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For Correct EW and without Hierarchy problem



  

Respect to LHC

     The MSSM is an R-parity  conserving model 
 
                       the LSP is stable 

      missing energy is expected at LHC.



  

Goods of the MSSM:                     

Dark matter candidate:                           

                 Neutralino (or gravitino) 

Solution to the hierarchy problem           

Problems:                                     
 µ-problem 

               Massless Neutrinos



  

We use the right-handed neutrinos superfields 
in order the give mass to the neutrinos

 without   µ-problem

This motivate to postulate a New 
Supersymmetric  Model, with the minimal 

natural content of fields and without 

   µ-problem

As a consequence R-parity is explicitly broken



  

MSUSY~ 1 TeV

    

 SUSY renormalizable theory: SSM

R-parity it is not symmetry of the model 

 +  SOFT TERMS
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 Effective  -term  Effective Majorana Mass



  

MSUSY~ 1 TeV

    

 SUSY renormalizable theory: SSM

Only one scale: The SUSY breaking 
scale, only source of gauge breaking    

 +  SOFT TERMS



  

MSUSY~ 1 TeV

    

 SUSY renormalizable theory: SSM

The model “behaves properly” up to 
Planck scale.     

 +  SOFT TERMS



  

Soft Terms

Are given by SUGRA



  

      SUGRA (local SUSY)

 (G, )
       (graviton, gravitino)

MPlanck~ 10  TeV
         (Non Renormalizable)
  
      Tree level  amplitudes
 

  

SSM

MSUSY~ 1 TeV

    (Renormalizable)

 SUSY

 Gravitino Dark matter candidate

Similar as in a Fermi theory where
                     GF ~   1/Mw
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     Phenomenology  of the µνSSM



  

Since R-parity it is not symmetry of the

 model the phenomenology is very

 different to the one of the MSSM



  

●  Neutrinos mix with neutralino  (10 X 10)                                 
3 light neutrinos (mainly neutrinos left-handed)                             
+ 7 mainly neutralinos (including neutrinos right-handed)  

● Neutral Higgs mix with sneutrinos  (8 X 8)                               
8 CP even Higgses (5 + 3 mainly sneutrinos left-handed)        
                                                                                                       
7 CP odd   Higgses  ( 4 + 3 mainly sneutrinos left-handed)



  

The Neutralino-Neutrino mass matrix is:  



  

EW see-saw mechanism



  

The Neutralino-Neutrino mass matrix is:  



  

The Neutralino-Neutrino mass matrix is:  



  

Effective Neutrino mass matrix

We have neglected all the terms of order

Using Diagonal Yukawas for Neutrinos
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Effective Neutrino mass matrix
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Effective Neutrino mass matrix

R-Higgsino   see saw

Effective Neutrino mass matrixEffective Neutrino mass matrix
(Diagonal Yukawas for Neutrinos)



  

With diagonal Yukawas for  neutrinos  we  could reproduce 
the  experimental mixing angles.

                In a sense we have an explanation of : 

 Why mixtures in Neutrino  and quark sectors are so different?



  

LHC: Higgs signals



  

LHC: Higgs signals

Gauge unification



  

Lightest Higgs (tree level bound)

 Landau pole condition (GUT)

Pure doublet

1 loop



  

For example we have



  

We took  three light singlet-like Higgses,  the four is doublet-like



  

Gluon Fusion dominate the Higgs 
production  at LHC

For center of mass energy of 7 TeV  
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Many Colliders constraints

.....



  

One of the most important LEP 
constraints



  

LHC: CMS 



  

LHC: CMS 



  

Sandra KortnerFrom Sandra Kortner talk at 
  Recontres Moriond 2012



  

Fidalgo, L-F, Munoz, Ruiz de Austri, 2011
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Displaced vertices

multi-jets plus missing energy

Possible signals at LHC

multi-leptons plus missing energy



  

 Gravitino  can be the Dark Matter giving visible 
signals  Fermi satellite  

The µSSM includes  right-handed neutrino superfields 
to solve the µ-problem of the MSSM generating also the 
masses for the neutrinos. The only source for EW 
breaking are the soft terms

After EW symmetry breaking →   see saw mechanism at 
EW scale (is possible to reproduce experiments with 
diagonal Yukawas for the leptonic sector)

➍

     

  SUMMARY

 LHC   the Higgs phenomenology is very rich. 
Multileptons and/or multijets decays are possible  



  



  

Higgs Prodution by: 
quark quark fusion 



  

Neutrino Physics
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