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Abstract

We consider the minimal supersymmetric extension of the 3-3-1 model. We study the mass spectrum of this
model in the fermionic and gauge bosons sectors without the antisextet. We also present some phenomenol-
ogical consequences of this model at colliders such as Large Hadron Collider (LHC) and International Linear

Collider (ILC).
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1. Introduction

The models based on the SU(3). ®SU(3), ®U (1),

(called 3-3-1 models) [1-7].In fact, this may be the last
symmetry involving the lightest elementary particles:
leptons. The lepton sector is exactly the same as in the
Standard Model (SM) but now there is a symmetry, at
large energies among, say e, v, and e". Once this
symmetry is imposed on the lightest generation and
extended to the other leptonic generations it follows that
the quark sector must be enlarged by considering exotic
charged quarks. It means that some gauge bosons carry
lepton and baryon quantum number. Although this model
coincides at low energies with the SM it explains some
fundamental questions that are accommodated, but not
explained, in the SM as the generation number problem
(The family number must be a multiple of three in order
to cancel anomalies [1-7]), why sin?), <1/4 is observed,
the electric charge quantization [8], etc).

Since one generation of quarks is treated differently
from the others this may lead to a natural explanation for
the large mass of the top quark [9]. There is also a good
candidate for Self linteracting Dark Matter (SIDM) since
there are two Higgs bosons, one scalar and one pseu-
doscalar, which have the properties of candidates for
dark matter like stability, neutrality and that it must not
overpopulate the universe [10], etc.

There are two main versions of the 3-3-1 models
depending on the embedding of the charge operator in
the SU(3),_ generators,
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where the 9 parameter defines two different represen-
tation contents, N denotes the U (1), charge and 4,
/¢ are the diagonal generators of SU(3). In the mini-
mal version, with & =+/3 , the charge conjugation of the
right-handed charged lepton for each generation is
combined with the usual SU(2), doublet left-handed
leptons components to forman SU(3) triplet (v,1,1°), .
No extra leptons are needed in the mentioned model, and
we shall call such model as minimal 3-3-1 model. There
are also another possibility where the triplet (v,l,L°),
where L is an extra charged leptons wchich do not mix
with the known leptons [11]. We want to remind that
there is no right-handed (RH) neutrino in both model.
There exists another interesting possibility, where
(8=1/J§) a left-handed anti-neutrino to each usual
SU(2), doublet is added to form an SU(3) triplet
(v,1,v°),, and this model is called the 3-3-1 model with
RH neutrinos. The 3-3-1 models have been studied
extensively over the last decade.

The supersymmetric version of the minimal 3-3-1
model was done at Refs. [12-15] (MSUSY331) while the
version with right-handed neutrinos [4-7] has already
been constructed at Ref. [16,17] (SUSY331RN), while
the Supersymmetric economical 3-3-1 model with RH
has been presented recently [18] (SUSYECO331).

Recently we have constructed all the spectrum from
the scalar sector from the MSUSY331 model [19]. All
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the results obtained on that article are in agreement with
the experimental bounds.

This paper is organized as follows. In Section 2 we
review the minimal supersymmetric 331 model while in
Section 4 we show how we can define one R -parity in
our model such way that the neutrinos can get their
masses and keeping the proton and the neutron stability.
While in Sections 3 and 5 we present some phenomeno-
logical consequences of this model to the colliders
physics. While on Section 6 we present the masses
values of all the fermions and gauge bosons of this
model. Finally, the last section is devoted to our
conclusions. In Appendix 8 we present the Lagrangian of
this model in terms of the fields.

2. Minimal Supersymmetric 3-3-1 Model
(MSUSY331)

On this Section, we present our model. We start to
introduce the minimal set of particle necessary to build
the supersymmetric version of model given at Ref. [11].
After the introduction of the particle content of our
model we put them in the superfields, see Subsection 2.2,
and then we construct the full Lagrangian of this model
in Subsection 2.3. Then we show the pattern of the
symmetry breaking at Subsection 2.4.

2.1. Particle Content

In the nonsupersymmetric 3-3-1 model [2,3] the fermionic
representation content is as follows: left- handed leptons
(In parenthesis it appears the trans- formations properties
under the respective factors (SU(3).,SU(3),,U(1),))

Ly = (v lo019) ~ (1,3,0), a =e, u,7; left-handed quarks
QaL = (dayuay ja)L -~ (3,3*,—1/3) , A :1,2,
L = (Ug,ds,3), ~(3,3,2/3);

and in the right-handed components we have the usual
quarks uf ~(3",1,-2/3), di ~(3°,1,1/3), i=1,2,3, and
the exotic quarks j¢, ~(3',1,4/3), J% ~(3,1,-5/3) ,
these exotic quarks have charge —(4/3)e and (5/3)e
respectivelly. The minimal scalar representation content
is formed by three scalar triplets:

~(1,3,00= (7" n .m)

~(1,3,41)=(p", " )
and
2~Q3-D)=(r. 2.

Now, we introduce the minimal set of particles in
order to implement the supersymmetry [20]. We have to
introduce the sleptons the superpartners of the leptons
and the squarks related to the quarks, both are scalars.
Therefore in the supersymmetric version of this model
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[12-15], the fermionic content is the same as in the
nonsupersymmetric 331 model and we have to add their
supersymmetrlc partners LaL, QaL, Q3L, Th d,°L,
jé, and J7. We have also to introduce the higgsinos
the supersymmetric partner of the scalars of the model
and the minimal higgsinos are given by 7, p and 7.
However, we have to introduce, the followings extras
scalars ', p', x' and their higgsinos 7', p' and
%', in order to to cancel chiral anomalies generated by
7, p and 7.

In the gauge sector we introduce the usual gauge
bosons of the symmetries, it means the gluons by g°,
the gauge boson of SU(3).; V°, with b=1,---8 the
gauge boson of SU(3), ; and the gauge boson of U (1)
symmetry denoted as V'. Now, we introduce their
supersymetric partners: the gluinos, are denoted by 2,
the gauginos of SU(3), symmetry given by A; and

Ag the gaugino of the last group.

In the nonsupersymmetric 3-3-1 model to give arbi-
trary mass to the leptons we have to introduce one scalar
antisextet representation, given by S ~(1,67,0). We can
avoid the introduction of the antisextet by adding a
charged lepton transforming as a singlet. Notwith-
standing, here we will omit both the antisextet and the
singlet. We are going to show in Sec.6 all the fermions
and gauge bosons get their masses only with three
triplets and three antitriplets in agreement with [21].

This is the minimal number of fields in the minimal
supersymmetric extension of the 3-3-1 model of Refs.
[12-15]. Summaryzing, we have in the 3-3-1 super-

symmetric model the following superfields: L, , Ql 23

771,017(;771,0 Z'u1,2,37d123"‘] and lev
i.e., 21 chiral superfields, and 17 vector superfields: vg
(SU®B). ), \7"‘(SU(3)L) and V'. In the Minimal Super-
symmetric Standard Model (MSSM) [20,22-30] there are
14 chiral superfields and 12 vector superfields.

2.2. Superfields

The superfields formalism is useful in writing the
Lagrangian which is manifestly invariant under the
supersymmetric transformations [31] with fermions and
scalars put in chiral superfields while the gauge bosons
in vector superfields. As usual the superfield of a field
¢ will be denoted by ¢ [20]. The chiral superfield of a
multiplet ¢ is denoted by [31]

¢?E ¢?(X,¢9,9_)
:¢3(x)+ieaméam&(x)+%eee_eamam¢3(x) )

+ﬁ9¢(x)+%99§5mam¢(x)+99F¢(x)
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while the vector superfield is given by

V(x,6,8)=-05"8V, (x)+i660V (x) o
—i¢9_90\7(x)+%090_¢9D(x)

The fields F and D are auxiliary fields which are
needed to close the supersymmetric algebra and even-
tually will be eliminated using their motion equations.

2.3. The Lagrangian

On this subsection we will write only the lagrangian in
the terms of superfields of the model. The Lagrangian of
the model has the following form

[’3315 ‘CSUSY soft (4)

where Ly, is the supersymmetric part and L, the

soft
soft terms breaking explicitly the supersymmetry.
The supersymmetric term can be divided as follows

’CSUSY = ’cLepton + ’CQuarks + 'CGauge + ’CScaIar (5)
The fermion's lagrangian is given by[12-15]

L epion = _[d H[L 2V [ ]

a

(6)
where we have defined V. =TV, V =T";
Ve =TWE, V=TW®; T°=4°/2, T°=-1"/2 are
the generators of triplet and antitriplets representations,

respectively, and A° are the Gell-Mann matrices.
In the gauge sector we have

Longe = % deHTr [WeW, ] +% deHTr [Ww, ]
+1jd29\NW’+1jd2§Tr[wac] 7

+= jd OTr[w.w, | jd OW'W '
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where W., W, e W' are fields that can be written as
follows [31]

1

W, = - DDe 2 p g2
¢c 8g ¢
W, = _ 1 Bpe D,e?
8¢
W, = —% DDD,V', ¢ =1,2. (8)

Finally, in the scalar sector we have

scalar .[d 9|:77e 77 + pe

(ng+g’\/’)ﬁ " ;?e(ZgV—g'\/’))E

+7 eZgV’7! " p e(29\7*g’\/')ﬁ, N ;?,e(ZQVJrgV )}2 :|
+IdZH\N +_[d2§V_V
©)

where g and g’ are the gauge coupling constants of
SU(3), and U(1) respectivelly and W is the super-
potential of the model.
The superpotential of our model is given by
W _W, +W2+W3+W3 (10)
2 3

with W, having only two chiral superfields while W,
has three chiral superfields. The most general terms
allowed by our symmetry are

W, = ploa Lo 7'+ 0,777 + 11, 00" + 1, X'

W3 = ﬂlabchaL LbL I‘cL + ﬂZabgLaL I‘bLﬁ + Aﬁa‘("LaL;Za
+ feppn + 1'ep 7'’ + 1, QL PUL + K, Q, 770
+ KSaﬁQaLﬂA(i;L +K4aa|QaL aLdlL + K5|Q3L77

N S ~rqc c Jqc ~c
+ x5 Qy 0'dy +5,Qy ¥ J +§1ijkdiLdjLukL

"C" 2c %

+ Soijpli U JLJﬁL+§3Iﬁ L0
11)

The coefficients x,, u,, u, and u, have mass
dimension, while all the coefficients in W, are dimen-
sionless [29,30].

The most general soft supersymmetry breaking terms,
which do not induce quadratic divergence, were des-
cribed by Girardello and Grisaru [32]. They found that
the most general terms that break supersymmetry (SUSY)

can be categorized as:
e scalar mass term

L gn=-m>ATA (12)

e gaugino mass term
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L= —MTz A*+Hec. (13)

e scalar interaction terms
L= AA+mAA + f e AAA +He  (14)

They, also, must be consistent with the 3-3-1 gauge
symmetry. These soft terms are given by

Loy = Lour+ ‘CSMT+£:g:Iar (15)
where
L gur
8 8
= _{mﬂc zl( A8)+m, Zl(z A8 )+ M A2 +H .c}

(16)
due this term the gauginos get theis masses at scale
where SUSY is broken while their superpartners the
gauge bosons are massless, for more detail about
symmetry breaking in this model see Subsection 2.4. The
second term give masses to the sleptons, squarks and
usual scalars is written as

Lgyr=-mn'n—myp' p—mZ 'y —min'ny’
-m? 'p P _m;ﬂ( Z _mLLaLLaL_mQ ;L L
mQ3Q3LQ3L u ~|C|_Jr 0 _md ducl_Tdﬁ_ _mJJLTJC

—mJ jﬂLjﬁL +[klgp;(77+k eo'y'n' + H.C.]
17)
while the last term is given by
L I: M a LaL’] + gOabcgEaL I:bL I:cL
+ glabgLaL LbL77 + 52a5|:aLZP + QaL
'(wlaindi(l:_ +,, 0 + W35 EaLa?L + OhopX ];'L)
+ Q3L (gli’faicL + P + 85, ﬂ(,j )+ glukdlLd JLukL

+GaipGi 3¢ Tj + €0 U5 T +H -C-]
(18)

2.4. Breake Structure from MSUSY 331 to
SU(3). ®U (1)Q

The pattern of the symmetry breaking of the model is
given by the following scheme(using the notation given
at [2,3,12-15])

L soft

MSUSY 331 - SU (3). ®SU (3), ®U (1),

sy (). ®SU(2), ®U(1),  (19)

(pm.p'n")
— SU@E)e ®U (1),

Copyright © 2011 SciRes.

When we breaks the symmetries of our model, the
scalars get the following vacuum expectation values
(VEVs):

0 0
ul, (x)=| 0}
0 w
0
u
0

0
o (x)=| o,
W
(20)
where v:v,]/\/i, u :vp/\/z,wzvl/«/i ,v’:vn,/\/i,
u'=v, /2 and w=v,/v2. From this pattem of the
symmetry breaking comes the following constraint [15]
V2 +V?2 = (246 GeV )’ (1)

coming from MW , Where, we have defined Vf = v +v
and V2 —v +v . Therefore the VEV’s of our model
satisfy the condltlons:

w,wW v,V u . (22)

3. Phenomenological Consequences in the
Lepton’s and Quark’s Sectors

In the usual 3-3-1 model the physical gauge bosons are
defined as [2,3]

2
A ()= | (W (0B (), |
20 ()=~ [ ()

V143t Yo (X)- 1432 Vi (X)}

2,2 (%) = = {Vi(

1+3t?
where t=tand=g'/g and g’ and g are the gauge
coupling constants of U (1) and SU(3),, respectively.
The bosons U™ and V™ are called bileptons because

X)+/3tV,, ( ) (23)
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they couple to two leptons. The charged current inter-
actions for the fermions, came from £, (first equation
at Equation (121)) and from L, (first equation at
Equation (122)) we can rewrite them in the following
way

ECC=——g v y"Ul |Wn:
I > IZ( i Yemns!e
17" puns i Vin ILcymILUr;+) H.c.

L= —%[Uym (175 ) Vexm DW,
+Uy" (1= 75) &N + D7 (1= 75) 6oV, |

+H.c.
(24)

where we have defined the mass eigenstates in the
following way

u d A
U=jc|, D=|s |, V,=|U,. [
t b U,
U,
U,=| V. |, (25)
v

and 7 =diag(J, J, J,). The Vi, is the usual Cabibbo-
Kobayashi-Maskawa mixing matrix, while U, is the
Pontecorvo-Maki-Nakagawa-Sakata mixing matrix in the
neutrino sector. The new mixing matrices ¢, and &,
containing new unknown mixing parameters due to the
presence of the exotic quarks.

The gauge bosons U and V , both, have two units
of lepton number, it means L =2. Here L is the total
lepton number, give by L=L,+L, +L, . This model
does not conserve separate family lepton number, L

L, and L, but only the total lepton number L is
conserved.

We can define the charged gauginos, in analogy with
the gauge bosons in the MSSM, in the following way

[15]

v (x)= —iz(/l,i(x)m/l,i(x)),
25 (x)= —%(ﬂ;‘(x)imi(x)),

(26)

| would like to thanks E. Gregores that call my attention to this
dangeours Higgs decay channel.
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We can calculate the Higgs couplings to the usual
leptons on this model, it is given by L, see Equation
(129) at Appendix 8. We get the following lagrangian
[2.3]

L= %(_ERIIJLUO + v 77 +‘7aCRIaL77;)+ He (27)
the coupling L, is
p— 3 ~
L o= Qs Z(GsiuiRU + G3idiRp)
i=1 (28)

2 3 L )
+ZQaLZ(FmUiRP +F,dign )+ H.c.
a=1 i=1

In this model leptons with same flavor don’t couple
with the neutral Higgs, therefore our lighest Higgs
doesn't couples with two electrons® and of course it can
decay in the following way H, —e*x*, and their
coupling is 4, =107, see [21], due this fact our light
Higgs with mHlo =110,5 GeV was not detected [19] by

the experiment Large Electron Positron (LEP).

We have already showed that in the Mg ller scattering
and in muon-muon scattering we can show that left-right
asymmetries Ay (II) are very sensitive to a doubly
charged vector bilepton resonance but they are insensi-
tive to scalar ones [33-35].

Similarly, we have the neutral currents coupled to both
Z° and Z'° massive vector bosons, according to the
Lagrangian

gM

NC Z = m
L7=-——=w7"v

2 M,

101,
[Zm —EW Zrn:l (29)

with h(t)=1+4t?, for neutrinos and

M T.m T.m ! ! '
£he= —% 'Vlvzv (177 (w +a0°)1Z, +T7" ( +ai7°) 12, ]
(30)
for the charged leptons, where we have defined
v, =-1/h(t), a =1,
v =—J3/h(t), a =v/3.

We can use muon collider to discover the new neutral
Z'"° boson using the reaction e — ue it was shown
at [34,36] that Ay (ue) asymmetry is considerably
enhanced.

The Lagrangian interaction among quarks and the Z°
is

tom SN[ (s e, O

where i=u,c,t,d,s,b,J;,J,,J;; with
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W= (3+4t) /3n(t), a’ =-1,

VO =—(3+8)/3n(t),  a®=1,

Vot = -20t°/3n(t), at =0,

v’z =v™ =16t/3h(t), a2 =a"=0.

There is also the usual QCD Lagrangian given by
£‘q3CD=: 9.G“T7,9 (32)

the lagrangians presented at Equations (24, 29-32) are
the same as appear in the 331 model [2,3]. In those
lagrangians appear a lot of interestings phenomenolo-
giacal studies presented at [37-40].

We can, also, study the following process resulting in
at least three leptons coming from pp collision, throught
the following reactions?

g+d>U"+J, g+u—->U"+]j,,
d+d >U"U ", d+T>U " +V". (33)

For example the first process has the following
Feynmann diagrams drawing in Figures 1, 2. Similar
diagrams can be drawn to the process g+u—>U"" + j,
(change d »>u and J — j).

As first results, in Figure 3 we present the differencial
cross section, get from the program COMPHEP [41], to
the process gd — JU ™ as function of cos(pl, p3). We
can conclude from this figure that the pair JU ™ will
be produce in a dominant way in the forward direction,
in the backward direction we get small differencial cross
section.

d J

Figure 1. gd — U™"J exchanging quark-d .

g J

Y

»

Figure 2. gd — JU™ exchanging quark-J .

2l would like to thank to Alexander Belyaev that call my attention to the
first process.
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G,d— > j1,U—
)
&
b|CI
=
1
0.1
107
T LEN B B e e S B B S S S R |
—1.0 —0.5 0.0 0.5 1

cos(pl,p3)

Figure 3. Differential Cross Section gd —» JU ™.

We have also calculated the cross section to these
process as function of M, and M; and our results
are shown in Figure 4(a) and Figure 4(b) respectively.
In Figures 5(a)(b) we present the results on forward-
baskward asymmetry as function of M, (M;) respec-
tivelly. Similar results can also be get to the process
g+u—->U"+]j, .

In Figures 4, 5(a) we fixed M; =400 GeV and in
this case we get bigger total cross section and forward-

G,d— > j1,U—
E
)
0.24
0.16-
0.084
1 T T T
200 400 600 800
My[GeV]
(3
G,d— > j1,U—
£ 0.060
C\-" .
é 0.0551
O
0.050
200 400 600 800
Ml
(b)

Figure 4. Total Cross Section gd —» JU™ as function of
M, (a) and M, (b).
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G,d— > j1,U—

=
=
’T:

0.901

0.857

0.80

0.757

I 1 1
200 400 600 800
My[GeV]
@)
G,d— > j1,U-

£0.801

0.78

0.764

T T T
200 400 600 800
M;[GeV]
(b)

Figure 5. Asymmetry gd — JU™" as function of M, (a)
and M, (b).

baskward asymmetry if the U™ boson mass is lower
than 400 GeV. In the right figures we fixed

M, =400 GeV and near M, =300 GeV we get
minimal point to both the cross section and forward-
backward asymmetry to other values of M, we get
bigger values than in this case.

From Equation (32), the new gauge bosons can decay
in the followings channels U“—>(Td,u‘1ﬁ,l‘l‘) and
V™ — (Ju,dj,,I"v). These decays modes are shown in
Figure 6. The heavy quarks J, j and j, can decay
to the light quark via V*/U" emission to produce
bilepton final states with a specific decay signature, see
Figure 7.

We can conclude, from the Figures 6, 7, that the J
quark will decay mainly in I"I"d or I"vu modes
without any restrictions coming from the new bosons
gauge masses, because these particles are virtual on this
decay. While the j quark can decay in I'vd and
I'Ia.

By another hand, the U decay will depend of M,
and Mjﬂ masses. We show in Table 1 all possibles
decays modes to this gauge boson.

The width of the U boson is drawing in the Figure
8(a) as function of its mass. We see in this figure that the

Copyright © 2011 SciRes.

J,d,I"
W@<

usj[jsv

m<
d, jyI”

Figure 6. U and V decay in two particles.

u,d
‘Jé

vt , U+

U

d
j ;
Vv

Figure 7. J and j decay in ordinary quarks and bileptons
that will decay too.

O

width increase with the mass until M, =800 GeV
when it become constant. In Figure 8(b) we draw I’
versus M, , while in Figure 8(c) we plot T', versus
M; where we have fixed M, =400 GeV.

We also present the width of the V boson versus its
mass in Figure 9(a) as function of its mass. In Figure
9(b) T, versus M, isshown, while in Figure 8(c) we
plot I, versus M;. The behavior of these plots are
simlar of the U boson.

We can see that the main signal to the channel we
have analysed is gd —» JUIIX . Of course three
processes, given at Equation (33), must be better studied
but from our analyse we can say the experimental signal
from these proces is the three lepton production. We
know that this kind of signal can be detected at Large
Hadron Collider (LHC) if they really exist in nature.

There are background come mainly from the SM and
from MSSM [29,30]. The background from the SM
comes from the W*Z*, W*y*, Z*Z* and {q. The

Table 1. All possibles decays to the U boson.

Case number Mass relation decay mode
1 My >M;, My >M; J, o, I
2 My <M, My >M; Jd, I
3 My > My, MU<MJ. ud , I°1°
4 My <My, MU<MJ -1~

Table 2. States coming from JU™ " decay.

I'I'd I'I"dd I'vu |"1°dd
I‘I'd  I"vid I'vu |"vid
I'I'd  I'I"ou I'vu |'l'ou
I'I'd I'I” Ivu I°I0

(L
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Utt—>2x X

Utt—>2x X

g —— = 24 '% 24
= S, S,
£10 B el =21
18
18
! 15
200 400 600 800 200 400 600 800 200 400 600 800
My [GGV} My [GGV} JW]‘ [GeV]
(@ (b) (©
Figure 8. U decay width as functionof M, (a), M, (b)and M; (c).
V4 —>2xX V4 —>2%X V4 —>2%X
> — B3 >
g § 2 &2
=10 =~ >
= I = 21
18
1 18
200 400 600 800 200 400 600 800 200 400 600 800
My, [GeV} MJ [GQV} ]V[]‘ [GEV}
(@) (b) (©
Figure 9. V decay width as functionof M, (a), M, (b)and M; (c).
W*Z* and W*y* background are known to be the S =g 0.,40.,0. —20..9
major source of background come from the SM, where #viaf = SpaSvp T SupSve TIuvSaf?
H - - 0 +1- _
we have trle_followmg decays W™ =17y, Z2° > 1"l Vs =9,0905 = 9,095
and y — 1”17, for the three lepton channel. The second
largest background font to three leptons channel is from U s = 9,590 — 9,9,
qq events. Finally, the remaining three leptons back- (34)

ground which should worry about is the Z*Z* jet
production.

In the MSSM the charginos, neutralinos, gluinos and
squarks pair production leads to a trilepton signature too.
The trilepton final states that could arise from the decay
of charginos 7; and neutralinos 7,. For the reaction
a7 7, where 7' — #1% and 75— 71",
and 7Y is the LSP. The v, and two LSPs do not
interact and manifest themselves as missing energy. The
resulting final states is three isolated charged leptons
plus missing energy. While the squarks § and the
gluinos § have the following interactions 6, 6§
and §§ and the decays of squarks and gluinos are
d—qz’ and §—>qqz [28-30],

To finish this analyses from interactions of gauge
bosons, we can study £, given at Equation (126) at
Appendix 8. From this lagrangian we can derive the
following Feynman rules given the trilinear and quartic
coupling. On this case we get the same results presented
[42,43], given at Table 3. Here the following notations
were used

Copyright © 2011 SciRes.

4. R-Parity

The R-symmetry was introduced in 1975 by A. Salam
and J. Strathdee [44] and P. Fayet [22] to avoid the
interactions that violate either lepton number (L) or
baryon number (B) conservation. There is very nice
review about this subject in Refs. [45,46]. More precisely,
R-parity can be written as

R - (_1)3(BfL)+25 (35)

where S is the spin of the particle.

We said above that only the total lepton number, L,
remains a global quantum number (or equivalently we
can define F =B+L as the global conserved quantum
number where B is the baryonic number [11]). However,
if we assume the global U (1)_ symmetry, it allows us
to introduce the R -conserving symmetry, defined as

R= (—1)3F+25 . The F number attribution is
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Table 3. Trilinear and Quartic couplings in the MSUSY331.
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Vertex coupling constant/e
AW 1
ZWW- Yty
NV 1
AV ~(1+ 2} ) sin 24,
AU 2
zZuru— (1-4s], ) sin 24,
PAVAYE - 3(t-4s}) fsin 28,
Zutu— —\/m/sin 26,
Uvw® Y(Vas,)
U WV Y(Vas,)
W, W, W W, S
VIV, VY, S s
Usu Ui, S
WV, Supva /2
W W, U, S s /2
V.V, U, S s /2
Yy W, ~SuS 0
70NN, ~SuS 0
7V Uy ~484S,00.ap
Z,ZW,W, S s
Z,ZV.V; ~( ~ 38wty ) S,0p /4
Z,2U;u; ~(cy =38ty )" S,0p /4
Z/ZN,V, —3(1—3@)5#%% /4
Z,ZU;U, -3(1-3})S,, /4
Y ZWW, ~CoSw S, ap
72NN Sw (G +38ty ) S0 05 /2
72V Uy =S (G =38ty ) S s
7ZNV, Sw(3=9 ) S s /2
7, LU, Sy (3= 9 )S,. s
2,2V, ~(w 33t )/(3-967) 8,0, /4
Z,20°U, (G 35wty ){/(3-9%, ) S, 0 /4
Z)W, VU, 6(1-3t) ) S, ./
7 WVU S 38,V 05 /2
ZWV, U, 3(SutSumap + U )/ (242)

Copyright © 2011 SciRes.

(36)

with F =0 for the other Higgs scalar, while for leptons
and the known quarks F coincides with the total lepton
and baryon numbers, respectively.

Choosing the following R-charges
n,=n,=-1,n =n,=1n =n,=0,

ng =12, n, =-1/2, n,=-3/2,

n =ng =

@37)
it is easy to see that all the fields n, ', »., ', p,
P, L, Q,u, d and J, have R-charge equal to
one, while their superpartners have opposite R-charge
similar to the MSSM. The terms which satisfy the
defined above symmetry (37) are given by

W = 1,017+ 1, 00"+ 1, 77+ Do Loy L7 + Ty&07m)
+ fl,gﬁ,/%,ﬁ,—i_l(laiQaLﬁﬁicL +K3aﬂQa|_?2j;L
+ Ky Q10 + KAaaiQaL aLdlL + K5|Q3|_'7 Uy
+ QP +1,Qy 7 ‘JE
(38)
In this case only the quarks get masses. However not
all of the leptons get mass. This is because the Yukawa
coupling 4,,, is only non-zero when it is antisymmetric
in the generation indices (a,b ). In the usual 331 model
to generate the charged lepton masses we have to
introduce an antisextet, as we don't introduce this scalar
in our model the charged leptons are massless in this
case. The neutrinos are also massless.
However, if we want to allow neutrinos to get their

masses and at the same time avoid the fast nucleon decay

we can choose the following R -charges
n =n,=n,=n,=n,=-n =n,=0,
Ny, =1,n

In this case, the terms allow in our superpotential are

=n, =n, =-1L (39)

u i i

W = 14, I:aLUA, + ﬂqﬁﬁ' + ﬂpﬁﬁ’ + ﬂﬂ?f(, + ﬂiabc‘c"I:aL I:bL I:cL
+ hoae Lo L+ doge Ly 2+ Kb+ Heb 7'
+ Ky Qu AU + K5 Quutd, + s Qu 7T
+ K4aai(§aL I:aLaicL + KSiQ3Lﬁ,0iCL + K6iQ3L/b,aii
+ K7(§3L;2'jf
(40)
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In our superpotential, we can generate mass to
neutrinos, as we will show in the next section. We
maintain the proton stability at tree-level [12-14].
However it is not enough to forbid the dangerous
processes of nucleon decay. Fortunatelly our super-
potential forbid the neutron-antineutron oscillation, see
Refs. [29,30,45-47].

The last term in this superpotential induce the
following nice process [29,30,45]

1) Double Beta Decay without Neutrinos

2) New contributions to the Neutrals KK and also
BB Systems;

3) An additional contribution to the muon decay;

4) Charged Current Universality in n and 7
decays;

5) Charged Current Universality in the Quark Sector;

6) Leptonic Decays of Heavy Quarks Hadrons such as
D" - K%,

7) Rare Leptonic Decays of Mesons like K* — n'viv,

8) Hadronic B Meson Decay Asymmietries.
it also give the following direct decays of the lightest
neutralinos

A —-Ead, @ - hud,,

5(10 _>‘7iajdk: ;210 _)Vidjak' (41)
and for lightest charginos

A —>Ii*ajdk,;2f >,

novdu, 7 —vud,. (42)

These very nice aspects also is hold in SUSY331RN

and in SUSYECO331 models [48].
5. Chargino and Neutralino Production

However, on this model we have doubly charged vector
bosons and scalars, respectivelly. This means that in
some supersymmetric extensions of these kind of models
we will have double charged charginos [15,49,50]. On
this model the charginos can decay in the following way

;Z++ N |~+|+’U ++}ZO ,
2 27 MAVAS AN
~0 ~ 0~0 14— o,
A A AT 2 N A (43)
Possible two body modes decays of sleptons are
[ AN R RV
R T e A (44)

In a previous work [15,49,50] we have have calculated
the total cross section to the reactions

Copyright © 2011 SciRes.

ee > 7 7 >V 2 >y plviud,
ee > 7 P ->U 1T 11 7%y dr.
(45)

we know that the ILC will start to run with /s =0,5
TeV and therefore this detector can detect them if they
really exist in nature.

Take this information into account we can say that

ee” — 7 7° >three leptons+ jets+mixing energy .
(46)

Again another interesting signal that can be measured
at the International Linear Collider (ILC).

Naturally these particles can also be detected at LHC
through, in a similar way as described above, throught
the processes

pp — 7' 7  —three leptons + jets + mixing energy ,

pp — 7 7° — three leptons + jets + mixing energy,
(47)
and on this case we thinks it will be intersting to study
these process to the LHC.
6. Mass Spectrum

Here in this article, we want to present the mass
spectrum of the Minimal Supersymmetric 3-3-1 model.
We will present first the results in the fermionic sector,
then in the bosonic sector.

6.1. Leptons Masses

In a previous work we have shown that, in the
MSUSY331, we don’t need to use the antisextet to
generate the masses to the leptons.

Let us first considered the charged lepton masses.
Denoting

¢ = (e iy A T P )
¢ = (e pr, =iy = T BT
(48)

where all the fermionic fields are still Weyl spinors, we
can also, as before, define W* = (44 ), and the mass

term —(1/2)[ W*TY*¥* + H .c.]T where Y is given by:

. (0 X7
Y _[x oj (49)

with Equation (50)
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where we have defined v,v',u,u’,w and w' at Equa-
tion (20).

The chargino mass matrix Y* is diagonalized using
two unitary matrices, D and E, defined by

7 =Dy¥, n =B, i,j=1,-.9 (51)
(D and E sometimes are denoted, in non-supersymmetric
theories, by U} and U/, respectively). Then we can
write the diagonal mass matrix as

M, = E'XD™ (52)
To determine E and D, we note that
MZ, =DXT-XD*=E'X-XT(E')" (53)
and define the following Dirac spinors:
v(z)=(z &) ov(z)=(z 7)) &

where 7' isthe particleand J; is the anti-particle.
We will use the following values for the dimensionless
parameters

ey = 0.001, 4, =0.001, 4,,, =0.393,
Ay =0.0001, 4;, =1.0, 4, =1.0,
(55)
f,=0.254, f' =10 (56)

and for the mass dimension parameters (in GeV) we have
used:

1203
4, =300, 4, =500, 1, = 700, m, =3000 (58)
We also use the constraint V.?+V? = (246 GeV )’

coming from M,, , where, we have defined V? = v +v/*
2,2 12 H
and V7 =vZ +v". Assuming that
v, =20GeV, v, =v, =1GeV,and 2v, =v, =2TeV,
(59)

the value of v, is fixed by the constraint above.
We have obtained, considerating Equations (55-59),
the following masses (in GeV) for the charged sector:

m_, =3186.05, m , =3001.12, m , =584.85,
x9 Ve X7

m_, =282.30, m_, =204.55 m_, =149.41, (60)
%6 75 V7

and the masses for the usual leptons (in GeV) m, =0,
m, =0.1052 and m, =1.777.

We can say from the values presented above that we
can detect at ILC or LHC several charginos (since 7;
until at least 7; ) using the processes given at Equations
(43,45).

Notice, from Equation (60), that the electron is
massless at the tree level. This is a result of the structure
of the mass matrix in Equation (50) and there is not a
symmetry that protects the electron to get a mass by loop
corrections. We obtain that the dominant contribution to
the electron mass is, up to logarithmic corrections [21]

m.
m, o Ay AL VAV (V2 +V2 ) —= | 61
/uge = )uo‘u = OO, ﬂor :10—6 (57) e aei”"a'ej " j 'b ( V4 x )gmé ( )
0 _ﬁv _@V 0 0 Hoe 0 _&W 0
3 3 2 3
Y TV S O VA R TRV
3 3 2 3
@V ﬂ'zw v 0 0 _Hoo —&W 0
3 3 2 3
0 0 0 m, 0 —gv’ 0 gu 0
X = 0 0 0 0 m, 0 gv 0 —gw (50)
0 0 0 o o oo ™o,
2 3
_Hoe  _Houw ot 0 -—gv 0 _H 0 _AV
2 2 2 2 3
0 0 0 g o W o A
3 2
_&u _&u — ﬂ?’f u 0 gw 0 _M 0 _i
3 3 3 3 2
Copyright © 2011 SciRes. JMP
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and with all the indices fixed, V; denotes mixing matrix
elements in the two dimension j,, space, V, means
the same but in the d-like squark sector. We obtain
m, =0.0005GeV if v, and V) have the values already
giving above.

6.2. Neutralinos

Like in the case of the charged sector, the neutral lepton
masses are given by the mixing among neutrinos,
gauginos and higgsinos. The mass term in the basis

WO = (v, v, —i28 128~ ik 5 7). (62)

is given by —(1/2) [(‘{10)T YOWO 4+ H c} where (63).

All parameters in Equation (63), but m’, are defined
in Equations (20), (55) and (58); g and g’ denote the
gauge coupling constant of SU(3), and U(1), , res-

M. C. RODRIGUEZ

pectively.
The neutralino mass matrix is diagonalized by a
12x12 rotation unitary matrix N, satisfying

Mo = NYONL, (64)
and the mass eigenstates are
7= NS, =112, (65)

We can define the following
represent the mass eigenstates

- 0 =0\

v(7)=(2 7)) -

As above the subindices a, b, c run over the lepton
generations e, i,z .

We get, considerating Equations (55-59) and m’' =

—3780.4159 GeV, the following mass spectrum (in

GeV), see mass matrix in Equation (63), to the neu-
tralinos at the tree level

Majorana spinor to

(66)

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 m 0 0
0 0 0 0 m, 0
0 0 0 0 0 m’
YO = gv gv
0 0 0 — — 0
V2o s
_Hoe  _Hou Mo QU Qv 0
2 2 2 J2 J6
Ao Fou s Ao Qu gu gl
3 3 3 2 2
gu! gu! glu!
0 0 0 = -= -=—=
V2 J6 V2
&u hu %Tu 0 _igw _g_W
3 3 3 J6 2
2 gw'
0 0 0 0 —gw ==
NN

Copyright © 2011 SciRes.

0 —“;" %w 0 %u 0
0 —% A; w0 A; u 0
o g g gu 0 0
V2 V2o 2 2
gv gv"  gu gu’ 2
= = = = ———gw —gw
J6 N J6 6 6
o o 8U _ov _gw gw
V2 V2 V2o 2
0 _H _M 0 M 0
2 3 3
My 0 o f'w' 0 f'u’
2 3 3
_M 0 0 _ﬂ_p _M 0
3 2 3
o w4, 0 0 RV
3 2 3
M 0 _ﬂ 0 0 _'u_l
3 3 2
0 f'u’ 0 fv 0
3 3 2
(63)
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m, =-4162.22, m , =3260.48, m , =3001.11,
1

n2 210

m, =585.19, m , =-585.19, m , =453.22,  (67)
9 8 Vi
m_, =-344.14, m , = 283.14, m , = —272.0,
x5 x4

s
and for the three neutrinos we obtain (in eV)
m,=0m,~-001,m,~144. (68)
n X2 3

The neutrino masses in Equation (68) are of the order
of magnitude for LSND and solar neutrino data.

6.3. Double Charged Charginos

We will use the following notation

++ § g+t ~++ ~rr\!
p (- B ).
Ca ey A\t
vo=(-iy A 7).
and
++ ++ —\!
vt o), (69)
we can write the following equation [15]
1 t
Ldouble = () yHyit +hc, 70
e =5 (1) (70)
where
++ O Tt
Y* = : 71
[T OJ (71)

with Equation (72)
The matrix Y™
following relation

£+ - -4
det(Y /u) detKT

in Equation (71) satisfy the

Zﬂzdet(%—r T),

so we only have to calculate T'-T to obtain the
eigenvalues. Since T'-T is a symmetric matrix, A°
must be real, and positive because Y** is also
symmetric.

The double chargino mass matrix is diagonalized
using two rotation matrices, A and B, defined by

=AY A =B 0 j=1,5. (74)
where A and B are unitary matrices such that
Mpee = BTA™, (75)

the matrix T is defined in Equation (70). To determine
A and B, we note that

MZ = AT -TA=BT.T!(B")",  (76)

which means that A diagonalizes T'-T while B
diagonalizes T-T'. It means
diag(mﬂ ) =[BTAY] =m 5.  (77)
X ] Vi

We performe the diagonalization procedure, as used to
charginos and neutralinos. We get the following
numerical results in GeV
m., =1944,m_,, =343.3,m ., =452.2,

1 X2 13"

fa
m,, =652.1, m_,, =3187.
V7 x5

We can say from the values presented above and from
Neutralinos that we can detect at ILC or LHC double
charginos (since 7 until at least 7;*) and neutralinos
(since 7’ until at least 7g) using the processes given
at Equations (45,47) at ILC or LHC.

We define the following Dirac spinors to represent the
mass eigenstates:

v(z )=z ) v e = w7

(73) (78)
-m, —gu gw’ % —%
gu’ %’ —[flévr—«/i%z’] 0 %w’
T=|_gw —[%—«/ﬁ%zj %’ %u 0 (72)
—% 0 %u’ ”73 0
% %w 0 0 “75
Copyright © 2011 SciRes. JMP
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~tt —

where 7" is the particle and j,~ is the anti-particle,
(we are using the same notation as in [20]).

6.4. Quarks Masses

Let us first considered the u-quarks type.There are
interactions like

Ksgi

—{%(Qs’fuic +63;’Uicj+T(Qa'0uic +6"‘/_0u_ic ):|  (79)

which imply a general mixing in the u-quark sector.
Denoting

vis(w uow) vy =), @)
where all the u-quarks fields are still Weyl spinors, we
can also, define W :(l//:l//u_)T . We can define the
mass term —(Y2)[ W'Y, W, +Hc| where Y s

given by:
T
Y;:(O Xu], (81)

with

’

KsU KoUKV
— ’
X _5 KU KepU K,V | (82)

’
KisU Koyl K5V

where the VEVs are defined in Equation (20)
The u-quarks mass matrix Y," is diagonalized using

two rotation matrices, D and E, defined by
u’ = DijWJj: U =By, i,j=1,2,3. (83)

Then we can write the diagonal matrix (D and E
are unitary) as

M, =E"X,D™. (84)
In order to determine D and E, we note that
MZ=DXX,D =EX,X[(E)", (8
and define the following Dirac spinors
w(u)=(u* U’)T e (u)= (u’ ar )T . (86)

We can perform similar analyses to the d-quark
sector.There are interactions like

—|:%(Q3p'dic + @EEC}%(%WF +6a5ac ):| '
(87)

which imply a general mixing in the d-quark sector.
Denoting

Copyright © 2011 SciRes.

T

+ C C c T -
L :(dl d; da) v Wy :(dl d, da) . (88)
where all the d-quarks fields are still Weyl spinors, we
can also, define W :(://d*y/d’)T We can define the

mass term —(UZ)[‘PjTYj‘Pj+H.C.] where YF s

given by:
0 X
Y, = 4, 89
f [Xd oj (89)

with
KV KV KyggV
X4 25 KV KypV KV | (90)

' ’ '
KU KU KU

where all the VEVs are defined in Equation (20).
The d-quarks mass matrix Y, is diagonalized using
two rotation matrices, F and G, defined by

d" =Ry, 4 =Gy, i,]=1,23. (91)
We can determine F and G in the following way
MZ=FX]X,F1=G"X, X} (67) ", (92)
and define the following Dirac spinors
w(d)=(d" d),we@)=(d d7). (9

In general the Yukawa couplings «;;,x;,, k, and
K, are different of zero and all quarks get their masses
as happen in the SM and in the MSSM. However, we
know that the quarks s,t are heavier then the quark
c,b andthe quark U is lighter than the quark d .

We can try to given an reasonable explanation about
these mass hierarchy in this model. In order to get this
explanation we can suppose that the Yukawa couplings
O(k1,) = O(ky,) = O(ky ) = O(ky,) are much smaller
than the other Yukawa couplings that appear at mass
matrices of the usual quarks. This hypothesis means we
are going to neglect the mixing between the first and
second familly with the first familly.

Under this supposition we can rewrite our mass
matrices, given at Equations (82,90), in the following

way
X, :1(’(511 K521Ju ’

3\ K1y Koy
K K
X, 21( 411 412]V (94)
3\ K1 Kupp

We know from Equation (59) that u>v then
Equation (94) explain why the quarks of charge (2e)/3
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are heavier than the quarks of charge (—e) /3 .
By another way

m, =%1c13v’, my =%1<23u’, (95)
but, from Equation (59) we notice that v'~u’ and if
K, > K; We can explain why d -quark is a little more
heavier than U -quark.

There are another way to try to explain the mass
hierarchy between the fermions. If we look from
Equations (50,82,90), it is easy to note that we can
prevent u, d, s and e from picking up tree-level masses.
To get this result we need to impose the following Z,
symmetry on the Lagrangian

d; >-d;, d >-d;, & >0, I >, (%)

the others superfields are even under this symmetry as
showed at Ref. [51]. On this case, it was showed that
under Z, symmetry the heavy quarks c, b and t
acquire mass at tree level while the light quarks (u,d,s)
get their mass at 1-loop level.

There is another intersting possibility to get u, d
light. We can introduce a new discrete T' flavor
symmetry as done in [52].

6.5. Masses of Exotic Quarks

We will consider the J-quark type. There are interactions
like

—[%(ng'f +Qu 27" )} : (97)

which imply one diagonalized state with the following
mass

M s :—%a)'(JJ°+ﬁ°). (98)

The another exotic quark j. There are interactions like

—[’“ﬁ;ﬁ (Q.xij+Q. 21 )} : (99)

which imply a general mixing in the j-quark sector.
Denoting

:C ;C T - - H :

V/;:(Jl Jz) v Vi _(Jl Jz)Tl (100)
where all the j-quarks fields are still Weyl spinors, we
can also, define W! :(://J.*,l//j’)T We can define the
mass term —(UZ)[T?TYJ.*‘I’f + H.C.:| where Y;* is given
by:

Copyright © 2011 SciRes.

. 0 XE
Yy = , (101)
X; 0
with
X =1 KguW  KgoW (102)
D3 KW KW 7

where the values VEVs are defined in Equation (20).
The j-quarks mass matrix is diagonalized using two
rotation matrices, H and |, defined by

+

ja = Haﬁl//}rﬂl J; = Iaﬁl//Iﬂ' a'ﬁzllz' (103)

Then we can write the diagonal matrix (H and |
are unitary) as

" -1
M, =1"X;H™. (104)
We note that
2 P 1
MP=HX]XH™* = 1"X,X] (1) . (105)

The masses of physical j are

1 2
M W E(Kell + Kepp + \/(K611 — Kep)” + AKe19Ke )W '

1 2
M i~ E(Ken + Kgpo _\/(Ksn —Kgpp) +AKg10K50 )W .

(106)
Notice that if «,, iszerowe get that

M, = "oy and M, =Ko\ (107)
v 3 2 3

therefore «,, and «, can be both zero that both j;
and j, are massive.

If we consider that O(x;), O(xgy) and O(xgy,)
are the same order, for example O =107 for example,
it means from Equations (59,98,107) that J -quark is
heavier than j,, quarks and their masses are in TeV
scale.

We define the following Dirac spinors

w(i)=(i" 7). ¥e(i)=(i" 7). o8
6.6. The Masses of Gluinos

It is well known gluinos are the supersymmetric partners
of the gluons. Therefore gluinos, as in the MSSM, are the
color octet fermions in the model and due the fact that
the SU(3), group is unbroken, it means the gluinos can
not mix with any others particles in the model, then they
are already mass eigenstates.
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Their mass, is one of the soft parameter that break
SUSY, can be written as

g (109)

so that its mass at tree level is m, = ‘mic‘ , as denoted at
Equation (16) and Refs. [12-15], where

—iad

gé = ic , a=1,--.8 (110)
12

is the Majorana four-spinor defining the physical gluinos

states.

6.7. Gauge Bosons Masses

The gauge mass term is given by £ 3% which we can
divided in £ gnd £ "™ see Refs. [12-15].

mass mass

The neutral gauge boson mass is given by
A
[’nme;stsral :(Vam VBm Vm)M2 V8m ! (111)
Vm
where
M 2 = g_z
2
(v2 +u2) i(v2 —u2) —2tu®
NG
1 2 2 1 2 2 2 2t 2 2
| —=(v"—-u —(ve+u+4w°) — (U +2w
(v -v) 5 ) Sl aw)
2t
—2tu? —(u®+2w? 4t% (u? +w?
2 o) ac(uew)
(112)
with t=g'/g.

In the approximation that w? > v?, u?, the masses of

the neutral gauge bosons are: 0, M’ and M2, and

the masses are given by

J19°+49”
4 g®+3g"”

M2, z%(g2 +39'2)(vj +vj).

2 2 2 2 2
M (v}7+vp+vn,+vp,),

(113)

The charged gauge boson mass term, £ e see

Refs. [12-15], can be written as
Loereed = MZW W™ + M2V V™ + MU U

mass

(114)
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where
g2
M2 = T(V; V2 VS V),
gz
M :T(vj +V2 V2 +vf;,),
gz
M2 :T(V: +V v +v§,). (115)

Comparing Equations (113,115) we can conclude
M, >M, >M, >M, >M,,. (116)

Using M,, given in Equation (115) and M, in
Equation (113) we get the following relation:

M 2 2
g :1+4t2 _ 1 ’ (117)
M, 1+3t* 1-sin%6,
therefore we obtain
sty (118)
1-4sin?6,

We want to mention that the gauge boson sector is
exactly the same as in the non-supersymmetric 3-3-1
model.

We use Equation (59) in Equations (113,115) to get
the following masses values for the gauge bosons

M, =734.63 GeV, M,, =730.28 GeV,
M,, =80.40 GeV, M, =91,3GeV, (119)
M, =2698,94 GeV.

These values satisfy the Equation (116) and M,, and
M, are in agreement with the experimental limits. The
lower limit in Z' boson is M, >822 GeV [53] and
our mass is in agreement with this experimental limit.

7. Conclusions

In this paper we have presented new R-symmetry for the
minimal  supersymmetric  SU (3), ® SU(3), ®U (1),
model and studied all the spectrum from the fermion's
sector and gauged’s boson sector of this model. We also
show that some of the new state as 7, ,, 7 7, Zio:
j, and J can be discovered by LHC or same ILC, if
they really exist.

The new R-parity not only provides a simple
mechanism for the mass generation of the neutrinos but
also gives some lepton flavor violating interactions at the
tree level. This will play some important phenomenology
in our model such as the proton’s stability, forbiddance
of the neutron-antineutron oscillation and neutrinoless
double beta decay.

JMP



M. C. RODRIGUEZ

8. Acknowledgments

This work was financed by the Brazilian funding agency
CNPq, under contract number 309564/2006-9.

9. References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

M. Singer, J. W. F. Valle and J. Schechter, “Canonical
Neutral-Current Predictions from the Weak-Electromag-
netic Gauge Group SU(3)® U(1),” Physical Review,
Vol. D22, No. 3, 1980, pp. 738-743.
doi:10.1103/PhysRevD.22.738

F. Pisano and V. Pleitez, “An SU(3)® U(1) Model for
Electroweak Interactions,” Physical Review, Vol. D46,
No. 1, 1992, pp. 410-417.

doi:10.1103/PhysRevD.46.410

R. Foot, O. F. Hernandez, F. Pisano and V. Pleitez,
“Lepton Masses in an SU(3), ® U(1),, Gauge Model,”
Physical Review, Vol. D47, 1993, pp. 4158-4161.
d0i:10.1103/PhysRevD.47.4158

R. Foot, H. N. Long and T. A. Tran, “SU(3), ® U(1),
and SU(4), ®U(1), Gauge Models with Right-Handed
Neutrinos,” Physical Review, Vol. D50, 1994, pp. 34-38.
doi:10.1103/PhysRevD.50.R34

J. C. Montero, F. Pisano and V. Pleitez, “Neutral Currents
and GIM Mechanism in SU(3), ® U(1), Model for
Electroweak Interactions,” Physical Review, Vol. D47,
1993, pp. 2918-2929. doi:10.1103/PhysRevD.47.2918

H. N. Long, “SU(3), ® U(1), Model for Right-Handed

Neutrino Neutral Currents,” Physical Review, Vol. D54,
1996, pp. 4691-4693.
doi:10.1103/PhysRevD.54.4691

H. N. Long, “SU(3). ®SU(3), ® U(1), Model with
Right-Handed Neutrinos,” Physical Review, Vol. D53,
No. 1, 1996, pp. 437-445. doi:10.1103/PhysRevD.53.437
P.V. Dong and H. N. Long, “Electric Charge Quantiza-
tion in SU(3), ®SU(3), ® U(1), Models,” Interna-
tional Journal of Modern Physics, VVol. A21, 2006, pp.
6677-6692. doi:10.1142/S0217751X06035191

H. N. Long and V. T. Van, “Quark Family Discrimina-
tion and Flavor Changing Neutral Currents in the
SU3). ®SU3), ®U(1) Model with Right-Handed
Neutrinos,” Journal of Physics, Vol. G25, 1999, pp.
2319-2324.

H. N. Long and N. Q. Lan, “Selfinteracting Dark Matter
and Higgs Bosons in the SU(3). ®SU(3), ® U(1)
Model with Right-Handed Neutrinos,” Europhysics Let-
ters, Vol. 64, No. 4, 2003, pp. 571-577.
d0i:10.1209/epl/i2003-00267-5

V. Pleitez and M. D. Tonasse, “Heavy Charged Leptons
in an SU(3), ®U(1), Model,” Physical Review, Vol.

D48, No. 5, 1993, pp. 2353-2355.
doi:10.1103/PhysRevD.48.2353

Copyright © 2011 SciRes.

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

1209

T. V. Duong and E. Ma, “Supersymmetric SU (3) ®U (1)

Gauge Models: Higgs Structure at the Electroweak En-
ergy Scale,” Physics Letters, Vol. B316, 1993, pp.
307-311. doi:10.1016/0370-2693(93)90329-G

H. N. Long and P. B. Pal, “Nucleon Instability in a Su-
persymetric SU(3). ®SU(3), ® U(1) Model,” Modern

Physical Letters, Vol. A13, 1998, pp. 2355-2360.
d0i:10.1142/S0217732398002503

J. C. Montero, V. Pleitez and M. C. Rodriguez, “A
Supersymmetric 3-3-1 Model,” Physical Review, Vol.
D65, 2002, pp. 035006-1-035006-13.

M. Capdequi-Peyranere and M. C. Rodriguez, “Chargi-
nos and Neutralinos Production at 3-3-1 Supersymmetric
Model in e- e- Scattering,” Physical Review, Vol. D 65,
2002, pp. 035001-1-035001-16.

J. C. Montero, V. Pleitez and M. C. Rodriguez, “Super-
symmetric 3-3-1 Model with Right-Handed Neutrinos,”
Physical Review, Vol. D70, 2004, pp. 075004-1-075004-
8. d0i:10.1103/PhysRevD.70.075004

D. T. Huong, M. C. Rodriguez and H. N. Long, “Scalar
Sector of Supersymmetric SU (3). ® SU(3), ®U (1),

Model with Right-Handed Neutrinos,” arXiv: hep-ph/
0508045.

P. V. Dong, D. T. Huong, M. C. Rodriguez and H. N.
Long, “Supersymmetric Economical 3-3-1 Model,” Nu-
clear Physics, Vol. B772, 2007, pp. 150-174.
doi:10.1016/j.nuclphysb.2007.03.003

M. C. Rodriguez, “Scalar Sector in the Minimal Super-
Symmetric 3-3-1 Model,” International Journal of Mod-
ern Physics, Vol. A 21, 2006, pp. 4303-4322.
d0i:10.1142/S0217751X06031600

H. E. Haber and G. L. Kane, “The Search for Supersym-
metry: Probing Physics beyond the Standard Model,”
Physics Reports, Vol. 117, No. 2-4, 1985, pp. 75-263.
d0i:10.1016/0370-1573(85)90051-1

J. C. Montero, V. Pleitez and M. C. Rodriguez, “Lepton
Masses in a Supersymmetric 3-3-1 Model,” Physical Re-
view, Vol. D 65, 2002, pp. 095008-1-095008-11.

P. Fayet, “Supergauge Invariant Extension of the Higgs
Mechanism and a Model for the Electron and Its Neu-
trino,” Nuclear Physics, Vol. B90, pp. 1975, pp. 104-124.
d0i:10.1016/0550-3213(75)90636-7

P. Fayet, “Supersymmetry and Weak, Electromagnetic
and Strong Interactions,” Physics Letters, Vol. B64, 1976,
pp. 159-162. doi:10.1016/0370-2693(76)90319-1

P. Fayet, “Spontaneously Broken Supersymmetric Theo-
ries of Weak, Electromagnetic and Strong Interactions,”
Physics Letters, VVol. B69, 1977, pp. 489-494.
doi:10.1016/0370-2693(77)90852-8

P. Fayet, “Mixing Between Gravitational and Weak In-
teractions through the Massive Gravitino,” Physics Let-
ters, Vol. B70, 1977, pp. 461-464.
doi:10.1016/0370-2693(77)90414-2

P. Fayet, In: A. Perlmutter and L. F. Scott, Eds., New
Frontiers in High-Energy Physics, Proceedings of Orbis
Scientiae, Coral Gables, 1978, Plenum, New York, 1978,

JMP


http://dx.doi.org/10.1103/PhysRevD.46.410
http://dx.doi.org/10.1103/PhysRevD.46.410
http://dx.doi.org/10.1103/PhysRevD.46.410
http://dx.doi.org/10.1103/PhysRevD.46.410
http://dx.doi.org/10.1103/PhysRevD.47.4158
http://dx.doi.org/10.1103/PhysRevD.47.4158
http://dx.doi.org/10.1103/PhysRevD.50.R34
http://dx.doi.org/10.1103/PhysRevD.50.R34

1210

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

M. C. RODRIGUEZ

p. 413.

M. C. Rodriguez, “History of Supersymmetric Extensions
of the Standard Model,” International Journal of Modern
Physics, Vol. A25, 2010, pp. 1091-1121.
doi:10.1142/S0217751X10048950

S. Dawson, E. Eichten and C. Quigg, “Search for Super-
symmetric Particles in Hadron-Hadron Collisions,”
Physical Review, Vol. D31, 1985, pp. 1581-1637.
doi:10.1103/PhysRevD.31.1581

M. Dress, R. M. Godbole and P. Royr, “Theory and Phe-
nomenology of Sparticles,” 1st Edition, World Scientific
Publishing Co. Pte. Ltd., Singapore, 2004.

H. Baer and X. Tata, “Weak Scale Supersymmetry: From
Superfields to Scattering Events,” 1st Edition, Cambridge,
2006.

J. Wess and J. Bagger, “Supersymmetry and Supergrav-
ity,” 2nd Edition, Princeton University Press, Princeton,
1992.

L. Girardello and M. T. Grisaru, “Soft Breaking of Su-
persymmetry,” Nuclear Physics, Vol. B194, 1982, pp.
65-76. doi:10.1016/0550-3213(82)90512-0

J. C. Montero, V. Pleitez and M. C. Rodriguez, “Left-
right Asymmetries in Polarized Lepton Lepton Scatter-
ing,” Physical Review, Vol. D58, 1998, pp. 094026-1-
094026-15.

J. C. Montero, V. Pleitez and M. C. Rodriguez, “L-R
Asymmetries and Signals for New Bosons,” AIP Confer-
ence Proceedings, Vol. 490, 1999, pp. 397-400.

J. C. Montero, V. Pleitez and M. C. Rodriguez, “Left-
right Asymmetries and Exotic Vector-Boson Discovery
in Lepton Lepton Colliders,” International Journal of
Modern Physics, Vol. A16, 2001, pp. 1147-1160.
doi:10.1142/S0217751X01003275

J. C. Montero, V. Pleitez and M. C. Rodriguez, “Left-
Right Asymmetries in Polarized e Mu Scattering,”
Physical Review, Vol. D58, 1998, pp. 097505-1-097505-
4,

E. Ramirez Barreto, Y. D. A. Coutinho and J. Sa Borges,
“Extra Neutral Gauge Boson from Two Versions of the
3-3-1 Model in Future Linear Colliders,” European
Physical Journal, VVol. C 50, 2007, pp. 909-917.
doi:10.1140/epjc/s10052-007-0254-2

E. Ramirez Barreto, Y. D. A. Coutinho and J. Sa Borges,
“Bounds for Z' mass in 3-3-1 Models from e+ e- Colli-
sions at ILC and CLIC Energies,”

arXiv:hep-ph/0605098.

E. Ramirez Barreto, Y. D. A. Coutinho and J. Sa Borges,

“Four Leptons Production in ee” Collisions from
3-3-1 Model,” Physics Letters, Vol. B632, 2006, pp. 675-
679. doi:10.1016/j.physletb.2005.11.016

Y. D. A. Coutinho, P. P. Queiroz Filho and M. D.

Copyright © 2011 SciRes.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

Tonasse, “3-3-1 Exotic Quark Search at CERN LE-
PII-LHC,” Physical Review, Vol. D60, 1999, pp.
115001-1-115001-5. d0i:10.1103/PhysRevD.60.115001

A. Pukhov, E. Boos, M. Dubinin, V. Edneral, V. llyin, D.
Kovalenko, A. Kryukov, V. Savrin, S. Shichanin and A.
Semenov, “Comphep—A Package for Evaluation of
Feynman Diagrams and Integration over Multi-Particle
Phase Space,” arXiv:hep-ph/9908288.

L. N. Hoang and D. V. Soa, “Trilinear Gauge Boson
Couplings and Bilepton Production in the
SU(3). ®SU(3), ®U (1), Models,” Nuclear Physics,

Vol. B601, 2001, pp. 361-379.
doi:10.1016/S0550-3213(01)00088-8

D. T. Binh, D. T. Huong, T. T. Huong, L. N. Hoang and
D. V. Soa, “Quartic Gauge Boson Couplings and Tree
Unitarity in the SU(3). ® SU(3), ®U (1), models,”

Journal of Physics, Vol. G29, 2003, pp. 1213-1226.
doi:10.1088/0954-3899/29/6/319

A. Salam and J. Strathdee, “Supersymmetry and Fermion
Number Conservation,” Nuclear Physics, Vol. B87, 1975,
pp. 85-92. doi:10.1016/0550-3213(75)90253-9

R. Barbier, et al., “R-Parity Violating Supersymmetry,”
Physical Report, VVol. 420, No. 1-6, 2005, pp. 1-202.
d0i:10.1016/j.physrep.2005.08.006

G. Moreau, “Phenomenological Study of R Parity Sym-
metry Violating Interactions in Supersymmetric Theo-
ries”. (In French), arXiv:hep-ph/0012156.

H. Dreiner, “Am Introduction to Explict R-Parity Viola-
tion,” arXiv:hep-ph/9707435.

P. V. Dong, D. T. Huong, M. C. Rodriguez and H. N.
Long, “Neutrino Masses in Supersymmetric Economical
SU (3). ®SU (3), ®U (1), Model,” Journal of Modern
Physics, Vol. 2, No. 8, 2011, pp. 792-802.
d0i:10.4236/jmp.2011.28093

M. C. Rodriguez, “Double Chargino Production in e’e”
Scattering,” International Journal of Modern Physics,
Vol. A22, 2008, pp. 6080-6088.
doi:10.1142/S0217751X07039250

M. C. Rodriguez, “A Supersymmetric 3-4-1 Model,”
International Journal of Modern Physics, VVol. A22, 2007,
pp. 6147-6167. doi:10.1142/S0217751X07037275

C. M. Maekawa and M. C. Rodriguez, “Masses of Fer-
mions in Supersymmetric Models,” Journal of High En-
ergy Physics (JHEP), Vol. 4, 2006, p. 0604:031.

S. Sen, “Quark Masses in Supersymmetric SU(3)(color) x
SU3)(W) x U(2)(X) Model with Discrete T-Prime Flavor
Symmetry, Physical Review, Vol. D76, 2007, pp. 115020
-1-115020-6. doi:10.1103/PhysRevD.76.115020

W. M. Yao, et al., “Review of Particle Physics,” Journal
of Physics, Vol. G33, 2006, pp. 1-1232.

JMP


http://dx.doi.org/10.1103/PhysRevD.54.4691
http://dx.doi.org/10.1103/PhysRevD.54.4691
http://dx.doi.org/10.1103/PhysRevD.54.4691
http://dx.doi.org/10.1103/PhysRevD.54.4691
http://dx.doi.org/10.1103/PhysRevD.53.437
http://dx.doi.org/10.1103/PhysRevD.53.437
http://dx.doi.org/10.1103/PhysRevD.53.437
http://dx.doi.org/10.1209/epl/i2003-00267-5
http://dx.doi.org/10.1209/epl/i2003-00267-5
http://dx.doi.org/10.1209/epl/i2003-00267-5
http://dx.doi.org/10.1209/epl/i2003-00267-5
http://dx.doi.org/10.1209/epl/i2003-00267-5
http://dx.doi.org/10.1016/0370-2693(93)90329-G
http://dx.doi.org/10.1016/0370-2693(93)90329-G
http://dx.doi.org/10.1142/S0217751X06031600
http://dx.doi.org/10.1142/S0217751X06031600
http://dx.doi.org/10.1142/S0217751X06031600
http://dx.doi.org/10.1016/0550-3213(75)90636-7
http://dx.doi.org/10.1016/0370-2693(76)90319-1
http://dx.doi.org/10.1016/0370-2693(76)90319-1
http://dx.doi.org/10.1016/0370-2693(77)90852-8
http://dx.doi.org/10.1016/0370-2693(77)90852-8
http://dx.doi.org/10.1016/0370-2693(77)90852-8
http://dx.doi.org/10.1016/0370-2693(77)90414-2
http://dx.doi.org/10.1142/S0217751X10048950
http://dx.doi.org/10.1103/PhysRevD.31.1581
http://dx.doi.org/10.1016/0550-3213(82)90512-0
http://dx.doi.org/10.1016/0550-3213(82)90512-0
http://dx.doi.org/10.1016/0550-3213(82)90512-0

M. C. RODRIGUEZ 1211
Lagrangian A.l. Lepton Lagrangian

The goal of this Appendix is to present all terms in the Inthe £
lagrangian of the model, which we have used in this work.

Lepon  LETM €N be written as [31]

‘CIIV+‘C +£ +£ +[/Ieptons_'_Eleptons+£Ieptons (120)

v cin

L

Le’pton

where
%

,c,,V:% U ALVE Lo :_%[Ezaamf—fzaamqv;,

i 2
=_19 st . _9 nE -
L= G AT -LALE) Ly =" VpV LA 2L,

L= 12" —jLe"o,L; 0°=a"a,,

cin

£I'Sptons:| FL |2;
L Iéptons: g Eﬂa |:Da.
2
(121)
A.2. Quark Lagrangian

As above we can write to the quarks
cquz%(qw/laq—u &AM —diE" A df - J0E" A ) g (Q3 5"1°Q, -Q,5"4°Q, Vit

g, 2_—m 1= —c—m c c—mgqcC c—m Tc —m c
+?[§Q30' Qs_gQ c"Q, —— +3 d d 3-] J¢ +§Jﬂ Jﬂj

L= [(Qi om0, — O A%0"0, —EA2™TE + A O"A —dCAO"dC +d Ao

qav

—Jf;t*aamff+J’i°/1*aamjf)g;}—i?g( 3,420"0, - §,4°0"0, 0, 1"*0"G, + 0, 2"3, )vma
— [ (007G -Q0"Q,)-5(Q.0"Q, - QoG ) nEe T
+%(d}°am§i°—chamd]°)—§(J°amJ:°—3°amj°)+§(j;ami§—T;amj;)}vm,
L= _JI% (QA"Q - T: 20 —dra™dr - 372737 ) Af
—(6,/13(3.—?% e —deamde - Jeaage )/1}
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_l 1 * * *| *. *| m
Lo = 4[ (Q/l 280, +TEAP A +dCA A + T A AT )gagb }

1 :a~:*a*~ aml :a'“:a*'“ ay s bm
—Z[gz(QS/I 2°G,+0, 47470, )}vmvb ——[gsg(Qg/i 2°G,+0, 4% A anﬂngb

_%gsgr[ééslaés Qﬂ«aQ + ~cl*a~c ;icﬂv*ad’ic_i_g\]:cl*ajc JcﬂvaJ;:|game

1 2= ~ 1= s~
_ - 4 Za += ﬂa VamV
599 [ng Qs 3Qa Qa} m

Jl
l\)
l|
-

1 L4, 252 =ccy 1,3 < cgc S 16?070 m
_Zgz[§(Q3Q3+ui ui)+§(QaQa+di di)+ 9 —=J4J° Ejﬁjﬂ}v V.,

LYK= Q.0%Q +0°0%0% +d°a%dS + J0%JF —iQo™d,Q, —iuta™d, T —id°c™d, df —iJ°c™, IE

cin mYi

k —
L¥Fy [+ [F, P+ Fy [+

E%uark: gzs ((iﬂaQNi _ﬁicﬂ*a%: dcﬂ*adc Cﬂ,*a\] ) (Qg/laQ3 Q /l*aQ ) a
022+ 1z~ 2= 1%~ Bz~ 4= }
e - -4t +=dd*-=J°¢ J +—
2 3Q3Q3 3 aQa 3 i 3 i i 3 Jﬁjﬂ

(122)
A.3. Scalar Lagrangian

LE=|E P+ |F, P +|F, P +|F, [+|F, P +|F,F,
EgscalarZ%[ﬁﬂaﬂ-i-ﬁ/‘tap‘f‘fﬂa}(‘i‘ﬁ% n'- prﬂ, p— Z% ;(:| %[PP ZX—PP +/1/Z]D

L yiggs= (D7)’ (D"7)+(D,p) (D" p)+(Dy2)' (Dm;()+(D_mf7’)T (Fﬂ’)Jr(D_mp’)T (Fp’)+(_m;(’)T (Fz) ,

L viiggsinos = Ino' Dm77+|p0' Dmp+|;50' Dm)(+|770' D w7 +if)5mD_m~’+i;?’Em w7
L= —%[ﬁﬂanﬂ_: AR + BAC PR — PARPAS + FA AR — TAC AR+ FA T

+77,A*a77’/1:_5,i*ap'/1a+pﬂ plﬁa //1 al%a-f-l% X//la:'

| = 7 —~ = 7 —~ =r 17 —r~r =17 —r~r
—%[pplg—pp/ls—ms+;c)c/13—ppls+pp/18+;(1/13—zﬂs]

(123)
where the covariant derivative of SU(3) are given by:
. AL
Dydh = 00 —ng(vm 3)_ 4, -GN,y
_ 2
D.¢ = 0,4 —Iig (Vm EJ é; —ig'N(/,ImejI , (124)

A.4. Gauge Lagrangian

Now we are dealing with £ that can be expanded as

Gauge
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’CGauge: 'C dc+ ’C lg)auge
where
£ Puoe= 1D Da+1D D*+1pD,
2 2 2
L, = i(eam"ea +WAWE 4 FMF, ) —i(A36" DS AS + 426" Dy AR + 45570, 2y )
with

Grin :amgr?_ang:]_gfabcg:]gﬁ, Wa :amvna_anva gfabcvbvc
B =0V ~0V s DiAE =0,48 =0, ™00 A8, DAL =0,45 —of "V Az

f2° are the constant structure of SU(3) gauge group.

A.5. Superpotential Lagrangian

W, = LY+ L+ Lor »

L

=LY Lyt Lo+ L+ Log+ Lo+ £t Logut £t Liggt Liggt £

qgH lag qqq *

As componentes de cada lagrangiana s&o escritas como
L:VF“:%(EF,],H;'FL) ; 1 (nF, +0'F )+7(p|: 4 p'F )+7(;(F +2'F),

Hy o My oo My

— lLl ~I. p— ’
L=—2L75 Logw=——2F 5 W == PA = =0

2
c ——[3215F CC+ 2,6 (2Fn+F, L)L+ fis(F, xm+ pF,i+ p2F, )
+f g( XN+ p F n'+p'y'F. )+K1(FQ177'UiC +(§1Fﬁ.l]iC +Q~177’Fui)
16, (Fo P05 +QiF, 0 +Qip'Fy )+ iy (Fy #/3° +QF, 3¢ + Q1 'F, )
+K4(FQaf7d|°+QaF”dl +QnFy )+ K5 (Fo, pU7 +Q,F, 05 +Q, pF, )
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+&(2R, 050 + GidSF, )+ &, (2R, 0005 + 0105, )
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[EE
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