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2HDM scalar potential

● With CP-conserving, and a imposed Z2 symmetry

Three neutral Higgs bosons （h, H, A） and a H± pair

mh, mH, mA, mH±

α: mixing angle of neutral scalars

β



2HDM Type-I
Z2-symmetry four types 

Study               final states


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Theoretical constraints

Perturbativity Unitarity Vacuum stability

Experimental constraints

EW oblique parameters S, T, U

LEP, TeVatron and LHC data

Flavour physics

Code with: 2HDMC, HiggsSignals, HiggsBounds, SuperIso ...
[A. Arbey, F. Mahmoudi, O. Stal, T. Stefaniak, Eur.Phys.J. C78 (2018) no.3, 182]



Parameter space scans

fermiophobic h0)(sin 

constrain by

cross section

A. G. Akeroyd, M. A. Diaz, and F. J. Pacheco, Phys. Rev. D70, 075002 (2004)

[YW, A. Arhrib, R. Benbrik, M. Krab, B. Manaut, S. Moretti, Q.S. Yan 2107.01451]



our BPs

off-shell W boson

on-shell W boson

all BPs: mH=125 GeV, mH
±<m t

soft γ from 



our BPs

BKG: with faked photons

large signal 

cross sections



Event generation and simulation

MadGraph5_aMC@NLO  +  Pythia + Delphes (ATLAS card)  for 13 TeV and 14 TeV



Event generation and simulation

After selecting lν+4γ

Background Free



Efficiency
plots for 𝑝𝑇

𝛾
> 10 GeV, 𝑝𝑇

𝑙 > 20 GeV, 𝑠=13/14 TeV

plots for 𝑝𝑇
𝛾
> 20 GeV, 𝑝𝑇

𝑙 > 10 GeV,  𝑠=13/14 TeV

in Backup, also f ind

𝑠=14 TeV

parton level

detector level 

[A. Arhrib, R. Benbrik, R. Enberg, W. Klemm, S. Moretti, S. Munir, Phys.Lett. B774 (2017) 591-598]

[YW, A. Arhrib, R. Benbrik, M. Krab, B. Manaut, S. Moretti, Q.S. Yan 2107.01451]



predicted significances for (Mh, MH±) 
𝑚h =

1

2
𝑀H=62.5 GeV



predicted significances for (sin(β − α), tanβ)



Conclusions

● A charged Higgs is always predicted in the mult i Higgs doublet model.

● Always hard to detected, owing to reduced couplings to the SM.

● In the 2HDM Type-I, there are W+4γ final states by H±+h production with a clear 

signature. fermiophobic l ight h.

● Our analysis has been a detector level study exploit ing ful l  MC event generation.

● In presence of background generated by both real and fake photons, ,  the signal is 

essential ly background free.

● We provided estimates for the detector eff iciency  and associated heat maps which can 

expedite an estimate of the signal signif icance.



Thank you for your attention!
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predicted significances for (Mh, MH±) 



predicted significances for (sin(β − α), tanβ)



charged Higgs production and decay

● production:

● 𝑔𝑏 → 𝐻− and 𝑔𝑔 → 𝑡ഥ𝑏𝐻−

● 𝑔𝑔 → 𝑊 +𝐻− and 𝑏ഥ𝑏 → 𝑊 +𝐻−

● 𝑔𝑔 → 𝐻+𝐻− and ഥ𝑞𝑞 → 𝐻+𝐻−

● ഥ𝑞𝑞 ’ → 𝐻+𝜙

● ത𝑠𝑐 , ഥ𝑏𝑐 → 𝐻+

● 𝑡 → 𝑏𝐻+

● decay

● 𝐻+ → ഥ𝑏𝑐 , ത𝑠𝑐 , ഥ𝑏𝑡 , 𝜏+𝜈 Fermionic decay

● 𝐻+ → 𝑊 +𝛾 , 𝑊 +𝑍 Bosonic decay

● 𝐻+ → 𝑊 +𝜙



parameter scan

● B-physics with SuperIso v4.1:

● EW

● Coll ider:  exclusions from nil searches for Higgs boson companions, via

HiggsBounds-5.9.0, and measurements of the SM-like Higgs boson propert ies, via

HiggsSignals-2.6.0 (for which we have enforced a best f i t  at 95.5% CL)


