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Introduction 
• Since the confirmation of neutrino oscillations (1988), 

neutrino oscillations phenomena have been observed in 
various neutrinos coming from the Sun, Accelerators, and 
Reactors. 

• Neutrino oscillation is interpreted in the term of mixing of the 
three flavors of neutrinos:                     related to three 
neutrino eigenstates mass basis:                   by mixing angle V: 

  

• Observed in experiments: three mixing angles and two 
squared-mass differences:  
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Mixing Matrix 

Neutrino oscillation              neutrino eigenstates in flavor basis and 
neutrino eigenstates in mass basis which is related by neutrino mixing 
matrix: 

Eigenstates in flavor 
basis 

Eigenstates in 
mass basis 

    TBM                    BM                   DC 



Neutrino mixing matrix can be parameterized as follow: 

From  the three well-known mixing matrices (TBM, BM, DC), the special mixing 
matrix that can be related to simple underlying symmetry is TBM:  

which can be related to              symmetry.  But, TBM predicts mixing angle  013 

and mixing angle          is maximal.  23
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(2) 

(3) 



The current combined world data for neutrino squared-mass differences [36,37]: 



Modified TBM 

In this talk, the modified TBM  (         ) is obtained by introducing a 
perturbation matrix such that:  

'

TBMV

where 



If we compare this modified TBM to Standard neutrino mixing matrix V in Eq. (2), 
then we have: 

From Eq.  (16) we have the relation between the three mixing angles as follow: 
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From Eq. (17) we can determine mixing angle         by using the advantage of 
experimental values of mixing angles         and          from Eq. (9) with its mean value 
indeed, then we have:                     
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which is in agreement  with the T2K [3] and Daya Bay [4] experimental results. 

The three equations in (15) can also combined to one equation as follow: 
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If we insert the values of mixing angles from experimental results as shown in (9) 
especially for the values of mixing angles       ,        , and            from (18), then we 
have: 

2312 13

o20.77 (20) 



                                 Symmetry and    CPJ 

Concerning the              symmetry, a lot of papers have discussed it together with its 
relation  to mixing angle (reactor angle,      ) [20] and its implication to the origin of 
matter via leptogenesis [21].  The effect of                symmetry broken in the 
neutrino mass matrix that can arise the CP violation have been proposed in Ref [26]. 
 
In this talk, we construct a neutrino mass matrix  with the assumption that the 
charged lepton mass matrix is diagonal in flavor basis, then in this basis we have 
neutrino mass matrix: 
 
 
where 
 
 
 
 
and  V is the modified TBM  (        ) in Eq. ( 14).   Neutrino mass matrix in this 
scheme is given by: 
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The Jarlskog rephasing invariant          can be determined from relation [38]:  CpJ

(30) 



which gives: 

.0CPJ (31) 

But, if we impose the              symmetry as a constraint to neutrino mass matrix in (23) 
we must put : B = C and D = F that give: 
 
 
 
The neutrino mass matrix in this symmetry read:        
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which give: 

.0CPJ (38) 

Conclusions 







Thank you !!! 


