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

The Minimal Supersymmetric Standard Model, MSSM : 

                 As for the standard model, neutrino physics is not included

                 MSSM is an R-parity conserving model
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Supersymmetry is still the most compelling theory for physics beyond the standard model

The Minimal Supersymmetric Standard Model, MSSM : 

                 As for the standard model, neutrino physics is not included

                 MSSM is an R-parity conserving model

Two different ways to extend the MSSM:

The LSP is a good dark matter candidate.

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

Maintaining R-parity as symmetry  

The NMSSM plus RH neutrinos is a very interesting model with particular signals.        
As we will discuss here: possible multiple dark matter candidates with neutrino signals.



  

If R parity is violated (RPV), SUSY particles can decay to standard model particles, 
and the bounds become significantly weaker. 
The Number of LHC analyses with motivated by  R-parity breaking are increasing 
giving new constraints and the possibility of a discovery. 
The μνSSM: very interesting model in this context (see Carlos Muñoz Monday talk).
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R-parity violation 

The LSP is a good dark matter candidate.

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

Maintaining R-parity as symmetry  

The NMSSM plus RH neutrinos is a very interesting model with particular signals.        
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NMSSM + RH neutrinos
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Figure from:

L-F, Andres Perez, Roberto Ruiz de Austri.       ArXiv:2102.08986 [hep-ph]  (JCAP 04 2021)



  

Neutralino

Figures from:

L-F, Andres Perez, Roberto Ruiz de Austri.       ArXiv:2102.08986 [hep-ph]  (JCAP 04 2021)



  

Sneutrino

Figure from:

L-F, Andres Perez, Roberto Ruiz de Austri.       arXiv:2102.08986 [hep-ph]  (JCAP 04 2021)



  

L-F, Andres Perez, Roberto Ruiz de Austri.       arXiv:2206.04715 [hep-ph]  

In the NMSSM + RH it is possible to have the  gravitino (LSP) plus RH sneutrino (NLSP)  
with a lifetime bigger than the age of the universe thanks to small neutrino yukawas

Case analysed in detail in:

Multiple dark matter candidates: gravitino (LSP) + RH sneutrino (NLSP) 



  

RH sneutrino NLSP decay to gravitino LSP 

Relic density  (sneutrino + gravitino)

Mixing between RH sneutrino and LH sneutrino



  

Multiple dark matter: sneutrino (NLSP)   + gravitino (LSP)

Figures from:

L-F, Andres Perez, Roberto Ruiz de Austri.       arXiv:2206.04715 [hep-ph]  

RH sneutrino as DM candidate with a significant contribution to the total DM relic density 
(greater than 1% of the current measured value)



  

Important: Neutrino signal from the decay of the NLSP to the LSP



  

Figures from:

L-F, Andres Perez, Roberto Ruiz de Austri.       arXiv:2206.04715 [hep-ph]  



  

μ-from-ν Supersymmetric Standard Model  
                          μνSSM



  

The same superfield solves the mu-problem of the NMSSM and gives mass to the neutrino



  

Gravitino dark matter and interesting signal

Works on the topic: 

Gomez-Vargas, L-F, Muñoz, Perez, Ruiz de Austri   arxiv:1608.08640 (JCAP)  

Works by Fermi-Lat: 
Albert, Bloom, Charles, Gómez-Vargas, Mazziotta, Morselli
  

C. Muñoz, Grefe, Weniger

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



  German  Gomez-Vargas, D L, Carlos  Muñoz,  Andres  Perez
ArXiv: 1911.03191  (JCAP)

Axino LSP  dark matter

Figure from:



  

Axino LSP + Gravitino NLSP       dark matter

Multiple dark matter candidates

Gravitino LSP + Axino NLSP       dark matter



  

Axino LSP + Gravitino NLSP       dark matter

 Assuming gravitino NLSP

Axino LSP

Work: German  Gomez-Vargas, D L, Carlos  Muñoz,  Andres  Perez
ArXiv: 1911.03191  (JCAP)

Still we have the decay: 



  

We impose constraints on dark radiation from: Poulin, Serpico, Lesgourgues,   
 arXiv:1606.02073

See for instance:
Covi, Kim, Roszkowski hep-ph/9905212 
Baer, Choi, Kim, Roszkowski, arXiv:1407.0017  



  



  
German  Gomez-Vargas, D L, Carlos  Muñoz,  Andres  Perez  ArXiv: 1911.08550 (Astropart. Phys.)



  

Another interesting possibility: Sterile Neutrino as dark matter candidate 

 Paulina Knees, L-F, Carlos Muñoz        ArXiv: 2207.10689



  

Multicomponent DM scenarios are very interesting

Constraints from: Cosmological observations, γ-ray experiments and neutrino physics.

NMSSM + RH

                       Gravitino + RH sneutrino (potentially detectable Neutrino) 

munuSSM

                gravitino and axino can decay to a photon and a neutrino, giving a potentially
                detectable  γ-ray signal.

                In some special parameter regions a double line ‘smoking gun’ could be present
                simultaneously from both candidates.

Conclusion



  

 Thank you

END
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