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The Dark Matter       γ-ray connection

NASA/G. Dinderman 
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The Dark Matter       γ-ray connection

NASA/G. Dinderman 
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= J : Astrophysical factorspectrum

annihilation cross section

DM particle mass

The Dark Matter       γ-ray connection

The higher the DM particle mass (yet unknown!),  
the more energetic the γ-ray spectrum 
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> Remote galaxies & galaxy clusters

> Galactic center and vicinity

> Dwarf  Galaxies

> Dark Galactic subhalos
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Diemand, Kuhlen, Madau (2006)

Galactic 
center

Satellite 
galaxies

“Dark“ 
subhalos

Earth

Dark Matter in the Galaxy

6



M.Hütten  | DESY |  LPSC Journal Club | Mar. 2017

Diemand, Kuhlen, Madau (2006)

“Dark“ 
subhalos

 -  dark: survey 

 -  small: faint 

 + close: brighter 

 + clean: 🔫 
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Dark Matter in the Galaxy
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Modelling the Galactic DM substructure distribution

>Tidal disruption
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density 
profile
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Carter & Luminet (1983)

density 
profile
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>Baryonic (supernova) feedback
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Modelling the Galactic DM substructure distribution
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13 billion years, ΛCDM

Planck (2015)

10 orders  

of  m
agnitude

Lots of  uncertainties in  

modeling and extrapolation 

clumpy: A code for γ-ray signals  

from Dark Matter substructures 
Charbonnier, Combet, Maurin (2012), 1201.4728 

Bonnivard, Hütten, Nezri et al. (2015), 1506.07628 

versatile tool to study parametrized N-body results

+ baryon feedback
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The Galactic Dark Matter sky from Earth
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The Galactic Dark Matter sky from Earth

10

 log (γ-ray intensity from DM annihilation)

Galactic coordinates

HIGH

Matching DM only simulations (Via Lactea I + II, Aquarius,…)
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The Galactic Dark Matter sky from Earth
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 log (γ-ray intensity from DM annihilation)

Galactic coordinates

LOW

Accounting for baryonic feedback, less subhalos surviving  tidal disruption
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>  How many stars shine on Earth?

Excursion: Source flux count distributions
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>  Galactic Dark Matter subhalo brightness distribution
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Back to Dark Matter
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Galactic Dark Matter clumps
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DM subhalos with the Cherenkov Telescope Array
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Is CTA sensitive to detect dark satellites 

 in γ-rays > 100 GeV? 
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The Cherenkov Telescope Array (CTA)

> The next generation Earth-bound γ-ray telescope 

> Two arrays of  99 / 19 Cherenkov telescopes in Chile / La Palma. 

> γ-ray  energy range: 20 GeV − 300 TeV.  

> Angular resolution:  < 0.1°, < 0.05° above 1 TeV. 

> Point-source sensitivity: 1% Crab-flux in 1 h

15

      CTA, G. Pérez, IAC, SMM
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high energetic γ-ray 

atmosphere,

particle shower

Cherenkov light

Shower image in the camera

Some remarks on Earth-bound  γ-ray astronomy

> direction of  primary γ-ray  

> Energy of  primary γ-ray 

1°

H.E.S.S.© CTA, G. Pérez, IAC, SMM

h ≈ 25 km
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> not only γ-rays create atmospheric particle showers…
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Some remarks on Earth-bound  γ-ray astronomy

1 TeV γ-ray shower 1 TeV electron shower 1 TeV proton shower 

1 cosmic  γ-ray             to              ~ 1000 cosmic electrons             to              ~ 105 cosmic nuclei 

Almost indistinguishable 

        Shower images: Fabian Schmidt, University of Leeds



CTA  
field of  view 
~ 7° diameter 
at 500 GeV 
moon: 
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A model for the CTA extragalactic survey
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Likelihood analysis to find the brightest subhalo

>Slightly extended, but very steep annihilation profile
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> Unbinned likelihood function for Nobs recorded events

M.Hütten  | DESY |  LPSC Journal Club | Mar. 2017

Likelihood analysis to find the brightest subhalo

20

Energy resolution 
(neglected in this work)

Angular resolution 
(Gauss assumed in this work)

Extended DM halo profile 
+ energy spectrum from annihilation



> Unbinned likelihood function for Nobs recorded events
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Likelihood analysis to find the brightest subhalo

20

Energy resolution 
(neglected in this work)

Angular resolution 
(Gauss assumed in this work)

Extended DM halo profile 
+ energy spectrum from annihilation

                  
            ctl

ike Likelihood fitter  

                  
             from ctools  

                     
             Knödlseder et al. (2016) 

+ accounting for trials in a blind survey search 
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Results
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Results
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Results

where we expect  
a signal…

sensitivity of  
our analysis


