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Dark matter direct detection: present 

scenario and future prospects 



The Universe energy budget: a consistent picture 

from an impressive number of observations 

Galaxies Large scale structures High red shift supernova 
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DM existence proofs are overwhelming 
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  And there are many: 

Early and late cosmology 

(CMB, LSS) 

Clusters of galaxies 

Galactic rotation curves  

Gravitational lensing 

... 

 

 

 



Dark matter: the puzzle 

 Dark matter is matter - it leads to 

the formation of structure and 

galaxies in our universe 

 

We have a standard model of 

CDM, from óprecision cosmologyô 

(CMB, LSS): however, 

measurement Í understanding 

 

For 85% of matter in the universe 

is of unknown nature  

 

 

 
 Large scale distribution of dark matter, probed through 

gravitational lensing   
 

 

 

 

 

 

 

 

 

 

 

 

 

Nature 445 (2007), 268 

 



What do we know about dark matter? 

  Constraints from astrophysics 

and searches for new particles: 

No electric charge 

No strong self-interaction 

 

Exists since the early Universe 

 

 

 

Stable, or very long-lived 

 

Probing dark matter through gravity 



Possible DM particles 
  

no particle of the Standard Model is a good dark matter candidate  

H. Baer et al., Phys. Rept. 555, 2015 
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neutrino 

10-6 neutrino 

10-12 neutrino 

10-18 neutrino 

WIMP 
(neutralino, 
KK photon) 

SuperWIMP 
(gravitino, axino, 

KK graviton) 

Axion Sterile 
neutrino 

Hidden sector gravity 
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Super Symmetry theory and Dark Matter 

SUSY predicts : 

Milky Way dark matter halo 

Åthe existence of Weakly 

Interacting Massive Particles 

(WIMPs) of dark matter 

Åinteraction with matter is so 

weak that out of 1015 that 

pass through your body per 

day, only <1 interact 

Åinteraction rate can be lower 

than 1 event/ton/year. 



How to look for dark matter 

Dark Matter - Standard 

Model mediators 
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How to look for dark matter 

Dark Matter - Standard 
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How to look for dark matter 

Dark Matter - Standard 

Model mediators 

Direct detection  
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Nuclear recoils   

DM direct detection principle 

WIMP 

WIMP 

+ collisions with electrons 

in the atomic shell, or 

absorption of light 

bosons via the axio-

electric effect 

 

+ Bremsstrahlung from 

polarised atoms; e- 

emission due to  so-

called Migdal effect 


