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\Vi th g;i.ugini>n1odia tcd J11per:<ymrnc:L1y bieaking, Lhcg1av il ino, a 11euL1:ilinoo1 :i .:al:u lepton 
c :1n be Lhe liglllert.or ncct.-to.lightert.i1uperp:irtkle . \Ve d isc 11.~JOOllfllologic:il conJtra inlJ on the: 
d iffe 1e 11t !IOCln:uioil. \Vhile ncutr.ilino cbrk rn:itle J :ind gravitiuo D~I wil h a $11Cul lino NLSP 
:ire ooulli~enL ro1 a wkle r :ingc o r par.irnetet$, gr.wit ino D~I with a 11t:u1 NLSP is Jl1ongly 
oonJL1a incd. G 1avil ino 0~1 with :i nc 11tr:iliuo NLSP i:i: excluded. 

1 lt1trod uction 

Caugin~ med iatad & u pa rs ym met 1y breaki n g2•3 employs a. setu p '" i th ext ra spac~ ti me d ime nsions 
to gene rate v·1a.ble so~ ma.sses ror the s uperpa1t ·1cles. SUSY is b1\'lken by the F - ta rm vacuum 
expectation value of a Ae ld which is localised on a b ra ne. T he P.,ISS~·I squar ks a nd sle ptons rive 
on a nother bra ne located at a d·1ffe ra nt posit ion in the e xtra.dime nsions. Thar~rore, they cannot 
oouple to the SUSY-braak·1ng Aeld and do not obtrun sort masses at t he t ree level. Gauginoe a nd 
H·1ggses BJ\l assumed to be bulk Aelds, so t hat they mce:iva sort masses via d irect interactions. 
T hus, 886uming t hat the gauge couplings un·1ry and t hat the compactiAcation scale or the extra 
d·1me:nsiorn; is closa to the unification scale, one obtains at this energy 

I 
91 = 9' = ill = 9°' ,fl' 

M1 = M2 = M3 = "'1/2, 

m'l.. = m~ = 0 for a ll squa r b and .sle ptons ef>, 
91. ~ll 

A~= 0 for a ll squa r b and .sle ptons ef>, 

µ,Bµ ,mt ;-1 0 (i = 1,2), 
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where the GUT charge normalisation is used ror 91 and "·here m~1 and m-~, are the soft masses or 
t he Bigg:; Aelds coupling to the d own-type and the up-type quarks, t'GSpectivaly. F'or simplicity, 
we restrict ourselves to the case m~, 2: 0. A discussion t hat includes negaf1ve values can be 

found in .t . 
T he renormalisation group running from the compactiAca.tion scale to lo"· energies prod uces 

non-zero so~ masses fo r &II superpar ticles. \Va employed SOFrSUSY 5 to calculate t he m 8SS 

s pectrum . . !\s benchmark values for ou r discus.-i1on, "'e chose m 1ri = 500GaV, tan fj = 10 or 20 
and s'1gn(µ.) = + I. T he values of µ and Bµ a.re determ'1ned by the cond'1 tions for electrO\\'ea.k 
symmetry bre&king . Due to the la rge effects or the strong interact'1on, the squark mllSSES rucperi­
enca the fast.wt running and end up around a 'Th\i . Rega,rding the mass ordering of the sleptons 
and neutralinos, the most important rree para.met.ers a.re the sort Higgs masses. Depend ing on 
t ha'1r values, the lig htest t"'ISSt"'I s uperpar ticle CIUl be a neutra r1no, a stau o r a sneut rino 213:.6. 
Bwides one or these particles, the g ravitino can be the lig htest superpar ticle (LSP). In gaugino 
mediation its mass is bounded from belO\\· ; . \Va use Tfl<J/'J 2: lOGe\i, rala.x'1ng the limit fro1n 
naive d imensional analysis by a factor 5 '1n order to o btain a. oonservative lo\\·er bound . 

T he constraints on the parameter s pace or ga.ugino mOOiation t hat a.rise from collider rucperi­
ments "·era described ·1n 819•.t. In the follo"·ing, "'a w·111 present t he impact or constraints fro1n 
oosmology, summarising and updating t he s tudy 1• 

2 Cosn1ological Const.rait1ts 

.!\s long as R parity ·is conserved, the LSP is s table and its energy density has to be consistent 
wit h t he observed cold dark matt.er density. \Ve use the 3q range givan in 10, 

0.106 < !10 .,h2 < 0.123 . (6) 

Lf the gra.vif1no is the LS P, the next-t1>r1ghtest superpar ticle (NLSP) decays d uring or after 
b'1g bang nucleoeynthesis (BBN). Analogously, the gravitino decays late if it is not the LSP. 
T he very energef1c decay products of s uch lo ng-rived particles can a ltar the primord ial right 
element abundanoos compared to the s tandard BBN scenario. T his leads to constraints on the 
released electromagnetic and hadronic energ,i,• 11•12•13•14, which can be q uantified approx'1mately 
by upper bounds on the product Ecni,ha:IYNLSP· Here fcrm)uld is the average electromagnetic or 
ha.dronic energy emitted in a single NLSP decay, and t he abundance YNtsP is given by the 
NLSP number dens'1 ty prior to decay d'1vided by the total entropy density. T he abundance "·as 
determined numericaJly using micrO~·I EGAs 15•16 and assuming that the NI.SP free11il6 out ":1th 
its thermal relic density. 'lrVe used the bounds o n the energy r~ lease compiled in li, "·hich were 
oomputed ·1n t he earlier stud ie.s 11•12. T hese bo unds ware derived rrom t he observed abunda.noos 
of deute1 .. 1um and 4 He. Fbllm,·ing li, "'e oonsidered t"'o sets of constraints in o rder to take 
into account the uncer tainties in the measurements. Points in parameter s pace v'1olating the 
11conservntivea limits are ruccluded, while points violating only the «sawrna limits should be 
regarded as disl&voured. In add'1 tion, "'a appr1ed the constraint derived from the ratio of the 
observed 38e and D abundances in 13. 

Decays of long-lived par ticles in the early universe can also ca.use dis tor tions of t he casmic 
m'1crowa.ve background . Ho"·aver , the correspond'1ng constraints o n late electromagnetic energy 
release a.re le...:;s constra,'1ning than t he BBN bounds in o ur case 1". 

Recently it was po'1nted out t hat negatively charged stau NLSPs can form bound s tates ":1th 
lig ht nuclei, wh'1ch leads to a. d rastic change of the l'ellCtio n rates relevant for BBN 18 . In 18 and in 
t he s ubsequent s tud ies 19,!Xl·21 it was found that this effect causes an unacceptable overproducf1on 
of 6Li unless t he sta.u lifetime is le...:;s than 103 - 101 s . 
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• 0 .123 > °x1h2 > 0.106 
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-..:112 = 500 GeV 

tanP = 20 

Figure 1: Allov.'Cd p:u:imctcr sp:1ce region £or i,he '°h Higp; rn~ la.diug to a uc 11t1:iliuo (N)LSP ro1 m111 = 
SOOGeV :ind t;;•.n/:I = 20. 1be cxpe1ime 11t.:il 11ppe1 limit. on the d:u k rn:itte1 den:i:ily exd1ideJ the white region. 
In the bl:x:k 1cgi011, lhi:f'rn:illy prod11oed llCULJ:ilino LSP. £orrn :ill or t he d:irk matte r, whcn:DJ in t he magcuL:i 

(d:i1k..g1:ay) :ucn t hey 0011tribu1e only a p:ul. 

3 Neut ralit10 Dark IVIatte r 

F'ig . 1 shoW'S the part of the a llo\\·ed parameter s pace ror the soft H·1ggs masses where a naut­
ralino is the rightest P.185~·1 s uperpar ticla ror tanP = 20. Its mass varies beh\'een 83GeV and 
20<1 CeV. tr this neu tra lino is a lso lighter than the g ravitino, it can rorm t he dark matter. In 

t he black region of the figure, the thermal nautra lino relic d ans·1 ty lies '" ithin t he experimentally 
allo"'ocl range (6). 1'he b·1no contributes at least 80% to t he lig htest neutra lino. T he remain·1ng 
oompo nents a re chieAy Higgs.1nas. 'Jb.,·a rds the left end of t he region , the lig htest neut ra lino is a 
put\l bi no. In the magenta. (dark-g ray) reg.ion in r ·1g. I, the thermal neutra lino density ·IS smalle r 
t han the lower bound in Eq. (6) a nd hence only constit utes a. pa1t of the dark matter density. 
T his is not ru led out, since the dark matter could be made up of several components or of both 
t hermally and non- thermally produced neutra linos. The rightest neutraf1 no ·IS a n a lmost pure 
H·1ggs·1no at the right edge of the parameter space. Flnally, the upper limit on the dark matter 
density exclude.s the white reg.ion in F·1g. I . For tan P = 10, the resu lts a re similar. 

T he croos-secf1on !Or t he d irect de tection of neut ra lino dark matte r is s uppressed for a pure 
b·1no. T here10 t'1, in t he la rgest part of the allo\\•ed parameter space d·u\'lct da rk matter detection 
will be very hard . The cr<.6i~ection ·IS la rger tawards the right end of the t'1gion , where the 
lig htest neut ra lino has a s ·1gniAcant Higgsino component. Although t he crCN~ection is s till at 
least one order of ma.gn.1 tude below t he present bounds there 22•4, it could be accessible to the 
next generation of dark matter experiments. 

Ln the neutra lino LSP scenario, BBN leads to an upper bound o n t he d ens·1 ty of g ravitinos, 
s ·1nce their decays affect the lig ht e lement abundances as expla ·1ned above. T his bound can be 
t ranslatocl into an upper r1mit on the reheating temperature after ·1 nAation tt,t2. T he latter ·IS a 
free parameter in our discussion a nd therefore ·1 t can simply be assumed to be sufficiently small. 
T he other s uperparticles decay into the LSP before the s tar t of BBN and thus do not cause 
p roblems e·1 ther, unlees LSP and NLSP a 1\l near ly degenerate. Consequently, neutra r1no dark 
matter is a. viable soona rio in gaugino mediation . 



Rencontres de Moriond 2007

d Gravitiuo Dark Matter 

tr the g ravitino is the LSP, it is a. viable dark matter cand idate 85 "'all. T he thermally producocl 
g ravitino density falls into the range (6) ror a. reheating temperature bat wean a.bout 1 r1 GeV and 
1a9Ga\i, ir lOGa\i ~ Tfl3/ 'J !S lOOGa\i. Non- thermal p roduction rrom Nl,SP decays is nag l'1gible 
in the scanar'10 under consideration . 

. 4 neutra. lino NLSP together "·ith a. g ravitino LSP heavier than a GeV is excluded by the 
ha.dronic BBN constra '1nts ror mx > ms;'J + mz, s ince in t his CBse t\\·~body decays can produce 
Z bosons, wh'1ch have a. large hadronic bra nching rat'1023•~ . ln t he pa.ra matars paca rag'1on \\·here 
t he nautraJ1no is so light that t he decay into real Z bosons is kinamatically rorbiddan, we And 
abundances that arasma.11 eno ugh to satisry t he ha.dronic bounds. Ho\\·aver, the electromagnetic 
oonstraints turn out to be violatocl, so that gra.vit'1no dark matter wit h a nau tralino NI.SP is not 
allo,\'ocl in gaugino mad'1a.tio n. 

Lr a. scalar tau is the NJ...SP, t he hadronic energy release rrom stau decays is always in 
agreement with the BBN bounds. Ho\\'avet', t he bounds on t he alectro1nagnetic energy release 
£11m YT a t\'! s '1gniAcantly more constra '1ning. 1'hey are shown in Fig. 2 as runct'1ons or t he sta.u 
liretime Tf. T he curves exclude (or d isravour in the case of the severe bound rro m D) the area. 
above the1n. The curve derived rrom the 38a abundance is only s ho"·n in the region wha1\'I '1 t 
is mom constraining than the conservative deuterium bound. The limit a rising rrom the 4He 
abundance is not s ho'' 'n, since it is not 1\'l levnnt '1n t he s tau NI.SP rag'1on. 

\Va also plot points rrom the T NJ...SP rag'1on ror ta.nP = 10 '1n the EamY1 - TT plane, &$Um '1ng 
t hat half the energy of the tau producocl in the do minant t\\·~body st.au decay contr'1butes to the 
electromagnetic energy release. T he remaining energy ands up '1n neutr'1n05 and is not relevan t. 
T he rocl (dark-g ray) po'1nts are the results ror a gra.vitino milliS or 50GeV. We find t hat the 
oonsarvativa D cons tra '1nts can be satisAocl. 1 n o rder to satisry t he 3 Ha and the severe D bo unds, 
t he NI.SP liratima has to be .shorter. 1'his is the CBse ror smaller g ravitino masses . . 4 rough 
est'1mata or the upper lim'1t rrom the 3Ha bound is m3fl !S 30Ga\i. F'or ffl.3/2 = IOGe\i, "·a see 
rro m the green (lig ht-g ray) po'1nts in Fig . 2 t hat most of the stau NLSP rag'1on is allO\\'ad by all 
oonstraints derived rrom the deuterium and helium abundances. 

However, it is also obv'1ous that t he stau r1retime violates the upper bound TT !S 103 - 10' s 
t hat arises when bound s tate effects are includocl '1n the BBN ca.lculat'1ons 1 8:. 19~·21 . \Va And 
86 Ga\i $ m, $ 200 Ga\ ' in the T Nl,SP region, "·hi ch corresponds to Tf ~ 1.8 · 1 rP s . T hus, we 
have to conclude that BBN d'isravours gaugino med iation \\' ith a gravitino LSP and a.stau NLSP 
ror our benchmark value "'1/'J = SOOGe\i. In order to decrease thesta.u r1retimesuffic'1antly, one 
has to increMa the superpar ticle m.a.sses ro ughly by a. ractor 3. T he constraint could also be 
avoidocl if t hem \\'as s izable entropy production beti.\'aan the decoupling of t he staus rrom the 
t hermal bath and the start or BBN 2~20. 

T he last NLSP cand'1data '1n ga.ug'1no med'1a.tion is the snautrino. ln the correspond'1ng 
parameter s pace rag'1on, we And snautrino ml\$es a nd liratimes \\'hich lie roughly '1n the same 
range as those of the staus. T he relic abundance 'as also s imilar , l .3. J0 - 13 $ Yy $ 4.6· 1 o-13 . T he 
BBN bounds on asneutrino NLSP a.re rather \\'aak, s ince t he dominant t\\·~body decay prod uoes 
g ravitinos and neutrinos. T hese neutrinos can release alectromagnet'1c energy by ann'1hilating 
wit h background (an t'1-)nau trinos and prod ucing charged pa1t '1cles. Besides, ha.dron'1cconstra '1nts 
arise rro m the rour-body decay 'into a. neutrino, a. gravitino and a quark-an tiq ua.rk pair. T ht'I)' 
t urn out to be mo1\'I stringent but allow thermally produced s neutrince \\' ith ITl8S6ES up to a.round 
300 GeV acx:ord ing to 1 ~ . 1'his result 'as based on a n approximation for the s neutrino a.bundanca. 
ln our cMe, t he a.bundanca turns ou t to be la rger d ue to the impor tance of c~annihilat ions. 

Hance, a. pa.rt or the snautr'1no regio n may be in conflict with BBN2C. However, one has to bear 
in mind that 14 &$Urned a much smaller axpar'1mantal uncer tainty ror the dautar'1um abundance 
t han the studies 13•17, on "'hich o ur a.naJys'as or the stau NLSP scenar'10 'as based. 
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P igurc 2: Poiu1:1; rron1 the T N LSP 1cgion in t he .._.l't -T¥ pl:i.uc ro1 ,,.,, ,, = SOOGcV • t:i.11/l = 10 :ind t.,,m = 0.5£,.. 
\Ve s.l1ov.· t he n:'$.l ll i ro 1 tv.·o vnlu.cs or t he giav it ino 111:.:1111, tn.:t111 = SOGcV (met 0 1 d::irk.gr:iy) :u1d m"" = 10 CcV 
(grcic:n or light.--gr:i.y). 1be lines Jho.v 11 .. ~ BBN OCIMJLf a.in ta 0 11 e loct1on1agi1ctic enc:~· 1e le:1.1c t:ikt:n rro1n F'ig. 9 

or,, :ind Pig. 9 or I:'' 

6 Conclusio ns 

\Ve h&ve d iscussed dark matter candidates '1n t.hoories wit h gaugini>med'1atEd supersymmatry 
b reaking. T he para1neters relevant ror the superpar tic le ma."" spectrum are the universal gaugino 
mass, the so~ Higg1> masses, tan {l and the sig n o fµ .. . 4.t. d ifferent poinl8 in parameter space, the 
g ra.vitino, a neutraf1 no or a s lepton can be the r1ghta;t o r next- to-lig htest superpar tic le. 

\Va have ·investigated constra:1nts rrom the obser ved dark matter densit.y and big bang nuc­
loosynthesis on the d'1ffa rant scenArios . . 4 nau tra fl no LSP as the do m'1nant oompo nant. or dark 
matt.er is a viable p0!i!i'1bility. Gravitino dark mat.tar "·ith a neutraf1 no NLSP is excluded . A 
s tau NLSP can be consistent wit h t he constra·1nts a ris '1ng from t he affects o r s tau d ecays on the 
p rimord ia l lig ht e lement. abunda nces. However, taking into account bound state effects on the 
lit h'1um abundanoa disfavours this soanario. Gravitino dark matter "·ith a.sneutrino NLSP can 
a lso be raa lisocl and is near ly unAffactad by all constra int..s. 
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