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Lepton masses in a supersymmetric 3-3-1 model
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We consider the mass generation for both charginos and neutralinos in a 3-3-1 supersymmetric model. We
show thatR-parity breaking interactions leave the electron and one of the neutrinos massless at the tree level.
However, the same interactions induce masses for these particles at the 1-loop level. Unlike the similar
situation in the minimal supersymmetric standard model, the masses of the neutralinos are related to the masses
of the charginos.
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[. INTRODUCTION model. In Sec. Il we consider the supersymmetric version of
a 3-3-1 model which has only three triplets of Higgs scalars.
The generation of neutrino masses is an important issue ie explicitly show that leptons gain mass only as a conse-
any realistic extension of the standard model. In general, thguence of their mixing with gauginos and Higgsinos. Our
values of these massésf the order of, or less than, 1 ¢V conclusions are found in the last section.
that are needed to explain all neutrino oscillation data3]
are not enough to put strong constraints on model building.
This means that several models can induce neutrino masses Il. NEUTRINO MASSES IN THE MSSM
and mixing compatible with experimental data. So, instead
of proposing models built just to explain neutrino properties, .~ .
it is more useful to consider what are the neutrino masse%:!n'mal supersymmetric standarq mog{MSSM) [6]. In
that are predicted in any particular model which has a motiN'S mOdél the '”tefaE“O”S are wptten in terms of the left-
vation other than the explanation of neutrino physics. Fonanded(right-handed L~ (2,—1) [1°~(1,2)] leptons, left-
instance, the 3-3-1 model was proposed as a possible syrhanded (right-handedd quarks Q~(2,1/3) [u®~(3,
metry on the lightest lepton sectord,e”,e")_ [4]. Once  —4/3) d°~(1,2/3)]; and the Higgs doubletsH,~ (2,

that symmetry is assumed it' has to be implemen;ed 'in the 1),A,~(2,1). With those multiplets the superpotential
rest of the leptons and also in the quark sector. Like in the L —
standard model, if we do not introduce right-handed neutriiNat conservek-parity is given by Worc+WaretWore
nos and/or violation of the total lepton number, the neutrinos™ Warc, where
remain massless at any order in perturbation theory. In this
vein some effort has been done to produce neutrino masses .
in the context of that 3-3-1 model and some of its extensions Worc=neH Hy,
[5].

In this work we consider the generation of neutrino
masses in a supersymmetric 3-3-1 mod.ell with broReoar- Wirce= Ef_aflabﬂ 1|‘g+ GQifiL} I:izﬁf+ 6Qifidj p,lajc , (1)
ity. We show that, as an effect of the mixing among all lep-
tons of the same charge, at the tree level only one charged
lepton and one neutrino remain massless but they gain maggile the R-parity violating terms are given byWagy
through radiative corrections. In order to compare this mode Y
we do the same calculations in the context of the minimal
supersymmetric standard model wiRhbroken parity also. In
both cases we are not assuming that sneutrinos gain nonva- A
nishing vacuum expectation valué¥EVs): i.e., the only  W2rv= Hoa€laH2,
nonzero VEVs are those of the scalars of the nonsupersym-
metric models. R L o L

The outline of this work is as follows. In Sec. Il we re-  Wagy=€Lahapdplct €Lak 4;;Qid{+ Uik fj didy, 2
view the origin of the lepton masses in the minimal super-
symmetric standard model context under the same assump-
tions that we will use in the case of the 3-3-1 supersymmetriand we have suppress8dJ(2) indices;e is the antisymmet-

ric SU(2) tensor. Above, and below in the following, the
subindices,b,c run over the lepton generatiorsu, 7 but a

Let us consider in this section the lepton masses in the

I-i- Wigy+ Wory+ Wsry, Where

*Email address: montero@ift.unesp.br superscriptc indicates charge conjugation;j,k=1,2,3 de-
"Email address: vicente@ift.unesp.br note quark generations. We also have to add the soft terms
*Email address: mer@ift.unesp.br that break the supersymmetry:
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3 e ric partners of the respective gauge vector bosons but we
Looft= — > Z MARNR+m' Aghg+H.Cc.| — MELTL have omitted generation indices and the gluino-mass terms.
p=1 With the interactions in Eq.l) it is possible to give mass
_ Mlzl‘f:TTc_ M ZQ’QT’Q_ M uZUcT’Gc_ Mga'f:‘l"ac to all charged fermions in the modéslee.below but_neu.tri—
nos remain massless. Hence, we must introdriparity vio-
—M?2H ‘lrﬁl_ M%ﬁgﬁz—[ALHlﬁ%AUHZQTJC lating terms like those in Eq2). Some of the coupling con-
L . stants in that expression should be set to zero in order to
+ApH,Qd®+M2,H H,+BH,L+C,LLT¢ avoid a too fast proton decay. Defining the badi sy,

=(ve,v Py Vs, i)\A, n\B,HO,Hg)T, the mass term is
— (U2 VY s Yssu¥ O+ H.c], whereY$ g5y is the mass
wherep is anSU(2) index and\ 5, A are the supersymmet- matrix

+C,LQd°+ C,ucd®d®+H.c], (3)

0 0 0 0 0 0 — oe
0 0 0 0 0 0 — Ko
0 0 0 0 0 0 — Ko,
YosshviE 0 0 0 m, 0 Mzsgew —MzcCuey |, (4)
0 0 0 0 m’ Mzsgsw  —MzCusy
0 0 0 Mz SgCw Mz SgSw 0 "
—Moe ~HMox “Mor —MzCglyw —MzCpgsy 2 0

where sz;=sing, sy=sinfdy, etc. are defined as tgh from the interactions given in Eqgl) and(2) and only two
=v,/v, and f, is the weak mixing angle. The matrix in Eq. VEVs. We have in this case the interactions
(4) is generated only by the two usual vacuum expectation

values of the two scalars and by tReparity breaking terms B )\abc LT 8C I*

Moa- The mass matrix is similar to that in Refg—9] but we 3 (valorlct varlillo),

have included the three neutrinos and we are neither assum- (5)
ing that sneutrinos gain nonzero vacuum expectation values )\é”

nor introduce sterile neutrinos like in RdfL0]. The mass — (va digdj+ vSdy d)+H.c.,

matrix in Eq.(4) has two zero eigenvalues: it has determi-

nant equal to zero and its secular equation which gives thgnq the 1- loop diagrams like those in RET] arise. Notice

eigenvaluesx, has the formx” times a polynomial of five  nowever that if we introduce a discrete symmetrglled 2

degrees; thus there are two neutrings, which are mass- later on), L, —— Le and all other fields are even under
. 1 ILL ’

less at the tree2 level. Using t@1 and M, this transformatlon we have that

=91.187 GeV, s3=0.223,  uge=po,=0, Hor

=10"*% GeV (this value is consistent with that of R¢8]),

n=100 GeV,m=250 GeV,m’'=-200 GeV, we obtain Moe=Hou=0;

besides the two massless neutrinos a massive onerwiath

=-3%x10"2 eV, and four heavy neutralinos with masses Nepc=0,(b,c=pu,7);
267.40;-199.99;-117.40, and 100.0 GeV. These zero ei- (6)

genvalues are a product of the matrix structure in(Bgand
there is no symmetry to protect the neutrinos from gaining
mass by radiative corrections. On the other handuf,
=0, a=e,u,r, all neutrinos remain massless at the tree )\éijz)\l’ui:o, (i,j=1,2,3;

level. In this case it is th&®-parity and total lepton number

conservation that protect neutrinos of gain masses. The neand thev,,v, neutrinos will remain massless at all order in
tralino masses above are consistent with those of Bf.  perturbation theory. It is also possible to choose the symme-
two states are massless and the other ones have masses oftiiyesuch ad_, ,— —L, , while all other fields remain invari-
order O(M;). More realistic neutrino masses require radia-ant. In this case we have that and v, remain massless.
tive corrections[9,11-13. Here we will only consider the However, if no discrete symmetry is imposed neutrinos gain
neutrino masses generated by radiative corrections arisemass through a 1-loop effect like in R¢7)].

Nube=0, (b,c=e,7);
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Next, let us consider the charged sector. With the interaceefine ¥ y,5sy=(émssv Pussy) - and the mass term

tions in Eq.(1) it is possible to give mass to all charged — (1/2)[ ¥, L,V ssu¥ mssyit H-C.] whereY™ is the mass
fermions. Denoting matrix given by

bmssni= (658,75 —ing HI)T, . 0 Xhssm
Ymssv— : (8
- S~ MSSM™ | y 0
dussv= (8,1, 7, —iNy HD)T, (7) MSSM
where all the fermionic fields are still Weyl spinors, we canwith
|
—fowr —four —fovs 0 0
_fle’ul)l —flup'l)l _fL”.Ul 0 0
Xmssm= _f!:-zrvl _flmvl —fITTvl 0 0 . (9)
0 0 0 my \/EMWC,B
Moe Moy tor  \2Mysg M

With fL=2.7x10"4, f'M= 3.9x10°%, f =1.6x10"2, andr, even without a sextet or the charged lepton singlet. We

fi,=fo,=fl,,=10 7 we obtain from Eq.(9) the masses have the Higgsino%;,p,y and their respective primed fields

0.0005,0.105,1.777in GeV) for the usual leptons, and 4.3 which have the same charge assignment of the tripjets

and 81 TeV for the charginos. We see by comparing(Bp. andy, for details see Ref.16].

with Eqg. (9) that there is no relation between the charged Because of the fact that in the supersymmetric model we

lepton masses and the neutralino masses. Notice also that akve the gauginos and Higgsinder details on the Lagrang-

charged leptons gain masses at the tree level. We will ndan of the model sel6]), when theR parity is broken we

consider this modelor some of its extensiohdurther since  have in analogy with the MSSM, but with important differ-

it has been well studied in literatuf@—9,11-13. ences, a mixture between the usual leptons and the gauginos
and Higgsinos.

IIl. A SUPERSYMMETRIC 3-3-1 MODEL One part of the superpotential is given s+ W, where
In the nonsupersymmetric 3-3-1 modd] the fermionic A, an, an, A,

representation content is as follows: left-handed leptons Wo=noaka' +uynn' +mopp" +upxx’, (10

=(va,la,19)1~(1,3,0), a=e,u,; left-handed quark®, B

= (ulldllJ)~(31312/3)l QaL: (da WUy 1]ﬁ)~(3!3* y 1/3)1 a:e,M,T; andW3+W3 Whel'e

a=2,3, =1,2; and in the right-handed components we

haveu?,d?,i=1,2,3, that transform as in the SM, and the A oaoa A n . A an o nn
exotic quarksJ®~(3*,1,—5/3),],~(3*,1,4/3). The mini- V3= Mabcebabobet Naapelalp7+ Nsabapx +frempx

mal scalar representation content is formed by three scalar P N AT NS NCHCACL y M Telhcte
+fle +N QL 0+ N utdSdE+ N sutu

triplets: 77"”(1;3,0):(770,77]T177;)T; p~(1,3,+1) 1€ P X waiQal adi ijkUi Gjdic T Ajj gUiUf] g

:(p+’po’p++)T and X~(1’3'_1):(X_.’X__’).(O)T’ anq +A§%aicjcj%+K1iQ1;7'GiC+K2i(A?1;>'aiC+K3©1;('jc

one scalar sexte®~(1,6,0). We can avoid the introduction o o o

of the sextet by adding a charged lepton transforming as &  + ki Q705 + K541 QWPUF + K645Qu X5 (11)

singlet[14,15. Notwithstanding, here we will omit both the

sextet and the exotic lepton. A seesaw-type mechanism will . . .
be implemented by the mixing with supersymmetric part_W|th € the completely antisymmetric tensor tJ(3) but we

ners, Higgsinos or gauginos. The complete set of fields in thQave omitted the respective indices; the generation indices

3-3-1 supersymmetric model has been given in a®,17. areT:;]\s followsa,b,c=e,u,7 andf| ) ’kt:hl'z’sﬁ . H .
We will denote, as in the previous section, the respective € gaugino masses come from the sott lerms s ?,‘,Nn n

superfields as and so on. We recall that in the nonsuper—f‘ppendbix Al'< Eﬁég“l)‘ .-trhed“fq' ):jl '.)\3':;]. A ,)\d IandRA_
symmetric 3-3-1 model with only the three triplets the erms brea parity ‘defined in this model as=

- . n (—1)¥"2Swhere F=B+L, B(L) is the baryon(total lep-
Shr?]rged lepton masses are not yet the physical onas: 0, ton) number;Sis the spin. Thex, term of the superpotential

We will show how in the present model supersymmetryWs implies interactions likgsee Eq(43) below] va 7,:l5
the R-violating interactions give the correct massesetm —vamirlp @and we have also the interactions
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which imply a general mixture in both neutral and charged
sectors. Let us first consider the charged lepton masses. De-
noting

L,= f d* 67e2Vy, (12)

whereV is the superfield related to thé* gauge boson of

SU(3), . This interaction mixes Higgsinos with gauginos as

shown in Ref[17]. b aC € G inF iyt T T4 T4 T T
The parameterg., and u, are the equivalent of the ¢ =@ nnm m Iy T e X )

parameter in the MSSNIB]. The terms proportional ta,

and u, have no equivalent in the MSSM. The' and \" B L e e, e, ~_ 1

coupling constants are constrained by the proton decay such ¢ =(ep, 7, —ihy, —INy 7m0 X))

that[18] (15

Nigjhagj <1072, (13

assuming the superpartner masses in the range of 1 TeV.
where all the fermionic fields are still Weyl spinors, we can

A. Charged lepton masses also, as before, defin@*=(¢"¢ )T, and the mass term
_ =Tyt E PR
In this model there are interactions like (12~ Y=¥=+H.c] whereY™ is given by
)\3a ~+ _~_+ cT — _C~_7 T
—— Lollap™ +Hlap™)tullox ™ +1ax )] 0 X
3 Y= (16)
X 0)°
1 ~+ T+ cr— _(:”T
_E,U«Oa["?l Tl 1% #1591, (14) with
Noe Noes Moe Aze
0 - =y - 0 0 —-—— 0 -— 0
3 Y 3’ 2 3
Aoew 0o lar, 0o _Hw o _Mu 0
3 3 2 3
)\267 7\2,41,7 Mor )\37
0 0 0 — 0 — 0
3’ 3 2 3
0 0 0 m, 0 —gv’ 0 gu 0
0 0 0 0 m, 0 gu 0 —gw’
X= : 17
0 0 0 w o M1 9 faw 0
2 3
Moe Moy Hor , Moy fiu’
- = = - 0 - 0 - 0 -
2 2 2 9 2 3
fiw’
0 0 0 —gu O 1 0 Bl 0
3 2
A A A fiu
_D8e T3 =570 0 gw 0 - 0 _Hx
3 3 3 3 2
|
where we have defined unitary matricespP andE, defined by
_Un _Up _ Ux - -
N =V Xi =Dy, X =E;¥;, ij=1,...,9 (19
, , , (D and E sometimes are denoted, in nonsupersymmetric
b= Uy u' = Y W = ”_X_ (18) theories, bw'R andU! , respectively. Then we can write the
J2' J2' J2 diagonal mass matrix as
The chargino mass matriX* is diagonalized using two Mgcy=E*XD™ 1. (20)
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€L JaR JaL €R

FIG. 1. Diagram generating the electron mass. There is also a

contribution withv ,—v /.
proportional to)\;e,IS and)\

The left- and right-side vertices are
/3, respectively.

To determineE andD, we note that

MZcy=DXT-XD 1=E*X-XT(E*) "1, (22)
and define the following Dirac spinors:
TixiH=0axi) YOO =i )T (@2

where;” is the particle andy; is the antiparticld6,17).
We have obtained the following mass@s GeV) for the
charged sector:
3186.05,3001.12,584.85,282.30,204.55,149.423)

and the masses for the usual leptdimsGeV): me=0, m,,

=0.1052 andm,=1.777. These values have been obtained

PHYSICAL REVIEW B5 095008

)\Zab ~

cl=—= 3 [72r (oL 71a—larvin) + 73l (ol T — 1o 0 5)

- - = - -
+(Igcta=lal o)1+ 7ir(laLvoL— b val) ]

3a ~_ _ _ = _
3 [=pr Tax” ForUax®=1ax )

—xr(ap™

++c

_Ialpo) Xr lap +PR|aLX

!

+XR|aLP J+—— [(UaRIaL+JaRIaL)d

+dig(lacUa 1500 )] (25
The\' interactions generate the low vertices in Fig. 1. On
the other hand, the interactions between the squarks, sleptons
and scalars, see Appendix A, are given by the scalar poten-
tial. The soft part contributes only through the trilinear inter-

actions

Veott= elab(~aT; _T; I'p) 770, (26)
while the D terms have only quartic interactions
1 -
g 2 (XOXOJFX,OX,O)E ( E )
(27)

by using the following values for the dimensionless param-

eters:
Noep= 0.001, A\ ,e,=0.001, Nopyr= 0.393,

N3e=0.0001, \3,=1.0, \3,=1.0, (243

f,=0.254, f;=1.0, (24b)
and for the mass dimension parametérs GeV) we have
used

Moe= 0y =0.0, po,=10"°, (249

f,=300, w,=500, u,=700m,=3000. (249

We also use the constraiM’+V>=(246 GeV} coming
from My,, where we have deflnetsi’z—v,?+v;,2 and V2

=v2+v2. Assummg thav ,=20 GeV,v,=v,=1 GeV,

and 2,=v, '=2 TeV, the value ob, is flxed by the con-
straint above.

whereX?= x°, 7% X/%= %' x'% anda=e, u, 7. From theF
terms we have contributions to both the trilinear interactions

A N ey e
v3F:<“°°2“‘b°+“XGZab)(|a|;—|;|b)77'°+H.c.,
(28)
and the quartic ones
N3gN1dab  Filzab)| ~ ~
V4F:< 3 =+ 9a (Talg —T5Tp)p%%°
ANadh2db ~pm  ~
o (aTo+Talg) 7 n°
4 haad Sb(T TE+7.08) >, XOXO, (29
|

whereX?= x°,p° which will contribute to the upper quartic
vertex in Fig. 1. Due to the interactions given in E(&5)—

Notice that the electron is massless at the tree level. Thi29), we can generate the appropriate mass to the electron.

is again a result of the structure of the mass matrix in(2y.

The dominant contributions, assuming the mass hierarchy

and there is not a symmetry that protects the electron to géBrermion< Mscalar Where fermion means a fermion different
a mass by loop corrections. Hence, it can gain mass througiom j, , and scalar means,|,H (H denotes the heaviest
radiative corrections like that shown in Fig. 1. The interac-Higgs scalar and using the values of the masses and the
tions of the leptons with the sleptons written in terms ofparameters given in Eq&3), (24a@ and(240d) we obtain that

Dirac fermions(although we are using the same notatiare
given by (and the respective Hermitian conjugate

the dominant contribution to the electron mass is, up to loga-
rithmic corrections,
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Meo\

!
ae

N

rejVi

Ja

m
VAV2(v2+02)) ,
X X grn%

(30

and with all the indices fixedy; denotes mixing matrix el-
ements in the two dimension , space,V, means the same
We obtainm,

but in

above, and with\

% 9% 104
2\ /2

’
aei

e
-

b

’
a'ej

the d-like squark sector.
=0.0005 GeV ifv, andv; have the values already given
~10®, which imposes

GeV 1,

(31

or mg:33.3&/mjzvjvb GeV. Using m;~250(320) GeV
[19], we have mp~526(596);V, GeV. With V;V,
~0.14(0.12) we obtain squarks masses of the ordempf

~75 GeV[20].

B. Neutral lepton masses

PHYSICAL REVIEW B5 095008

the uo, term in Eqg. (10), and the neutral Higgsinos and
gauginog17], and also byr, and\3 in Eq. (11). The first
two terms in Eq(10) give the interactions between neutrinos
and Higgsinos:

1 ~ — = My o~ o~ T o=
> toalvan' '+ van 1= 'O+ 7' 7°1, (32)

and from Eq.(11) we have also the interactions

3 ~ — ~ —~A
?a[w( Vapo+ Vapo)+u(VaX0+ VaXO)]- (33

These interactions imply a mass term for the neutrinos
and neutralinos. The mass term in the basis

\PO:(VeVMVT_i)\E\_i)\i_”\B 0 /07-07 /07,0 /O)T,

Like in the case of the charged sector, the neutral lepton
masses are given by the mixing among neutrinos, induced big given by — (1/2)[ (¥°) "YW+ H.c.] where

h<
=3
1

0 0
0 0
0 0
0 M)\
0 0
0 0
0 1
2
Mo gv’
2 2
)\37 gu
w ==
3 V2
u’
0 gu_
2
A3,
e o
0 0

5l
oq
<

0q
<

0q
<

7' pp' X x
(34
)Y )Y )
0 _M;e ;EW 0 335u 0
Moz )\37 )\37
0 - 0 0
2 37 3 X
’ ’
g & _gw su 0 0
V2 V2 V22
g v g g 2 02
3 3 6 6 6 V6
0 0 Q _g’u’ _g’w g’w’
2 2 2 2
0 _Fa _fl_w 0 M 0
2 3 3
By o fiw’
2 3 3
ey, o M _fw 0
3 2 3
0 J% _% 0 0 _ﬂ
P i U 0 _Hy
3 3 2
o T v 0
3 3 2 ]
(35
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All parameters in Eq(35), but m’, are defined in Egs. R @V
(18), (248 and (240); g andg’ denote the gauge coupling R
constant ofSU(3), andU(1)y, respectively. o Iy
The neutralino mass matrix is diagonalized by ax12 'l AN
rotation unitary matrixN, satisfying mg
Mymp=N*YON™1, (36) VeL Eg Ef VR

FIG. 2. Diagram generating the mass for the lightest neutrino.
There is another dominant contribution with—uv,, . Each vertex
on the left and right side are proportional 1g.,/3 and \5.,/3,

and the mass eigenstates are

X= Nij\PJQ’ j=1,...12 (37 respectively.

We can define the following Majorana spinor to represent

the mass eigenstates: 1.000 —0.004 —0.001
Vuns~| 0.001 —0.001 0.003|. (42
(=GO (38) ~0.004 —0.979 —0.199

As above the subindices,b,c run over the lepton genera-
tiOﬂS_e,M,T- o Notice that this leptonic mixing matrix is not orthogonal

With the mass matrix in Eq(35), at the tree level we as it must be since we are omitting the mixture with the
obtain the eigenvaluegn GeV), heavy charginos and neutralinos and one neutrino remains

massless at the tree level. We can always rotate the neutral

—4162.22,3260.48,3001.11,585.1%85.19,453.22, fields in such a way that the electron neutrino is the one

—344.14,283.14-272.0, (390  Which remains massless; or we can also assume=\ge
=0, so that the electron neutrino decouples from the other
and for the three neutrinos we obtdin eV) neutrinos and neutralinos. In this case, diagonal and nondi-
agonal mass terms in E@5) will be induced by loop cor-
m;=0,m,~ —0.01mz~1.44. (400  rections like that in Fig. 2. Thus, ax83 nonorthogonal mix-

ing matrix will appear in Eq.(42). Here we will only

We have obtained the values in E€39) and(40) by choos- ~ consider the order of magnitude of a mass generated by this
ing, besides the parameters in E¢@4a and (24d, m’'= process.
—3780.4159 GeV. Notice that the coupling constghiand The massless neutrino can get a mass from the loop cor-
the parametem’ appear On|y in the mass matrix of the neu- rection like that in F|g 2as a consequence of the Majorana
tralinos; all the other parameters in E@5) have already Mass term of the neutral lepton in the triplet. This is equiva-
been fixed by the charged sector, see E@3), (24a and lent to the mechanism of Ref22] but now with a triplet of
(24d). The neutrino masses in E¢10) are of the order of leptons instead of a neutral singlet. For instance, Xhén-
magnitude for the Liquid Scintillation Neutrino Detector teractions will contribute in the left and right vertices in Fig.
(LSND) and solar neutrino data. On the other hand, if we2:
choose m’ = —3780.4159 GeV anduy,=2X10 8 GeV,
we obtain(in eV)

v_ )\Zab ~ 7 ~5 Tx T*
mlzolo’ m2%_5_47>< 10—5’ m3%132>< 10—2, (41) LV= [nZR(VaLIb VbLla)+771R(VbL|a_VaL|b)]

which are of the order of magnitude required by the solar and _[XR vap* +B§’v LX"—;((%V p°
a a a

atmospheric neutrino data. Notice also the sensibility of the
neutrino masses ipy, andm’, and that if ug,=0, anda ,
=e,u,, all neutrinos remain massless. The masses of the _ﬁv Y0+ =& aai
charged sector are insensible to the valueg.gf for all a RTal
=e,u,7 Which are suitable for generating the appropriate (43)
different neutrino mass spect(see Appendix R

We have obtained numerically the unitary matriége®
andN which diagonalize the mass matrices in E4s) and  these interactions generate the lower vertices of Fig. 2. The
(35 bu_t we WI|| not wrlte them epr|C|t_Iy. The Charged_ cur- upper vertex are given in Eq&26)—(29). With these interac-
rent is written in the mass-eigenstate basis agjons we can generate the following small mass to the elec-
[IR% Vunsv W, with the Maki-Nakagawa-Sakata matrix tron neutrino. In fact, assuming a hierarchy of the masses as
[21] defined asVyns=¢& L/\/’ where& and N are the X3 in the last subsection, we obtain the dominant contribution to
submatrices ot andN, respectively. Hence, we have the v, mass, up to logarithmic corrections:

[daRVaLd +d VaLaa]+H.C.,
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wherew=e? "3, forbids theB violating terms but allows the

m
mveoc)\ZQaMebEeaEebV—i(vf(Jrui,)—az, (44 L violating ones. This also happens in the present model.
m However, if we introduce an extra discrefd symmetry,

such thatIA_eH—I:e, with all other fields being even under
this transformation, we have thahe=Nsea=N3e=A\ Lei=0,

Oat all orders in perturbation theory. This does not modify the
mass matrix in the charged sector in EG5) and(17), but
forbids the electron neutrino to get a mass, at all orders in
cpEerturbation theory.

The present model will induce processes contributing to
u—ey, 7—e(u)y, (9—2),, and other exotic decays.
However, these processes can be suppressed mainly by the
scalar masses since these scalars do not enter explicitly in the
IV. CONCLUSIONS mass matrix at the tree level. Some contributions to those

processes are suppressed by the coupling constants them-
b- selves, likel,’'s in Eq. (243; other ones which involve
%SM ,A3, which are of the order unity can be suppressed by

mbining the mixing angles and masses of scalars or
Charginos sectors. A more detailed study of this issue will be

where all the indices are fixed,, is the mixing matrix
element defined in Eqg20) and (21), and ;. denotes the
mixing matrix element in the slepton sector. The charge
lepton which gives the main contribution is thelepton: it
has a large mass and the mixing angle is not too small, in fa
Eo,=0.004. Since\ e \e,~10 % we obtain an electron
neutrino mass of the order of 18 eV if mr~4

X 10°V GeV. If V;=0.02 we havem;~81 GeV[20].

In the nonsupersymmetric 3-3-1 modé] with only three
scalar tripletsn,px it is not possible to generate the o
served charged lepton masses. Then, it is necessary to in
duce a scalar sextet in order to get the appropriate mass
When we supersymmetrize the model and allBwparity
breaking interactions we can give to all known charged |ep_done elsewherg24].

tons and neutrinos the appropriate masses even without the In summary, we have analyzed the charged lepton and

introduction of a scalar sextet. Of course, in order to Canceneutrino masses in aR-parity breaking supersymmetri(;
-3-1 model. Unlike the MSSM model the electron and its

anomalies we have to introduce another set of three triplet i ) | t the tree level but oai i
7'.p'x'. In this case, although the correct values for theneutrino remain massless at the tree level but gain masses a

lepton masses can still be obtained, if the new VENS’ the one loop level. The resulting leptonic mixing matrix

andw’ are zero, it was shown in Refl16] that in order to Vs is nonorthogonal.

give mass to all the quarks in the model all these VEVs have

to be different from zero. Hence, we have considered that the ACKNOWLEDGMENTS
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mass parameters, as in EB40), related withR-parity break-  a Nicleos de Excélecia (PRONEX).
ing interactions, and large ones as in E2¢d), related with

the mass scale of the supersymmetry breaking, this can be APPENDIX A: THE SCALAR POTENTIAL
better appreciated in Eq&B1). ) )
The same happens in the neutrino sector, sedB). In ~The interactions between the scalars of the theory are
a supersymmetric version of the model in which we add thVen by the scalar potential that is written as
sextet 6,0), there is a fermionic non-Hermitian triplet under Vaz=Vp + Ve + Ve, (A1)

SU(2)®U(1)y that is part of a sextet undeBU(3)

®U(1)y. This can also implement a seesaw mechanism fowhere theVy term is given by
neutrino masses as was pointed out in IR28]. The case of

a Hermitian fermion triplet was considered in the context of Vp=—Lp= 1(DaDa+ DD)

the standard model in Refk24]. 2
It is interesting to note that in the context of MSSMZa g'2/2 1 5
symmetry[7,28), =5 §QIQ1—§QZQQ——U?%§
M—-M, V=V, X=X, (45 2

. +S8G o xx—p o XX
whereM,V,X are matter, vector, and scalar superfields, re- 3

spectively, forbids thdR-parity breaking terms in Eq2). In 2

the present model it happens the same way: Rhgarity +g_ 2 ([T)\QE.JFQI)\?QI
breaking terms in Eq$10) and(11) are forbidden. Notwith- g &7 U s
standing theZ; symmetry[25],

+ 9N m+ eI NG e+ XN X

—>
)

L e Cie A o .- = = ’ ’ ’ ’ ’ ’
LIF=LIS HimHy, HemHs — QNG Qui = 7 Nl — ol TN 0] = xi TNy
. - (A2)

(46) and theF term is
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Ve= _[:F:E FioFm
m

2

2)\2 ~ )\ ,LL,I , )\ f K4aij~ ~c
]2 77| +)\15|]kL I—k'l' 3 5|Jk771|-k+ 3 EijkXjPk| T 777i 3 eljkL Lk+ 3 eljkijk+ 3 Qadj
2
M n fi Ksaij= ~c N3 = My f1 mﬁ A3
+ ZPP. 3 kX kT T3 Q.uj+ 3 ikbixg + 7XXi * 3 €ikpi Rt 3 Qul i+t = 3 El]kl—jpk

2

2 ’

! !

M f y oy Klij= ~¢ /'L f K2ij = ~ M fa
+ 7”77i+§€ijkpj Xk+TQ Ll zppl 3 €|JkXJ 77k+_Q d + 7XX|+ 3 Eljkpj 77k+ Ql‘Jc
K1ji 2 K4aii K5aij Kg B )\I“ 2
i c c ~e aij ¢ aij  ~¢ aif ¢ aij 7 ~c
K1ii Ks )\"k /I/B 2
1] = wll FLSpTopTe ] c¢ic
tl5 Qumit Qupi +—3~didi+—3=Uil
N o\ )\///' 2
K2|] 4a|J a|]~ ~ ijk~c~ B~
+ lel Qanl Q L + 3 dfuﬁ+?JCJ% :| (A3)

Finally, the soft term igthe following soft terms do not include the exotic quarks

Vsoft= = Lsoft

8 3 3
1 . . e -
2 2 2 2
= 5( m)\wzzl NANA+ M Nghg+H.c.| +mILT+md QIQ; + ;2 mg QLQ,+ 2, miufuf
rt o

+ 2, MG+ m? p Tyt m2p T+ mix Tyt m? g Ty ml p o+ m? x Ty

3 3
2 21 EijktinPk

HM@

3 3 3 3 3
MZE:L Ei’)?iT"I'S()E 2 2 Eijktitjtk-"—gl; 2 [E 7]k+8
3 3 3

+k1€|JkP|X1 k+k16|]kp| XJ k+2 Q1(§1|77 U +§2|P d )+Z Q 21 1czi77’aic+(J‘)Zaip’aiC

3 3 3
+2 2 2 §1ijkaic'a}flzlﬁ+ H.c.|. (Ad)
1=1j=1k=1
APPENDIX B: NUMERICAL ANALYSIS OF MASS MATRICES

Here we show explicitly the numerical values of each entry of the mass matrices ifilBgand (35) using the parameters
given in Eq.(24) andm’ = —3780.4159 GeV. For the charged sector we have

0.0 —0.005 —0.005 0.0 0.0 0.0 0.0 —0.024 0.0

0.005 0.0 —1.851 0.0 0.0 0.0 0.0 —235.702 0.0

0.005 1.851 0.0 0.0 0.0 0.0 0.0 —235.702 0.0
0.0 0.0 0.0 3000.0 0.0 —-0.462 0.0 80.071 0.0

X= 0.0 0.0 0.0 0.0 3000.0 0.0 9.237 0.0 —923.707 (B1)

0.0 0.0 0.0 9.237 0.0 —-150.0 0.0 59.868 0.0
0.0 0.0 0.0 0.0 -—0.462 0.0 —150.0 0.0 —0.236
0.0 0.0 0.0 —0.462 0.0 471.405 0.0 —250.0 0.0

—0.004 —40.864 —40.864 0.0 461.854 0.0 —-10.379 0.0 —350.00
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and for the neutral sector

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.024 0.0 0.004 0.
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 235.702 0.0 40.864 0.
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 235.702 0.0 40.864 0.
0.0 0.0 0.0 3000.0 0.0 0.0 6.532 -0.327 -—56.619 0.327 0.0 0.0
0.0 0.0 0.0 0.0 3000.0 0.0 3.771 -0.189 32.689 —0.189 —377.102 754.204
vo_ 0.0 0.0 0.0 0.0 0.0 —3780.416 0.0 0.0 99.391 —0.573 —573.290 1146.58(
0.0 0.0 0.0 6.532 3.771 0.0 0.0 —150.0 —59.868 0.0 10.379 0.0
0.0 0.0 0.0 —-0.327 —-0.189 0.0 —150.0 0.0 0.0 —471.405 0.0 0.236
0.024 235.702 235.702 —56.619 32.689 99.391 —59.868 0.0 0.0 —250.0 -1.197 0.0
0.0 0.0 0.0 0.327 —0.189 —0.573 0.0 —471.405 -250.0 0.0 0.0 —0.236
0.004 40.864  40.864 0.0 —377.102 —573.290 10.379 0.0 -1.197 0.0 0.0 —350.0
0.0 0.0 0.0 0.0 754.204 1146.580 0.0 0.236 0.0 -0.236 —350.0 0.0
(B2)

Here we show that the relevant parameters for the leptons Neutral sector masses:
masses ar&, ;. We note that there are four types of param-
eters in the mass matrices in Eq84). First we have the
dimensionless Yukawa couplings in the usual leptans

and in the supersymmetric partndrsf; . We also have the
mass dimension parameteig, and u,, , , andm, andm’

which are soft terms in EqA4). Of all these parameters we
expect that the relevant ones in the charged lepton and neu-
trinos are\, 3. To show this we consider several choices of

—4162.22,3260.47,3001.10,557.2%57.17,450.14,
—330.68,17.18; 17.01,2.8%x 10" %%,0,0.

Case 3:

N2e,=0.0, Npe,=0.0, N, ,=0.0,

the parameters as followbelow all masses are in GeV
Case 1:

N2e, =0.0, Npe,=0.0, \,,,=0.0,
N3e=0.0, \53,=0.0, \3,=0.0,
moe= pou=0.0;u0,=0.0 (in GeV). (B3)
Charged sector masses:
3186.03,3001.10,557.17,196.55,149.30,16.85,0,0,0.
Neutral sector masses:

—4162.22,3260.47,3001.10,557.#%57.17,450.14,
—330.68,17.18;17.01,0,0,0.

Case 2:

Noeu=0.0, Ape,=0.0, \,,=0.0,
N3¢=0.0, A3, =0.0, \3,=0.0,
Moe= to,=0.0;u0,=2X1078  (in GeV). (B4)

Charged sector masses:

3186.03,3001.10,557.17,196.55,149.30,16.85,1.92
%10 120,0.

3e=0.0001, A5,=1.0, \3,=1.0,
moe= pou=0.0;0,=0.0 (in GeV). (B5)
Charged sector masses:
3186.05,3001.11,584.85,282.30,149.41,204.55,2.10
x107190,0.
Neutral sector masses:

—4162.22,3260.47,3001.10,585.1885.18,453.22,
—344.14,283.14;271.99,1.2% 10" 11,0,0.

Case 4:
e, =0.001, Npe,=0.001, \,,,,=0.393,
3e=0.0, \3,=0.0, \3,=0.0,
moe= pou=0.0;0,=0.0 (in GeV). (B6)
Charged sector masses:
3186.03,3001.10,557.17,196.55,149.30,16.85,1.85,1.85,0.
Neutral sector masses:

—4162.22,3260.47,3001.10,557.#%57.17,450.14,
—330.68,17.18;17.01,0,0,0.
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Case 5:
N26,=0.001, Ape,=0.001, \,,,,=0.393,
N3¢=0.0001, A3, =1.0, A5,=1.0,
Hoe= Hop=0.0;0,=0.0 (in GeV). (B7)

Charged sector masses:

PHYSICAL REVIEW B5 095008

Neutral sector masses:

—4162.22,3260.47,3001.10,585.4%85.19,453.22,
—344.14,283.14; 271.99,1.2% 10" 11,0,0.

Notice that the values of the masses in the charged sector are

3186.03,3001.11,584.85,282.30,204.55,149.41,1.78,0.105,00t significantly affected by the values gf, .
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