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The lower bounds on SUSY particles (  TeV) are still reasonable

Experimentalists use simplified models that don’t cover full SUSY
phase space (BR variations for example)

Run 2 is still going on,   low luminosity

Most SUSY searches assume R parity conservation (RPC), thus the
LSP is stable, requiring missing energy in the final state for its
detection

If R parity is violated (RPV), SUSY particles can decay to standard
model particles, and the bounds become significantly weaker

Supersymmetry: still the most compelling theory for physics beyond the standard model



  

MSSM: The Minimal Supersymmetric Standard Model 

Kim, Nilles, PLB 138 (1984) 150 From theoretical viewpoint has a crucial  problem,

 the so-called μ-problem

What is the origin of μ, and why is  of order EW

 From experimental viewpoint, another problem, since in the MSSM neutrino masses 
are zero

SUSY particles appear in pairs: 
- The LSP is a good dark matter candidate

- Easy the check at colliders (missing energy   
  searches)

R-parity conservation



  

  The μ from ν  Supersymmetric    
    Standard Model : The μνSSM    

- Only dimensionless parameters in the superpotential
                         No  μ-problem

- R-parity  is not a symmetry of the model
                          LSP not stable 



  

The SUSY breaking scale, only source of spontaneous gauge breaking:   
                     THE ONLY SCALE    

Soft Terms

  The μ from ν  Supersymmetric    
    Standard Model : The μνSSM    



  

Once the electroweak symmetry is spontaneously broken, the 
neutral scalars develop in general the following VEVs:

Goes to zero when                  0

  The μ from ν  Supersymmetric     
  Standard Model : The μνSSM       



  

 Effective  -term  Effective Majorana Mass

 Effective Dirac Mass

Once the electroweak symmetry is spontaneously broken, the 
neutral scalars develop in general the following VEVs:

  The μ from ν  Supersymmetric     
  Standard Model : The μνSSM       



  

 - Minimal NATURAL SUSY spectrum containing the SM and explaining   
   Neutrino Physics:

 The μ-from-ν supersymmetric Standard Model

For simplicity we can set it to zero still reproducing all the known phenomenology
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 - Minimal NATURAL SUSY spectrum containing the SM and explaining   
   Neutrino Physics:

 The μ-from-ν supersymmetric Standard Model

- All known phenomenology can be reproduced

- New Signals at LHC are expected

For simplicity we can set it to zero still reproducing all the known phenomenology



  

The Neutrino mass matrix is:  



  

The Neutrino mass matrix is:  



  

Effective Neutrino mass matrix

We have neglected all the terms of order

Using Diagonal Yukawas for Neutrinos



  

Effective Neutrino mass matrix

Simplify Formula:



  



  

We are going  to concentrate our attention in the sneutrinos as a long life 
particle, giving interesting signals at LHC

arXiv:1804.00067

Iñaki Lara                                                 Carlos  Muñoz  

Natsumi Nagata                                       Hidetoshi Otono 

 Roberto Ruiz de Austri

in Collaboration with:



  

 We consider in order to obtain a long life particle

-  For simplicity we consider only one family of right-handed neutrinos -

The neutrino tree-level mass is given by:

The sneutrino tree-level mass is given by:



  

 -  Mixing between left sneutrinos and Higgses, makes possible the decay of the sneutrinos  

 -  The mixing is controlled by neutrino physics 

 Left sneutrino LSP phenomenology in the μνSSM

Stau LSP:



  

Approximative formulas for decay widths:



  

 with the heavier neutrino mass fixed by the experimental



  

 Long-lived particle searches at the LHC

- Since sneutrinos are electrically neutral, we are unable to use disappearing track  
   searches or metastable charged particle searches to probe them 

 - We may detect the longevity of the sneutrinos by reconstructing their decay vertices,  
    using the charged tracks associated with the daughter particles. This  type of search  
    strategies is dubbed as the displaced-vertex searches.

significant distance from the production point ( 1 mm)

 The ATLAS 8-TeV analysis is general enough as to be sensitive to the decay of  the  



  

Is based on the 8-TeV data with an  integrated luminosity of 20.3 / fb. The dilepton 
displaced-vertex selection channel, where each displaced vertex is formed from at 
least two oppositely-charged leptons, may be used for the long-lived. 

The ATLAS displaced-vertex search



  



  

The mu24i trigger, which is an isolated single muon trigger at the event-filter, also uses 
the information from the inner detector and requires the transverse momentum threshold 
of 

We use the following criteria for the optimized 8-TeV analysis:



  



  

 For the 13-TeV LHC run 



  



  

Gravitino Dark Matter in the 
μνSSM 

The same result for the decay width holds for the conjugated processes 

If the gravitino is the LSP can be the  Dark Matter



  

Choi, L-F, Muñoz, Ruiz de Austri, JCAP 1003 (2010) 028  [arXiv:0906.368]

Previous works analysing the two body decays and the detectability at FERMI-LaT 

Work including Fermi-LAT collaboration 

And more works related ….. 

Obtained the bound:Using



  

New analysis: arxiv:1608.08640  Gomez-Vargas, L-F, Muñoz, Perez, Ruiz de Austri 

Deep exploration of the parameter space, we include three body decays



  

Thus we obtain the following result:

Using Fermi-LAT   95% CL upper limits on the total diffuse extragalactic γ-ray background 
using 50 months of data, together with the upper limits on line emission from an updated 
analysis using 69.9 months of data.

 ArXiv: 1608.08640, In collaboration with:G. Gomez-Vargas, C. Muñoz, A. Perez, R. Ruiz de Austri  



  

Work in collaboration with: Gomez-Vargas, A Perez, C Muñoz 

Work in preparation



  



  



  

Interesting signals of displaced vertices at LHC

The µSSM can be tested     
  

Summary

Dark matter signals at indirect detection experiments

DV 

The displaced dilepton search channel is most sensitive to the sneutrino LSP, where
at least one of the pair-produced left sneutrinos is required to decay into 
 With the final-state tau leptons decaying leptonically. 

~



  

 Thank you

END
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