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General Two-Higgs Doublet Model
[G. C. Branco et al., 1106.0034]

The scalar sector of the 2HDM contains two complex SU(2) doublets with
hypercharge Y = +1,

Φa =
(
φ+
a

φ0
a

)
=
(

φ+
a

(va+ρ0
a+ iηa)/

√
2

)
, a= 1,2. (1)

The most general scalar potential for Φ1 and Φ2 is given by

V (Φ1,Φ2) = m2
11Φ†1Φ1 +m2

22Φ†2Φ2− [m2
12Φ†1Φ2 + h.c.]

+ 1
2λ1(Φ†1Φ1)2 + 1

2λ2(Φ†2Φ2)2

+ λ3(Φ†1Φ1)(Φ†2Φ2) +λ4(Φ†1Φ2)(Φ†2Φ1)

+
{

1
2λ5(Φ†1Φ2)2 +

[
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]
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}
. (2)

. Z2 symmetry =⇒ λ6 = λ7 =m2
12 = 0 (soft violation =⇒ m2

12).
. After EWSB: mh, mH , mA, mH± , α (mix. ang.), tanβ(= v2/v1) and m2

12.
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Yukawa Couplings
[G. C. Branco et al., 1106.0034]

. Absence of FCNCs (Z2 symmetry) =⇒ four Types of 2HDM.

Model uiR diR eiR
Type-I Φ2 Φ2 Φ2
Type-II Φ2 Φ1 Φ1
Type-X Φ2 Φ2 Φ1
Type-Y Φ2 Φ1 Φ2

. The Yukawa couplings can be written as
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∑
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2/15



Theoretical and Experimental Constraints
Numerically scanning of the parameter space
with the following constraints imposed:
. Unitarity, perturbativity and vacuum
stability.

. Oblique parameters S, T and U .
(2HDMC) [D. Eriksson, J. Rathsman and O. Stal, 0902.0851]

. LEP, TeVatron and LHC results for
◦ Additional Higgs bosons

(HiggsBounds-5).
[P. Bechtle et al., 2006.06007]

◦ Measured Higgs signal strengths
(HiggsSignals-2).

[P. Bechtle et al., 2012.09197]

. Flavour constraints (SuperIso).
[F. Mahmoudi, 0808.3144] [A. Arbey et al., 1706.07414]
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Bosonic Decays

. Most existing experimental searches target the fermionic decay channels of
charged Higgs bosons.

. The bosonic decay, H±→W±h/A, has a naturally large branching ratio
close to the alignment limit. [A. Arhrib, R. Benbrik and S. Moretti, 1607.02402]

[H. Bahl, T. Stefaniak and J. Wittbrodt, 2103.07484]

[A. Arhrib, R. Benbrik, M. K., B. Manaut et al., 2106.13656]

[Y. Wang, A. Arhrib, R. Benbrik, M. K. et al., 2107.01451]
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Charged Higgs Production

Production processes involving top (anti)quarks:

. Top pair production and decay chain (NWA):
σφ2t(2W + 4SM) = σ(pp→ tt̄→ bH+b̄W−→ bW+φb̄W−→W+W−bb̄ + (φ→)2SM)

. Associated production with top plus bottom and decay chain (mH± ∼mt):
σφt (2W + 4SM) = σ(pp→ tb̄H−→ bW+b̄W−φ→W+W−bb̄ + (φ→)2SM)

Di-Higgs processes:

. Pair production and decay chain:
σφ
φ

(2W + 4SM) = σ(pp→H±H∓→W±φW∓φ→W±W∓ + 4SM)

. Associated production with φ and decay chain:
σφ
φ

(W + 4SM) = σ(pp→H±φ→W±φφ→W± + 4SM)
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Results
The relative magnitudes of the production and decay rates of 4b final states from
pp→H±h→W±hh and from the processes involving top (anti)quarks.

. BR(h→ bb̄) can reach values above 80%.
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Results
The relative magnitudes of the production and decay rates of 2b2τ final states
from pp→H±h→W±hh and from the processes involving top (anti)quarks.

. BR(h→ τ+τ−)∼ 7% (Type-I), ∼ 100% (Type-X).
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Results
BPs for Type-I

BPs for Type-X

. BPs satisfying both conditions mH± <mt and mH± >mt are chosen.

. We also take into account the mixing cases, e.g. pp→H±h→W±Ah.
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Results

The total production rates of (2)W + 4b, (2)W + 2b2τ and W + 4τ from different
production channels of H± in Type-I and -X.

. Final states from di-Higgs processes are large compared to those from
processes involving top (anti)quarks.

. Signatures from pp→H±h/A are always dominant in both Type-I and -X
scenarios.
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Results

However, h can become fermiophobic,
. If cosα vanishes, h→ γγ can be large, dominated by H+ loop
. h→ ff̄/gg suppressed by cosα
. h→ V V suppressed by sin(β−α) and kinematics

[A. Arhrib, R. Benbrik, R. Enberg et al., 1706.01964]

[Y. Wang, A. Arhrib, R. Benbrik, M. K. et al., 2107.01451]
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Results
Therefore, it would be promising to investigate W±+ 4γ final state via H±h
production channel, i.e. pp→H±h→W±hh→W±+ 4γ.

. The irreducible SM W±+ 4γ background is less than 10−6 pb.

. In presence of background generated by both real and fake photons (from jets), the
signal is essentially background free [arXiv:2107.01451].
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Conclusions

. A charged Higgs boson is always predicted in the multi Higgs doublet model.

. When it is light, production channels like pp→H±h/A and pp→H±H∓

followed by H±→W±h/A could well be the most promising discovery
channels for H±.

. We suggested the final states 2W + 4b, 2W + 2b2τ , W + 4b, W + 2b2τ and
W±+ 4τ as potential discovery channels.

. In the fermiophobic limit, W + 4γ signature can give the best reach since it
is essentially background free.

. Benchmark points are proposed, for both the 2HDM Type-I and -X, to
motivate future searches for light charged Higgs boson.

Thank you!
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Charged Higgs production
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