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Upper bound of the lightest Higgs boson in a supersymmetricSU„3…L‹U„1…X gauge model

R. Martinez,* N. Poveda,† and J-Alexis Rodriguez‡

Departamento de Fı´sica, Universidad Nacional de Colombia, Bogota, Colombia
~Received 11 September 2003; published 30 April 2004!

A supersymmetric version of theSU(3)L ^ U(1)X gauge model is presented. The model is embedded in a
SU(6)L ^ U(1)X gauge group and it has been built up completely chiral anomaly free and without any exotic
charges in the fermionic content. The minimal supersymmetric standard model can be seen as an effective
theory of this larger symmetry. We analyze how the spectrum of the new model can shift the upper bound on
the CP-even Higgs boson and we find that it can be moved up to 143 GeV.
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I. INTRODUCTION

The standard model~SM! has been established with gre
precision as the model that describes interactions of
gauge bosons with the fermions@1#. However, the Higgs
sector, responsible for the symmetry breaking has not b
tested yet. But in any case the SM still has many unanswe
questions and there are some experimental results on
and atmospheric neutrinos which suggest no standard in
pretation. The observation of neutrino oscillations can be
plained by introducing mass terms for these particles,
which case the mass eigenstates are different from the in
action eigenstates; it should be noticed that the oscilla
phenomena imply that lepton family number is violated a
such a fact leads us to consider the existence of phy
beyond the SM@2#.

Among the various candidates to physics beyond the S
supersymmetric theories play a special role. Supersymm
models are the most developed and most widely accep
Although there is not yet direct experimental evidence
supersymmetry~SUSY!, there are many theoretical argu
ments indicating that SUSY might be of relevance for ph
ics beyond the SM. The main reason behind the phenom
logical interest is that SUSY provides a solution for t
naturalness problem which allows a fundamental scala
the order of the electroweak scale if the mass of the su
partners are of the order of;O(1 TeV). The most popular
version, of course, is the supersymmetric version of the S
usually called the minimal supersymmetric standard mo
~MSSM!, which is a computable theory and it is compatib
with all precision electroweak tests@3#.

Up to now, one impressive phenomenological virtue
favor of SUSY is obtained from the unification of coupling
in grand unified theories, but on the other hand the lack
SUSY signals at the CERNe1e2 collider LEP and the lower
limit on mh pose problems for the MSSM@4,5#. About this
point, unlike in the SM, in the MSSM the coefficient of th
quartic potential of the Higgs sector is not an independ
parameter, instead it is related with the ratio tanb and the
SU(2)L ^ U(1)Y gauge couplings. As a consequence,
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value of theCP-even scalar mass is not controlled by t
SUSY breaking parameters but by the electroweak break
sector. This yields the tree level boundmh

2<mZ
2 cos2 2b

<mZ
2 , mass range already excluded by LEPII and could r

out the MSSM. But if the leading effects included in radi
tive corrections from the top-quark–top-squark sector
taken into account, the upper bound can be pushed up to
GeV @6#. Now, the limit coming from LEP on the SM Higg
boson ismh>114 GeV @7#, putting restrictions on the pa
rameter space of the MSSM, strong enough to consider
ideas beyond the SM that can shift this bound. The phys
Higgs boson mass can be increased by enhancing the qu
coupling through an extended gauge sector and/or new
perpotential Higgs couplings, in other words throughD
terms orF terms@8#.

Among the possibilities with the nice properties of SUS
theories and the possibility to relax the bound on the light
Higgs boson isSU(3)C^ SU(3)L ^ U(1)X as a local gauge
theory. It has been studied previously by many authors
non-SUSY and SUSY versions, who have explored differ
spectra of fermions and Higgs bosons@9–11#. There are
many considerations about this model but the most stud
motivations of this large symmetry are the possibility to gi
mass to the neutrino sector@10#, anomaly cancellations in a
natural way in the 3-family version of the model, and
interpretation of the number of the fermionic families relat
with the anomaly cancellations@12#. Recently, Ref.@13# has
presented a careful analysis of these kind of models with
SUSY, taking into account the anomaly cancellation co
straints. In fact, the version called model A in Ref.@13# was
already supersymmetrized@11# and it was shown to be an
anomaly free model, and a family independent theory. R
erence@11# has also shown that the SUSY models based
the symmetricSU(3)L ^ U(1)X model as aE6 subgroup can
shift the upper bound on the lightestCP-even Higgs boson
up to 140 GeV. In the present work, we supersymmetrize
version called model B in Ref.@13#. The models A and B are
different, the first one being anE6 subgroup in contrast to the
second one which is aSU(6)L ^ U(1)X subgroup.

The model presented here is a supersymmetric versio
the gauge symmetrySU(3)L ^ U(1)X but it is different from
the versions considered previously@11,14#. The model con-
sidered does not introduce Higgs triplets in the spectrum
break the symmetry; instead they are included in the sc
©2004 The American Physical Society13-1
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sector of the chiral superfields. As we will show, the fr
parameters of the model are also reduced by using a b
where only one of the vacuum expectation values~VEV! of
the neutral singlets of the spectrum generates the breakin
the larger symmetry to the SM symmetry. Moreover, the f
mionic content presented here does not have any ex
charges. Finally, our aim is to study how the spectrum of
new model based on the symmetrySU(3)L ^ U(1)X can
change the upper bound on the lightestCP-even Higgs bo-
son.

This work is organized as follows. In Sec. II, we prese
the details of the non-SUSY version of theSU(3)L
^ U(1)X model. In Sec. III we discuss the SUSY version a
the spontaneous symmetry breaking mechanism, as we
some phenomenological implications of the model. Sect
IV contains our conclusions.

II. NON-SUSY VERSION

We want to describe the supersymmetric version of
SU(3)C^ SU(3)L ^ U(1)X gauge symmetry which is em
bedded intoSU(6)L ^ U(1)X @13#. But in order to be clear
first of all we present the non-SUSY version of the mod
We assume that the left-handed quarks~color triplets! and
left-handed leptons~color singlet! transform as the 3¯ and 3
representations ofSU(3)L, respectively. In this model the
anomalies cancel individually in each family as it is done
the SM.

The model thus ends up with the following anomaly fr
multiplet structure:

xL5S d
u
U
D

L

dL
c uL

c UL
c

(3,3̄, 1
3 ) (3̄,1,13 ) (3̄,1,2 2

3 ) (3̄,1,2 2
3 ) ~1!

c1L5S ne

e2

E1
2
D

L

c2L5SN2
0

E2
2

E3
2
D

L

c3L5SE2
1

N1
0

ne
c
D

L

~1,3,22
3! ~1,3,22

3! ~1,3,13! ~2!

eL
1 E1L

1 E3L
1

~1,1,1! ~1,1,1! ~1,1,1!. ~3!

The numbers in parenthesis refer to t
(SU(3)C ,SU(3)L ,U(1)X) quantum numbers respectivel
The symmetry is broken following the pattern

SU~3!C^ SU~3!L ^ U~1!X→SU~3!C^ SU~2!L ^ U~1!Y

→SU~3!C^ U~1!Q

and give masses to the fermion fields in the model. With t
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in mind, it is necessary to introduce the following two Higg
triplets:f3(1,3,1/3) with a vacuum expectation value~VEV!
aligned in the direction̂f3&5(0,0,V)T andf4(1,3,1/3) with
a VEV aligned aŝ f4&5(0,v/A2,0)T, with the hierarchyV
.v;250 GeV ~the electroweak breaking scale!. Note that
f3 and f4 have the same quantum numbers but they
VEV’s at different mass scales generating a large mass to
exotic U quark and a realistic mass to the known up qua
One more Higgs scalarf2(1,3,22/3) is needed in order to
give a mass to the down quark field in the model. With t
same scalar fields the neutral and charged fermions
masses through the seesaw mechanism@15#. Diagonalizing
the mass matrices there are a light Dirac neutrino an
heavy Dirac neutrino. Also there are a light charged lep
which corresponds to electron and three exotic he
charged leptons.

The model has 9 gauge bosons. One of themBm is asso-
ciated withU(1)X symmetry, and other 8 fields are asso
ated with theSU(3)L symmetry. The expression for the ele
tric charge generator inSU(3)L ^ U(1)X is a linear
combination of the three diagonal generators of the ga
group

Q5T3L1
1

A3
T8L1XI3, ~4!

whereTiL5l i /2 with l i the Gell-Mann matrices andI 3 the
unit matrix.

After breaking the symmetry, we get mass terms for
charged and the neutral gauge bosons. By diagonalizing
matrix of the neutral gauge bosons we get the physical m
eigenstates which are defined through the mixing angleuW

given by tanuW5A3g1 /A3g21g1
2 with g1 and g the cou-

pling constants of theU(1)X andSU(3)L respectively. Also
we can identify theYm hypercharge field associated with th
SM gauge boson as

Ym5
tanuW

A3
A8

m1~12tanuW
2 /3!1/2Bm. ~5!

In the SM the coupling constantg8 associated with the hy
perchargeU(1)Y , can be given by tanuW5g8/g whereg is
the coupling constant ofSU(2)L which in turn can be taken
equal to theSU(3)L coupling constant. Using the tanuW
given by the diagonalization of the neutral gauge boson m
trix we obtain the matching condition

1

g82
5

1

g1
2

1
1

3g2
. ~6!

We shall use this relation to writeg1 as a function ofg8 in
order to find the Higgs potential of theSU(3)^ U(1)X
3-2
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SUSY model at low energies and compare it with the MSS
one. In particular, we will show that it reduces to the MSS
in this limit.

III. SUSY VERSION

In the SUSY version the above content of fermions sho
be written in terms of chiral superfields, and the gauge fie
will be in vector supermultiplets as it is customary in SUS
theories. In this case we should introduce two more ferm
fields and one more scalar. They will be arranged in
corresponding superfields, in such way that they cancel
ral anomalies automatically, and additionally the Higgs s
lar fields break the symmetry and generate the fermion
gauge boson masses. Therefore the contents of super
are

x̂L5S d̂

û

Û
D

L

d̂L
c ûL

c ÛL
c

(3,3̄, 1
3 ) (3̄,1,13 ) (3̄,1,2 2

3 ) (3̄,1,2 2
3 ) ~7!

ĉ1L5S n̂e

ê2

Ê1
2
D

L

ĉ2L5S N̂2
0

Ê2
2

Ê3
2
D

L

ĉ3L5SÊ2
1

N̂1
0

n̂e
c
D

L

~1,3,22
3! ~1,3,22

3! ~1,3,13! ~8!

ĉ4L5SÊ4
1

N̂4
0

N̂5
0
D

L

ĉ5L5SÊ4
2

N̂7
0

N̂6
0
D

L

êL
1 Ê1L

1 Ê3L
1

~1,3,13! ~1,3,2 1
3! ~1,1,1! ~1,1,1!~1,1,1!. ~9!

Equations~7! and ~8! plus singlets of Eq.~9! have the same
fermionic content as the non-SUSY version which
anomaly free. In order to give masses in the non-SU
model it was necessary to introduce a scalar Higgs bosonf4.
To supersymmetrize the model we have introduced a ch
superfield with the same quantum numbersĉ4L . But it in-
troduces more fermions and in order to cancel the trian
anomalies a new chiral superfield is necessaryĉ5L , in such a
way that ĉ4L and ĉ5L are in a vector representation of th
SU(3)L ^ U(1)X gauge symmetry and then the model
completely chiral anomaly free.

The scalar sector of the supermultiplets has the appro
ate quantum numbers in order to be useful as a Higgs se
of the theory and is not necessary to introduce new sc
fields to get the spontaneous symmetry breaking to the
symmetry. The superpotential can be built up by taking i
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account the non-SUSY Yukawa Lagrangian form a
eabcc i

ac j
bck

c which is a singlet; we have

W5h1eabcĉ1
aĉ3

bĉ4
c1h2eabcĉ3

aĉ2
bĉ4

c1ĉ1~h3ĉ5ê1

1h4ĉ5Ê1
11h5ĉ5Ê3

1!1ĉ2~h6ĉ5ê11h7ĉ5Ê1
1

1h8ĉ5Ê3
1!1hux̂Lĉ4û1hUx̂Lĉ4Û1hu8x̂Lĉ3û

1hU8 x̂Lĉ3Û1hdx̂Lĉ2d̂1hd8x̂Lĉ1d̂1m1ĉ4ĉ5

1m2ĉ3ĉ5 . ~10!

Once we have the superpotentialW, the theory is defined and
we can get the Yukawa interactions and the scalar poten
Here, we should mention that the lepton number is not c
served, in order to generate neutrino masses similar toRp
violating models@16#.

Now, we will concentrate our attention on the sca
Higgs potential, which is given by

V5U]W

]Ai
U2

1
1

2
DaDa1

1

2
D8D8, ~11!

where

Da5gAi
†
l i j

a

2
Aj ,

D85g1Ai
†X~Ai !Ai ~12!

andAi are the scalar components of the chiral supermul
lets. For our purpose, it is enough to consider only

W85h1eabcĉ1
aĉ3

bĉ4
c1h2eabcĉ3

aĉ2
bĉ4

c1m1ĉ4ĉ51m2ĉ3ĉ5 .
~13!

As we already mentioned, the scalar Higgs bosons resp
sible of the symmetry breaking are the scalar sector of
fermionic chiral supermultiplets, thus we havef i5c̃ iL .
Now we focus on the scalar potential obtained from the
perpotentialW8 plus the soft breaking terms which are

Vso f t5(
i 51

5

mi
2f i

†f i1m18~f4
†f51H.c.!1m28~f3

†f51H.c.!.

~14!

The D terms andF terms are
3-3
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V5
g2

8 H 4

3 (
a51

5

~fa
†fa!214(

aÞb

5

~fa
†fb!~fb

†fa!2
4

3 (
aÞb

5

~fa
†fa!~fb

†fb!J 1
g1

2

18
$22~f1

†f11f2
†f2!1~f3

†f31f4
†f4!

2f5
†f5%

21h1
2$~f3

†f3!~f4
†f4!1~f1

†f1!~f3
†f3!2~f3

†f4!~f4
†f3!2~f1

†f3!~f3
†f1!%1h2

2$~f3
†f3!~f4

†f4!

1~f2
†f2!~f3

†f3!2~f3
†f4!~f4

†f3!2~f2
†f3!~f3

†f2!%1h1
2$~f1

†f1!~f4
†f4!2~f1

†f4!~f4
†f1!%1h2

2$~f2
†f2!~f4

†f4!

2~f2
†f4!~f4

†f2!%12h1h2$~f1
†f2!~f4

†f4!2~f1
†f4!~f2

†f4!1~f1
†f2!~f3

†f3!2~f1
†f3!~f2

†f3!%1~m1
21m2

2!~f5
†f5!

1m1
2~f4

†f4!1m2
2~f3

†f3!1m1m2~f4
†f31f3

†f4!. ~15!

Now, we are ready to break down the symmetrySU(3)L ^ U(1)X to the SM symmetrySU(2)L ^ U(1)Y . Writing the Higgs
triplets of SU(3)L as branching rules ofSU(2)L , we have

f15S l̃

Ẽ1
2D , f25S H1

Ẽ3
2D , f35S H2

Ñ1
0D ,

f45S H4

Ñ5
0D , f55S H5

Ñ6
0D , ~16!

where l̃ andHi are doublets ofSU(2)L andẼi
2 , Ñi

0 are singlets. Thus the VEV’s of^Ñ1
0&5u1 , ^Ñ6

0&5u2 and^Ñ5
0&5u make

the job. But it is possible to choose only one of them different from zero,u15u250, uÞ0 @17#, and the would-be Goldston
bosons of the symmetry breakingSU(3)L ^ U(1)X /SU(2)L ^ U(1)Y become degrees of freedom of the fieldf4. The terms
involving H1 ,H2 doublets generate the fermion masses in the non-SUSY model after the electroweak symmetry b
Since we want to generate the MSSM at low energy as an effective theory we suppose thatf1 , f5 andÑ1

0 are decoupled a

low energies too. Therefore we only deal with a Higgs potential which involvesH1 , H2 and Ñ5
0. It is given by

V85
g2

8 H 4

3
~~H1

†H1!21~H2
†H2!21~Ñ5

2!2!14~H1
†H2!~H2

†H1!2
4

3
@~H1

†H1!~H2
†H2!1~H1

†H1!Ñ5
21~H2

†H2!Ñ5
2#J

1
g1

2

18
$Ñ5

21~H2
†H2!22~H1

†H1!%21h1
2~H2

†H2!Ñ5
21h2

2$~H2
†H2!Ñ5

21~H1
†H1!~H2

†H2!2~H1
†H2!~H2

†H1!1~H1
†H1!Ñ5

2%

1m1
2Ñ5

21m2
2~H2

†H2!1m1
2~H1

†H1!1m2
2~H2

†H2!1m5
2Ñ5

2 . ~17!
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As it has been already emphasized@14#, in the MSSM the
quartic scalar couplings of the Higgs potential are co
pletely determined in terms of the two gauge couplings,
it is not the case if the symmetrySU(2)L ^ U(1)Y is a rem-
nant of a larger symmetry which is broken at a higher m
scale together with the SUSY. The scalar particle cont
needed to produce the spontaneous symmetry breaking
termines the structure of the Higgs potential. In this way,
reduced Higgs potential would be a 2HDM-like potenti
but its quartic couplings would not be those of the MSS
instead they will be related to the gauge couplings of
larger theory and to the couplings appearing in its super
tential. Analyses of supersymmetric theories in this cont
have been given in the literature@11,14,18#. In particular, it
has been studied widely for different versions of the le
right model, SUSY version of theSU(3)L ^ U(1)X model
where exotic charged particles of electric charg
(24/3,5/3) appear@17# and the version whereSU(3)L
^ U(1)X is anE6 subgroup@11#.
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Following this idea with the reduced Higgs potentials p
sented in the previous paragraph, we can obtain the effec
quartic scalar couplingsl i of the most general 2HDM po
tential. Since there are cubic interactions inV8 involving
H1,2 and Ñ5

0, it generates two types of Feynman diagram
which contribute to the quartic couplings@11#. The Feynman
rules from the potential for these couplings are

H12H12Ñ5
0→ i S 2h2

22
1

9
~3g214g1

2! Du,

H22H22Ñ5
0→ i S 2~h1

21h2
2!2

1

9
~3g222g1

2! Du

~18!

and using them we obtain the effective couplings; thus th
are given by
3-4
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l1

2
5

2g1
2

9
1

g2

6
2

3

8 S S 4g1
2

9
1

g2

3 D 2

24h2
2S 4g1

2

9
1

g2

3 D 14h2
4DG21,

l2

2
5

g1
2

18
1

g2

6
2

3

8 S S 2g1
2

9
2

g2

3 D 2

14~h1
21h2

2!S 2g1
2

9
2

g2

3 D
14~h1

21h2
2!2DG21,

l352
2g1

2

9
2

g2

6
1

3

4 S S 4g1
2

9
1

g2

3 D S 2g1
2

9
2

g2

3 D
24h2

2~h1
21h2

2!12h2
2S g2

3
2

2g1
2

9 D
12~h1

21h2
2!S g2

3
1

4g1
2

9 D DG21,

l45
g2

2
2h2

2 ,

l550 ~19!

where G5(g1
2/31g2). Additionally, we realize that in the

limit of h150 andh25he we recover theSU(3)L ^ U(1)X
model previously worked out@11#.

We want to remark that this SUSY model has the MSS
as an effective theory when the new physics is no lon
there, that meanshi50, i 51,2, and the coupling constan
are running down to the electroweak scale. At this point
use the approach where theSU(2)L coupling behaves likeg.
In the limit h15h250, we obtain

l1,25
g2~4g1

213g2!

4~g1
213g2!

, l352
g2~4g1

213g2!

4~g1
213g2!

, l45
g2

2
~20!

and, if we assume the matching condition from Eq.~6!, we
reduce the effective couplings to those appearing in
MSSM, as expected,

l15l25
1

4
~g21g82!, l352

1

4
~g21g82!, l45

g2

2
.

~21!

But when new physics is present, the conditions com
from the analysis of the Higgs potential on the new para
etershi are quite different. The requirement that the poten
be bounded from below, implies thatl1>0, l2>0 and ei-
therl31l4>0 or if l31l4,0 thenul31l4u<Al1l2, this
is not a simple region, and therefore in order to get a bo
07501
r

e

e

g
-
l

d

on the lightest Higgs boson, we evaluate numerically po
by point the conditions, and the results are shown in Fig
Furthermore, we have added the term coming from radia
corrections due to the top quark and its two supersymme
partners @6,8,14#, taking mt5174.3 GeV @19# and m̃
51 TeV. Figure 1 is a 3D plot for three different values
cos2b where tanb[^H2&0 /^H1&0, and the lowest bound o
MSSM can be moved up to 143 GeV. The range of values
h1

2 andh2
2 are presented in such a way that they satisfy

inequalities coming from the requirement that the poten
be bounded from below, and we note that forh1

250 the
largest value forh2

2 is 0.21.
On the other hand, the upper bound of the Higgs bo

mass has been calculated driving the VEV’s of the SM s
glets in such way that only one VEV has been included,
we can explore the behavior of this bound considering m
singlets in the model which have couplings in the same fo
that the first oneÑ5

0. Doing that, we note that the uppe
bound of the lightest Higgs boson is not affected pre
much, but the constraints on the parametershi , are. In Fig.
2, we show the planeh1

2-h2
2 considering one, three and te

singlets in the model. The figure implies that the new phys

FIG. 1. The upper bound on the lightestCP-even Higgs boson
as a function of the parametershi

2 from the superpotential. The
different kind of points correspond to cos2b5$0,0.6,1%.

FIG. 2. The allowed region for the planeh1
2-h2

2 with additional
SM singlets, forN51, N53 andN510.
3-5
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related to the parametershi is more constrained when th
number of singlets involved increases.

IV. CONCLUSIONS

We have presented a new supersymmetric version of
symmetrySU(3)L ^ U(1)X which is aSU(6)L ^ U(1)X sub-
group, where the Higgs bosons are in the scalar sector o
superfields, and it is triangle anomaly free. We have a
shown that using the limit when the parameterhi50 and the
matching condition@Eq. ~6!#, we obtain the SUSY constrain
for the Higgs potential as in the MSSM. Therefore, if w
analyze the upper bound for the mass of the lightestCP-even
Higgs boson in this limit, we find the same bound of arou
128 GeV for the MSSM. However, since in generalhi
50, i 51,2, such upper bound can be moved up to aro
143 GeV. This fact can be an interesting alternative to t
into account in the search for the lightestCP-even SUSY
n
01

u

A

g
ps
ch

uc
d

07501
e

he
o

d

d
e

Higgs boson mass. This model is different from the one c
sidered in@11# and only can be recovered whenh150 and
h25he . By considering the experimental value from LE
for the lightest Higgs boson massmh>114 GeV it is pos-
sible to get bounds for the parameters of the modelhi

2 ; they
are 0<h1

2<0.21, 0<h2
2<0.21. But if we include more sin-

glets of the SM symmetry likeÑ5
0, the upper bound on the

Higgs boson mass does not move considerably, only up
145 GeV, but the allowed values in the planeh1

2-h2
2 do move.

These allowed values are reduced when the number of
glets added are increased.
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