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1. LHC: One fo the most successful experiments ever!

• The SM is passing all tests at LHC,


• The Higgs boson discovery remains as its 
greatest  achievement, 


• The absence of signals of Physics beyond 
the SM is intriguing, but a lesson in itself,


• This means we need to keep improving 
experimental tools  and  to think harder,


• But the evil is in the details …



SM Higgs
• The SM contains one Higgs doublet, after SSB a physical scalar remains,


• The essential feature of the SM Higgs is that it couples to the mass, 
which determines its decay modes and production mechanisms,


• This has been tested at LHC for the couplings with gauge bosons and 
3rd generation fermions, 



To study Higgs Couplings at LHC - Kappa-formalism

• ATLAS and CMS have 
presented results for the 
Higgs-coupling kappas for 
gauge bosons and 3rd gen. 
fermions,


• Evidence for decay into 
muon have been presented 
more recently,



Higgs couplings with light quarks (LHC)

• A variety of methods beings used:


   - light quark effects on h+jet 
production,


   - Production of qq -> h+gamma,


    - Decays h-> qq+gamma,


    - Higgs pair production,  


     - c/b discrimination, 



ATLAS and CMS results - HCL

• For the SM we have one Higgs Coupling Line (HCL), 
what about in extensions of the SM? One line? More 
lines?



Higgs coupling lines in multi-Higgs models -  
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• In NHDM´s, Higgs couplings could lay on one or more lines, 
ex. SUSY 4HDM 



• Two Higgs Doublets -> 8 d. of f.


• Physical spectrum:  h(125), H, A, H^+,


• Parameters include two vevs:  v1, v2 ->  v=(v1^2+ v2^2)^1/2 = 246 GeV, tan(B)=v2/v1, 


-  And the masses (M_Hi) and alpha (angle to  diag. neutral Higgs mass matrix) 

Higgs Coupling Lines in the 2HDM

• Basics of the general 2HDM - Yukawa lagrangian



Fermion-Higgs couplings in the 2HDM 



Higgs couplings Lines in the 2HDM

•For 2HDM-I: fermions masses come from 
one doublets, say (Φ_1), then Yukawa 
couplings will lay on a single line. But it will 
not coincide with the SM one. 


•In 2HDM-II: Φ_1 gives mass to U-quarks, 
Φ_2 gives masses to D-quarks and leptons. 
Thus, there will be two HYL,


• Could we study these HCL more 
quantitatively ?



The angle between Higgs coupling lines

• Recent work with M. Arroyo, J.L. 
Diaz-Cruz [ Phys. Lett. B810 (2020) 
135799 , arXiv:2005.01153 [hep-ph] ]  

• Interesting to calculate the angle 
subtended by Higgs Yukawa 
line, w.r.t. SM Yukawa line,


•  For Model  K, we find:

• The SM Higgs coupling line  
and data line make an angle:

http://arxiv.org/abs/arXiv:2005.01153


2HDM-I Results:



2HDM-II Results: d-type fermions



Other models:
• Also considered models 

where fermion mass hierarchy 
arises from effective 
operators,


• In such case, there will not be 
a line, but scattered points,


• The 2HDM-embedding of 
such idea is severely 
restricted,


• Neutrino mases may not obey 
a linear relation (see-saw 
mechanism),



Conclusions: 

• The Higgs coupling lines can be used to look for hidden 
patterns of New Physics  (-> HPNP),


• The Psi-Angles can be used to parametrize deviations form 
the SM,


• Current data can be used to constraint the Psi angle; we 
have done that for 2HDM-I and II.


• Wait for the High Luminosity LHC  phase, 


• Build next ILC, VLHC, to better measure Psi_K



“All izz well”,  Gracias!  


