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The mixing among gauge bosons in the 3-3-1 models with the discrete symmetries is investigated.
To get tribimaximal neutrino mixing, we have to introduce sextets containing neutral scalar
components with lepton number L = 1,2. Assignation of VEVs to these fields leads to the mixing of
the new gauge bosons and those in the standard model. The mixing in the charged gauge bosons
leads to the lepton number violating interactions of the W boson. The same situation happens in
the neutral gauge boson sector.

1. Introduction

The experimental evidences of nonzero neutrino masses and mixing [1] have shown that
the standard model of fundamental particles and interactions must be extended. Among
many extensions of the standard model known today, the models based on gauge symmetry
SU@B)®SU(3);®U(1)x (called 3-3-1 models) [2-9] have interesting features. First, [SU(3) L]3
anomaly cancelation requires that the number of SU(3); fermion triplets must be equal to that
of antitriplets. If these multiplets are respectively enlarged from those of the standard model,
the fermion family number is deduced to be a multiple of the fundamental color number,
which is three, coinciding with the observation (see Frampton in [2]). In addition, one family
of quarks has to transform under SU(3); differently from the other two. This can lead to an
explanation why the top quark is characteristically heavy (see, e.g., [10]). To complete the
fundamental representations for leptons, the right-handed neutrinos or neutral fermions can
be imposed which imply natural seesaw mechanisms for the neutrino small masses [11]. The

3-3-1 models can also provide a solution of electric charge quantization observed in the nature
[12-16].
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Table 1: Character table of S3, where y stands for character of representation and C for class.

Class n h X1 Xv X2
Cq 1 1 1 1 2
C, 2 3 1 1 -1
Cs 3 2 1 -1 0

There are two typical versions of the 3-3-1 models concerning respective lepton
contents. In the minimal 3-3-1 model [2-4] the lepton triplets include ordinary leptons of
the standard model such as (vr,Ir,1%). The 3-3-1 model with right-handed neutrinos [5-9]
introduces right-handed neutrinos into the lepton sector, that is, (vr,lr,v%) and Ig. In the
framework of 3-3-1 models, to explain the smallness of neutrino masses and the tribimaximal
mixing [17-20]

2 1
R
uties = VAR P (1.1)
LR
V6 V3 V2

we should propose another variant of the lepton sector such as (vr,Ir, Ni) and Ig where
Nr are neutral chiral fermions carrying no lepton number (called 3-3-1 model with neutral
fermions), and including discrete symmetries either A4 or Sy [21, 22]. The 3-3-1 model with
neutral fermions based on Ss flavor symmetry instead of A4, Sy has been studied in [23].

One of the most important ingredients is the sextets in which neutral scalar fields
carrying lepton number L = 1 or 2. Assignation of VEVs to these fields leads to the mixing
among new gauge bosons and that of the SM similarly in the economical 3-3-1 model [24—
26], and such mixing leads to the lepton violating interactions. In this work we will pay
attention to gauge bosons in the mentioned 3-3-1 models and give some phenomenological
consequences.

The rest of this work is follows. In Section 2 we give a review of the 3-3-1 model with
neutral fermions-based S; flavor symmetry. The other models with A4 and Sy can be done
similarly, thus should be skip. Section 3 identifies gauge bosons and obtained the mixings
among the standard model gauge bosons and the new ones. Section 4 is devoted to charged
currents and give a constraint on the charged gauge boson mixing-angle. Finally we make
conclusions in Section 5.

2. Brief Review of the Model

Before looking into the model, we provide a sketch of Sz group theory [27, 28]. The S; that
is a permutation group of three objects has six elements divided into three conjugacy classes.
It possesses three nonequivalent irreducible representations 1, 1’ of one dimension, and 2 of
two dimensions. Denoting n and h as the order of class and the order of elements within each
class, respectively, the character table is given by Table 1.
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We will work in the basis that 2 is complex (see, e.g. [27]). Decomposition rules are

1e1=1(11), l'el'=1(11), 1el'=1(11),
l ® Z = Z(]‘l/ 12)/ l, ®Z = Z(]‘]‘/ _12)/ (21)
202=1(12+21) ©1'(12 - 21) ©2(22, 11).

Here the first and second factors of the terms appearing in the parentheses indicate to the
multiplet components of the first and second representations given in Lh.s, respectively. In
this basis, the conjugation rules are given by

(17,2 =2(27,1), 11 =1(17), 1"Q7)=1'(1"). (2.2)

The lepton number in the 3-3-1 model with S3 symmetry [23] does not commute with
the gauge symmetry. It is thus better to work with a new lepton charge £ related to the
lepton number L by diagonal matrices L = xT3 + yTg + £. Applying L to the lepton triplet
with the notation that L(INg) = 0, the coefficients are defined as x = 0, y = 2/ v/3, and thus
L = (2/+/3)Ts + £ [29]. The leptons and quarks under [SU(3),,U(1)y, U(1),,S,] symmetries
correspondingly transform as follows:

/l 7 llR ~ []-/_]-/ ]-/l]/

/Z 7 llxRN [11_1/1/2]/

[ 1 1
Qur = (uar, dig, Up)" ~ (3, —,——,1],
‘ , 2.3)

2 1
~1,%,0,1 ~|1,-2,0,1 ~ 1,z
UIR [,3,0,_], dir [, 3,0,_], Ur [,

/_1/1 7
=

L1
QKL = (dtlL/ —UaL, DD{L)T ~ [3 /0/ gzg]/

2 1 1
UgR ~ [1/ §/O/Z:| 7 dth ~ [11_51012]/ DRR ~ [11_51 ]-/Z]/

where a = 2,3 is a family index of the last two lepton and quark families, which are in order
defined as the components of 2 representations.
To generate masses for the charged leptons, we need two scalar multiplets:

¢1 ¢

3 0 2 _l ;L 0 2 B
4)_ 4)2 [3/ 3/ 311 7 (I) - 2 3/3/

¢+ I+
3 3

1] (2.4)
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with VEVs (¢) = (0, v,0)" and (¢')=(0,7, 0)". To generate masses for quarks, we addition-
ally acquire the following scalar multiplets:

_ T 12
X= <X(1)IX2/Xg> ~ [3/_51 gfl],
1
L 3

() ~ [3/—

(nnz.n?) ~ [3,—%,—%,1’].

31, 25)

711

Suppose that the VEVs of 77, 77/, and x are u, u' and w, where u = (n0), v’ = (1), w = (),
and (n3), (n7), and (x?) vanish. The exotic quarks get masses my = fiw and mp,, = fw. In
addition, w has to be much larger than those of ¢ and 7. Notice that the numbered subscripts
are the indices of SU(3); .

Because of the £Z-symmetry, the couplings ¢} ¢r¢ and g;¢rd’ are suppressed. We
therefore propose a new SU(3); antisextet instead coupling to ¢} ¢, responsible for neutrino
masses. The antisextet transforms as

L st sis ) 4
s= | siss s |~ |35 6

0 + 0
S13 S23 S33

S

where the numbered subscripts are the SU(3); indices. Henceforth the indices of S; on scalar
fields will be kept and should be understood. The VEVs of s is set as ((s1), (s2)) under Ss,
where

)Li 0 (%]
(siy=]1 00 0 (i=1,2). (2.7)
(% 0 Ai

Due to the S; symmetry, all these VEVs are equal to each others, thatis, A; = A2, v1 = v, and
A1 = Ay, which can be found from the potential minimization.
With the scalar multiplets as defined, the Yukawa lagrangian is given by

Ly = i) Plir + h(@y br + 3 sr) P + B (Fa 1R — Poplor) ¢’
+ fl@leuR + féLX*DR + h’félLﬂulR + hd@L’l*dR

+ hld@L’l,*dR + htliéngble + huéL‘i’*”R + h,uéL‘i’,*”R (2.8)

1 _ 1 _
+ 5 x(Fogarst + @5 ars2) + Syg (garse +garst)

+ H.c.
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It is easily shown that the charged leptons and ordinary quarks get consistent masses [23].
However, this case does not lead to neutrino masses and mixing consistent with the experi-
mental data. The analysis in [21, 22] shows that (i) a “perturbation” is required:

)Ll = )Lz, U1 = 0y, A1 = Az. (29)

A possibility to derive this is to impose another antisextet s’ but with the VEVs being very
smaller than those of s, respectively. Thus, in the followings the s’ should be skipped since
it does not contribute at the first order. Otherwise, the s’ contributions start from the second
order in similarity to those of s which are easily included. (ii) A scalar triplet p similar to ¢’
must be imposed. The p is also skip for the same reason as s', that is, its contribution is similar
to that of ¢'. Let us emphasis that our conclusions remain unchanged if s’ and p present.

The hierarchies in the VEVs were given in [23]:

A, b <uq, up <0,7, u,u <w, A, Ay. (2.10)

In the following, the two limits are often taken into account: (i) the lepton-number violating
parameters tend to zero, that is, X1, 11, — 0, and (ii) the large scales of SU(3); symmetry
break down to that of the standard model approx infinity, that is, w, A12 — oo. Let us note
also that v,7',u, and ' are in the electroweak scale as well as the large scales all conserving
the lepton number.

3. Gauge Bosons

The covariant derivative of a general triplet @ is given by

D, = 8, +igTaWay + igxToXB,
= ay - lp‘u/

(3.1)

where the gauge fields W, and B transform as the adjoint representations of SU(3); and
U(1)x, respectively, and the corresponding gauge coupling constants g and gx. The Ty =
diag(1,1, 1)/+/6 is chosen so that Tr(T,Ty) = 84p/2 with a,b = 1,2,...,9. The neutral gauge
bosons of the theory get masses from the triplet as follows:

+
L. = (D (@) (D)), (32)
where the subscript H denotes diagonal part of the covariant derivative:

D[ =0, +igTsW, +igTsW}, +igxToXB,.. (3.3)
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The covariant derivative for an antisextet with the VEV part is [30]

i .
Di(si) = =5 { ALk (s + (s)ALAT | +igxToX B (s). (3.4)

Let us denote the antisextet in term of the SU(3); indices by Ij;. Then, the mass
Lagrangian due to the antisextet’s contribution is given by

£ = (DT, (D)), (3.5)

Let us denote the following combinations:

W,i _ le + inﬂ
H \/z 4
e - WeuF W, 56)
‘l/l = 7, .
V2
X’O = W4.“ B iWS.M
: V2

having defined charges under the generators of the SU(3); group. For the sake of convenience
in further reading, we note that W, and W5 are pure real and imaginary parts of X;? and X;?*,
respectively:

AN T
2
. (3.7)
i 0 0x
W, = E(Xﬂ - X )
Then p,, is rewritten in a convenient form:
! 2XB V2WF V2X0
W3ﬂ + %Wgﬂ +t 5 n p m
) 1 2 )
% V2w, W, + %Wgﬂ +#\/3XB, v2Y, (3.8)
) , 2 2
0%
V2X V2Y; -5 W+ t\/;XBH

with t=gx/g.
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The covariant derivative acting on the antisextet VEV is given by

. 1 21
D”<Si>11 =-1g <.)L,'W3‘u + Aiﬁw&u — t-ki\/;gB‘u + \/E u,-X2>,

i
Dy(si)1, = —\/—g§<J\iWQ + uiY,I),

ig 1 22 .
D,u<5i>13 = —? <uiW3ﬂ - ui%W{g# - tui\/;gBﬂ + \/EAI' X2 + \/E)LI X2 >,

Dﬂ<.5i>22 =0, (3.9)
D”<Si>23 = —% <uiW; + A,Y;),
D, (si)y =i DA W, + tAA| 2 LB, — VEu X0
ulSi)z3 =18 1\/\,§ 8u i\/33"¢ Uiy, ’
Dy(si)1, = Du(si)a1,
Dy<5i>13 = Du(5i>31/
Dy (si)o3 = Dyu(si)s-
The masses of gauge bosons in this model are followed from
Linass = (Du($)) D*(¢) + (Du(¢')) "D*(@') + (Du(x)) D" (x)
+ (Dy(m))"D*(n) + (Dy()) "D (') + Te| (Du(s1)) "DH(s1)] (3.10)

+Tr[(D,,<sz>)*Dﬂ<sz>] .

In the following, we notice that (s1) = (s2); namely, u1 = up, A1 = Ay, and A1 = A, are taken
into account.
From (3.10), the imaginary part W5 is decoupled with mass given by

2

M2, = % (16142 + 403 = 811 + 407 + P + 1% +12). (3.11)
In the limit A, u; — O,
8 :
My, = S (12 +u? + 0 +4A). (3.12)
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The charged gauge bosons W and Y mix via

2
g o T
Looe= <W#, Y, )Miw (w;, Y;) ) (3.13)
where
) P+l +ul+u?+ 4u% + 4)@ 4(Aquy + Muy)
My, =2 ) . (3.14)
4(Aquy + \uq) v+ 0%+ w? +4AT + 4]
Diagonalizing this mass matrix, we get physical charged gauge bosons
W, = cos W +sin0Y,
H H n
, , (3.15)
Y, =—sin0W, +cos0Y, .
The mixing angle is given by
4(A A
tan@ = (A + 1”;) o (3.16)
W+ 4N -2 — w407 A
provided that w? ~ A? > u?,u?,u?,A%. The mass eigenvalues are
g : ,
M, = Z{UZ +02+ 207 +2u? + W + 403 +4N?
) 2
- [(vz +02 = w?) #1614 + 16AT + 12811 Aqud
/ , 1/2
+8A%<w2 -v*-v?+ 8u%> - 8)»%<4A%w2 -t -v’- 8u%>] },
(3.17)

M3 = gz{vz + 02+ 207 +2u? + W + 402 + 4N?
2 2 2\? 4 4 2
+ [(v +02 = w?) " +161] + 16A] + 12811 Agu?
: 1/2
+8A7 <w2 e 8u%> -8\ <4A%w2 -v*-v?- 8u%>] }

Note that, in the limit Ay,1; — 0, the mixing angle tends to zero and the mass eigenvalues
are

[

oQ

! ’
M, = <vz+vz+u2+u2>,

N

(3.18)

<
=N
I
N|0],

2
<v’ + 0% +w? +4A%).
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There is a mixing among the neutral gauge bosons W3, Wg, B, and W;. The mass

Lagrangian in this case has the form

ﬁNG — %VTM2‘/,

mass
VT = (W3, Wg, B, Wy).
In the basis of these elements, the mass matrix is given by

2 2 2 2
My, M, Mi, Mj,

2 2 2 2
M3, M35, M3, M,

N

7

2 2 2 2
M3, M3, M5, M3,

2 2 2 2
M3, M3, M5, My,

where
M2, = 2<4u% +8 2+ +u + 07 + v'2>,
M3 = E(4:112 + 8 2+ 12 + U + 32N+ 2 + 0 4 4w2>
2=z \*4 1 1 ,

412

M%szﬁ

(16u% +80 2+ 12 + 1 + 8A2 + 407 + 407 + w2>,
M2, = 2<w2 vt +ut + 1602 +4A% + 403 + 8A1)L1>/

2 2 2
M2, = —<—4u§+81\%+u2+u' A ),

V3

2 /2 ) )
M% = _g\/;t<8u% + SA% +u+u?+ 20 + 202>,
M%4 = 8(3111/\1 + ulAl),

212

M§3 = 9

E(814 + 813 12— + 167 + 207 + 207 + 2%,

Ll
V3

32, /2
M§4 = —?\/;t(ul)q + ulAl).

This mass matrix contains one exact eigenvalue:

M3, = — (u1h - 5u1Aq),

2 _
M2 =0.

(3.19)

(3.20)

(3.21)

(3.22)
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The associated eigenvector is

V3t
A ! - (3.23)
/18442 | 3v2 '
0

Using continuation of the gauge coupling constant g of the SU(3); at the spontaneous
symmetry breaking point, we have [2-9]

3V 2sw

V3-8,

In order to diagonalize the mass matrix, we choose the base of (A,, Z,, Z}’l, Wy,), with

t= (3.24)

t t2
Z, = cwWay — sw <—%W8H +1/1- ?WB#>,

(3.25)
! t%v tw
Z‘u = ]. - ?ngu + %B‘u
The new base is changed from the old by unitary matrix:
/ sw cw 0 0\
_Cwi’w swiw 1 @ 0
u= V3 V3 3 (3.26)
t2 t2 t
1-Ww _ -w W
CW\/ 3 SW\/ 3 v !
\ 0 0 0o 1)
In this basis, the mass matrix M? becomes
0 0 0 0
, 2| oMz Mz oz
M?=U"M?U = = (3.27)

0 Mj Mg Mg

2 2 2
0 M24 M34 M44
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In the approximation A3, 7 < A%, we have

) ].

M3, = 2<u2 +u? + 0%+ v’2> o
w
— 2 2 12\ _ (2 12

A2 - 2[25W<u +u > <v +0v )]\/%

23~ 2 ’

w

M/z _ 81/[1/\1/

®oow (3.28)

, 2<u2 + u’2> 2(02 + U'2> a
M3 = 5 - 5 + 8w?ch g + 64A3cy, ao,

Cy X0 Cly

M;Z _ —8x0u1A1,

34 CW\/%

M =2(w? + 2+ u? + 4000 +4AY),

with

x0 = (4ck, +1),
. (329)
ay = —————.
(4ciy - 1)

It is noteworthy that in the limit u; = 0, the elements M’24 and M’34 (or equivalently My,
My, M3y in the old base) vanish. In this case, the mixing between Wy and Z, Z' disappears.
Three bosons gain masses via seesaw mechanism:

M} = M5 () (M) "M, 330)
My, = M/22X2,

where

(3.31)

2 )

M2 — Mz; M,
2o\ M2 M2 )

34 44
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We have then
) 2 ) ) ! ! ) 2 )
, & " <M223> M, = 2MZ M3 M, + <M224> M3
Mzzz My, - 2 A2 2\2
M33M44 - (M34 (332)
2
_ & 2 12 2 AN
= _26124/(” +u"+v°+v ) AMEZ'
where
AL g_2 [32(2x0x1 + x3)UTAT + x3x2]
Mz a x2X3 — 32x5UT A !
X1 = Cow <u2 + u’2> - <vz + U'2>, (3.33)
Xy = <(,()2 + u2 + u’z + 4/\1/\1 + 4/\%),
X3 = Cow (u2 + u'2> + ot + 0+ 4y w? +32¢, AL,
The p parameter in the our model is given by
p =1+ biree + Oloop, (3.34)

where 0j00p gets contribution from the oblique correction depending on the masses of top
quark and standard model Higgs boson [1]. The tree level correction 6yee describes the new
physics as given by

M?2 2, A
Biree = otz — 1= M2, (3.35)
ey My My,

It is noted that Ap2 #0 even if w and Ay go to infinity. This is because the 33 components of
antisextets and the third components of scalar triplets can be integrated out. There leave the
standard model scalar doublets and triplets (the submultiplets of the 3-3-1 model triplets and
antisextets). Such standard model scalar triplets imply O 70 to be given by

8422, (4%, — 1) 12
6tree: g W( ud ) 1%‘0 (336)
M?
w

The 6iee parameter has already been given in [1] as py — 1 from the global fit:

Otree = 00008t888(1); (337)
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Hence

0.8403GeV? < Ap < 21.0065GeV?, (3.38)

or

0.239GeV < u; < 1.197GeV, (3.39)

where we have used C%v =0.769 and My = 80.384 GeV.

Diagonalizing the mass matrix M3,,, we get new gauge bosons:

Z, =cos¢Z, +sinpW,,
(3.40)
Wiy = —sin¢Z, + cos pW,,.

The mixing angle is defined by

2M324

tan¢g = (3.41)

’ ) ’ ’ 2 ’ 2‘
M2 - M2 +1/(MZ - M2)” + 4(M2,

Substituting (3.28) into (3.41), we get

tan ¢ =-2+/a1u1A14 a2 <u2 + u,2> +az <vz + v,2> —2a0w? + 81 Ay — 8x0a0A%

+ <CX2 <u2+u’2> +as <02 +U’2> 2w +8M Ay —8x0cx0A%>2 +4a1u%A%] 1/2

2
~ 4CW -1 u
- cw A] !
(3.42)
provided that w? ~ A? > 12, u?,v?,v?%,u?, 12, where
64x500
= ——,
Cw
-2+ 6cy,
a = ——5——a, (3.43)
c
W
-2
a3 = —ap
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The physical mass eigenvalues are defined by

) ) ’ ) 2 ) 2
MG+ Mg F \/(M424 - M3)" +4(Mg,

2 -8
MZN’WQM - 4 2
2
= ‘% <cx4 <u2 + u’2> — a3 <vz + v’2> + asw? + 8 A + aéA%
2 ) 2
+ (az (u2 +u ) +a3(02 + v2) = 2agw? + 8\ A1 — 8x0a0A%> + 4a1u%A%>
(3.44)
with
2 -10c%, + 16¢%,
CX4 = M“O/
2
W
as = <16c‘2,v - 2> o, (3.45)
as = 8(12¢}, - 1) ao.
In the limit Ay, u; — 0, we have
2[2(2 ’2> 2 4 02 4 4ct w? + 3204 A2
oo (U2 +u?) + 0% + 07 + 4cy,w” + 32¢;, A
MZZ// = > o,
20 (3.46)

2
My, = ‘% (u2 +u?+w?+ 4A%>.

Thus the W and W5 components have the same mass. With this result, we should identify
the combination of W'y and W5

V2X§ = Wy, —iWs, (3.47)

as physical neutral non-Hermitian gauge boson. The subscript 0 denotes neutrality of gauge
boson X. However, to get tribimaximal mixing, the previous limit is not valid [21, 22].
This means that neutrino tribimaximal mixing leads to the masses of X° and X°' to be
different. Consequence of this fact is that there is CPT violation [1, 31] in the model under
consideration. We will return to this problem in the future work.

In the limit w? ~ A? > u?,u?%,v*,v?,u?,A? (or w, Ay — oo), the mixings between the
charged gauge bosons W — Y and the neutral ones W, — Z' are in the same order since from
(3.16) and (3.42) they are proportional to u;/A;. In addition, from (3.46), M2, = 2g*(w?* +
16cy,A}) is bigger than My, = (g2/2)(w?+4A]) (or My, ). Itis also verified that [M} - M3, | <
M3, In that limit, the masses of X’ and Y degenerate.
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Note that the formulas for masses and mixing of gauge bosons previously presented,
are common for the 3-3-1 models with more complicated Higgs sector such as with A4 or S,
discrete symmetries.

4. Charged Currents

The interaction among fermions with gauge bosons arises from part

iy, D" ¢ = kinematic terms + H <€ 4 gNC, (4.1)

Similarly in the economical 3-3-1 model, despite neutrality, the gauge bosons X° and
X% belong to this section by their nature. Because of the mixing among the SM W boson and
the charged bilepton Y as well as among (X0 + X%) with (W3, Wg, B), the new terms exist the
same as the economical 3-3-1 model [25, 26]:

HCC - % (Wi + 15+ JX0 + He), (4.2)

where
H- > - =c 1T -
T = co(icyteir + uiry"di) + se <ViLY'ueiL +Urytdir + uaLY‘uDaL>/

J¥ =co <§fLY”€iL +Upytdir + ﬁuLY”DaL> —so(viry"eir + wiry"dir),

5”(0* = (1 - t%g) (E‘LY"V?L +uy*Uy - BaLY”daL> - t%e <71-CLY”V1‘L +Ury'uiL - HaLY‘uDaL>

¢ _ _ _
2 <7iY”Vi + iy un - Ury*Ur — dary”dar + DaLY‘uDaL>-

\/1+4t3,

(4.3)

All aforementioned interactions are lepton-number violating and weak (proportional
to sin 6 or its square sin’0). However, these couplings lead to lepton-number violations only
in the neutrino sector.

Let us consider some constraints on the parameters of the model; one of the ways to
do that is the consideration for W decay. In our model, the W boson has the following normal
main decay modes:

W-— 1 (I=eupu),
(4.4)
N\ ud, u’s,u’b, (u — ¢,

which are the same as in the SM and in the 331 with right-handed neutrinos. Beside the afore-
mentioned modes, there are additional ones which are lepton-number violating (AL = 2) the
model’s specific feature:

W~ —lv (I=eur). (4.5)
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21E
2+
= 19
1.8
Ol.l OI.2 OI.3 OI.4 OI.5
sin(0)

Figure 1: The total decay width of W [GeV] is depicted as a function of sin(6). The two horizontal lines
are the upper and lower limits, respectively.

The interaction that provides these modes is as follows:

L= %Seﬁfﬁ”em, (4.6)

where v] = (N r)‘ is related to vy, via the seesaw mechanism given by vi=M DM; vr. Here
Mg and Mp are right-handed Majorana and Dirac mass matrices (due to the contribution of
s), respectively, which can be derived from the Yukawa Lagrangian above to yield Mp My =
(u1/A1) diag(1,1,1). On the other hand, from (3.16) we have sg = tan8 = u;/A; if Ay is
largest among the VEVs. It is therefore that v{ = sgv and

L = %Sgﬁ‘m’”em- (4.7)

The total decay width of W is given by [25, 26]

aMyyy 2 aMyy 2 aMw 4
I'yw =1.039——(1-355) + 1-s5)+ S5, 4.8
W 2s3, < 9> 4s2, < 9> 4s2, 0 (48)

where the first term is due to the quark productions (with a; = 0.1184 chosen for the QCD
radiative corrections), the second term comes from the normal modes with leptons, and the
last one is for the unnormal modes. Let us choose a(Mz) = 1/128, My = 80.399 GeV, and
5t = 2.085 +0.042 GeV [1]. The total decay width is plotted in Figure 1. From the figure, we
get an upper limit on the sin 6 in the model:

sinf < 0.15, (4.9)

which is bigger than that given in [25, 26].
There are lepton number violating interactions in the neutral Gauge boson sector, we
refer interested reader to [25, 26].
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5. Conclusions

In this paper, we have investigated Gauge boson sector: their mixing and masses. The vacuum
expectation values u; and \; are a source of lepton-number violations and a reason for the
mixing between the charged Gauge bosons—the standard model W and the singly-charged
bilepton Gauge bosons, as well as between neutral non-Hermitian X and neutral Gauge
bosons: the photon, the Z, and the new exotic Z'. The interesting new physics compared with
3-3-1 models is the neutrino physics. Due to lepton-number violating couplings, we have
many interesting consequences. We have shown that the neutrino tribimaximal mixing leads
to the CPT violation. This feature will be considered in the future publication.
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