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The identity of dark matter has not been solved up to this,daproblem that became the main
topic of this conference. There are many theoretical caidifor dark matter particle, includ-
ing gravitino from supergravity models. For gravitino danktter scenario, the phenomenology
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sneutrino can naturally be the NLSP in the Non-Universalgdiylasses (NUHM) model, and
that this scenario is still phenomenologically viable.
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1. Introduction

In supergravity models we require a spin 3/2 particle cajeitino. Gravitino as a candidate
for dark matter is an interesting possibility that has regdimore attention in the recent years. To
be the dark matter gravitino needs to be stable, and this eaadbized if gravitino is the lightest
supersymmetric particle (LSP) and the R-parity which pnétiee LSP from decaying to standard
model particles is conserved. Light gravitino is naturayéuge mediated supersymmetry breaking
(GMSB) models [1]. In gravity mediated supersymmetry biegknodels (SUGRA), the gravitino
mass is naturally about the same order as the other soft masdeherefore could also be smaller
(see e.g. [2]). We will assume gravity mediated models widtakvscale SUSY masses and O(1-
100 GeV) gravitino mass, treated as a free parameter, foegt®f this paper.

Gravitino is a very weakly interacting particle. Its cougjito fermion fields is suppressed
by the Planck mass, i.ev 1/Mp| 1. As a consequence, the NLSP is typically long lived, and this
is particularly true for models with conserved R-parity ihish the NLSP can decay only to the
gravitino LSP. Another consequence of this very weak irttioa is that aside from its gravitational
effect, gravitino is practically undetectable. Thereftite discovery in this scenario relies on the
search of the NLSP. At colliders, any supersymmetric padiproduced would then quickly decay
to the NLSP which would appear as a massive stable partidedits long lifetime.

There are many possibilities for the NLSP, and each has itsdistinct phenomenology. Here
we focus on just one case, i.e. the ‘left-handed’ sneutrinSR[3]. The outline is as follows: in
section 2 we discuss the phenomenological constraintsrafaanario, in section 3 we discuss the
NUHM realization, and then we summarize in section 4.

2. Phenomenological Constraints

It has been understood that if there is a metastable pattiatadecays during or after the Big
Bang Nucleosynthesis (BBN) era, then the primordial ligatreent abundances could be different
from the standard BBN (SBBN) theory prediction. The fact BBBN is a highly succesful theory
put a strong constraint on any theory with metastable pariciuding the gravitino dark matter
scenario that we are considering here. So first we need tolatdahe sneutrino lifetime. Itis clear
that the dominant decay channel of sneutrino is the 2-bodsyde — G+ v, with decay rate

1om (o)
Mob= @m (1— Wﬁ) (21)

wheremg is the gravitino massyy is the sneutrino mass, aMdp, is the reduced Planck mass.
Therefore we can determine sneutrino lifetimeras 1/l 5, The numerical result is presented in
Fig. 1. We see that the lifetime has a very large range depgraf the relative values ofiz and
my. The sneutrino can be very stable(ifi; — mz)/mg < 1. We focus our attention to the case
with T ~ (1—10°) s, in which the strongest constraint comes from BBN.

The effects of metastable particle on BBN come in two categorelectromagnetic and
hadronic. Since our NLSP, the sneutrino, is neutral we ntigihk that its BBN effect should be

1This is for gravitational interaction in SUGRA models. In GR the coupling isk/F wherek < 1 andF is the
mass splitting parameter.
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Figure 1. Sneutrino lifetime as a function of gravitino masg,, = mg, for various values of sneutrino
massmy = 10,100 500 1000 GeV, respectively from left to right.

negligible. However, it was pointed out in [4] that there lcbstill be significant effect: from energy
transfer from the energetic neutrinos produced by the dac#dye ambient charged particles; and
also from the 3- and 4-body decays (Ve— G+ v+ (y,Z),V — G+/+Wandv — G+ v+ f + f,
Vo GHl+f+f respectively). Eventhough the branching ratios for thileszays are small, they
could produce some energetic quarks which lead to hadrboiwers directly.

Aside from the 3- and 4-body branching ratios, an importantdr that determine the extent
of the effects is of course the amount of the decaying smeutihe sneutrino decoupled from the
thermal plasma before it decayed, therefore the freezeensity can be calculated by the usual
method of solving the Boltzmann equation in the expandingvéfee. The yieldY; = ngy/s, is
then determined by

Yymy = Qph? x (3.65% 10°° GeV) (2.2)

The sneutrino mass is constrained from below byZHsoson decay width measurement by
LEP to bem; 2 43 GeV [5]. At colliders, all other sparticles produced wbaguickly decay to
sneutrino which would then escape the detector as missi@ggnA more stringent limit on the
sneutrino mass would need detail analysis using modelsstatble sneutrino, which might yield
different result from that with neutralino LSP assumptismaoted in PDG [6].

3. Sneutrino NLSP in NUHM

The Non-Universal Higgs Masses (NUHM) model is a supersytrimmodel with six SUSY
parameters: the universal scalar soft magsuniversal gaugino mass, >, and universal trilinear
coupling A, all defined at the GUT scale; the ratio of the two Higgs veBatihe Higgs mixing
parameteu and the CP odd Higgs mass. In this model the soft masses for the Higgs doublets
are, in general, not equal toy at the GUT scale.

This non-universality of the Higgs masses has non-vanishffect on the RGE evolution of
the sfermion masses. The crucial observation is that theuntwersal terms has opposite signs
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Figure2: The u —ma plane in NUHM for tar = 10,my ;> = 500 GeV,mp = 100 GeV, andho = 0.

between the left and right ‘handed’ sleptons RGE. If the ooiversality is large we could have
‘left handed’ slepton lighter than the ‘right handed’ one,contrast to the universal case where
the right handed sleptons are always lighter because ttass@s do not get contribution from the
SU(2) interaction. Furthermore, there are al3derm contributions to the slepton masses, which
split the charged-slepton from the sneutrino in the leftideu For relatively large tafl, sneutrino

is the lighter. By choosing large and/or largema, we found that sneutrino could be the lightest
among the MSSM sparticles. This is shown in Fig. 2, the bheided region is the sneutrino region.
The non-universality also goes into the Yukawa terms in t8&&Rand because of this, we can have
either the third generation sneutrino or the first two geti@ma be the lighter. The dark blue in
Fig. 2 represent§e , regions, while the light blue represenisregions.

We show in Fig. 3 the sparticle masses as functions fafr certain values offna, correspond-
ing to horizontal slices of Fig. 2. Notice that for regiongwsneutrino as the lightest, there are
some other sparticles (i.e. sleptons) which are not muchidrethan the sneutrino. This structure
originates from the universality assumption of the scalasses at the GUT scale.

We then calculate the yield and the branching ratios for tleugino NLSP in the allowed
regions. For the parameter space that we considered, wd thahthe 3-b branching ratio is less
than~ 10-8 and the yieldv;my < 10711 GeV. From comparing with the results in [4], we conclude
that our models are not excluded by the BBN constraint.

4. Summary

We have discussed the sneutrino NLSP scenario with gravitémk matter assumption within
the NUHM framework. We found that this scenario is still alld by all the known constraints.
The upcoming LHC experiment at CERN would be able to tell ugarabout supersymmetry.
Given that neutralino LSP is not the only possibility, a dettudy of the collider signatures for
this scenario, following the preliminary study of [7], wdube justifiable.
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Figure 3: Sparticle masses as functionsiaffor tan3 = 10,m, , = 500 GeV,mp = 100 GeV,Aq = 0 and
ma = 200,100Q 1500 and 2000 GeV, respectively.
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