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INTRODUCTION
Neutrinos oscillations phenomenon reveals that

the neutrinos have masses in contrast to what the
Standard Model has expected, this outstanding
question with many other unexplained problems
have motivated the theoretical physicists to build
models beyond the Standard Model.

The Standard Model can be extended in sev-
eral different ways [1], by adding new fermions
fields, by augmenting the scalar sector to more
than Higgs field and by enlarging the local gauge
group.

Among many BSM models, we are interested
in the second extension of the SM, models based
on the gauge group SU(3)C ⊗ SU(4)L ⊗ U(1)X
(the 341 models just for short). Those models pre-
dicted the existence of new particles: exotic lep-
tons, new gauge, and scalar bosons.

In our work, we focus on the study of the vari-
ous decay modes of the neutral scalar bosons h1,
h2 and h3 in the context of the so-called the com-
pact 341 model and confront our theoretical re-
sults with the experimental data reported by AT-
LAS and CMS in order to check the viability of
this model and to know how much the compact
341 model survives to the LHC tests in the next
coming run.

We discuss some phenomenology in order to
understand more on the properties of the heavy
scalars and to check if the compact 341 model
could have a good contribution to increasing the
signal of the double Higgs production at the LHC.

THE COMPACT 341 MODEL
The electric charge operator in the comapct 341

model is:

Q = T3 + βT8 + γT15 +X (1)

In our case, β = − 1√
3

and γ = − 4√
6

.
The fermions content of this model is:

faL


νa
la
νca
lca

 , Q1L


u1
d1
U1

J1

 , QiL


di
ui
Di

Ji


Where a=1,2,3 and i=2,3. One of the quark fami-
lies should be arranged in a different representa-
tion to the other two families while all leptons are
in the same representation.

About Right-handed quarks, they transform as
singlets under SU(4)L ⊗ U(1)X .

The most general scalar potential in the com-
pact 341 model is given:

V (η, ρ, χ) = µ2
ηη

†η + µ2
ρρ

†ρ+ µ2
χχ

†χ+ λ1(η†η)2

+ λ2(ρ†ρ)2 + λ3(χ†χ)2 + λ4(η†η)(ρ†ρ)

+ λ5(η†η)(χ†χ) + λ6(ρ†ρ)(χ†χ) + λ7

( ρ†η)(η†ρ) + λ8(χ†η)(η†χ) + λ9(ρ†χ)

( χ†ρ), (2)

Where µ2
µρχ are the mass dimension parameters,

λS are dimensionless coupling constants, η, ρ and
χ are the scalar fields.

THE SIGNAL STRENGTH AND THE BRANCHING RATIO

To get the deviation of the compact 341 model
from the SM, the signal strength for the lightest
neutral scalar boson h1 has calculted from the fol-
lowing expression:

µxy =
BR341

BRSM
=

ΓSM (h −→ all)Γ341(h1 −→ xy)

Γ341(h1 −→ all)ΓSM (h −→ xy)
. (3)

for each individual channels bb,ll,γγ, ZZ andWW
as it presented in the figure 1. Notice that the pre-
dictions of the compact 341 model are fairly good
and compatible with the run2 experimental data.
This is a confirmation and a proof of the viability

of the 341 BSM model.
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Figure 1: Signal Strengths for various decay modes
compared to the ATLAS, CMS and ATLAS+CMS data

We have calculated the Branching ratio for the
other heavy neutral scalar h2 and h3.

Figure 2: The dominat branching ratio for h2 and h3

In fact, we have obtained a confidence band due

to the variations of the couplings λ′is within the al-
lowed parameter space region after imposing the
noghost, perturbative unitarity and stability con-
ditions.

For the heavy Higgs h2, the dominant decay
mode is h2 −→ h1h1 where it’s branching ratio is
about 0.98 and it is a decreasing function of mh2

.
This could be a good signal for the 341 model re-
garding the double Higgs production process at
the LHC.
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FUTURE RESEARCH
The 341 models predicted the existence of new heavy neutral gauge bosons Z’ and Z”, The non-

universal coupling of those gauge bosons with fermions leading to the appearance of the flavor changing
neutral current. In our future direction, We will discuss the FCNC in the fermion sectors, Furthermore,
bounds on some of the flavor changing parameters are derived using the recent experimental data.
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DOUBLE HIGGS PAIR PRODUCTION
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Figure 3: Double higgs pair production diagram

The search for the double Higgs boson produc-
tion is the main work in the future work at the
LHC. This production has already been searched
at the LHC in both Run 1, Run 2 but without sig-
nals.
The existence of the heavy neutral scalars h2 and

h3 in our model and the fact that h2 prefers to de-
cay into a pair of Higgs like-bosons h1, that makes
h2 the most probable neutral particle which can
act the role of the resonant in the double Higgs
production process. the contributions of the com-
pact 341 model in this production maybe leads to
enhance the signal excess at the LHC and increase
the probability to detect the Higgs pair produc-
tions in the next run.

Figure 3 represents Trilinear Feynam diagrams
of the Higgs pair productions pp −→ h2 −→ h1h1
in the compact 341 model.

OBJECTIVES
The goal of this work is to test the validity of
the compact 341 model using the signal strength
and the calculation of the branching ratio for the
heavy scalars bosons h2 and h3 in different chan-
nels in the frame work SU(3)C⊗SU(4)L⊗U(1)X .

THEORITICAL CONSTRAINTS
The scalar potential couplings λ1..9 have con-
strained by the following conditions:
1- The unitarity,
2- Stability of the potential,
3- No ghost.


