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— In this talk, Gravitino Dark Matter with mass

Mz ~ O(1)keV — O(1)GeV and an essentially free
TRH > Mmessengers
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S: "spurion” field, singlet under all gauge groups
Py, Dy quark-like or lepton-like charged messengers under
SU(3)c x SU(2)L x U(1)y 1

¢ > (3,1, —5) and (1,2, E)

N | 1
q)M ) (37 17 g) and (1727 _E)
e.g. 5+50r10+10 of SU(5),,,, 16+ 16 of SO(10),

¢i messengers: charged under Gy,
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SUSY Breaking = < Fg >#0,also < S >#0

U |3
Ms, = MX(li$)l/2, M =k < S >= My

= s = 222G +..
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a\ <Fs > , (a2 [<Fg>\?
=m ~ | — ms ~ [ —
1/2 (47r) My 0 (47r) ( Mx

Moreover, one expects G ~ Mg, <f,\7/‘|7»;
= very light gravitino

[compare MSUGRA G /2 ~ <Ffror>  my , |

-1/2 _ <Fror>
Mx



GUT groups: SU(5), SO(10)

The lightest messenger scalar is:
» if 5+ 5, 7 -like or &_-like
» if 10 + 10, electrically charged SU(2)_ singlet
» if 16 + 16, an MSSM singlet

[S. Dimopoulos, G. F. Giudice, A. Pomarol, PLB 389 (1996) 37; T. Hahn, R. Hempfling, hep-ph/9708264]
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However...there is much more to it!
g = FI;gT G + ... = Consider the full Supergravity Lagrangian
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? ?
Ta < Typ < T4, = Important Gravitino Dilution

M. Fujii & T. Yanagida, PLB 549 (2002) 273.
E. A. Baltz & H. Murayama, JHEP 0305:067 (2003).
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...e.g. in SU(5)
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...other possibilities...
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= a few other things to worry about:
» gravitino regeneration through messenger decay
» MSSM particles production (especially NLSP) through
messenger decay
» out-of-equilibrium NLSP decay into gravitinos
» BBN constraints

» hot/warm dark matter components
Mess NLSP

=Q,,~Qh +Q +0

3/2 = 3,2 3/2



SU(5)

= The lightest messenger is weakly charged ( 7, -like)

93/2 in the plane My — mg/o; TRH = 102GeV; one pair of messengers sitting in 5 + 5; the lightest messenger X
is i -like, NLSP bino-like both panels. Left panel S heavier than X; Right panel S lighter than X.
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Kren D 5mM5r — W D M3 /25w 5k
X — lepton + gaugino (Fuji, Yanagida)

BUT other contributions from Supergravity sector and spurion field (depending on its mass) :

XX — GG, X — GG, X — S# (if S lighter than X)



S0O(10)

= (As,ps,Fs) ~1

= (Am(16),om(16),Fu(16)) ~ 16

= (Aw(16), ¢5(16),F(16)) ~16  Au(16)=
() - A0 0

A_, A, mass eigenstates; mass degeneracy among the A_'s lifted by radiative corrections.

= The lightest messenger is a MSSM singlet
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SO(10)
= The lightest messenger is a gauge smglet ( z/R I|ke)

/2 inth x — Mg for one pair of m ons o (10)
enger inglet under SU(3) x SU(2 ) ( ) ppressed annlhllanon cross-section
as ( /47r)2n / (in the plot K2 ~ as /4m) and it d s into spartlcles through non-renormalizable
idth T M3 /m3,




Concluding remarks

» gravitino LSP is most natural in GMSB-like models
» messenger (and secluded) degrees of freedom can affect
the thermal history of the early Universe

= provides a solution to the gravitino problem AND makes the
gravitino a viable candidate for cold dark matter.

However, requires extensions of GMSB.

= Generically favours SO(10) over SU(5) GUT groups.

» Try can be very high — thermal leptogenesis —, and entropy release not too
high —

right-handed stau or Neutralino NLSP, — short-lived 7 ~ a few ns - afew ms —
collider searches —

BBN constraints OK, bound state effects (FNLSP) irrelevant.

other gravitino problems (e.g. inflaton gravitino production) can be avoided
upper limits on thermal gravitino mass (< 16 eV) do not apply —

correlation between ms /, and the MSSM soft masses still model-dependent...
role of the susy breaking sector, coupling to supergravity, etc... —. underway...

v

vvyvyy

...an experimental direct hint for such dark matter can come

onIy from the colliders! but not easy to distinguish from other scenarios if
NLSP decays outside the detector
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