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Weakly Interac-ng Massive Par-cles (WIMP)

10-22 eV

The dark matter landscape

10-2 eV 1 GeV 1 TeV 1019  GeV
(10-5  g)

1057  GeV
(1033  g)

⌦DMh2 ⇠ 10�27cm3/s

h�(DMDM ! SMSM)vi Natural candidates at the weak scale

CMB temperature anisotropyFreeze-out produc;on mechanism

h�(DMDM ! SMSM)vi ⇠ 3⇥ 10�26cm3/s

= 1pb⇥ c

Kolb&Turner

DMDM , SMSM

⌦DMh2 = 0.1198± 0.0026



WIMP detec-on strategies

DM

DM

SM

SM

Indirect Searches

Collider Searches

Direct 
 Searches

S. Caron

F. Donato, M. Ahlers 
M. Vogelsberger



Indirect searches
for stable dark matter annihilation 

 (or decay) products.
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Indirect searches
for stable dark matter annihilation 
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E.g: gamma-ray differen;al flux from spa;al distribu;on ⇢DM
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Dark maHer density profiles: Spa;al distribu;on of the signal:
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The WIMP gamma-ray flux 



Spectra of prompt “secondary” photons
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> 25% into neutral pions

100% Branching ra;o (independent on PP model)
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Space-based telescopes
(aboard satellites)

Ground-based telescopes
(Cherenkov telescopes)

Fermi-LAT
AGILE
AMS-02
Gamma-400
…

HESS
MAGIC
VERITAS
CTA
…

Gamma-ray instruments
D. Maurin’s lectures



General about DM searches
Observed Flux Expected Flux 

ΦObs ΦTh
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The Fermi-LAT gamma-ray sky



Astrophysical components: 
The Galactic diffuse emission

Galactic diffuse emission

D. Maurin’s lectures



Detected sources

3FGL

Astrophysical components: 
Detected sources and Fermi bubbles



Detected sources Fermi bubbles

Su+ ApJ’10; 
 Fermi-LAT Coll. ApJ’143FGL

Astrophysical components: 
Detected sources and Fermi bubbles



Targets for 
dark matter 
searches
DM

DM

�

�

+ dedicated searches 
for gamma-ray lines 

Conrad & Reimer Nature Physics 13 (2017)



Known dwarf spheroidal galaxies

SDSS northern hemisphere, classical + ultra-faint dwarfs 
DES southern hemisphere, 17 new dwarfs 

Pan-STARRS, 3 new candidates

Stellar density field from 
SDSS and DES

DES Collaboration, ApJ’15



Gamma-ray limits from dSphs 

Analysing dSphs as a 
group results in sensi;vity 

compe;;ve with other 
targets —> Stacking 

technique. 

Fermi-LAT Collaboration, PRL’11



Link to Tutorial instruc;ons

Tutorial: dark matter limits from Draco

https://docs.google.com/document/d/1mjW3Dx2ocddAYBVNEO4x5RtQ88U03IGVIrCfj5CC-7U/edit?usp=sharing

