


Constraints from NLSP — gravitino
LSP due to the injection in the plasma of
(non-thermal): photons or electrons
(photo-dissociation of D), hadrons
(changing the n, p budget an affecting
He and/or D). This is the counterpart of
the cosmological gravitino problem, i.e.

relic gravitinos decaying into

(neutralino???) LSP at late times:

+ novel idea to constrain the

models with charged NLSP, since s

the presence of these relics at
the BBN time would catalyze
some BBN reactions otherwise
suppressed, such as:

("HeX )+ D — OLi+ X~

Very strong constraints since
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Emergency exit:

Recent idea: avoid the constraints from late decay of the NLSP by ...
speeding up the decay via R-parity violation (Buchmdiller et al., hep-ph/
0702184). Introduce:

War—1 = Aijli€le + Xj:diq;lk

You need the gravitino to be sufficiently long lived:

: 10%s A 2( M3/2 )3
/2 "\107) \10Gev

and the NLSP decaying fast enough:

~ 10% A\ 2/ maer VD
Lse =2 101 (100 GeV)

Twist the model little further and require the gravitino lifetime to match
the value required to get the level of yields in todays halo to reproduce the
PAMELA excess, Fermi signals, ect. ect. (Ibarra et al., 2008-2009)

Just one example of the several models on the market for decaying DM.






Numerical N-body

simulations:

following primordial
density perturbations in
the non-linear regime

Sketch of the

formation of the
local group:

Moore et al., 2003




Self-similarity of structures on
different mass scales:

Galaxy ~ 10 Mg

Cluster of
galaxies ~10 " M,

Moore et al., 2003




Two main features deduced for the simulations:
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Is the ACDM model facing a crisis?

There are possible areas of disagreement between theory
(more exactly numerical N-body simulations of the
theory in the non-linear regime) and observations:

*Morphology of galaxies, luminosity functions, age of
stellar populations, disk sizes, and possibly other
“baryonic observables”; most likely all these are in
connection with our poor understanding of star
and/or galaxy formation;

XDark matter distribution on small scales, and in
particular the shape of DM profiles towards the

center of galaxies, and the abundance of substructures

in DM halos.



Friction between the measured rotation curve

of low mass galaxies and ACDM profiles:
e.g., McGaugh et al. 2003
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de Blok & Bosma, 2002
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Claim: there is no
case in which the
dynamical models
favor the
“theoretical” model
(even in smoother
versions than
NEFW) over
“phenomenological”
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Problem, or theoretical and/or observational bias?



In a ACDM cosmology, a typical sketch of a
dark matter halo from N-body simulations is:

Moore et al,
2005

a large fraction of the total mass is bound in dark
substructures with masses ...



! -6
... down to the WIMP free-streaming scale, ~10 M o, Green,

Hofmann & Schwartz,2004 (or as high as 102M  » Profumo,
Sigdurson & Kamionkowski, 20006) :

Numerical
simulation, z=26

Diemand, Moore
& Stadel, 2004
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Need for a particle physics solution?

Goal: start with a scale invariant CDM power spectrum
and then remove power on small scales.

Mechanism: introduce a model mildly G.e. at level of
current bounds) violating one of the § main ingredients
usually assumed for standard CDM:

1) Dissipation-less: e.g., DM with a electric/magnetic
dipole moment, Sigurdson et al. 2004

2) Collisten-less: self interacting DM,
Spergel & Steinhardt 2000

3) Fluiddimit: ...
4) Classical: fuzzy DM, Hu, Barkana & Gruzinov 2000

5) Celd: warm DM, Hogan & Dalcanton 2000



