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Dark matter clumpiness matters!

What density targets do we need for CTA? 

1. Bright: close and/or massive DM budget 

2. Localized (“point-like”) 

3. no astrophysical back-/foregrounds
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2. Dark Galactic DM clumps 
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Dark clumps annihilation profiles
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But how to find the dark clumps?

 12

1022 1023 1024

‣ In a survey: 

Observing 25% of the sky with 500 hours (extragalactic survey benchmark):

25% of sky

γ-ray brightest subhalo in the 
field (assume it is a dark clump)
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‣ Chance detection
approximate CTA 6° diameter FOV 
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(Hütten, Combet, Maier, Maurin, 2016)
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Chance detection probability:  “Subhalo algebra”

1. Number of detectable objects rises linearly with ΔΩ : geometry + isotropy 

2. Number of detectable objects rises with sqrt(Tobs): instrument background 

3. Number of detectable objects rises inversely with sensitivity threshold 
Nobjects(≥ Fsens) ~ 1/Fsens : subhalo source count distribution

 17

ΔΩ NFOV Tobs/FOV <σv> Nspots(≥ 2σ)

π 300 100 min 10-24 cm3 s-1 1

10-2 1 100 min 10-24 cm3 s-1 3·10-3 

10-2 1 1000 min 10-24 cm3 s-1 1·10-2

10-2 1 100 min 10-23 cm3 s-1 3·10-2

SM

SM

χ
χ

See Hütten et al. (2016), App. E, for details
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3. Galaxy clusters 
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The case of galaxy clusters: DM annihilation
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The case of galaxy clusters: DM annihilation

‣ DM-annihilation brightness comparable to satellite galaxies
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The case of galaxy clusters: DM annihilation

‣ DM-annihilation brightness comparable to satellite galaxies

‣ Emission profiles more extended (typical half-light radii > 0.5°)
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The case of galaxy clusters: DM annihilation

‣ DM-annihilation brightness comparable to satellite galaxies

‣ Emission profiles more extended (typical half-light radii > 0.5°)

‣ Astrophysical backgrounds: 

• γ-ray emitting galaxies (AGN, star-forming galaxies, CR interaction) 

• Also expect diffuse emission from the inter-cluster medium (ICM)

 19
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DM annihilation profile of the Perseus cluster
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DM annihilation profile of the Perseus cluster
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DM decay profile of the Perseus cluster
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Cosmic-ray induced emission in the inter-cluster medium

‣ CTA’s excellent angular resolution 
and energy range:  

disentangle the signals 

‣ DM substructure extends 
annihilation profile

 22
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The CTA galaxy cluster working group (wg-phys-clusters)

‣ CTA galaxy cluster key science project: 300 hours allocated for CTA North 

‣ Coordination: 

• Moritz Hütten (MPP Munich) 

• Judit Pérez-Romero, Miguel Sánchez-Conde (UAM Madrid) 

‣ The team:  

R. Alfaro, G. Brunetti, S. Colafrancesco, C. Delgado, M. Doro, E. Fedorova, E. de 
Gouveia Dal Pino, S. Hernandez Cadena, M. Hütten, M. Lallena, S. Nuza, J. 
Pérez, O. Reimer, M. Sánchez-Conde, S. Zimmer 

‣ Updated performance study on galaxy clusters in progress  

 23
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Conclusions

 24

‣ Hierarchical DM clustering:                                                                                    
γ-ray clumps from annihilation/decay at various scales and distances 

‣ Search for the smallest clumps in a TeV γ-ray survey with CTA     
(extragalactic key science project by-catch) 

‣ Watch out for unidentified sources in the FOV: may be a Galactic DM clump 

‣ Study the closest galaxy clusters:                                                              
Perseus and Coma: Excellent observation conditions with CTA North 

‣ Clusters: Constrain DM particle life times beyond τDM > 1027 s = 2·109 t Universe

CTA excellent probe for TeV dark matter particle physics 
in various complementary targets 
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BACK UP
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Perseus cluster also optimal target for DM decay 

‣ Perseus region already extensively 
studied by MAGIC telescopes:  

 0909.3267, 1009.2155, 1111.5544,  
1310.8500, 1602.03099, 

 1806.11063: τDM ≥ 1027 s

 26
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Astrophysical merits of Perseus cluster observations

 27
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Brightest Galactic DM clumps: Properties

‣ Average mass and distance (from 104 runs):

Fermi-LAT scenario CTA scenario
Median properties of (fsky = 82.6%) (fsky = 25%)

brightest subhalo within ◊int = 0.1¶
◊int = 0.8¶

◊int = 0.05¶
◊int = 0.1¶

ÂDı
obs [kpc] 7+10

≠5 8+11
≠6 7+10

≠5 8+12
≠6

log10( Âmı
vir/M§) 7.7+1.3

≠1.5 8.1+1.2
≠1.6 7.4+1.4

≠1.4 7.6+1.4
≠1.5

log10
1

ÂJı
/GeV2 cm≠5

2
20.3+0.4

≠0.3 20.7+0.4
≠0.3 19.7+0.3

≠0.3 19.9+0.4
≠0.3
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Median properties of (fsky = 82.6%) (fsky = 25%)

brightest subhalo within ◊int = 0.1¶
◊int = 0.8¶

◊int = 0.05¶
◊int = 0.1¶

ÂDı
obs [kpc] 7+10

≠5 8+11
≠6 7+10

≠5 8+12
≠6

log10( Âmı
vir/M§) 7.7+1.3

≠1.5 8.1+1.2
≠1.6 7.4+1.4

≠1.4 7.6+1.4
≠1.5

log10
1

ÂJı
/GeV2 cm≠5

2
20.3+0.4

≠0.3 20.7+0.4
≠0.3 19.7+0.3

≠0.3 19.9+0.4
≠0.3

Fermi-LAT scenario CTA scenario
Median properties of (fsky = 82.6%) (fsky = 25%)

brightest subhalo within ◊int = 0.1¶
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◊int = 0.05¶
◊int = 0.1¶

ÂDı
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≠1.4 8.7+0.9
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log10
1

ÂJı
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Dark clumps decay brightness
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