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(some) DM candidates in SUSY models

In R-parity conserving 
models, where the Lightest 
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And also in some R-parity 
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Usually one considers a single DM candidate…

Can we obtain extra signatures from multiple DM candidates?
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Two DM candidates coexisting extra signatures

for example:

RH sneutrino + gravitino in the NMSSM+RHN
(R-parity conserving)

Axino + gravitino in μνSSM 
(R-parity breaking)

(some) DM candidates in SUSY models



DM in R-parity conserving models
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DM in R-parity conserving models
NMSSM+RHN (with RH neutrinos)
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DM in R-parity conserving models
NMSSM+RHN (with RH neutrinos)

scan of the 
parameter space

depends on the 
reheating temperature

Gravitino       RH sneutrino 



DM in R-parity conserving models
NMSSM+RHN (with RH neutrinos)

Gravitino LSP + RH sneutrino NLSP

completely stable decays to the LSP

but with a long lifetime>> age of the 
Universe

without fine-tuning the masses 
(as in the neutralino + gravitino case)



DM in R-parity conserving models
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DM in R-parity conserving models

LH-RH sneutrino
mixing parameter

RH sneutrino NLSP
decay to

gravitino LSP
NMSSM+RHN



DM in R-parity conserving models
2 DM
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DM in R-parity conserving models
2 DM

candidates 
coexisting

LH-RH sneutrino
mixing parameter

extra neutrino signal
(in addition to WIMP signatures & 

constraints)

RH sneutrino NLSP
decay to

gravitino LSP
NMSSM+RHN



DM in R-parity conserving models
RH sneutrino NLSP and gravitino LSP



DM in R-parity breaking models
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DM in R-parity breaking models
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DM in R-parity breaking models
Only gravitino DM Only axino DM

ã

|Uγν||Uγν|

photino-neutrino 
mixing parameter

photino-neutrino mixing parameter

γ-ray
signal

γ-ray
signal

photino-neutrino 
mixing parameter

μνSSM



DM in R-parity breaking models
Gravitino NLSP  +   Axino LSP
decays to photons decays to photons

but with a long lifetime>> age of 
the Universe
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DM in R-parity breaking models
Gravitino NLSP  +   Axino LSP
decays to photons decays to photons

but with a long lifetime>> age of 
the Universe

but with a long lifetime>> age of 
the Universe

Gravitino - Axino - axion      interaction

Is the gravitino stable 
at cosmological 

times?



DM in R-parity breaking models
Gravitino NLSP  +   Axino LSP
decays to photons decays to photons

Gravitino NLSP decays to Axino LSP + axions

but with a long lifetime>> age of 
the Universe

but with a long lifetime>> age of 
the Universe

dark 
radiation



DM in R-parity breaking models

- the heavier particle decays to the other (with long lifetimes)
- axino decay to photons - gravitino decay to photon

2 DM
candidates 
coexisting

2 signatures



DM in R-parity breaking models
Gravitino NLSP and Axino LSP in the μνSSM

- for all the points gravitino + axino relic density = measured value
- no dark radiation excess (axions)
- can cover several orders of magnitud 10-4 < ma/m3/2 < 0.95 



Conclusions
Multicomponent DM scenarios can appear naturally in R-parity 
conserving and breaking SUSY models

RH sneutrino + gravitino in the NMSSM+RHN
(R-parity conserving)

neutrino line signal in addition to usual WIMP constraints

Axino + gravitino in μνSSM 
(R-parity breaking)

two γ-ray lines



Thank you!



Back-up



DM in R-parity conserving models
MSSM+RHN (with RH neutrinos)

Next-to-MSSM+RHN (with RH neutrinos)

effective 
μ-term

effective RH neutrino
Majorana mass term

when the scalar singlet
develops a VEV



DM in R-parity conserving models
MSSM+RHN (with RH neutrinos)

Dirac 
mass term

Neutrino masses:
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DM in R-parity conserving models
Next-to-MSSM+RHN (with RH neutrinos)

Neutrino masses:

See-saw 
mechanism



DM in R-parity conserving models
Sneutrino sector:

,



DM in R-parity conserving models
Sneutrino sector:



DM in R-parity conserving models
LH-RH sneutrino 
mixing:



DM in R-parity conserving models
LH-RH sneutrino mixing:



DM in R-parity conserving models

Relic density:

scan of the 
parameter space

gluino mass 
(from the scan)

function of TRreheating 
temperature



DM in R-parity conserving models
Neutrino signal from NLSP to LSP decay:

relic density 
fraction of the 
decaying DM

lifetime of the 
decaying DM

Effective lifetime       Energy of the neutrino line



DM in R-parity conserving models
Gravitino and RH sneutrino DM

Exclusion limits fixing:

- the LH-RH sneutrino 
mixing angle

- the RH sneutrino relic 
density fraction



DM in R-parity conserving models
Neutralino + gravitino

Neutralino + axino

bino fraction of the i-th neutralino

photino fraction of the neutralino



DM in R-parity breaking models

gravitino γ-ray spectra

Gravitino DM Axino DM

Reheating temperature to 
obtain axino DM abundance 

= measured value



DM in R-parity breaking models too much ‘dark 
radiation’

Gravitino and Axino DM (axino LSP)

gravitno + axino 
relic density = 

measured value

gravitino DM 
abundance 

fraction

(above this 
line, DM over 
production)



DM in R-parity breaking models

Axino relic density

Axion relic density



DM in R-parity breaking models

Axino relic density (TP)

if


