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The U(1)x Extension
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Table: Boson particle content of the model, X-charge, Z, parity and hypercharge [1,2].
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The U(1)x Extension
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Table: Fermion particle content of the model, X-charge and Z, parity [1,2].
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The U(1)x Extension
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Lepton Sector
@000

Lagrangian (charged leptons)

~Ly,c = nl;d2ef+ bl oy + (T d268 + HI| do6F,
+ Q117i¢1 Er + Gotl, 61 Ep + 9xeELXER (1)
+ 9veE1X*Er+h.C

The & lepton is decoupled and gets After SSB, in the flavor basis

mass: E = (e% e e, E):
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Lepton Sector
0®00

Effective lagrangian
Lo = Oj+ OL, + O+ OF, + OL¢

N3
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where i = e, 1, j = e, 7 and A is the associated energy scale.

N

Adding to M2 one gets the new matrix mass:
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Lepton Sector
0000

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

E, = VEeL
with VE ~ VE VE, where
1 0 0 quvi
. 0 | =0 —fﬂd
VE, — 2m, 3
L 0 o 1)\ ®)
Qv v
~Veme veme B 1
Cep Seu r O
E __ _Seu Ceu p) 0
Viz = —NCey + 2Se;, —l2Cey —ISe, 1 0 “)
0 0 0 1

teu :n/hand teT :C/H.
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Lepton Sector
0000

Due to m2 ~ g§€v§/2 >> 1, as a first approximation, the mass
eigenvalues are given by:

Vo 1V, \©
ms ~ (WX) [Ser(QLTSeu — Qe Cop) +Cor (Voo Cop = QLeSeu)]za

and the parameters rq, o are:

<
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Lepton Sector
€00

Lagrangian (neutral leptons)

7 vl vri€ T T
—Lyn = hzgl davg + Mgl dovg + W51 dovp
+ hlZIﬁTLL(Z;ZVS + hg;j]ﬁ(ﬁng + hé’;?f(;;guﬁ (5)

+ W7EX Ny + 5Ng MyNG + h.c

A\,

In the basis Where the block matrices are de-
Ne = ("7, (P"7)C (NG T)O)T fined as:

the neutrino mass matrix is: ,

hee hye  hyZ

0 ml O mL = Y2 e ref \pi
M,=|mp 0 M v2\g o0 o
0 Mp My " 0 0
V Xe
Mo="%| 0" hy 0
V2 \ ¢ P,
My = pnlzxa
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Lepton Sector
000

Neutrino masses are generated via inverse seesaw mechanism by
assuming the hierarchy My << mp << Mp. The 3 x 3 mass matrix
containing the active neutrinos is given by:

Miight = ML(ME) ™ Mu(Mp) " mp

(M5e)? + (he2)2p®  hsghag + hpohhiip®  haghis + heshgl p*

MNVég ve Ry ve W 2 V2 VN 2 VI T o %‘ip2
22 h3ghse + hzuhzulg (the) + (’Zzu) p ) hoe hze2 + hy, help
b T L T T
Neo X \sghsl + hehyT p? bl hsl + holiheTp? - (hsg)? + (h57)?p?

where p = hNXS/hNXu-
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Lepton Sector
00

With p = 1 and h5¢ = hy7 = 0,

wg ()Mot | Mgl
Might = 45— 2 hyehse  (Moe)™ + (hy,)"  haghs (6)
Moo X\ 3 hsg hoe hsg (hsg)?

The above matrix is diagonalized through,

U] mign U, = mﬁ;?
. m=0 0 0
U, = v v, m“;g = 0 my 0 (7)
0 0 ms
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Free Parameters
[

The matrix PMNS is defined by [3,4]:

Uswins = (VEgxa) Uy (8)

Thus, the free parameters are:
m {vo, Vi, A, Oy, Oer, e, U, Qe ), Q21,1 With v2 = 2 GeV and
vy, =7 TeV.

ve RWYH T pre pYH |t i ve _ hUT
m {hye, hol, hyZ, hzw hzw th} with hzu . hzu =0.

m {un, My} with Ay, = 1/0.02 and h"N — 50 meV
= un = 12.25 keV
There are three different cases:
Oep,O0er << 1; Qge %QQT %QLT ~ 1.
Ocr Ocr ~ /4 QL ~ Qe m Qb m10r QL ~ Q= Q) ~ 1.
Oop << 1, 00 ~m/4; QL =~ QL ~1 orQLe ~ QLT ~1.
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Figure: Yukawa couplings as a function of 6, for NO scheme (A =~ 87 TeV).
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Case 1

Oe, (rad)*  0.2895 — 0.5553

hye  0.1998 — 0.4547
hy"  0.3637 — 0.6018
hy,  0.6158 — 0.8329
Mk 0.4666 — 0.5468

Table: Yukawa couplings and 6, domain, which fulfill at 3c SK neutrino oscillation
data for NO scheme, reported by [5,6].

| Data Available | Model

A,

otaE | 682804 | 745
s | 2431 52599 | 250

Table: Difference of masses squared in the model compared to neutrino oscillation
data (30 SK) for NO scheme, reported by [5,6].
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Results
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Figure: Yukawa couplings as a function of 0, for IO scheme (A ~ 87 TeV).
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Case 1

O, (rad)*  0.2888 — 0.5467

he  0.0872 — 0.4541
AS% 0.0091 — 0.2746
hT  0.2640 — 0.8012
h;" 0.0004 — 0.8973

Table: Yukawa couplings and 6, domain, which fulfill at 3c SK neutrino oscillation
data for 10 scheme, reported by [5,6].

| Data Available | Model

2
Ams,

oM, | ~2.584 — —2.413 | ~0.119

Table: Difference of masses squared in the model compared to neutrino oscillation
data (30 SK) for IO scheme, reported by [5,6].
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