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Dark Matter in galaxies

Dark Matter plays a crucial role in the process of structure
formation: it enables the growth of primordial perturbations into
galaxies and clusters. The dynamics of the galaxies and
clusters also requires the presence of some DM.

In the ΛCDM model, DM is made of a stable, non-relativistic,
and non-interacting particle. However, observations at
sub-galactic scales seem to be at odds with this simple model.
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Stable Cold Dark Matter

ΛCDM model
I Very good agreement between

LSS observations and N-body
simulations probing the
non-linear regime.

I Concerns on smaller scales
could point to warmer or
self-interacting DM. Strigari et al. 08



Decaying DM

Decaying DM

I Extensions of the SM often
introduce R-parities to ensure
viability against e. g. too fast p
decay.

I Viable decaying DM models
could account for the large e+

flux observed by PAMELA, the
origin of UHECRs, . . . Nardi, Sannino

& Strumia 08, Ibarra& Tran 09



How fast can DM decay?

Regardless of the decay products, the transfer of energy
density from the matter to the radiation sector affects the
evolution of perturbations. Consistency with CMB observations
requires τ & 52 Gyr ∼ 4× τΛCDM. Ichiki et al. 04, De Amigo et al. 08



How fast can DM decay?

Nearly 15% of the DM could have decayed in recent times.



Galaxies at z ∼ 2 vs. today

Galaxies evolve too fast
I Both spiral and elliptical

galaxies appear more
compact and dense at z ∼ 2
than the corresponding
systems in our neighbourhood
(3.7σ). Cresci et al. 09, Cimatti et al. 08

I Astrophysical processes are
undoubtedly important, but
given the dominant role played
by DM in structure formation,
could DM properties also be
relevant?



Galaxy evolution with DDM

Shallower potential wells

I Assume ΛCDM is correct at
high-z, until galaxy decouples
from Hubble flow and
virializes.

I Halo evolution caused by DM
decay, for realistic τ , fits the
observed structural evolution
for spirals.

I Constraints on τ are unrelated
observations of high-z
galaxies.



A self-consistency test

Clusters of galaxies

I The baryon fraction in clusters
should increase with time,
since the DM halo is becoming
lighter.

I Observed distribution at
z ∼ 1.1 consistent with
expected variation between
z 1.2 and 0.



Conclusion

I The ΛCDM model, assuming that DM is stable, is in very
good agreement with large scale observations. However,
there are unaccounted phenomena at galactic and
sub-galactic scales.

I If DM decays it will affect the evolution of galactic
structures. With a lifetime τ ∼ 4× τΛCDM it could explain
the intriguing hints that, for the same luminosity, galaxies
were more massive at z ∼ 2. The gas mass fraction in
galaxy clusters can provide a robust test of DDM models.

I The connection is suggestive, since the bounds on the
lifetime are unrelated to the dynamics of galaxies.
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