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

Very strong constraints since



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

Emergency exit:

You need the gravitino to be sufficiently long lived:

and the NLSP decaying fast enough: 

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.



extra slides



Sketch of the 
formation of the 

local group:

Moore et al., 2005

following primordial 
density perturbations in 
the non-linear regime

Numerical N-body 
simulations:



Moore et al., 2005

Self-similarity of structures on 
different mass scales:

Galaxy  ∼ 10   M  12
❍.

Cluster of 
galaxies  ∼ 10    M  15

❍.



Two main features deduced for the simulations:
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mass scale

Correlation 
between the 
two parameters 
in the model:



Is the ΛCDM 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:

✶Dark 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.

✶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;



Friction between the measured rotation curve 
of low mass galaxies and ΛCDM profiles:  

e.g., McGaugh et al. 2003
Rotation curves of low mass galaxies

Preference to isothermal cores

-Kuzio de Naray et al. [2006]

Scatter in central density
profiles larger than CDM
predictions, and mean slopes
are more shallow than NFW.
-Simon et al. [2005]

Simon et al. [2005]

McGaugh et al [2003]

Louie Strigari

Shallower rise observed:
a large core in small galaxies?

ρNFW ∝ 1
r (r + a)2

Theory predicts
cusp and concentration



Problem, or theoretical and/or observational bias?

de Blok & Bosma, 2002

Innermost radius in measurement 
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Claim: there is no 
case in which the 
dynamical models 
favor the 
“theoretical” model 
(even in smoother 
versions than 
NFW) over 
“phenomenological” 
cored profiles

NFW

core



In a ΛCDM 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 ... 



... down to the WIMP free-streaming scale,   ∼ 10   M   , Green, 
Hofmann & Schwartz,2004 (or as high as  10  M    , Profumo, 
Sigdurson & Kamionkowski, 2006)   :

Diemand, Moore
 & Stadel, 2005

Numerical 
simulation, z=26

0.024 pc

2
❍.

❍.

-6



Madau, Diemand & Kuhlen, 2006

cumulative number

Cumulative number of  satellites in simulations versus
the number of observed satellites in the Galaxy:  

Again: real problem or simply an astrophysical mechanism 
being overlooked ?
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Fig. 5.— Cumulative number of Via Lactea subhalos within r200 (solid curve) as well as all Milky Way satellite galaxies within 420 kpc
(filled squares), as a function of circular velocity. The data points are from Mateo (1998), Simon & Geha (2007), Munoz et al. (2006), and
Martin et al. (2007), and assume a maximum circular velocity of Vmax =

√
3σ (Klypin et al. 1999). The short-dashed curve connecting

the empty squares shows the expected abundance of luminous satellites after correcting for the sky coverage of the SDSS. Dash-dotted
curve: circular velocity distribution for the 65 largest Vmax,p subhalos before accretion (LBA sample). Long-dashed curve: circular velocity
distribution for the “fossil of reionization” EF sample. This includes the 61 largest (sub)halos at z = 13.6 [Vmax(z = 13.6) > 4 kms−1]
plus the 4 (sub)halos that reach a Vmax,p > 38 km s−1 after the epoch of reionization and are not in the largest 61 at z = 13.6.

ure 5: interestingly, this sample includes 12 of the 14
subhalos above Vmax = 20 km s−1 identified today, and
26 of the 35 identified above Vmax = 15 km s−1, i.e. the
most massive today and LBA subpopulations basically
coincide at large values of Vmax.5 Therefore a solution
to the substructure problem in which only the largest 50-
100 Vmax,p subhalos at all epochs were able to form stars
efficiently would automatically place the luminous Milky
Ways dwarfs in the most massive subhalos at the present
epoch. To match the circular velocity function of the
LBA sample, however, the observed dwarf spheroidals
(dSphs) must have circular velocity profiles that peak
at values well in excess of the stellar velocity disper-
sion (see Fig. 5 and discussion below). Note that the
cut in Vmax,p instead of Vmax of the LBA sample re-
quires star formation to be inhibited in all subhalos with

5 Note that the same is not true for the top 10 LBA subhalos
(Kravtsov et al. 2004; Diemand et al. 2007b; Strigari et al. 2007a),
as the largest Vmax,p systems suffer the largest mass loss and are
removed from the top ten list of more massive systems at z = 0.

Vmax,p < 21.9 km s−1 or virial temperature

Tvir =
µmpV 2

max,p

2kB

< 17, 000 K. (6)

4. SUPPRESSING DWARF GALAXY FORMATION

The two thresholds for efficient star formation given in
equations (5) and (6) provide the correct total number of
luminous Milky Way satellites (assumed to be around 60-
70), not a match to the observed circular velocity func-
tion. A careful look at Figure 5 suggests two possible
solutions to the mismatch problem:

1. stars in the Milky Way dSphs are deeply embedded
within their dark matter halos. The halo circu-
lar velocity profiles peak well beyond the luminous
radius at speeds significantly higher that expected
from the stellar line-of-sight velocity dispersion, i.e.
Vmax ∼ 3σ as suggested by Stoehr et al. (2002) and
Peñarrubia et al. (2007). This scenario would shift
the data points in Figure 5 by about a factor

√
3

further to the right, making the mass distribution
of the luminous Milky Way dwarf spheroidals agree
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Fig. 7.— The normalized cumulative radial distribution of Milky Way satellites (lower solid curve). The upper solid curve connecting
the squares shows the expected distribution of luminous satellites after correcting for the sky coverage of the SDSS. For plotting and
comparison purposes, we have placed Leo T and Phoenix within r200 = 389 kpc. Long-dashed curve: distribution for the 65 largest Vmax,p

subhalos before accretion (Via Lactea LBA sample). Dot-short dashed curve: “fossil of reionization” EF sample. Short-dashed-long dashed
curve: 65 largest Vmax Via Lactea subhalos today. Dotted curve: all 4021 Via Lactea subhalos with Msub/Mhost > 10−6. Short-dashed
curve: dark matter distribution.

is to use the integrated dSph “central mass” within a
physical radius comparable to the extent of the lumi-
nous region, and compare it to those of Via Lactea’s
subhalos at similar galactocentric distances. The cen-
tral masses M0.6 (mass within 0.6 kpc) and M0.1 (mass
within 0.1 kpc) are robustly constrained by kinematic
data. Given Via Lactea’s force resolution of 90 pc,
M0.6 is also robustly determined in simulated subhalos.
M0.1, however, is likely affected by gravitational soften-
ing and may be systematically underestimated. Here we
use the most likely values and 90% confidence regions
of M0.1 from Strigari et al. (2007b) and of M0.6 from
Strigari et al. (2007a), as well as the best-fit M0.6 values
from Walker et al. (2007). We then find all Via Lactea
subhalos within 40% in distance and within 25% of the
M0.1 or M0.6 values of each satellite, and then average
over their Vmax and Vmax,p to find the most likely host
size.6 The range of plausible peak circular velocities was
determined using all subhalos within the 90% confidence

6 For the dSphs marked with an asterisk in Table 2 no subhalos
were found in the quoted range, and an estimate of the most likely
host size was made using the subhalo with the smallest quadratic
sum of the relative difference in distance and central mass.

region in M0.1 (or M0.6). The results of this exercise
are given in Table 2. Consistent with the expectations
from the concentration-radius relation, for a given dSph
central mass the most likely Vmax values of its host sub-
halos are larger at large galactocentric distances. If, e.g.
Ursa Minor with M0.6 = 5.3 M! were to lie at a distance
of 300 kpc, its most likely host would have Vmax,p =
31 km s−1 and Vmax = 26 km s−1. Coma Berenices with
M0.1 = 1.9 M! at 300 kpc would typically be hosted by
a Vmax,p = 30 km s−1 and Vmax = 21 km s−1 subhalo.

7. SUMMARY AND CONCLUSIONS

In this paper we have reported results from the two
highest resolution simulations of Galactic CDM substruc-
ture to date, Via Lactea and 1e8Ell. The two runs fol-
low the hierarchical assembly of a Milky Way-sized halo
down to z = 0 and of an elliptical-sized halo down to
z = 0.5, respectively, using different cosmological param-
eters. Our main findings can be summarized as follows:

1. Via Lactea and 1e8Ell are characterized by simi-
larly steeply rising subhalo mass functions. In the
range 200mp < Msub < 0.01Mhost, the best-fit
slope of the differential distribution, dN/dMsub ∝

radial distribution



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 (i.e. at level of 
current bounds) violating one of the 5 main ingredients 
usually assumed for standard CDM:
1) Dissipation-less: e.g., DM with a electric/magnetic
    dipole moment, Sigurdson et al. 2004
2) Collision-less: self interacting DM, 
    Spergel & Steinhardt 2000
3) Fluid limit: ... 
4) Classical: fuzzy DM, Hu, Barkana & Gruzinov 2000
5) Cold: warm DM, Hogan & Dalcanton 2000


