
GAMMA-RAYS IN GALAXY CLUSTERS  
DUE TO DARK MATTER 

Fabio Zandanel 
Instituto de Astrofísica de Andalucía (CSIC) 

Perseus Great Attractor 

Coma 
Virgo 

Perseus Great Attractor 

Coma 
Virgo 

Figure 1: DM decay luminosity all-sky map in Cartesian projection and galactic coordinates. 
The color scale is logarithmic and it is saturated in order to make the structures visible 
(units are GeV/c2 cm-3 kpc sr-1). White circles indicate the principal objects identified in the 
constrained simulation. Figure obtained with HEALPix [3]. 

Figure 2: DM annihilation luminosity all-sky map in Cartesian projection and galactic 
coordinates. The color scale is logarithmic and it is saturated in order to make the 
structures visible (units are GeV2/c4 cm-6 kpc sr-1). White circles indicate the principal 
objects identified in the constrained simulation. Figure obtained with HEALPix [3]. 

We present gamma-ray all-sky maps of the Local 
Universe where we only consider the emission 
coming from dark matter (DM) decay and annihilation 
[1]. We are using high-resolution N-body constrained 
simulations, from the CLUES project [2], in which 
observational data are used to set the initial 
conditions, reproducing in this way the main 
prominent features visible on the sky such as the 
nearby galaxy clusters of Virgo, Coma and Perseus, 
and the Great Attractor. 

In Figure 1 and 2, the DM decay Li~Σmp/4πdi
2 and 

annihilation Li~Σmpρi/4πdi
2 luminosities, respectively, 

are shown (mp is the particle mass, ρi  and  di are the 
ith particle density, measured over a 32 particle SPH 
kernel, and distance, respectively). The maps are 
obtained from a simulation box of 160 h-1 Mpc on a 
side with 10243 particles run using the ART code. The 
halos’ central density is typically underestimated due 
to the finite simulation resolution and therefore it has 
been corrected analytically assuming that DM halos 
follow a NFW density profile. 

By running Fermi satellite simulations [4] of the DM 
decay and annihilation luminosity maps of Figure 1 
and 2, we forecast what Fermi will be able to detect. 
In Figure 3, the signal-to-noise (S/N) map for gamma-
rays between 100 MeV and 10 GeV due to to DM 
decay, result of a 5-year observation simulation, is 
shown. Here, we adopted a b-bbar final state channel 
with a DM particle mass of 100 GeV (see [1] for 
details). Galaxy clusters and groups at high galactic 
latitude are the best candidates. In particular, the 
Virgo, Coma and Perseus clusters result to be 
detectable in the adopted decay model. Note also 
that the filamentary structure is clearly visible. We 
find that the S/N is not a strong function of the 
analysed area, which allows for considering large 
apertures by masking away point-like sources.  
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Figure 3: S/N all-sky map of DM decay induced gamma-ray emission between 
100 MeV and 10 GeV. Map was obtained by running Fermi satellite 5-year 
observation simulations [4] of the DM luminosity map of Figure 1. The latest 
available background model from the Fermi collaboration has been used. Maps 
are in Cartesian projection and galactic coordinates. White circles indicate the 
principal objects identified in the constrained simulation.  

This is an important result as DM annihilation models start to 
be severely constrained while decaying DM has received a 
considerably smaller attention. Currently available gamma-ray 
observations provide less stringent constraints in this case, 
and from a theoretical standpoint, decaying DM is a generic 
prediction of many theories beyond the Standard Model of 
particle physics (see [1] for details).  

We do not find any strong arguments in favor of a possible 
Fermi detection of extragalactic gamma-rays induced by DM 
annihilation. However, this cannot be completely excluded 
since we are not considering possible boost factors from DM 
substructures, adiabatic compression, and Sommerfeld effect 
that may significantly enhance the final emission. Besides, the 
predicted signals wil l be enhanced due to recent 
determinations of the cosmological parameter σ8 suggesting a 
higher value than the one assumed here which is consistent 
with WMAP3 cosmology. 

DM all-sky maps of Figure 1 and 2 are available on-line in fits 
format: www.clues-project.org/articles/darkmattermaps.html 
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