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• Why sneutrino as Dark Matter (DM) candidate?

• Model parameter space compatible with DM 
constraints

• Indirect detection of sneutrino DM: neutrino line 
feature

• Estimate in a simplified model

• Results for the MSSM+RN sample

• Conclusions 
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Sneutrino can not be DM in the MSSM

Z-width 
bound

WMAP range

CDMS

EXCLUDED

Sneutrino is the superpartner of the left-handed (LH) neutrino: is a SU(2)L doublet 
(Y=1             couples to the Z boson)
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MSSM + Right-handed Neutrinos (MSSM+RN)
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Sneutrino left and right components mix:

Dirac masses for neutrinos:

4

Sneutrino LSP models address two issues at once: DM and neutrino masses

Inclusion of neutrino mass terms modify scalar sector as well:
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LSP

Sneutrino LSP models address two issues at once: DM and neutrino masses

Inclusion of neutrino mass terms modify scalar sector as well:



MSSM+RN model parameters
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Nested sampling (several chains) with both log and flat priors on the free parameters
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DM constraints for sneutrino in MSSM+RN
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Relic density 
constraint

(Planck 2015)
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MSSM+RN: viable DM parameter space
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• LUX exclusion bound: 
strongest constraint for the 
MSSM+RN 
• It dictates how much LH 
part can survive (Z coupling)



MSSM+RN: viable DM parameter space
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LHC run-I constraints
from simplified models

using SModelS
package

See talk by U. Laa,
August 27th
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• LUX exclusion bound: 
strongest constraint for the 
MSSM+RN 
• It dictates how much LH 
part can survive (Z coupling)



Mixed sneutrino DM is almost sterile
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Signature for sneutrino DM
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Constraints from LHC 
run-I simplified models

Relic density constraint
(Planck 2015)
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The monochromatic neutrino line
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• The LSP and DM is a sneutrino tau
• t-channel exchange of neutralino gives rise 
to neutrino tau sharp line with Enu = mDM

⌫̃⌧1

⌫̃⌧1



Line versus secondary flux
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• Neutrino line emission is typical of sneutrino DM (neutralino DM is p-wave)
• Dirac masses have negligible neutrino Yukawa: suppression of the signal



Line versus secondary flux
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• Neutrino line emission is typical of sneutrino DM (neutralino DM is p-wave)
• Dirac masses have negligible neutrino Yukawa: suppression of the signal

MSSM+RN 
values



MSSM+RN
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• The largest enhancements are for large neutralino-sneutrino mass splitting
• Sneutrino-neutralino tends to be degenerated because of relic density constraint
• Sigma v today small because relic density fixed by cohannihilation of neutralino-
chargino and then communicated to sneutrino sector



MSSM+RN
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Typical value for 
standard DM relic

• The largest enhancements are for large neutralino-sneutrino mass splitting
• Sneutrino-neutralino tends to be degenerated because of relic density constraint
• Sigma v today small because relic density fixed by cohannihilation of neutralino-
chargino and then communicated to sneutrino sector



Astrophysics: how to boost the signal
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• Due to the smallness of sigmav the monochromatic line is not detectable by present 
astrophysical probes
• When black holes (BHs) form, DM density MIGHT increase to form a DM spike 

Super Massive
Black Holes

Dwarf spheroidal
galaxies



Expected neutrino flux from Draco dSPh
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• Idealistic neutrino 
telescope set up
• Point source 
sensitivity for TeV nus 
extrapolated down to 
GeV energies



Expected neutrino flux from Draco dSPh
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Typical expected BH 
mass for Draco-like 

system (from 
simulation)

• Idealistic neutrino 
telescope set up
• Point source 
sensitivity for TeV nus 
extrapolated down to 
GeV energies



Expected neutrino flux
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Draco

No mini-spike

• neutrino line
• gamma rays

Complementarity with gamma-ray searches
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Conclusions
• Sneutrino as DM is a well motivated scenario: it 

relates with the generation of neutrino masses

• A large portion of the MSSM+RN parameter space is 
compatible with the LUX exclusion bound 

• Complementary between LHC and direct detection 
searches

• Indirect searches: monochromatic neutrino linesare a 
striking signature for sneutrino DM (suppressed for 
neutralino DM)

• Dwarf spheroidal galaxies are the optimal targets for 
this signal
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Back up slides
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Dependence on the A term
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Dependence on the A term
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MSSM + RN parameter space
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DM spike and plateau sensitivity
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dSph J factors
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DM spike and plateau sensitivity
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DM spike parameters
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Minispike in dSphs:

Spike in super massive black holes:
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• Several mechanisms to give mass to neutrinos: 
• Dirac masses (G. Belanger et al 2010, B. Dumont et al 2012, CA and M.E. Cabrera 
2014, CA et al 2015, ...)

• Seesaw type I, II, III (high scale) (H. Haber et al 1997, N. Arkani-
Hamed et al 2000, D. Hooper et al 2005, CA and N. Fornengo 2007, ...)

• Inverse seesaw, linear seesaw (low scale) (CA et al 
2008, H. An et al 2012, V. De Romeri and M. Hirsch 2012, S. Banerjee et all 2013, ...)

• Modification of the MSSM scalar sector as well 
• Mixed sneutrino is again a viable DM candidate
• Sneutrino as DM addresses two issues at once

C. Arina (IAP & UPMC, Paris) - SUSY 2015, 24th August 26

Dark Matter and Neutrino sectors in the 
MSSM can be related
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Dark Matter and Neutrino sectors in the 
MSSM can be related


