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From Neutrino Oscillations

Very compelling evidence for finite masses and large neutrino mixing angles has

been achieved from Solar, atmospheric, reactor and accelerator neutrino
oscillation experiments.
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Very compelling evidence for finite masses and large neutrino mixing angles has

been achieved from Solar, atmospheric, reactor and accelerator neutrino
oscillation experiments.
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Permutation
of three
objects

we have
the Ss
symmetry.

23 %3
2
up cham
0 0
2
strange

0

electron

0
-1
Y2

electron

neutrino

o)

muon
neutrino

19

(SIS |

muon

0
1/2;@ :L/zvp %;T

tau
neutrino

o)

tau

Before Electroweak
symmetry breaking,
the theory is quiral
and all particles are
Massless.




Quarks

After electroweak symmetry
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After electroweak symmetry
~ breaking

24| The observed mass hierarchy in each fermion sector
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After electroweak symmetry
~ breaking

24| The observed mass hierarchy in each fermion sector
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After electroweak symmetry

24! The observed mass hierarchy in each fermion sector
2/3

1 My M :my ~ 1079:107%: 1,
myg : M :mp ~ 1074 :1072 1,

107%: 1 .
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11255 we propose. . .
¢leji] » The group S(3) of permutations
e of three objects as the flavour
1  symmetry.

wWe consider two ways to implement
the symmetry:

1)As a symmetry of the mass matrices.
1 Higgs Boson

2)As a symmetry of the Lagrangian.

? or 4 Higgs Bo§ons

—
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Three dimensional representation

> 2, doublet of S5

f
Vs (L.R)
Hs

} 1, symmetric singlet of S5




S, Invariant Higgs Potential
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S, Invariant Higgs Potential

Vo= g (o4 o) + s +aad 4 bay + a2y 4 oy 4 0)°
A2+ 2oy~ 0) 0+ 2ngas] + f (12 + 02+ 22+ )

T4 {(fﬂl - 562)2 + 4[13121 +2h (gjg 1 ;I;g _ $§ _ CL’%) |

w» The parameters p's have dimensions of mass and eight real couplings
a...h are dimensionless.

w The Higgs potential has a minimum at

07 =17, 03 =1y, 09 =13, 0;=0, 1#7,89,



The minimization conditions give us three equations determined by
demanding the vanishing of 8‘//8@ :

Wy — Wy

32_ 2
>_€<w1 w2>w2
Us

g the Higgs vev's is obtained:

=
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From these, the following relationship

w1:\/§?!

This generate the Nearest Neighbour Interaction (NNI) mass matrices
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For up quarks or Dirac neutrinos
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The matrix has the shape NNI and eigenvalues Jz-f

The physical masses are related to the shifted

masses a;f by:

mzf:/,b‘{—FO';;f
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Parameter

Central value

Values with restricted precision

Fit using |V.4| and the 2013 values of the parameters with m

"’th

1.63792 x 107°
3.58675 x 1073
1.21487 x 103
1.89366 x 102
0.98871 x 1072
5.37158 x 1072
7.82382 x 1071

3.1 x 1072

(1.64 £0.16) x 107°

(3.59 £0.78) x 107
(1.21+£0.88) x 107°
(1.90 £ 0.81) x 107
(1.00 £ 0.5) x 1072
(5.37£7.19 x 1072
(7.82£9.35) x 107*




Left handed Neutrinos and type-l seesaw




_ 77 The lett handed neutrino mass matrix:
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My, 107597 Voo g1 The left handed neutrino mass matrix:
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m
vs iy Best Fit point +10, 20 range and 3o range (Phys Rev D90: 093006)

= 7607019 (7.26 — 7.99) (7.11 - 8.18),
2.487005 (2.35 - 2.59) (2.30 — 2.65) (NH),
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|
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sin? 913/10_2



(lq2,€CE . lq2,th\2 (‘q2,em . 1q2,th\2 (,Q2,€l’ . vq2,th\2

my3

0.08

0.07

0.06

0.05

0.06

0.04

0.02

): 093006)

),
65) (NH),

54) (IH),

k o LUl \H-UU




i, = = U 2, e[S o),
V3 V3
2 m?2
771”3 _ Myq _ \/1 Amm237 myl My, — \/1 _ iﬂ@ (IH),
my, Y2 my, v
(5.357133) x 1072V ([ (2.017)g3) x 1072V (1087920) x 102V

M T (a4t x 1072V

+0,0045
Se = 0.847879:0045

>mV2:<

—~

o = <

\
r +0.63
0.227 520

0.5675 53

\

(6.71035) x 1072y " T

(6.657521) x 107%V

0.757575

0.73%5.55

and o6, = {




L (o) (st (s sz = sin?ey
" [ (3471505) 0 [ (45837 55) 9 (BT o
N (s, T s, T st
\ \ \

myg{

—-+0,0045
5. = 0.84781 95992

(5.357132) x 102V
(L4452 x 102V

=9

\

—~

Mo = S

\

( (20175 3) x 1072V
(6.71035) x 1072y " T

([ 0.2275:5

0.5679:22

|

and o, =

(1087458) x 10726V
(6.657521) x 107%V

{

0.7515:75

0.7379:23

e




2
2,ex 2,th 2,ex :
(Sl2 _812> <S23 -5
L

2,ex 2,th
e ) N (513 513 ) S, = sin”® 6y,

+0.91 +4.49 +0.40

i (34 g 098) (45 39 398) (8 i 032) (NH),

1y =1 = frq =
12 +0.89 23 +2.07 13 +0.33
(34.73 111) , (48.57 276) (8.93 039) ),
\
| : | | : | I | il I EE
065} i i NH 4 o063} i L IH

| ' 06 L : ! _

< o ’ i g__}&" I I '

0,55 | i (> 057 WV

C.\]S | . S 054 | i

©w 05} : : 4 * I :
: | 0.51 I I .
0.45 | | - | |
I I 0.48 : : _
0.4 l : | ] : - | I: ] :I | ]
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Fermions-Higgs couplings of type Cheng-Sher
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------ H
—gyi,
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The elements of Olj}j matrices in terms of shifted mass ratios are:

= [t 0f =, /onatm 0! :\/W_fzw‘f

11 Dfl[g] ) 12 Df2[1] ) 13 Df3[2} :
Of :\/Efl[:a] (1-9¢) €1p3) Of :\/3f2[1] (1=d5) Epapyy Of _ (1-67) d;
. Dpg 7 72 Dy~ 7 7 Diapg)

of = \/3f1[315f€f2[1] of — [0 lrng of. =  [4nmbsa
il Dppgp 2 Doy & I

Diyjs) = (1=07) (G + 0 pp) (1= Fapn)s Drapyy = (1= 05) (Gpaga) + G papny) (14 G pape)
and Dyaz) = (1-0¢) (14 Gam) (1 - ).

The shifted mass ratios are:

gy

T3] = ———
f1[3] 1‘#5

& o
~ _ ’mf2[1]_“o’
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Fermions-Higgs couplings of type Cheng-Sher

e elements of O%. matrices in terms of shifted mass ratios are:
The elements of O, matrices in terms of shifted mass ra
2 ] _ _
_ [P éng of = [Tnpér 0l — \/%”1[31 T pa)s
______ 7 U iy 12 Dpapy 13 Dpapy
_ 0f = \/@1[3] U=0)8pnp  of _ \/3f2m U=0)Cppy — f _ [(105)b;
—gye 21 Dpp 7 22 Dpgy 7 72 Diapy
f . _
g of = \/%[3] 07 €pay of — [0 lrng of. =  [4nmbsa
31 Dpg 32 Dpopyy & Drapy
Dy = (1
and D =
The shifted mass ratios are: The elements of Yukawa matrices in the mass basis

~ ~f ~
A Mg —f N / -
oy = T Al o= ) = VIR o
0 ) 1 1 hi’




Flavour Changing neutral Currents

FCNC processes | Theoretical BR | Experimental
upper bound BR

T 31 843x107%  [2x 1077

T uete 3.15x 10777 [2.7x1077

T — Wy 024x10°5  [68x107®

T ey 522 x 10716 [ 1.1x 107

1L e 253x 107 [1x107"

I — ey 242x 1070 [ 1.2x 107!
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> The permutational symmetry S, is the smallest non-abelian
discrete symmetry suggested by data.

> Used as flavor symmetry in the quark, lepton and Higgs sectors
allows for “unified” treatment of Dirac fermion masses.

> Godd phenomenology both in the quark an lepton sectors.
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