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    → Need Φastro to put any constraints on DM candidate
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Gamma-ray flux from DM decay

The γ-ray flux is given by 



  

Aquarius – Springel et al (2008) – MW-like halo - ΛCDM

~300 kpc
8 kp

c

∆Ω

Strategies : dense (~ ∫ ρ2), close (1/d2), without background
● Galactic centre
● Dark halos
● Dwarf spheroidal galaxies (dSph)

Where to look ? 1. Galactic scale 
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Millenium run – Springel et al. (2005)

Age = 0.21 Gyr

Age = 4.7 Gyr

Age = 13.6 Gyr, now 

2. And further: galaxy clusters

Galaxy clusters have a huge DM content (                  Msun)
→  interesting for indirect detection

But CR-induced emission could be a strong contaminant

Spectrum, signal spatial distribution and associated multi-λ 
emissions could help distinguish CR from DM (e.g. Jeltema, 
Kehayias & Profumo 2009, Maurin et al. 2012)
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DM searches in galaxy clusters

● So far, non-detections only:

→ MAGIC: Aleksic et al. (2010) – Perseus

→ HESS: Abramowski et al (2012) – Fornax

→ Fermi: Yuan et al. (2010), Ackermann et al. (2010), Huang et al. (2012),           
                Zimmer et al. (2012), Han et al. (2012)

● Modeling:

→ Theory, sims.: Jeltema et al. (2009), Pzinke et al. (2011), Cuesta et al. (2011),
                            Sanchez-Conde et al. (2011)

● X-ray catalogue: best up until recently, HIFLUGCS ~ 100 objects

Best targets: Coma, Fornax, AWM7, Virgo... 
No detection → Constraints on cross-section (annihil.) or lifetime (decay)

Since 2011, MCXC meta-catalogue: ~ 1700 objects → “statistics” become possible
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MCXC :  Piffaretti et al. (2011)

Meta-catalogue of 1743 X-ray detected 
clusters

● Most data from ROSAT All Sky Survey
● Extraction and homogenisation
● Provides R500 and M500 for all objects

For the first time, number of objects is high 
enough to start studying the statistics 



  

Modeling annihilation/decay - Φastro

● Cluster DM profile poorly constrained

● Assume NFW profile for all MCXC clusters

● Calculate normalisation and scale radius from R500 and M500

● Compute J or D for all MCXC clusters 



  

Modeling annihilation/decay - Φastro

● Cluster DM profile poorly constrained

● Assume NFW profile for all MCXC clusters

● Calculate normalisation and scale radius from R500 and M500

● Compute J or D for all MCXC clusters 

Can stacking help?

Annihil. Decay



  

Annihilation: sub-structures
● N-body sims → spatial distribution of substructures dP/dV, mass distrib. dP/dM

● Boost from substructures:                            (no boost for decay)

● Boost depends on integration angle, mass range for the clumps, dP/dV, dP/dM

→ large uncertainties 

→ Working with conservative parameters

∫ρ2≠(∫ρ)
2

B (α)



  

Annihil.

Decay

Stacking potentially useful?
Annihilation:

● If no clumps → stacking is pointless

● With substructures → stacking could be interesting as

N ∝ J −2

Decay:

● Stacking looks promising

N ∝D−2.3

But need consider instrumental response
Answer depends on type of detector



  

Fermi and CTA
Fermi

● Space-borne
● Energy range: 30 MeV – 300 GeV
● Resolution: 1° – 0.1°
● Fullsky

CTA – Cherenkov Telescope Array
● Ground based
● Energy range: 100 GeV → 100 TeV
● Resolution: 0.2° – 0.02°
● CR contamination → background limited



  

Stacking if annihilation 

Choose
spectrum from PP

From instrument
characteristics

→ Stack sources according to S/N consideration (PSF, integration angle)

● Stacking worsens prospects for 
CTA as need to adapt total 
observation time to each source

● At low masses, Fermi-LAT has 
poor resolution → background-
limited. Stacking does not help.

● Above 0.1 TeV, a slight 
improvement can be achieved by 
stacking (x 1.7) 



  

Stacking if annihilation 

Choose
spectrum from PP

From instrument
characteristics

→ Stack sources according to S/N consideration (PSF, integration angle)

● Boost from sub-structures can 
lower the limit

● <σv> ~ 10-26 cm3/s may be 
within reach...
 (e.g. Huang et al (2012))    



  

Conclusions 

● Galaxy clusters are interesting DM indirect detection targets
Alternative to dSph (see Charbonnier et al., 2011)

● Individual DM profiles are poorly-constrained 
→ Stacking is a way to wash out uncertainties

● Annihilation: Log J – log N, stacking looks promising but

→ For pointed observations (CTA), single-object observation is a better strategy

→ It is marginally beneficial for all-sky observatories (e.g. Fermi), x 1.7

● Decay: initial study shows that stacking should yield a factor ≥ 5 improvement

● Stacking also investigated as discriminant between DM and cosmic ray-induced 
gamma-ray emission
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