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With gaugine-mediated supersyinmetry breaking, the gravitine, a neatraline oo a scalar lepton
can ke the lightest or next-to-lightest superparticle. We discuss cosmelogical constraints on the
diferent scenarics. While neatraline dark matter and graviting DM with a sneutrins NLSP
are consistent for o wids range of pammeters, graviting D& with a stan NLSP i strongly
canstrained. Gravitino DM with a neatraling NLSP i excluded.

1 Imtroduction

Gaungine-mediated supersymmetry breaking®? employs a setup with extra space-time dimensions
tor generate viable soft masees for the superparticles. BUSY is broken by the F-term vacuum
expectation value of a field which 1= localised on a brane. The MSSM squarks and sleptone lve
on ancther brane located at a different position in the extra dimensions, Therefore, they cannot
couple to the SUSY-breaking field and do not obtain soft masses at the tres level, Gaugince and
Higgses are assumed to be bulk fields, =0 that they receive eoflt masses via direct interactions.
Thus, assuming that the gauge couplings umfy and that the compactification scale of the extra
dimensions 15 clase to the unification seals, one obtains at this energy
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where the GUT charge normalisation is used for gy and where mﬁ arnd ﬂra are the soft masses of

the Higgs fields coupling to the down-type and the up-type qua.LLE 1.'E'E~|:IE'ELL1."E|.]|" For eimplicity,

wa restrict ourselves to the case mi = 0. A discussion that includes negative values can be

|
Found ind.

The rencrmalisation group running from the compactification scale to low energies produces
non-zero soft masses for all superparticles. We emploved SOFTSUSY ® to caleulate the mass
spectrum. A= benchmark values for our discussion, we choss my g = 50 GeV, tan 7 = 10 or 20
and signfg) = +1. The values of g and By are determined h].rllhe conditions for electroweak
symmetry breaking. Due to the large effects of the strong interaction, the squark masses experi-
ence the fastest running and end up around a Te¥V. Regarding the mass ordenng of the sleptons
and neutralings, the most important fres parameters are the soft Higgs masse=. Depending on
their values, the lightest MSSM superparticle can be a nentralino, a stau ar a sneutring 235,
Begides one of these particles, the gravitino can be the lightest superparticls (LSF). In gaugino
mediation its mass is bounded From below 7. We use g = 10GeY, relaxing the limit from
naive dimensional analy=ie by a factor 5 in order to obtain a conservative lower bound.

The constraints on the parameter space of gaugino mediation that arise from collider experi-
ments were deseribed in®®4. In the following, we will present the impact of constraints from
cosmalogy, summarising and updating the study !

2 Cosmological Constraints

Az long as B parity 1= conserved, the LSP is stable and its energy density has to be consistent
with the ohsarved cold dark matter density. We use the 37 range given in ',

0106 = Dpyh?® = 0123 ()

If the graviting ie the LSP, the next-to-hghtast superparticle (NLSFP) decays during or after
big bang nucleceynthesis (BEN). Analogously, the gravitino decays late if it is not the LEP.
The very energetic decay products of such long-lived particles can alter the primordial light
element abundances comparad to the standard BEBN scenario. This leads to constraints on the
released electromagnetic and hadronic energy 44444 which can be quantifisd approximately
by upper hounds on the product ey pad Ywpsp. Here eqp b 18 the average electromagnetic or
hadronic energy emitted in a single NLSP decay, and the abundance Yypsp is given by the
NLSP number density prior to decay dwided by the total entropy density, The abundance was
determined numerically using micrOMEGAs 1% and assuming that the NLSP freeses cut with
its thermal relic density. We used the bounds an the energy release compiled in'7, which ware
computed in the earlier studies ', These bounds were derived from the chserved abundances
af deuterium and *He. Following !7, we considerad two sets of constraints in order to take
into account the uncertainties in the measurements. Pointe in parameter space viclating the

Yeonservative™ limits are excluded, while poinie viclating coly the “severe™ limits ghould be
regarded as disfavoured. In addition, we apphed the constraint derived from the ratio of the
aheerved *He and 1) abundances in 13

Decays of long-lived particles in the early universe can also cause distortions of the cosmiz
microwave background. However, the corresponding constraints on late electromagnetic enengy
release are less constraining than the BBN bounds in our case!7,

Recently it was pointed cut that negatively charged stau NLEPs can form bound states with
light nuclei, which leads to a drastic change of the reaction rates relevant for BEN'®, 1n'® and in
the subsaquent studies 22 it was found that this effect canses an nnaceeptahle cverproduction
af Li unless the stau lifetime i= less than 107 - 100 =,



Rencontres de Moriond 2007

B 0123>004" 0108 my = 500 GaV
B oie>00s tan i = 20

11" L3P excluded

0 0.1 0.2 U.EE 04 05 0.& )
wip, [TeVv]

Figure 1: Allowed parameter space region for the soft Higgs masses leading to o newtraling (N]LEP for my e =

S00GEY and tan @ = 10, The experimental wpper limit on the dark matter density eccludes 1he whits region.

In the black region, thermally produced neatraline LSFs form all of the dark matter, whereas in the magenta
fdark-gray) area they comtribuie only a part.

3  MNeutralino Dark Matter

Fig. 1 ehows the part of the allowed parameter space for the soft Higgs massss where a neut-
ralino 18 the hghtest MSSM superparticle for tan 3 = 20, Its mass varies between B GeVoand
204 GaV. IF this newiraling is also lichter than the gravitino, it can [orm the dark matter. In
the black region of the hgure, the thermal neutraling relic density lies within the experimentally
allowed range (6). The bino contributes at least 8057 to the lightest neutralino. The remaining
components are chiefly Higesinos, Towards the left end of the region, the lightest neutraling is a
pura hino, In the magenta (dark-gray) region in Fig. 1, the thermal neatraling density 1= emaller
than the lower bound in Eq. (6) and hence only constitutes a part of the dark matter density.
This is not ruled out, since the dark matter could be made up of several components or of both
thermally and non-thermally produced neutralings. The hghtest neutralino = an almost pure
Higgsino at the night edge of the parameter space. Finally, the upper mit on the dark matter
density excludes the white region in Fig. 1. For fan 8 = 10, the resuli= are similar.

The cross-section for the direct detection of neutraline dark matter 1= suppressed [or a pure
bino. Therefore, in the largest part of the allowed parameter epace direct dark matter detection
will be very hard. The cross-section 1= larger towards the nght end of the region, where the
lightest neutraling has a significant Higesino component. Although the cross-section is =till at
least one order of magnitnde helow the present hounds there 224, it could be accessible to the
next generation of dark matier experiments.

In the neutraling LSFP scenario, BRN leads to an upper bound on the density of gravitinas,
since their decays affect the light element abundances as explained above. This bound can be
translated inta an upper mit on the reheating temperature after inflation'''2, The latter i= a
[ree parameter in our discussion and therefore 1 can simply be assumed to be sufficiently small.
The other superparticles decay into the LSP before the start of BBN and thus do not cause
problems either, unless LEP and NLEP are nearly degenerate. Consequently, neutraling dark
matter 15 a viable seenario in gaugino mediation.
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4 Cravitino Dark Matter

If the graviting ie the LSP, it 15 a viable dark matter candidate as well. The thermally prodoced
gravitino dengity fall= into the range (6) for a reheating temperature betwaen about 10F GeV and
1P GeV, if 10GeV = mgen = 100GeV, Non-thermal production from NLEFP decays 1= neghgible
in the scenario under consideration.

A neutraling NLSP together with a graviting LSP heavier than a GeV o= excluded by the
hadronic BBN constraints for my > mgm +mz, since in this case two-body decays can produce
# hasons, which have a large hadrenic branching ratic®™* . In the parameter space region where
the nentraling 1s so light that the decay into real ¥ bosons s kinematically forbidden, we find
abundances that are small enough to satiefy the hadronie bounds, However, the electromagnetic
constrainie furn out to be violated, so that gravitine dark matter with a neutraline NLSP 1= not
allowed in gangino mediation.

If & scalar tau is the MNLEP, the hadronic energy release from stau decays is always in
agreement with the BBEN bounds. However, the bounds on the electromagnetic energy release
fomn ¥7 are significantly more constraining. They are shown in Fig. 2 as functions of the stan
lifatime m=. The curves exclude (or disfavour in the case of the severe bound from ) the area
ahove them. The eurve derived from the *He abundance is only shown in the region where it
is mare canstraining than the conservative deuterium bound. The limit arising from the *He
abundance is not shown, sinee it is not relevant in the stau NLEP region.

We also plot points from the ¥ NLEP region for tan 7 = 10 1n the e Y5 — = plane, assuming
that half the energy of the tau produced in the dominant two-body stau decay contributes to the
electromagnetic energy release. The remaining energy ends up in neutrines and is not relevant.
The red {dark-gray) pointe are the results for a gravitino mass of S0CGeY. Wa find that the
conservative [ constraints can be satisfied. In order to satisfy the 7 He and the ssvere D haunds,
the MLEP lifetime has to be shorter. This 12 the case [or emaller gravitino masses. A rough
estimate af the upper limit from the YHe bound is mam 5 A0GeV. For man = 10GeV, we seo
fraom the green (light-gray) pointe in Fig. 2 that most of the stan NLEP region i allowed by all
constrainte derived from the deuterinm and helium abundances.,

However, it is alea obvious that the stan hfetime viclates the npper bound = = 107 1t =
that arises when bound state effects are included in the BBEN ealeulations #9202 We find
86 GeV < ms < 208 GeV in the ¥ NLEP region, which corresponds tom= = 1.8 1P =, Thus, we
have to conclude that BBN disfavours gauging mediation with a gravitino LSP and a stau NLEP
for our benchmark value my g = 500 GeV. [n order to decrease the stan ifetime sufficiently, one
has to inerease the superparticle masses roughly by a factor 3. The constramnmt could also be
avolded if there was sizable entropy production between the decoupling of the stavus from the
thermal bath and the start of BEN 2530,

The last NLSF candidate m gaugino mediation s the eneutring.  In the corresponding
parameter space region, we find eneutrine masses and lifetimes which lie roughly 1n the same
range as thase of the staus. The relic abundanee is also similar, 1.3-10-2 < ¥5 < 46109, The
BEN bounds on a sneutring NMLEP are rather weak, since the dominant two-body decay produces
gravitinos and neutrinoe. These nentrinoe can release eleciromagnetic energy by anmhilating
with background |anti-jnentrinas and producing charged particles. Basides, hadronie constraints
arise [rom the four-body decay into a neutring, a gravitine and a quark-antiquark pair. They
turn out to be more stringent but allow thermally produced sneutrince with masses up to around
A0 GeV accarding to ™, This result is based on an approximation for the snentring abundance.
In our case, the abundance turns out to be larger due to the importance of co-annihilations.
Hence, a part of the sneutrine region may be in conflict with BBN®, However, one has ta bear
in mind that ™ assumed a much smaller experimental uncertainty for the denterium abundance
than the studies 17, an which our analysis of the stan NLSP seenario is hased.
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Figun-. 2: Point= from the 7 NLSP region in the epm ¥ - 'p|.1.11c for Ty = A0 ﬂe"'r': I::m.ii = 10 and eaq = 0.5F.
We show the remalts for two valuess of the gravitine mass, mae = 506G (red or dark-gray] and maq = 10 G&Y

[green or light-gray]. The lines show the BBM constraints on elctromagnetic erecgy release taken from Flig, 9
of ™ and Fig. 9 of 77,

-

6 Conclusions=

We have discussad dark matter candidates mn theories with gaugino-mediated supersymmetry
breaking. The parameters relevant for the euperparticls mass spectrum are the universal gaugino
mass, the soft Higge masses, tan 7 and the sign of g, At different points in parameter space, the
graxitino, a neutraling or a slepton can be the lightest or next-to-lightest superparticle.

We have investigated constraints from the observed dark matier density and big bang nue-
leasynthesiz on the different scenarics. A peutralino LSFP as the dominant component of dark
matter is a viahle possibility,. Gravitino dark matter with a neutraline NLSP is excluded. A
stan NLSP can be consistent with the constramnts arising from the effects of stan decays on the
primordial light element abundances. However, taking into account bound state effecte on the
lithium abundance disfavours this scenario. Gravitine dark matter with a sneutring NLSFP can
alen be realised and i= nearly unaflected by all constraints.
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