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Why DM annihilation?

“WIMP miracle” 
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Cosmic ray anomalies

●Large cross section BF > O(100) over thermal 
relic value (e.g. Bergström et al. 2009)

●Annihilation mainly to leptons, proton/antiproton 
channel suppressed 

 <sv>0~3x10-26cm3s-1

Sommerfeld enhancement 
(Hisano et al. 2004, 

Arkani-Hamed et al. 2009, ....)



Cosmic background radiation from dark matter 
annihilation

● Energy of photons per unit area, time, solid angle and energy range received by an 
observer located at z=0.

● Contribution from all dark matter structures along the line of sight of the observer 
(assumption: no contribution from unclustered DM).

● The volume emissivity of photons (energy of photons produced per unit volume, time 
and energy range) can be written as:

● Properties of dark matter as a particle (WIMP factor):

● The density squared dependence is connected to the gravitational interactions of dark 
matter (astrophysical factor).



● Up-scattered photons: Background photons gain energy through Inverse Compton 
scattering with electrons and positrons produced in the annihilation: e+e- injection 
spectra → e+e- equilibrium solution → photon background → final IC photon 
spectrum. 

Photon yield
● In situ photons: Directly created in the annihilation process (annihilation channels).

Fig. from P. Scott, Fermi Symposium 2009



Gamma-ray photon spectrum

Up-scattered CMB 
photons

Zavala et al. 2011

Prompt emission
(secondary 
decay of p0)

 e+e- 
injection spectrum

e+e-
equilibrium spectrum

(not normalized)

Main annihilation channel
Into leptons (PAMELA fit)

SUSY example:



Annihilation in DM haloes (smooth component)

● For a region of volume V, the annihilation luminosity is proportional to:

● Nearby regions of high DM density are promising in the search for an annihilation signal: 
GC (Abramowski et al. 2011, 1103.3226), MW satellites (Abdo et al. 2010, ApJ 712,147)...

● For a smooth DM halo (Springel et al. 2008): 

● Virgo Consortium's Aquarius Project 
(Simulation of MW-like haloes).

● For the highest resolution:
● M

h
=1.84x1012 Msun

● m
D M

=1712 Msun
● ε= 20pc



● Substructures within haloes have a significant role for external observers. Their 
contribution to the total luminosity is uncertain ~ 2 - 2000 times the contribution of the 
smooth component for a MW-like halo (once their minimum mass is extrapolated to 
~Earth mass).  

Role of substructures

Springel et al. 2008

Smooth halo

Mass profile
Subhaloes
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All-sky maps
(resolved structures up to z~10, E=10GeV)

N
p i x

=12(512)2~3x106  ang. res. ~ 0.115°

Extrapolation for unresolved halos down to earth masses (~2 orders of magnitude uncertainty) 



Isotropic component

Fermi

EGRET

Chandra

COMPTEL

INTEGRAL

Star forming galaxies
 (53%)

and blazars (16%)

Zavala et al. 2011

Min. subhalos

Max. subhalos



Isotropic component (annihilation channel)

Profumo and Jeltema 2010



Constraints on particle physics models

same SUSY example

Minimum 
extrapolation
unresolved 

subhalos

“factoring out” the 
astrophysical part of 

the signal

Maximum 
extrapolation
unresolved 

subhalos
z* < 4 for X-rays

z* < 1 for E>10GeV

PAMELA
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Sommerfeld-enhanced models fitting the cosmic 
ray excesses (Finkbeiner et al. 2011)

● New force carrier in the “dark sector”

● Annihilation cross section enhanced by a      
  Sommerfeld mechanism

● Correct relic density

● Fit to the cosmic ray excesses measured by 
  PAMELA and Fermi

● Allowed by bounds on Smax from the CMB

● IC contribution dominates the photon yield

BM 1



Sommerfeld-enhanced models fitting the cosmic 
ray excesses

● Minimum contribution from subhalos
● SFG = 53%of EGB(E>1GeV)
● Blazars = 16% of EGB (E>1GeV)

Blazars = 16%



Sommerfeld-enhanced models fitting the cosmic 
ray excesses

● Minimum contribution from subhalos
● SFG = 53%of EGB(E>1GeV)
● Blazars = 16% of EGB (E>1GeV)

Blazars = 16%

Caveats
● Minimum mass for bound halos was assumed to   

be 10-6Mʘ. It can be higher for these models   
~0.1Mʘ. (Feng et al. 2010, Bringmann 2009).  
Signal would be reduced by a factor of ~2.

● Self-scattering cross section could deplete the   
central density cusps and disrupt low-mass   
halos (Loeb and Weiner 2011).

● Fits to PAMELA positron excess taking into   
account local substructure weakens the  
constraints (Slatyer et al. 2011).



● We have constructed simulated all-sky maps of the cosmic X- and 
gamma-ray background from DM annihilation including:

–   Photon yield given by a WIMP model (in situ photons and up-
scattered photons of the CMB). In particular, it can be used for 
Sommerfeld-enhanced models.

–   Dark matter spatial distribution using Millennium-II simulation, 
uncertainty of ~2 orders of magnitude in extrapolation to 
unresolved structures.

● Isotropic component constrained by observations of the cosmic 
background, and contributions from blazars and star forming galaxies: 
although is not as clean as the CMB, it is also a powerful tool to 
constrain the intrinsic properties of dark matter.

● Results seem to disfavour an explanation of the e+ excess measured by 
PAMELA based on DM annihilation (keeping in mind the caveats)  

Summary and Conclusions
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