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Minimal Extended Seesaw (MES)

The simplest extension of seesaw mechanism with three
right-handed neutrinos (νR1, νR2, νR3) and one singlet
chiral field S .

In the basis (νL, νR , S), the (7× 7) neutrino mass matrix
is

M7×7
ν

=
(

0 MD 0

MT
D MR MT

S
0 MS 0

)

Applying seesaw with the conditions : MR >> MS > MD

and MS > MD, the mass matrix is reduced to a (3× 3)
active neutrino mass matrix m

ν
and sterile neutrino mass

ms as

m
ν
≃ MDM

−1
R MT

S (MS)M
−1
R MT

S )
−1MS(M

−1
R )TMT

D −MDM
−1
R MT

D

ms ≃ −MSM
−1
R MT

S

Mayengbam Kishan Singh Supervisor : N. Nimai Singh Minimal extension of seesaw mechanism in A4 symmetry and its



The model

The particle contents and their A4 group charges are shown
below:
Particles l er µR τR H φ ψ η ζ ζ ′ χ

A4 3 1 1” 1’ 1 3 3 3 1 1” 1’
Z4 1 -1 1 1 1 1 i 1 1 -1 1

Particles νR1
νR2

νR3
S

A4 1 1” 1 1’
Z4 1 -i -1 1

Taking the vev alignments (NH Only) :

< φ >= (v , 0, 0);< ψ >= (0,−v , v );< η >= (0, v , 0);

< χ >=< ζ >=< ζ ′ >= v
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MD =MD +M ′

D

=





a −b t

0 t c

t b −c



 ;
MR = v





λ1 0 0
0 λ2 0
0 0 λ3





MS = (ρu, 0, 0)

From this,we get the active neutrino mass matrix m
ν
and

sterile neutrino mass ms as

m
ν
=
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g 2

d
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Numerical Analysis and results

For diagonalising the active neutrino mass matrix, we use
the relation

m
ν
= Umdiag

ν
UT

Assuming that U is the unitary UPMNS matrix at the
O(10−2) level.
Comparing the above relation with the results from latest
neutrino oscillation, we draw the co-relation plot among
the model parameters as shown below
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Plots between model parameters and sin2θ23 and tan2θ23 is
shown below
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Discussion

The co-relation plots shows a very narrow variation.

This is a work in progress and a lot of other analysis are
still to be done.

We can also work out the phenomenological implications
of this model explaining baryogenesis, dark matter
problem, neutrinoless double beta decay, etc.

For a start, this model is work out only for Normal
Hierarchy of neutrino masses. But cases for Inverted
Hierarchy will also be worked out.
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