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In this contribution, we discuss the light charged Higgs boson production via ?? → C̄1�± at the
Large Hadron Collider (LHC) in the Two-Higgs Doublet Model (2HDM) type-III. We explore
the prospect of looking the aforementioned Higgs boson production channel followed by �±`a
signal. The latter has the potential to be overwhelmingly stronger than �±ga and �±2B̄ signals
in type-III. We show that in both scenarios standard and inverted hierarchy and after including
several theoretical and experimental constraints, the production process ?? → C̄1�± followed by
�± → `a could represent the most promising experimental option to search for light charged
Higgs boson at the LHC.
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1. Introduction

The discovery of a scalar particle at the Large Hadron Collider (LHC) in 2012 [1, 2] con-
firmed the Standard Model (SM) as the fundamental theory of strong and electroweak interactions.
However, despite its high compatibility with experimental measurements, the SM has significant
shortcomings, and there are several phenomenological indications that the SM cannot answer all
questions, so any extension of the SM is well motivated.

The Two-Higgs-Doublet Model (2HDM) is considered as one of the simplest beyond the SM
extension. Apparently the most general implementation of 2HDM has non-diagonal fermionic
couplings in the flavour space, and can therefore induce flavor-changing neutral current (FCNC)
effects at the tree level, which might be not consistent with the actual observation. If we allow
these tree-level FCNCs, both doublets can couple to leptons and quarks and the associated model
is called 2HDM type-III1, in the latter we assume the so-called Cheng-Sher ansatz [3] within the
fermion sector, forcing the non-diagonal Yukawa couplings to become relative to the mass of the
relevant fermions .̃8 9 ∝

√
<8< 9/E j8 9 , where j8 9 are taken as dimensionless free parameters.

Assuming CP-conservation option, and very minimal version of Higgs couplings, the 2HDM can
be parameterized by at least 7 free parameters, those are: Higgs masses, <ℎ, <� , <�± , <�, the
ratio of the vacuum expectation values of the two Higgs doublets fields tan V = E2/E1, the mixing
angle of the CP-even Higgs states U, and finally the <2

12.
Charged Higgs boson presents special challenge for experimental search. In this regard ATLAS

and CMS collaborations almost target the fermionic decay channels in their programs to look for
�±. In the <�± < <C − <1 case the charged Higgs boson has been searching for through the top
pair (anti)quark production and decay, ?? → CC̄ → ,±�±11̄, with �± decaying into a pair of
fermions ga and 2B̄. Our study is dedicated to the �± → `a decay to assess the extent to which it
might complement the searches for light charged Higgs.

1.1 Review of 2HDM type-III

After spontaneous symmetry breaking the Yukawa Lagrangian can be expressed, in terms of
the mass eigenstates of the Higgs bosons, as follows:

−L� � �. =
∑

5 =D,3,ℓ

<
5

9

E
×

(
(b 5
ℎ
)8 9 5̄!8 5' 9ℎ + (b 5� )8 9 5̄!8 5' 9� − 8(b

5

�
)8 9 5̄!8 5' 9�

)
+
√

2
E

3∑
:=1

D̄8

[(
<D8 (bD∗� ):8+: 9%! ++8: (b

3
�): 9<

3
9 %'

)]
3 9�

+

+
√

2
E
ā8 (bℓ�)8 9<

ℓ
9%'ℓ 9�

+ + �.2. (1)

where E =
√
E2

1 + E
2
2 with E8 being the VEV of neutral component of Higgs doublet �8 , the reduced

Yukawa couplings (b 5 ,ℓ
q
)8 9 are given in [4] in terms of the free parameters j 5 ,ℓ

8 9
and the mixing

angle U of the two CP-even scalar bosons and of tan V.

1The model is described in detail in Refs. [4, 5]
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2. Results and discussion

In this contribution, as mentioned above we focus on both scenarios standard (ℎ ≡ ℎ(" ) and
inverted hierarchy (� ≡ ℎ(" ). We perform a random scan over the 2HDM parameter space using
the public code 2HDMC-1.8.0 [6], we then require that each parameter point complies with the
following theoretical and experimental constraints:

• Theoretical constraints: Unitarity [7–9], Perturbativity [10], and Vacuum stability [11, 12].

• Collider constraints: Agreement with electroweak precision observables (EWPOs) [13]
through the oblique parameters ((, ) , *) [14–16], agreement with current collider mea-
surements of the Higgs signal strength as well as limits obtained from various searches
of additional Higgs bosons at the LEP, Tevatron and LHC, in which we make use of
HiggsBouns-5.9.0 [17] and HiggsSignal-2.6.0 [18]. and finally agreement with the
current limits from B physics observables by using the public code SuperIso-v4.1 [19].

2.1 Scenario-I: Standard hierarchy

Figure 1: f�±2C (C̄ + 1 + `a) v.s f
�±

2C (C̄ + 1 + -. ) with XY≡ ga (left) and XY ≡ 2B̄ (right). The color bar
shows the mass of the charged Higgs boson (up) and tan V (down).
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2.2 Scenario-II: Inverted hierarchy

Figure 2: f�±2C (C̄ + 1 + `a) v.s f
�±

2C (C̄ + 1 + -. ) with XY≡ ga (left) and XY ≡ 2B̄ (right). The color bar
shows the mass of the charged Higgs boson (up) and tan V (down).

In Figs. 1 and 2, we present the correlation between production and decay of light charged
Higgs into `a and ga (left) and 2B̄ (right) mapping on charged Higgs mass <�± (upper panels) and
tan V (lower panels), for the parameter points that survive all constraints. It is clearly visible that,
the signal cross section f�±2C (C̄ + 1 + `a) is about one order of magnitude larger over ga and 2B̄
modes for roughly <�± in 80 GeV ∼ 120 GeV range and tan V in 2 ∼ 5 range, This large production
rate of `a is due to the higher branching ratios of charged Higgs decay and its production rate
from ?? → CC̄ process. It is therefore clear that f�±2C (C̄ + 1 + `a) can provide a potential alternative
discovery channel for light charged Higgs boson at the LHC in the 2HDM-type-III.

3. Conclusion

In this contribution, we have investigated the production of light charged Higgs bosons via
?? → C1�± at the LHC with

√
B = 13 TeV in both scenarios where ℎ and � can identified to be the

SM-like state of mass 125 GeV, Under the up-to-date theoretical and experimental constraints, we
have mainly focused on the `a decay channel of �±, which is dominant over the other fermionic
decay modes ga and 2B̄. We have illustrated that such production and decay channels would lead to
significant cross section for `a final states, which might be alternative signatures to target the light
charged Higgs boson at the LHC.
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