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1. Introduction

Cosmological studies clearly show that a large fraction of the mass of the Universe is dark and
must be non–baryonic. Extension of the Standard Model (SM) provides a huge number of possible
dark matter candidates, both hot, warm and cold. Among the different candidates, a large number
arises by minimal or non minimal supersymmetric extensionsof the Standard Model, such the neu-
tralino, the gravitino and the axino. In the Minimal Supersymmetric Syandard Model (MSSM) the
sneutrino can not be the cold dark matter (CDM) candidate ([1] and references therein). However
it has been shown that non minimal SUSY scenario can produce asneutrino cold dark matter can-
didate [7], [?]. . In particular [7] provides a further scenario in which the generation of neutrino
masses may provide new insight on the nature of the dark matter [3]. Indeed it has been shown that
once we add to the normal MSSM the singlet superfields associated to the right-handed neutrinos
responsible of the generation of neutrino masses through the normal see-saw mechanism, the corre-
sponding neutrino superpartner, the sneutrino, can be a good CDM candidate. Crucial ingredients
in the scenario described in [7] were a see-saw scale around 1TeV and no minimal supergravity
(mSUGRA) universality conditions.

On the contrary, here we show that in a mSUGRA scheme where thesmallness of neutrino
masses is accounted for within the inverse seesaw mechanismthe lightest supersymmetric particle
is likely to be represented by the sneutrino instead of the lightest neutralino, opening a new window
for the mSUGRA scenario.

In the following sections we briefly describe the model and demonstrate that such a model
naturally reconciles the small neutrino masses with the correct relic abundance of sneutrino dark
matter and experimentally accessible direct detection rates.

2. Minimal SUGRA inverse seesaw model

The Minimal SUGRA inverse seesaw model is obtained by addingto the MSSM three sequen-
tial pairs ofSU(2)×U(1) singlet neutrino superfieldŝνc

i andŜi (i is the generation index), with the
following superpotential terms [4, 5]:

W = WMSSM+ εabhi j
ν L̂a

i ν̂c
j Ĥ

b
u +Mi j

R ν̂c
i Ŝj +

1
2

µ i j
S ŜiŜj (2.1)

whereWMSSM is the usual MSSM superpotential. In the limitµ i j
S → 0 there are exactly conserved

lepton numbers assigned as(1,−1,1) [4, 5] for ν , νc andS, respectively.
The SUSY-breaking Lagrangian is given by adding to the MSSM SUSY–breaking Lagrangian

L MSSM
soft the new soft–breaking terms related to the additional singlet fields

−L soft = −L
MSSM
soft + ν̃c

i M2
νc i j ν̃

c
j + S̃i M2

Si j S̃j (2.2)

+εabAi j
hν

L̃a
i ν̃c

j H
b
u +Bi j

MR
ν̃c

i S̃j +
1
2

Bi j
µ̂S

S̃iS̃j .

Neutrino masses are generated through the inverse seesaw mechanism [4, 5, 6]: the effective
neutrino mass matrixmeff

ν is obtained by the following relation:

meff
ν = −v2

uhν
(
MT

R

)−1 µSM−1
R hT

ν =
(
UT)−1

mdiag
µ U−1 (2.3)
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with hν the Yukawa matrix andvu theHu vacuum expectation value. The smallness of the neutrino
mass is related to the smallness of theµS parameter. Light neutrino masses around the eV–or
smaller— allow for a sizeable magnitude for the Dirac–type massmD = vuhν around 100 GeV and
a Dirac–type massMR around the TeV.

The main feature of the model is that the nature of the dark matter and the generation of
neutrino masses arise from the same sector. In order to illustrate the mechanism we consider the
simplest one-generation case. In this case the sneutrino mass matrix reads:

M
2 =

(
M 2

+ 0
0 M 2

−

)

, (2.4)

where

M±
2 =




m2

L + 1
2m2

Z cos2β +m2
D ±(Ahν vu−µmDcotgβ ) mDMR

±(Ahν vu−µmDcotgβ ) m2
νc +M2

R+m2
D µSMR±BMR

mDMR µSMR±BMR m2
S+ µ2

S +M2
R±BµS





in the CP eigenstates basis:Φ† = (ν̃+, ν̃c
+ , S̃+ , ν̃− , ν̃c

− , S̃−). Once diagonalized, the lightest of the
six mass eigenstates is our dark matter candidate, and it is stable byR–parity conservation.

3. Sneutrino LSP and Cold Dark Matter

Let us now consider the model within a mSUGRA scenario. In theabsence of the singlet
neutrino superfields, the mSUGRA framework predicts the lightest supersymmetric particle (LSP)
to be either a stau or a neutralino, and only the latter case represents a viable dark matter candidate,
but WMAP bound considerably restrictes the cosmologicallyacceptable regions of parameter space
[8].

In contrast, when the singlet neutrino superfields are added, a combination of sneutrinos
emerges quite naturally as the LSP. Indeed, we have computedthe resulting supersymmetric parti-
cle spectrum and couplings by adapting the SPheno code [9] soas to include the additional singlet
superfields. An illustrative example of how the minimal SUGRA particle spectrum is modified by
the presence of such states is given in Fig. 2.

A more general analysis in the mSUGRA parameter space is shown in the right panel of
Fig. 2: the dark (blue) shaded area is excluded either by experimental bounds on supersymmetry
and Higgs boson searches, or because it does not lead to electroweak symmetry breaking, while
the (light) yellow region refers to stau LSP in the conventional (unextended) mSUGRA case. As
expected, in all of the remaining region of the plane, the neutralino is the LSP in the standard
mSUGRA case. The new phenomenological possibility which opens up thanks to the presence of
the singlet neutrino superfields where the sneutrino is the LSP corresponds to the full dashed (red)
and light (yellow) areas.

The novelty of the spectrum implied by mSUGRA implemented with the inverse seesaw mech-
anism is that it may lead to a bosonic dark matter candidate, the lightest sneutrinõν1, instead of
the fermionic neutralino. To understand the physics it suffices for us to consider the simple one
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Figure 1: (left panel) Supersymmetric particle spectrum in the standard mSUGRA scheme [panel (a)] and
in the inverse seesaw mSUGRA model [panel (b)] with parameters chosen as:m0 = 358 GeV,m1/2 = 692
GeV,A0 = 0, tanβ = 35 and signµ > 0. The sneutrino sector has the additional parameterBµS, fixed at 10
GeV2. The squark sector is not shown.

Figure 2: (right panel) Them0−m1/2 plane for tanβ = 35, A0 = 0 andµ > 0. The shaded (red) and light
(yellow) areas denote the set of supersymmetric parameterswhere the sneutrino is the LSP in inverse seesaw
models (it includes all the light (yellow) region where theτ̃ is the LSP in the standard mSUGRA case).
The white region has the neutralino as LSP in both standard and modified mSUGRA. For the sneutrino LSP
region, the additional parameters are:BµS = 10GeV2, MR = 500GeV,mD = 5GeV andµS = 100 eV. The
dark (blue) region is excluded by experimental and theoretical constraints.

sneutrino generation case. For a detailed discussion on therelic density calculation for sneutrino
dark matter, see Ref. [7]. From the left panel of Fig. 3 we see that a large fraction of the sneutrino
configuration are compatible with the WMAP cold dark matter range, and therefore represents vi-
able sneutrino dark matter models. The right panel of Fig. 3 in addition shows that direct detection
experiments do not exclude this possibility: instead, a large fraction of configurations are actually
compatible and under exploration by current direct dark matter detection experiments.

We stress that all models reported in Figs. 3 have the inverseseesaw-induced neutrino masses
consistent with current experimental observations for natural values of its relevant parameters.
smaller than about 80 GeV2. The presence of the new scalar superfieldŜ therefore plays a crucial
role in controlling both the neutrino mass generation (through the parameterµs) and the sneutrino
relic abundance and direct detection cross section (through the parameterBµS). Note that our
proposed scheme may also have important implications for supersymmetric particle searches at the
LHC. Unfortunately being the neutralino the NNLSP (Fig. 2) many possible LHC signatures are
expected to be almost indistinguishable by the corresponding MSSM ones. However in some cases
it should be possible identify the inverse MSSM due to modified particle spectra and decay chains.

In conclusion, in this talk we have presented an mSUGRA scenario in which neutrino masses,
generated by means of an inverse seesaw mechanism, and dark matter arise from the same sector of
the theory. Over large portions of the parameter space the model successfully accommodates light
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Figure 3: On the left panel sneutrino relic abundanceΩh2 as a function of the LSP sneutrino massm1, on
the right panel sneutrino–nucleon scattering cross section ξ σ (scalar)

nucleon vs. the sneutrino relic abundanceΩh2,
for a scan of the supersymmetric parameter space: 100GeV< m0 < 3TeV, 100GeV< m1/2 < 3TeV,A0 = 0,
3 < tanβ < 50, 1GeV2 < BµS < 80GeV2, 500GeV< MR < 1TeV, 10−9GeV< µS < 10−6GeV. The yellow
band delimits the WMAP [8] cold dark matter interval at 3σ of C.L.: 0.104≤ ΩCDMh2 ≤ 0.124.

The horizontal band denotes the current sensitivity of direct detection experiments; the vertical
band delimits the 3σ C.L. WMAP cold dark matter range [8].

neutrino masses and sneutrinos dark matter with the correctrelic abundance indicated by WMAP
as well as direct detection rates consistent with current dark matter searches.
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