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1. Introduction

Cosmological studies clearly show that a large fractiorhefrhass of the Universe is dark and
must be non—baryonic. Extension of the Standard Model (S®l)iges a huge number of possible
dark matter candidates, both hot, warm and cold. Among tiiereint candidates, a large number
arises by minimal or non minimal supersymmetric extensafribe Standard Model, such the neu-
tralino, the gravitino and the axino. In the Minimal Supensyetric Syandard Model (MSSM) the
sneutrino can not be the cold dark matter (CDM) candidateaitl references therein). However
it has been shown that non minimal SUSY scenario can prodsoeuwrino cold dark matter can-
didate [7], []. . In particular [7] provides a further scenario in whicletbeneration of neutrino
masses may provide new insight on the nature of the dark njajténdeed it has been shown that
once we add to the normal MSSM the singlet superfields agsdcia the right-handed neutrinos
responsible of the generation of neutrino masses throwghdimal see-saw mechanism, the corre-
sponding neutrino superpartner, the sneutrino, can be @ @b/ candidate. Crucial ingredients
in the scenario described in [7] were a see-saw scale arody Jand no minimal supergravity
(mMSUGRA) universality conditions.

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

In the following sections we briefly describe the model anthdestrate that such a model
naturally reconciles the small neutrino masses with theecbrelic abundance of sneutrino dark
matter and experimentally accessible direct detectiasrat

2. Minimal SUGRA inver se seesaw mode

The Minimal SUGRA inverse seesaw model is obtained by aduditige MSSM three sequen-
tial pairs ofSU(2) x U (1) singlet neutrino superfields® and§ (i is the generation index), with the
following superpotential terms [4, 5]:

PN PN 1 i
W = Wissm+ Eany LEVEHD + MAUFS; + SHdSS, (2.1)

where#ussw is the usual MSSM superpotential. In the Iirp@ — 0 there are exactly conserved
lepton numbers assigned @s—1,1) [4, 5] for v, v¢ andS, respectively.
The SUSY-breaking Lagrangian is given by adding to the MSSMNb%-breaking Lagrangian

Z£MSSMthe new soft—breaking terms related to the additional eirfgglds
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Neutrino masses are generated through the inverse seesadvamsen [4, 5, 6]: the effective

neutrino mass matri is obtained by the following relation:

me" = —vZh, (MR) " usMghl = (UT) 'm0y -1 (2.3)
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with h, the Yukawa matrix and, the H, vacuum expectation value. The smallness of the neutrino
mass is related to the smallness of fligparameter. Light neutrino masses around the eV-or
smaller— allow for a sizeable magnitude for the Dirac—typesamp = vyh,, around 100 GeV and
a Dirac—type mashir around the TeV.

The main feature of the model is that the nature of the darkemand the generation of
neutrino masses arise from the same sector. In order tardtesthe mechanism we consider the
simplest one-generation case. In this case the sneutrise matrix reads:

A% 0
2 _ [+ 2.4
M (0 ///3>, (2.4)
where
M + 3M5 cos 2B + Mg, =£(An, Vy — HMpCotgl) mpMg
Mi? = | £(An,Vy— HUMpCotgB)  MEc+MZE+md HsMR £ By,
MpMRg HUsMr = Byig m%—FIJ%—l-M%:]:B“S

in the CP eigenstates basis! = (¥, , 9,5, ,0_,9¢,S ). Once diagonalized, the lightest of the
Six mass eigenstates is our dark matter candidate, and#@kdyR—parity conservation.

3. Sneutrino LSP and Cold Dark M atter

Let us now consider the model within a mMSUGRA scenario. Inahgence of the singlet
neutrino superfields, the mMSUGRA framework predicts thetéigt supersymmetric particle (LSP)
to be either a stau or a neutralino, and only the latter casesents a viable dark matter candidate,
but WMAP bound considerably restrictes the cosmologicadigeptable regions of parameter space
[8].

In contrast, when the singlet neutrino superfields are addecbmbination of sneutrinos
emerges quite naturally as the LSP. Indeed, we have comfhdedsulting supersymmetric parti-
cle spectrum and couplings by adapting the SPheno code B goinclude the additional singlet
superfields. An illustrative example of how the minimal SU&SRarticle spectrum is modified by
the presence of such states is given in Fig. 2.

A more general analysis in the mSUGRA parameter space isrslimmwhe right panel of
Fig. 2: the dark (blue) shaded area is excluded either byrerpatal bounds on supersymmetry
and Higgs boson searches, or because it does not lead tmeleak symmetry breaking, while
the (light) yellow region refers to stau LSP in the convemdib(unextended) mSUGRA case. As
expected, in all of the remaining region of the plane, thetnadéino is the LSP in the standard
MSUGRA case. The new phenomenological possibility whiokngpup thanks to the presence of
the singlet neutrino superfields where the sneutrino is B torresponds to the full dashed (red)
and light (yellow) areas.

The novelty of the spectrum implied by mSUGRA implementethwhe inverse seesaw mech-
anism is that it may lead to a bosonic dark matter candidheelightest sneutrind,, instead of
the fermionic neutralino. To understand the physics it seffifor us to consider the simple one
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Figure 1. (left panel) Supersymmetric particle spectrum in the statddnSUGRA scheme [panel (a)] and
in the inverse seesaw mMSUGRA model [panel (b)] with pararaeteosen asmg = 358 GeV,my , = 692
GeV,Ag =0, tanB = 35 and signu > 0. The sneutrino sector has the additional paraniigrfixed at 10
GeV2. The squark sector is not shown.

Figure 2: (right panel) Themp —my /> plane for tar8 = 35, Ag = 0 andu > 0. The shaded (red) and light
(vellow) areas denote the set of supersymmetric paramebene the sneutrino is the LSP in inverse seesaw
models (it includes all the light (yellow) region where thes the LSP in the standard mSUGRA case).
The white region has the neutralino as LSP in both standatdrandified mSUGRA. For the sneutrino LSP
region, the additional parameters aByj; = 10GeV?, Mg = 500GeV,mp = 5GeV andus = 100 eV. The
dark (blue) region is excluded by experimental and theombtionstraints.

sneutrino generation case. For a detailed discussion orelisedensity calculation for sneutrino

dark matter, see Ref. [7]. From the left panel of Fig. 3 we bagd large fraction of the sneutrino

configuration are compatible with the WMAP cold dark matterge, and therefore represents vi-
able sneutrino dark matter models. The right panel of Fig. &lidition shows that direct detection
experiments do not exclude this possibility: instead, gddraction of configurations are actually
compatible and under exploration by current direct darkenatetection experiments.

We stress that all models reported in Figs. 3 have the ing&ssaw-induced neutrino masses
consistent with current experimental observations fourstvalues of its relevant parameters.
smaller than about 80 GéV The presence of the new scalar superfEétderefore plays a crucial
role in controlling both the neutrino mass generation (tlgftothe parameteaus) and the sneutrino
relic abundance and direct detection cross section (tirdbg parameteB,). Note that our
proposed scheme may also have important implications forsymmetric particle searches at the
LHC. Unfortunately being the neutralino the NNLSP (Fig. 2amyg possible LHC signatures are
expected to be almost indistinguishable by the corresponeiSSM ones. However in some cases
it should be possible identify the inverse MSSM due to modifiarticle spectra and decay chains.

In conclusion, in this talk we have presented an mSUGRA s@eirawhich neutrino masses,

generated by means of an inverse seesaw mechanism, andattek anise from the same sector of
the theory. Over large portions of the parameter space thiehsoiccessfully accommodates light
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Figure 3: On the left panel sneutrino relic abundarii? as a function of the LSP sneutrino massg on
the right panel sneutrino—nucleon scattering cross seétﬂ;ﬁﬁifg?] vs. the sneutrino relic abundané?,

for a scan of the supersymmetric parameter space: 106Gay< 3TeV, 100Ge\< my , < 3TeV,Ag =0,
3 < tanB < 50, 1GeVf < By, < 80GeV?, 500GeV< Mg < 1TeV, 10 °GeV < us < 10-5GeV. The yellow
band delimits the WMAP [8] cold dark matter interval ab®f C.L.: 0.104< Qcpuwh? < 0.124.

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

neutrino masses and sneutrinos dark matter with the cagbctabundance indicated by WMAP
as well as direct detection rates consistent with currerit featter searches.
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