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The U(1 )X Extension
@00

Under the model the apperance of right-handed neutrinos is due to
the aditional U(1) symmetry which extends the Yukawa lagrangian
as:

L= T @08 + G/ 8,8 ,Uf + I/N,0,60+ (1)
— - 1 .
Y. ®vp + 5VR(A+BS +CS" g+ H.C )

In which the neutrinos gain mass via the Type | see-saw mecha-
nism[1]
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The U(1), Extension
0e0

The additional symmetry U, (1) transforms as:

x =%y (3)
Where 0 40 o 0 0 0
X = [qL/-7de7URj7ILjaeH/aVH’I-aq)aa S] (4)

This model also requires that the singlet charge under U, (1) and the
charge of one of the Higgs doublet to be different of 0.[2][3]
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The U(1)X Extension L,”f“‘,“,‘ Secto H—» Paramete|

[e]e] J

After the symmetry breaking the leptonic masses are given by the
following relations:

M, = 72(V1A1 +1,05) (5)
1
My = 72(V1 PR ZAPY! (6)
1
M, = 72(V1 My + voMy) (7)
1
mp = E(WL +1%5) (8)
MH :A+ %(Belas—F Ce—i(xS) (9)

Where ¥ A and B are 3x2 and 2x2 matrices respectively and vy, v,
andv, are the values of the symmetry breaking of the Higgs doublets
and the singlet.
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The U(1), Extension Lepton Sector Free Paramete
000 @000 o

Given the form of the model t the mass matrices are given by the
relations:

1 2
1 h K
Mp = —=(Xy + 1pXp) = hL hi
2 PR

And
v - i h R
Mp = A+ 22 (B + Ce ’“S>—< i )
V2 hu hu

Where the couplings are to be determined in each case, and where
the total mass matrix obtained applying the see-saw mechanism is
given by the product of both matrices mp and mg in mDM,§1 mE
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Lepton Sector

The Lagrangian of the new Yukawa lagrangian can be compared to
an effective lagrangian added to the known one [4]

Effective lagrangian

Loy = O+ OL, + O+ O, + Olg
*\ 3
—-ql Xf Toseh+ 0l (XY o6t Q’¢2¢1Ee’
= Lp26g + 527, A LP2€R + L% (10)

+QIEM ¢1 ¢2XELeI +QTE (3(\) TZ¢1 EFt‘

where i = e, i, j = e,7 and A is the associated energy scale.

The diagonalization matrix for left-handed leptons to get the mass
eigenstates e = (e, u, 7, E)" is given by:

E, = Vie,
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Lepton Sector
0®0

The diagonalization matrix for left-handed leptons to get the mass
eigenstates e = (e, 1, 7, E)" is given by:

E, = VLE 7
with Vf ~ Vﬁ VLEZ, where
1 0 0 Jun
E
Qoy V-
ve_| 0 1 0 L 1
0 0 1 rs
_ 91w _ % _r 1
\/émE \/émE 3
Ce,u se,u r 8
E —S C, I
Vi, = en en 12
k2 7”1 Ceu + rZSeM 7”206;1, - r1 Seu 1 0 ( )
0 0 1

in our case we only take the 3X3 matrix (there is no aditional lepton

E)
]



Lepton Sector
00®

Due to mi ~ giE v§/2 >> 1, as a first approximation, the mass
eigenvalue for the electrdn is given by:

6
2 VW lV I ! I ! 2
me = ZZ (K) [SeT(Q;,LTSeu - QeTCeu) + CeT(QeeCeu - Q;Leseu)] )

and the parameters ry, r, are at first aproximation:

/ / 3
_ SerSlee + Corfle,+ <Vx>

r, =
1 2\/§ A
L Seret Cor s <v)3
2 2\/§ A

The above matrix is diagonalized through the Vf matrix with the pa-
rameters mentioned above
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The U(1), Extension ton Sectol Free Parameters
000 0000 °

The PMNS matrix is defined by:

Upnins = (VEaxs)'U, (13)

Thus, the free parameters are:

m{V,, v, A\ O, eT,Qee,QeT} with v, = 5 GeV,A = 17y, and
v, =1.9TeV.

u {h297 297 h2pw h2u7 h27'7 h 72'
For symmetry reasons the only possible values for the couplings are
given by the relation Xy + Xy, = X,
The process followed then corresponds to find a bunch of parameter
values for the matrices that, after applying the see-saw mechanism
and apply the rotation give a satisfactory PMNS matrix



Model D2

0o, (9) 26 — 36
Ryl 1x10°—54x10°
hs2  3x107°—1x107?

Table: Yukawa coupling and 6,,, domain which fulfill the constrains given by PMNS
neutrino oscillation data reported by [5]

In this case the dirac matrix

Xo. Xo And the Majorana matrix

1 2 1

corresponds to: [ Xs, 0 corresponding to the 2 RH
0 X, neutrinos is: G g)
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Model E2

0o, (9) 26 —» 31
Ryl 2x10° —54x10°
hs2  6x10° —1x1072

Table: Yukawa coupling and 6,,, domain which fulfill the constrains given by PMNS
neutrino oscillation data reported by [5]

In this case the dirac matrix : .
Xo, Xo, And the Majorana matrix

corresponds to: Xq,: X, corresponding to the 2 RH

0 X, neutrinos is: G g)
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Model F1

0o, (9) 27 — 37
Ryl 2x10° —54x10°
2 2x10°-54x107°

Table: Yukawa coupling and 6,,, domain which fulfill the constrains given by PMNS
neutrino oscillation data reported by [5]

In this case the dirac matrix : .
Xo, Xo, And the Majorana matrix

corresponds to: Xq,: X, corresponding to the 2 RH

. . 0 x
Xo, X, neutrinos is: (x x)
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Results
[

The electron mass

Following the expresion for the mass of the electron, the mass of the
electron for the run in each model is of the form:

10

o” 505 210° ¢
//. ‘ /’ e ‘on
e e
gl » e . 5,
b v g K
“ va s / >
485 - ,/ ass // 1
’ K4
o e ” “8as 0w 0a o5 o‘sszmgyay‘sa 0 0s 0s om R
Electron mass for the Electron mass for the  Electron mass for the
model D2 run model E2 run model F1 run



Results
°

Summary

m The neutrino mixing angle is found to be in the range of ~ 26 — 36

m [t is possible models with two right handed neutrinos that respect
experimental bounds.

m However the scale of the couplings is one order less than the
theorized in 3 RH models(10~?)[6].

m A more profound study in texture models and paramaters is
needed
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