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Outline
• Can we have more than one (or two) resonances at 

125 GeV (degenerate Higgs)? Yes, it is possible. 

• How to distinguish the degenerate Higgs scenario 
from the conventional single Higgs scenario? 

• precise signal fit cannot offer an answer 

• to look for the BSM effects: self-interactions or 
pair productions at LHC/ILC, the searches for 
CP-odd scalars.



The 2HDM



Neutral Higgs masses



Neutral Higgs couplings



Global signal fit to the 
degenerate Higgs



The Higgs signals @LHC run-I



The Higgs signals @LHC run-II



Global signal fit
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Best-fit points



The constraints to the 
2HDM with 

degenerate Higgs



A set of constraints
• The charged Higgs boson mass bounds: from 

FCNC decays 

• The unitarity && stability constraints to the 2HDM 
potential 

• The EW precision tests: can be easily alleviated 

• LHC direct searches for CP-odd scalar A



The charged Higgs boson

Misiak && Steinhauser, 1702.04571

The Belle measurements of b> 
s+gamma decay: 1608.02344



The unitarity && stability



The unitarity && stability



The unitarity && stability



Experimental tests of 
the degenerate Higgs



Indirect tests at LHC
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Direct tests: Higgs self-couplings && Higgs 
pairs

• The Higgs self-couplings can be measured through 
the Higgs pair productions at both LHC and future 
electron-positron colliders. 

• There are more than one triple Higgs self-couplings 
involved for degenerate Higgs:



Higgs self-couplings



Direct tests at the LHC: SM-like 
case



Direct tests at the LHC



Direct tests at the LHC
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Direct tests at the LHC



Higgs pairs at the ILC



Higgs pairs at the ILC



Higgs pairs at the ILC



Higgs pairs at the ILC
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Higgs pairs at the ILC
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Summary
• The future prospects of distinguishing the mass-

degenerate Vs. the single resonance case, in the 2HDM. 

• Direct measurements of Higgs signals: Higgs Yukawa 
&& gauge couplings. We suggest to probe the Higgs 
self-couplings through Higgs pair productions. 

• LHC: not likely to probe the scenario from the Higgs 
pairs, but can rule out this scenario by searching for A 
(very soon at run-II). 

• Electron-positron colliders (ILC): direct measurements, 
can fully justify the Type-II case.



Thank you!


