12513Co3 —C15573 =C5351381,  Ci3Cy3

where we have used C; =C0S#; and S; = Sin @, . With this

correction the small neutrino mass can be express considering
non-diagonal charged lepton mass in seesaw mechanism. To
incorporate this correction, first we calculate the elements of the

U, from the relations (without CP phases) %%,

tan 20,, = _2lma | (10)
| mg; [ = my, |
m
and 6, = =2 (11)
ms
where
2| m
and tan 201V2 = W (12)
221 11
where
my. Y (M |
[~1sz = (st) [ lvz j (13)
m;, | m;, |
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Here. Ry =10 Cp Sy |, mMjy=my,— =2
3

0 _5;_/3 C;3
and iz, = (cl f | M2, | +255Chs | iy | +(s2 ) M2y |

Different values of m; are taken from the m, given by

equations (5) and (6). Elements of U  have been calculated
from the relations given by °

sing), =A°, sin@), = *A
and siné@), = A°B . (14)

Result and Discussion

Using equation (10-13) elements of U, are calculated for both
the cases normal as well as inverted. Then by using the values
of A, B and X elements of U L are calculated®. After getting all

the elements one can get the PMNS matrix with &, nonzero as

shown in table-1, which is deviated from TBM condition as
given by the equation (1).

Table-1
Values of A, B and A

Items Inverted Normal

hierarchical hierarchical
Range of A and 0.2-5 0.2-5
B
Range of A 0.104-0.247 0.104-0.247
A value used 0.2 0.18
A and B value 0.3 0.3
used
[Ueal” 0.064 0.049

The values of J;, 0, and M is taken from ref. as given in the
Table-2 below™:

Table - 2
Values of 6, , 0, and M,

Type o 0, m,

Inverted 0.0055 0.0165 0.05

hierarchical

Normal hierarchical | 0.176 -- 0.03
The values of @, ;are calculated for both the cases viz. inverted
hierarchical and normal hierarchical cases by taking

consideration that the values of 6, and 6,4 still satisfy the
conditions given in equations (2) and (3).

Conclusion

Tri-bi-maximal mixing provides a very close description of
neutrino mixing angles. However the present hint of nonzero
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0,, coming from analysis of global neutrino oscillation data

may indicate that it is broken. Here, in this work, we try to use
the charge lepton correction in PMNS matrix to get the
deviation from TBM, which will be useful for model building
ideas. There is a good scope for extension of this work with CP
violating phases and also one can get the seizable values with
running of renormalization group equation within this
framework.
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