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“If we were to regard Syrius and Procyon 
as double stars, the change of their motion 
would not surprise us.” F. W. Bessel (1844)



“The phenomena of varying motions of stars 
seem also to possess interest in relation to our 
knowledge of the physical constitution of the 

Universe.” F. W. Bessel (1844)



Evidence for Dark Matter
Evidence for the existence of an unseen, “dark”, component in the energy density of the 
Universe comes from several independent observations at different length scales

• Rotation Curves

• Clusters of galaxies

•Type Ia Supernovae

•CMB
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A modern view of the Galaxy



A modern view of the Galaxy



What do we know?
An extraordinarily rich zoo of non-baryonic Dark Matter candidates! In order to be 

considered a viable DM candidate,  a new particle has to pass the following 10-point test

1) Abundance ok? 2) Cold? 3) Neutral? 4) BBN ok? 5) Stars OK? 

6) Collisionless? 7) Couplings OK? 8) γ-rays OK? 9) Astro bounds? 10) Can probe it?



Dark Matter candidates



•Neutralino?
•Kaluza-Klein DM inUED
•Kaluza-Klein DM in RS
•Axion
•Axino
•Gravitino
•Photino
•SM Neutrino
•Sterile Neutrino
•Sneutrino
•Light DM
•Little Higgs DM
•Wimpzillas
•Q-balls
•Mirror Matter
•Champs (charged DM)
•D-matter
•Cryptons
•Self-interacting
•Superweakly interacting
•Braneworls DM
•Heavy neutrino
•Messenger States in GMSB
•Branons
•Chaplygin Gas
•Split SUSY
•Primordial Black Holes
• ETC....

Dark Matter candidates
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Like ancient geographers..

So geographers, in Afric maps,
With savage pictures fill their gaps,
And o'er unhabitable downs
Place elephants for want of towns.

Jonathan Swift (1667 - 1745)

Psalter map, drawn in 1260, conserved at the British Library in 
London.

Psalter map, drawn in 1260, conserved 
at the British Library in London.



Dark Matter candidates

WIMPs
Weakly Interacting Massive Particles 

Natural Candidates:  Arising ‘as a 
bonus’ from theories addressing the 
fundamental problems of particle 
physics

Ad-Hoc Candidates: Postulated to 
solve the DM Problem

Others
•Axions, Sterile Neutrinos, 
SuperWIMPs, WIMPless, Axino, Q-
balls, etc.



Indirect DetectionDirect 
Detection

Colliders

Dark Matter searches



The worldwide race



Indirect Detection

G. Bertone 2013



Simulating Galaxy Formation



Simulating Galaxy Formation



Including baryons (= gas and stars)

Evolution of the gas density (blue), temperature (red) and metallicity (green)



1-year full-sky map. http://fermi.gsfc.nasa.gov

The gamma-ray Sky

http://fermi.gsfc.nasa.gov/ssc/first_light_allsky.jpg
http://fermi.gsfc.nasa.gov/ssc/first_light_allsky.jpg


The 130 GeV Line



The 130 GeV Line



How to cross-check?

The HESS-II telescope in Namibia



Direct Detection
Principle and Detection Techniques

χ
n

Detector

DM Scatters off nuclei in 
the detector

Detection of recoil energy via 
ionization (charges), scintillation 
(light) and heat (phonons)

Adapted from Baudis 2007



e.g. Xenon100...



Direct Detection
Differential Event Rate 
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Particle Physics Astrophysics



A rapidly evolving field of research. The CDMS II results have been released in April 2013!

Status of Direct Searches

G. Bertone 2013



Dark Matter Searches at the LHC



Dark Matter Searches at the LHC

G. Bertone 2013
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Beyond the Standard Model
The Standard Model provides an accurate description of all known particles and interactions, however there are good 

reasons to believe that the Standard model is a low-energy limit of a more fundamental theory

To explain the origin of the weak 
scale, extensions of the standard 

model often postulate the existence of 
new physics at ~100 GeV

On the left, schematic view of the 
structure of possible extensions of the 

standard model
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Search at LHC for processes like e.g.
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Beyond the Standard Model
The Standard Model provides an accurate description of all known particles and interactions, however there are good 

reasons to believe that the Standard model is a low-energy limit of a more fundamental theory

νe



So far only constraints 
(no discovery)



What if we discover new particles?

G. Bertone 2013



Complementarity with Astroparticle experiments

G. Bertone 2013



Conclusions
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Conclusions
•Huge Theoretical and experimental effort towards the 
identification of DM. 

•Indirect Detection more and more constrained. Direct Detection 
looks promising. LHC about to restart! Complementary searches 
necessary to identify DM

•Next 5-10 years are crucial: this is the moment of truth for 
WIMP Dark Matter!

•Many new ideas and collaborations arose from the Dark Matter 
program that ends next week, thanks to the director and the KITP 
staff for hosting us! 


