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Motivation : Incredible Success of 
the Standard Model



The mission of the new LHC run at 
14 TeV

• The first task is the improvement of the scalar boson mass and 
scalar boson coupling measurements.



The mission of the new LHC run at 
14 TeV

Accurate measurements of the scalar 

boson couplings to the SM particles 

would be helpful to determine if the 

Higgs-like particle is indeed the SM

Higgs boson or a Higgs boson that 

belongs to a higher representation, 

such as models with extra Higgs doublets, 

extra triplets, or singlets.



The mission of the new LHC run at 
14 TeV

• The second task is to find a clear hint of new physics. 

• Non-minimal Higgs sector models can explain the observed 
Higgs-like particle and account for some weakness of the SM.

• One common feature of many extensions of the presence of 
extra neutral Higgs bosons as well as singly-charged Higgs 
bosons in the physical spectrum.

• Therefore, the discovery of these extra bosons, especially for 
charged Higgs boson would be an unambiguous sign of physics 
beyond the SM.  



Charged Higgs boson productions 
at hadron colliders

• 1. Production from top decay : 

• 2. Single charged Higgs production :

• (QCD processes :                      &                     )

• (EW processes :                   ,                      &                                 )

• 3. Resonant charged Higgs production : 

• 4. Charged Higgs pair production through      annihilation or gluon 
fusion.

• 5. Same-sign charged Higgs pair production :



Same-sign charged Higgs pair 
production

• 1. The full process :

• 2. The production cross section scales as the square of the mass 
difference                                in the alignment limit

• 3. We focus on light pseudoscalar and large mass difference with

• ,

• in Type-I and III 2HDM’s. 
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Constraints on 2HDM’s

Theoretical constraints : 

(1) All set of tree-level perturbative unitarity conditions 

(2) All           remain perturbative

(3) The potential remains bounded from below,

Experimental constraints from indirect searches :

(1) Electro-Weak Precision Observable (EWPOs) 

(2) Flavor physics



Electro-Weak Precision Observable 
(EWPOs)

• The EWPOs can be represented by a set of oblique parameters
S, T and U.

• We emphasize that the T parameter, which is related to the 
amount of isospin violation, is sensitive to the mass splitting
among

• From 2018 PDG review with fixed U=0, the best fit of S, T 
parameters can be represented as





B physics constraints
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• The signal process

• The main SM backgrounds
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Conclusions
• The 2HDM is one of the most popular extended Higgs sector with 

rich phenomenology.

• Exploring the whole mass spectrum in 2HDM can help us 
understand the mystery of EWSB.

• We have studied a novel process - production of same-sign charged 
Higgs production.

• It allows one to probe the whole mass spectrum in the 2HDM for 
some specific relations.

• We have investigated same-sign charged Higgs-boson production 
via vector-boson-fusion at the HL-LHC and HE-LHC (27 TeV) in Type 
I and III 2HDM's.
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