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I-Introduction and motivations
L The SuperKamiokande (1998) and SNO (2002) collaborations discovered that neutrinos oscillate
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Ve —_— —_— — Yl ‘ This phenomenon is only possible if neutrinos have different masses.

U In 1969, Pontecorvo and Gribov proposed the reason for the oscillation as being the mixing of neutrinos
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U In 1969, Pontecorvo and Gribov proposed the reason for the oscillation as being the mixing of neutrinos
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U In the case of the three flavors, the mixing matrix is expressed in terms of 3 mixing angles and a CP
violation phase.
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O Among the six oscillation parameters, there are two that are still unknown: & and the sign of Am3, 4




I-Introduction and motivations
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II- Neutrino phenomenology in A4-flavored NMSSM
Implementation of the A, discrete symmetry in the NMSSM

A, 3(-1,0) 1(1,w2) 11,m) 14,1
Z, w w w w

Type-I Seesaw 4—/ Charged leptons4-/ TBM mixing Deviation
from TBM

The chiral superpotential for neutrino Yukawa couplings respecting gauge and A, symmetries are given by

1 0 O
Wp =Tr,(YILiNjH,) —> 3x3x1 —> mp =Yy, (0 0 1) (Hy) = vy
1=11+ 23+ 32 010
For Majorana neutrinos, the couplings are given by: Wpg = TrA4(A y N N¢+ A'2 N°N€ + A" S N°N¢)

(-91) = (-Qz) = (.(13) = Vg a+ (2b/3) —(b/3)+ € —(b/3) a= Zilvx
(S) = vg (X) = v, ——>» Mp=|(-(b/3)+€  2b/3 a—(b/3) | with { b=22"v,

~(b/3) a—(b/3) (2b/3)+¢ € = 22"vg
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II- Neutrino phenomenology in A4-flavored NMSSM

The light neutrino mass matrix is obtained using type I seesaw mechanism formula m,, = mjMzg'my
M, exhibit the “magic symmetry” and thus, it is diagonalized by the well known trimaximal mixing matrix U;y,,.

For the inverse Majorana neutrino mass, we have:  Mp' = Uty [diag(M,, M,, M3)]™' (Ugy )T

with M, =a+b—(¢/2) 2

1 2 o —IiC
Zcos6 7 $sinfe
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M, =a+c¢€ TM; /6 ne A N V6 € P
__cos@ 4+ sin@ ,ic 1 cos@ sinﬂe—fo'
M;=b—a+ (e/2) V6 V2 Vi V2 V6

0 — 0 corresponds to TBM mixing

Due to the form of mp, the diagonalization of m, remains of trimaximal form. The light neutrino masses are

—_ T —~ . —~ _ mD
[(UTMZ) m,Ury, = diag(my, my,m3) where  m; = (Y{v2)/M; and Ury, = You,, Urm, ]

In the case of trimaximal mixing, the three neutrino mixing angles are expressed as follows
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II- Neutrino phenomenology in A4-flavored NMSSM

What is the absolute mass scale of neutrinos?
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III- Domain walls formation in the charged lepton and neutrino sectors

Domain walls (DWs) arise from spontaneous breaking of a discrete symmetry, manifesting as surface-like
topological defects that separate distinct regions of space characterized by equivalent ground states.

The A, group is isomorphicto, Z, X Z; x Z5 and it has two generators S and T that can be expressed as

-1 2 2 100 S generates Z, and T generates Z,
Ss=\2 -1 2|, T={0 w O while ZJ is generated by §' = TST1
2 2 -1 0 0 w

A Inthe charged lepton sector, the A, invariant superpotential is given by: W+ = %Hd (L® <1)|1 )Ef
(Lwi~1)

The charged leptons obtain their masses via the breaking A, — Z; which is realized when & acquires its VEV
along the direction: (@) = v4,(1,0,0)T (To verify: T(d) = (d) , S(D) %= (D) , S'(D) # (D) )

This VEV direction leads to a diagonal charged lepton mass matrix with mass eigenvalues are given as follows

. VaVod . VaVUo _ VdVo
[me_ye A ’ mu_yu A ’ m; =Yz A ]




III- Domain walls formation in the charged lepton and neutrino sectors
Graphical representations of the domain wall networks

We establish a flavon space by introducing a vector space capable of accommodating the two possible dimensions

of A, representations: X Since these flavons are in general complex: X € C*~R8
X = iz We think of the flavon triplets and singlets as follows:
3 - .
X4 P ~ CI),:X,: , O~ .QEX,: , S = SX4 withi =1,2,3

To use graphical representation for DWs, we need to find a real representation for the flavon fields which are
complex fields. Let us split the complex flavon fields and the X vector like

®; = Re(®;) +iIm(d;) and X; =Re(U;)+iIm(V;)

U U
where U; and V; are 3D vectors with X; = (Vl),Xz = (Vz)’
1 2

—=> @& ~ ). Re(P)U; + Im(P;)V; € R®
For example: ® =vp(1,0,007  —— D =1v4(1,0,0,0,0,0)7
®=vp(1,w,0)T ——> D =v4(1,0,—1/2,/3/2,-1/2,—/3/2)7T
T
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III- Domain walls formation in the charged lepton and neutrino sectors
(D)
The breaking of A, driven by the flavon triplet ® may be expressed as: A, = Vy X Z3— 73

The number of degenerate vacua is equal to the order of the broken part, therefore, the flavon vacua (®) sit in
four degenerate points which we denote as ¢4, ¢,, 5 and ¢, in the flavon space.

1 , -1 ) -1 ’ —1
Y1 =vp(0], 402=?¢ 2 |, (P3=?¢) 20 | , (p4=?¢ 2W
0 2 20 20

Being associated with V,, these vacua are related to each other by Z, x Z/ transformations
01 =(P) , 9,=5¢1 , p3=S'91 , @s=55¢,

These four vacua correspond to specific vectors within the complex three (real
six) dimensional space. They exhibit the constraint ¢, + ¢, + @3 + @, =0

——>» they define a tetrahedron with Kahler modulus given by Re vg.

VdVo
A

We have m; = y; , and from the PDG, m, = 1776.86 MeV. For y,u; < 246 GeV, we obtain (Uf > 0.07)

Assuming that the cutoff scale A~ Mgy ~ 2 x 1018GeV, we find a lower bound of the flavon VEV
Ve > 1.4 X 10 GeV
The A, breaking scale is higher than the inflationary scale ————. DWs are inflated away
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III- Domain walls formation in the charged lepton and neutrino sectors

O In the neutrino sector, the breaking A, — Z, is realized when Q acquires a VEV along the direction:
(Q) =vq(1,1,D)T

. . , ()
This breaking may be expressed Z, X Z; X Zz——Z, wmsp  S(Q) = (Q) , S(Q) # (Q) , T(Q) # (Q)

\_Y_l
Broken part mmm)  Six degenerate vacua
=on(1) - ot =an(3)  ot-emfa) wommmemrzio-o
T=2vgl1]|, 95 =Fvglw| , 95 = Fvg| w with the property ».;_,9; =0
1 W )

In the flavon space, these six vacua define the six vertices of a homogenous octahedron

The superpotential for the Majorana neutrino is given by
Wg =TrAy(A y N°N¢+ 2’2 NN + 1" S N°N¢) where vs <V, SUq

For neutrino masses compatible with the data, {v, ,vq} ~ [107 — 10%°]GeV et

===) The DWSs in the neutrino sector are created below the inflationary scale; they are stable and thus, they are
inconsistent with standard cosmology.




III- Domain walls formation in the charged lepton and neutrino sectors

Solution to the DW problem

One way to solve the DW problem is to make the discrete symmetry only approximate. 2 ) X
3
Here the leading operators that break explicitly the discrete symmetry via higher dimensional Q 0
operators—Planck scale operators—are of order five such as
/1’3 ,'{2,'{’ ’
_ 5 3 343 A
WNR M}%l (.Q.) (1) ’—’)’ Vsoft D EMW(pQ. + h.c. where E = m 3 0

Since the triplet ¢ transforms nontrivially under A, X Z5 flavor symmetry, the term in Vs, ¢, breaks
explicitly A, X Z; down to Z,.

This contribution creates an energy gap among the degenerate vacua of Q--ﬁ;—r, ﬁzi, ﬂg—r--where the region in
space of the energetically dominant vacuum, say 97, start to expand and thus pushing the walls away.

This holds true as longas ¢ > (;—Q) —>» £>[5x1071 55x10719]

pl
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VII - Summary and conclusion

O The origin of fermion mass hierarchies and mixings is one of the unresolved and most difficult problems in
high-energy physics.

O Predictions and correlations among the neutrino masses, mixing angles, and CP phases frequently emerge
from models based on non-Abelian discrete flavor symmetries, rendering them intriguing and insightful.

Future neutrino experiments could reveal neutrino nature, mass hierarchy, and CP phase.

The lack of a clear preferred direction in “model space”. Too many phenomenologically equivalent models !

1 To explain the observed masses and mixing angles, the non abelian flavor symmetry must be broken.

Profound implications on cosmology usually ignored in lepton model building: Formation of domain walls

Domain walls must be unstable and annihilated in order to avoid cosmological problems.
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