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We study the production cross section of the heaviest hyjpege-two Higgs boson-(zi) pre-
dicted by the 3-3-1 model. Taking into account intermediegetor bosons, including a nex/
neutral boson, we calculate the cross sectiohl@fpair production at CERN-LHC hadron col-
lider. ConsideringZ’-mass of the order of 1 TeV, we found that the cross sectiooedses from

100 fb to 1x 10~3 b for theH, -mass range 200 - 1000 GeV. We also found that for masses below
the kinematic threshold (500 GeV), the cross section splitsthree branches fOﬂf—boson, the
hipercharge-onkl;" -boson, and théls;, ,,,-boson from a two Higgs doublet model.
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1. Introduction

An interesting alternative to extend the SM are the modeth gauge symmetrpU(3). ®
SU(3)L ®U (1)x, also called 3-3-1 models, which introduce a family nonarsalU (1) symmetry
[1, 2, 3]. These models have a number of phenomenologicaraages. First of all, from the can-
cellation of chiral anomalies and asymptotic freedom in Q@@ 3-3-1 models can explain why
there are three fermion families. Secondly, since the thaindily is treated under a different repre-
sentation, the large mass difference between the heaviast tamily and the two lighter ones may
be understood. Finally, these models contain a naturaledR€uann symmetry, necessary to solve
the strong-CP problem. In particular, these models exteadstalar sector of the SM into three
SU(3). scalar triplets. After the spontaneous breaking of the gaygnmetry and rotations into
mass eigenstates, the model contains 4 massive chargesl(l—lﬁg-lf), one neutral CP-odd Higgs
(A%, 3 neutral CP-even Higgé?,H?,HY), and one complex neutral Higgs§) bosons. In partic-
ular, the charged sector is composed of two types of Higgsrsosypercharge-one Higgs bosons
Hf which exhibit tree-level couplings with the SM particleg,[dnd hypercharge-two Higgﬂf
bosons which show couplings with the SM matter through ngjxirith non-SM particles. In this
work we study thd—lfz-boson production at CERN-LHC ipp — H, H, pair production. For
comparison purposes, we include t-H§r|DM—boson production from the two Higgs doublet model.

2. The 331 spectrum

We consider a 3-3-1 model where the electric charge is deliyed

1
=Ts— —Tg+X, 2.1
Q=Ts 73 (2.1)
with T3 = $Diag(1, —1,0) andTg = (Z—%)Diag(l, 1,—2). In order to avoid chiral anomalies, the
model introduces in the fermionic sector the followifgU(3)c,SU(3).,U (1)x) left- and right-
handed representations:

Ul Ué(3*71,2/3)
Qi = | bt | :(331/3),¢ D&:(3*,1,-1/3)
Tl ) Ta:(3%,1,2/3)
D23 D3%:(3%,1,-1/3)
Q¥ = | u23 | :(33,0),¢{ UZ%:(3",1,2/3)
23 . [ox
323 ) JR°1(35,1,-1/3)
y123 123, (11, 1)
28— | @23 | 1(1,3-1/3),0 R, E Y 22)
. NE23:(1,1,0)

whereUli_ and D}_ fori =1,2,3 are three up- and down-type quark components in the fla\gis,ba
while v| ande€] are the neutral and charged lepton families. The right-bdrggctor transforms
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as singlets unde8U(3), with U (1)x quantum numbers equal to the electric charges. In addition,
we see that the model introduces heavy fermions with theviatlg properties: a single flavor
quarkT?! with electric charge 23, two flavor quarks/>® with charge—1/3, three neutral Majorana
leptons (v123)¢ and three right-handed Majorana Ieptd\:\%2 3. On the other hand, the scalar
sector introduces one triplet field with VEY)o = vy, which provides the masses to the new
heavy fermions, and two triplets with VEM®)o = v, and(n)o = u,, which give masses to the
SM fermions at the electroweak scale. T{8J(3).,U(1)x) group structure of the scalar fields
are:

X7
X = Xo : (37 —1/3)
5(Ux +Ex£ix)
o
5(Up+&p£idp) | :(3,2/3)
Ps
5(Un +&n Fidy)
n= ny 1 (3,-1/3). (2.3)
ng
In particular, thep andn triplets contain hipercharge-one and hypercharge-twddieffter
the symmetry breaking, the above weak eigenstates rotatthimfollowing mass eigenstates [5, 6]:

S

©
I
S

S

Hipercharge-one Higgs Hi" = —Sg, ;" +Cp, N5
Hipercharge-two Higgs H; ~ pét, (2.4)

whereTg, = Uy /Up. The photorA, neutral weak boso# and a new neutral bosdt are [7]:

/.1
All = SNW3+C\N (\/7TWW8+ 1- 3(TW)ZBH> )
B 3 1 8, |4 1 05
le = C\NWH —SN (ﬁTWW/J + 1- §(TW) Bu) )

1
Z), = —\/1- S (Tw) WS+

1
= — 3 TwBy, (2.5)

Ne

where the Weinberg angle is defined s = v/3gx/ /392 +4g%, with g. andgx the coupling
constants of the grou®U(3). andU (1)x, respectively.

3. The couplings

For the interaction between the SM-quadkand neutral gauge bosons, we found [7]:

=eQ0Aq+ —G [V (98 — gdys) ZH + v (87 — Gdys) 2] a, (3.1)
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Table 1: Vector and Axial couplings of SM quarks and Neutral Gaugedsss The indexn = 2,3 labels
the 3 multiplets.
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Figure1: Charged Higgs boson pair productiongip collisions

whereqisU = (U1,U2,U3) or D = (D!,D?,D3) for up- and down-type quarks, respectively, and
Qq the electric charge in units of the positron chaegerThe vector and axial-vector couplings of
theZ andZ’ bosons are written in table 1 for each SM quark.

On the other hand, from the kinetic term of the Higgs Lagrangiwe obtain the following
Higgs-Higgs-Vector interaction associated with the chdriliggs sector::

.20V = —je[H H +HyHy | (p—a)H Ay
i
- s [CanHi HE +25HH, ] (- 0)" 2,
igx _ _
23Ty [(Copr + W) Hi Hy +2(1+T§) Hy Hy | (p— )" Z, (3.2)
4. Results

For the pair production from figure 1, we use the couplings3ig), Figure 2 show the cross
section for Higgs boson pair productidﬂ;E for M, = 1 TeV andpp collisions at CM energy of 14
GeV. For comparison purposes, we include the charged Higgertb-lf and HZiHD,\,I from a two
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Figure 2: Pair production cross section of charged Higgs bosons

Higgs doublet model (2HDM). We observe the following belbavi

e Below the kinematic thresholll; < 500 GeV, the cross sections split into three branches,
whereoa(Hz) > 0(H1) > 0(HzHpm).

e TheH; bosons exhibit larger contributions th&f}". This splits is due to the different
contributions exhibits by thel;" andH5" bosons with the gauge bosons in Eqgn. (3.2).

e For 2HDM model, we obtain smaller production ratios due ftct that in this model the
Z' contribution does not exist.

e ForMy > 500 GeV, theZ’ contribution is suppressed by kinematic conditiod$ & 2My).
Thus, the cross section decreases, as shown.

e The Hl -Z' Coupling iSBT—dependent as shown in Eq (5) For numerical purposes we fix
5 =9.
Br
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