Reconciling dark matter and neutrino
masses in mMSUGRA




Non baryonic Cold Dark Matter (CDM

WMAP 5 years

Standard CDM scenarios

e SUSY (neutralino, gravitino...)
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Sneutrinos in effective MSSM
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Direct detection = elastic scattering on nucleus

Why MSSM sneutrinos are not good DM candidates?
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Sneutrinos excluded as CDM except in fine-tuned conditions
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Extension of the MSSM required by neutrino physics
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changes in the sneutrino sector as well

Inverse See-saw model
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effMSSM + right-handed neutrinos + Majorana mass term
C.A. and N.Fornengo, JHEP 0711:029(2007)
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Neutrino sector

See-saw mechanism
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Smallness of neutrino
masses given by the
large value of M
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Sneutrino sector

CP basis:

F? = yA, sin B — umpcotgf3

Typically M = 10'° GeV

less interesting for sneutrinos, since N
sector decoupled from low energy
phenomenology, recovered MSSM

M =1TeV mixed sneutrino as CDM (Z coupling
reduced but small dirac mass for neutrino masses)
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Mixing with the right-handed N

® Z coupling reduced proportionally to the mixing angle
® Z coupling off-diagonal:

® inelastic scattering on nucleus ——>
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Relic density and scalar cross-section prediction M=1TeV

C. Arina (ULB PhysTh) - Moriond EW 2009



See-saw models with M =1 TeV provide good
phenomenology for the sneutrinos as CDM
but require an unnaturally small Dirac mass for the
neutrinos

Y

Inverse see-saw model (invMSSM)
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MSSM + right-handed neutrinos + singlet S (invMSSM)

C.A., EBazzocchi, N.Fornengo, J.Romao and J.Valle, PRL101:161802 (2008)

04— ps = O L is conserved
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Neutrino sector

Inverse see-saw mechanism
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The smallness of the neutrino
mass is given by the smallness

of ns O(KeV)
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Neutrino sector
Sneutrino sector

Inverse see-saw mechanism
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The smallness of the neutrino ® mixed state of the left-handed sneutrino, the
mass is given by the smallness right-handed sneutrino and the singlet scalar

of ps O(KeV) field
® again Z coupling off-diagonals
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mSUGRA universality MSSM

GUT scale

EW scale

Sneutrino never the LSP
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mMSUGRA universality invMSSM

GUT scale

EW scale

Sneutrino is the LSP
naturally as the neutralino

Hs M
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InvMSSM spectrum

Signatures @ LHC
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Relic density and scalar cross-section prediction

Inverse see-saw model accommodate sneutrinos as CDM in mSUGRA scenarios
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e CDM needed SUSY models conserving R-parity:

but excluded in the MSSM
due to the huge coupling with the Z

e Neutrino physics requires extension of the MSSM:

The relic density and the direct detection rate are compatible with the
experimental bounds in an effective extended MSSM (small Dirac mass for neutrino)

e freedom given by the extra singlet S

 Different signatures @ LHC compared to a mSUGRA neutralino
(qualitatively heavier spectrum and more leptons in the final states)



Back-up slides
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Mixing with the right-handed N

® Z coupling reduced proportionally to the mixing angle
® Z coupling off-diagonal:

® inelastic scattering on nucleus ——

C. Arina (ULB PhysTh) - Moriond EW 2009



Neutrino mass bound

Suppression of the Z channel
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INVMSSM sneutrino properties

® One loop corrections to neutrino mass under control
® small mixing with the sterile singlet S (®) 0(107-4)
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