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Introduction

125 GeV Higgs properties 
are consistent with SM

More scalars to come ?

Where to look ?

PDG 2023

σ . BR (Normalised to SM)

Above and  
Below 125 GeV



~ 2.9 (1.3) σ

CMS-PAS-HIG-20-002

Motivation - I
“Excess” at ~ 95.4 GeV with local (global) significance 



ATLAS  results 

Small “excess” at ~95 GeV with local 
~ 1.7 σ

•https://indico.cern.ch/event/1281604/attachments/2660420/4608571/LHCSeminarArcangeletti_final.pdf

Motivation - II :

https://indico.cern.ch/event/1281604/attachments/2660420/4608571/LHCSeminarArcangeletti_final.pdf


Motivation - III
Excess at ~100 GeV with local ~ 3 σ CMS 2208.02717



“Excess” at ~98 GeV with local ~ 2.3 σ
LEP hep-ex/ 0602042, 0306033

Same origin ? 

Particle with production cross section 
~10% of the SM    

Suppressed VV coupling

arXiv : 1612.08522

Evidence - IV



Diphoton over time

Heinemeyer SUSY’24 



 2HDM

After EWSB

CP conserving scenario : 10 free parameters

Minimization conditions and   v2
1 + v2

2 = v2

Physical states : h, H (CP-even), A ( CP-odd), H±  (Charged)



 2HDM

Discreet Z2 to forbid tree FCNC

Allowed fermion couplings 

Φ1 → Φ1, Φ2 → − Φ2



Requirements to fit excesses
mH = 125 GeVmh = 95 GeV

chVV

chtt̄

chbb̄

must be strongly 

must be suppressed to enhance BR(h → γγ)

must not be strongly suppressed 

must not be suppressed 

suppressed

Type-II and flipped : tension between STU parameter measurements and b → sγ

Azevedo, Biekotter, Ferreira ‘23

chττ̄



Type-III 2HDM

Generic Yukawa couplings, no discreet symmetry

FCNC effects

Must reproduce observed fermion masses and mixings

Cheng, Sher PRD’1987

Specific Yukawa texture :

See  Hernandez-Sanchez, Moretti, Noriega-Papaqui, Rosado 
1212.6818



Type-III 2HDM

Type-III 2HDM Yukawa couplings

After EWSB

, χijFree parameters



Explaining the excesses
mH = 125 GeVmh = 95 GeV

See  Benbrik, Boukidi, Moretti 2405.02899 for CP-odd 
contributions 



Numerical analysis

Theoretical

Experimental   

• EWPO.

• SM-like Higgs boson constraints

• Non-SM-like Higgs  constraints 

• B-physics observables 

• Unitarity : tree 2-to-2 scattering matrix 
eigenvalues 

• Perturbativity

• Vacuum stability

constraints

constraints



2HDM Type-III interpretation 

Best fit point : = 4.55 ∼ 1.2σ

(159 dof)



2HDM Type-III interpretation 



2HDM Type-III interpretation 



Correlation between couplings



Testability in future colliders



Best-fit point



Summary
Interesting set of anomalies around ~ 95 GeV in CMS  , LEP   channels

ATLAS    searches also see hints

Same origin ? 

Type-III 2HDM offers explanation with  GeV and  GeV

Stringent constraints on  from CMS  production searches

Precision measurement of 125 GeV Higgs couplings @ HL-LHC, ILC can be conclusive

γγ, ττ bb̄

γγ

mh ≈ 95 mH ≈ 125

μττ tt̄h, Zh




