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Introduction
EWSB dynamics in SM unsatisfactory:

Theory: Higgs boson mass is unstable under radiative corrections 
(hierarchy problem)

Experiment: no Higgs evidence so far

Hence, it is quite appropriate to explore implications of more complicated 
Higgs models !

Two major constraints to go beyond the SM:

1. The experimental fact that 

2. Limits on the existence of FCNCs

1&2 are not a problem in the SM and for any additional singlets !



  



Electroweak ρ parameter is experimentally close to 1

                           constraints on Higgs representations 
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 complex representation

 real representation      

Real representation: consists of a real multiplet of fields with integer weak isospin and zero hypercharge

One can choose arbitrary Higgs representations and fine tune the Higgs 
potential parameters to produce ρ≈1.  

Take a model with multiple `bad’ Higgs representations and arrange `custodial’ 
SU(2) symmetry among the copies (i.e., VEVs arranged suitably), so that 
ρ=1 at tree-level. This can be done for triplets.



In SM FCNC automatically absent as same operation diagonalising the
mass matrix automatically diagonalises the Higgs-fermion couplings.

There are two ways:

Make Higgs masses large (1 TeV or more) so that tree-level FCNCs 
mediated by Higgs are suppressed to comply with experimental data.

Glashow & Weinberg theorem (more elegant): FCNCs absent in models 
with more than one Higgs doublet if all fermions of a given electric 
charge couple to no more than one Higgs doublet.  

        (MSSM is an example: Y=-1(+1) doublet couples to down(up)-type 
fermions, as required by SUSY.) 

                            Absence of (tree-level) FCNCs

                                   constraints on Higgs couplings 



  

● The Higgs spectrum of many well motivated extensions of SM
include charged Higgs bosons whose detection at future colliders
would constitute a clear evidence of a Higgs sector beyond SM.

• A definitive test of the mechanism of EWSB will require further
studies of complete Higgs spectrum.

• Probing the properties of charged Higgs bosons could help to
find out whether they are associated with a weakly-interacting
theory or with a strongly-interacting theory.

• Probing the symmetries of the Higgs potential could help to
determine whether the charged Higgs bosons belong to a weak
doublet or to some larger multiplet.





  



         MSSM+1CHT Higgs Sector

A total of 14 d.o.f to start with, minus 3 longitudinal modes for W’s & 
Z leaves 11 d.o.f which corresponds to:

• 3 CP-even neutral Higgs states
•
• 2 CP-odd neutral Higgs states
•
• 6 C.C. charged Higgs states (3 masses)

J. R. Espinosa and M. Quiros, Nucl. Phys. B384, 113 (1992). 

O. Félix-Beltrán, Int. J. Mod. Phys. A17,465 (2002).



E. Barradas-Guevara, O. Félix-Beltrán, J. Hernández-Sánchez and A. Rosado, Phys. Rev. D71, 073004 
(2005). 



One-loop radiative corrections to the CP-even
Higgs bosons masses in the MSSM-1CHT

We study the radiative corrections to the neutral Higgs boson masses 
because of their apperance in charged Higgs decays.
 
In some scenarios, at tree level we have a very light CP-even Higgs 
boson, O(0.1) GeV.

• However, in the MSSM, the inclusion of radiative corrections from top 
and stop loops can alter the neutral CP-even Higgs mass.

• Thus, we can expect that similar effects will appear in the 
MSSM-1CHT.

• Besides, a possible large correction from Higgs-chargino loops must 
be considered.

J. L. Díaz-Cruz, J. Hernández-Sánchez, S. Moretti and A. Rosado, Phys. Rev. D77, 035007 (2008). 



J. L. Díaz-Cruz, J. Hernández-Sánchez, S. Moretti and A. Rosado, Phys. Rev. D77, 035007 (2008). 





Scenario A, λ=0.1

Scenario A, λ=0.5

Two charged Higgs states
below top mass

J. L. Díaz-Cruz, J. Hernández-Sánchez, S. Moretti and 
A. Rosado, Phys. Rev. D77, 035007 (2008). 



J. L. Díaz-Cruz, J. Hernández-Sánchez, S. Moretti and A. Rosado, Phys. Rev. D77, 035007 (2008). 









Experimental bound on the BR(t--> bH+)

If the decay mode (H+ --> τ+ ν) dominates the charged Higgs boson 
decay width, then BR(t --> H+ b) is constrained to be less than 0.4 at 95 
% C.L.

However, if the decay mode (H+ --> τ+ ν) is not dominant, then BR(t --> 
H+ b) is constrained to be less than 0.91 at 95 % C.L.

The combined LEP data excluded a charged Higgs boson with mass less 
than 79.3 GeV at 95 % C. L.

Thus, we need to discuss all the charged Higgs decays.

A. Abulencia et al. (CDF Collaboration), Phys. Rev. Lett. 96, 042003 (2006)  















B2. The point  mu2=100 GeV, lambda=0.5, A=200 GeV for tan(beta)=50, see 
Fig. below. Here, there seems to be scope to access H+/-(1) in top decays  as 
well as H+/-(2) in either tb or W+/-A0(1)/H0(1) or both, see row 3 of Tab. below, 
at least for the LHC.

Assumes 100 inverse fb





General 2HDM 

The Standard Model with two Higgs doublets φ1 and φ2                  ρ=1.

The simplest extension of the SM with charged Higgs bosons.

As in the MSSM five physical Higgs bosons: h, H, A, H
The scalar potential

±



Versions of the 2HDM
Type I: one Higgs doublet provides masses to all quarks (up- and down-type 
quarks) (~SM).

Type II: one Higgs doublet provides masses for up-type quarks and the other for 
down-type quarks (~MSSM).

Type III: the two doublets provide masses for up and down type quarks, as well 
as charged leptons.

We could consider this model as a generic description of physics at a higher 
scale (i. e. Radiative corrections of the MSSM Higgs sector* or from 
extradimension**).

*J. L. Díaz-Cruz, R. Noriega-Papaqui and A. Rosado, Phys. Rev. D 71, 015014 (2005).

**A. Aranda, J.L. Díaz-Cruz, J. Hernández-Sánchez, R. Noriega-Papaqui, Phys. Lett. B 658, 57 (2007).



2a. Couplings H+/- H0/h0 W+/- enabling H+ -> W+H0/h0:
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where  is the neutral Higgs mixing angle :

2c. Other charged Higgs decay modes are MSSM-like:

possiblelly kinematica if ,
,,

tbH
csH

→
→

±

± τν

2b. Couplings H+/- A0 W+/- enabling H+ -> W+A0 is pure gauge

How to distinguish 2HDM type II and type III from MSSM using charged Higgs sector ?

    α is derived in MSSM, while is free parameter in the 2HDM !

1.  Mass relations enforced by SUSY and experimental limits on the   
     MSSM  (Mh<<MH~MA~MH+) need not be true in the 2HDM

3. Only for type III: 

H+ → cb, ts  could be important, in some cases dominant !!

Work in progress, J. L. Díaz-Cruz, J. Hernández-Sánchez, S. Moretti, R. Noriega and and  A. Rosado



Branching ratios of charged Higgses in 2HDM model II

Note that there is no H+W-γ or H+W-Z coupling in 2HDMs at tree-level
        No tree-level gauge boson fusion in production at hadron colliders

                       Carena/Haber, 2003
Can be larger than MSSM !
(Only small tanβ though.)



J. L. Díaz-Cruz, J. Hernández-Sánchez and J. J. Toscano, Phys. Lett. B 512, 339 (2001)

BR´s  H+ -->W+γ, 
W+Z, W+ h in 
2HDM-II



Yukawa Texture and Charged Higgs in 2HDM-III



J. L. Díaz-Cruz, R. Noriega-Papaqui and A. Rosado, Phys. Rev. D71, 015014,  (2005)











Experimental bound on the BR(t--> bH+)

If the decay mode (H+ --> τ+ ν) dominates the charged Higgs boson 
decay width, then BR(t --> H+ b) is constrained to be less than 0.4 at 95 
% C.L.

However, if the decay mode (H+ --> τ+ ν) is not dominant, then BR(t --> 
H+ b) is constrained to be less than 0.91 at 95 % C.L.

The combined LEP data excluded a charged Higgs boson with mass less 
than 79.3 GeV at 95 % C. L.

Thus, we need to discuss all the charged Higgs decays.

A. Abulencia et al. (CDF Collaboration), Phys. Rev. Lett. 96, 042003 (2006)  







H. J. He and C.P. Yuan , Phys. Rev. Lett. 83, 28 (1999)  
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