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Leitmotif of my present talk:

The atomic nucleus is a femto-laboratory including probably all of  
the interactions in Nature.  A real discovery machine like LHC, but 
at low energy.

In an age of giant accelerators, of complex experiments and of 
mystifying theories it is a pleasure to report on some simple 
experiments, made with simple equipment and having a simple 
interpretation

Robert Hofstadter(Nobel, 1961)



Energy budget of Universe

ÔStars and galaxies are only ~0.5%

ÔNeutrinos are ~0.3 ð10%

ÔRest of ordinary matter (electrons and protons) are ~5%

ÔDark Matter ~30%

ÔDark Energy ~65%

ÔAnti -Matter 0%

Å It in not short-lived: t > 10 10 years

Ånot baryonic: W B = 0.04 Ñ0.004

Ånot hot: òslowó DM is required to form structure
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DARK MATTER: WHAT WE DONõT KNOW

ÔWhat is its mass?

ÔWhat is its spin?

ÔWhat are its other quantum numbers and interactions?

Ô Is it absolutely stable?

ÔWhat is the origin of the dark matter particle?

Ô Is dark matter composed of one particle species or many?

Ô How was it produced?

ÔWhen was it produced?

ÔWhy does WDM have the observed value?

ÔWhat was its role in structure formation?

Ô How is dark matter distributed now?
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Dark Matter Candidates

ÔGiven the few constraints, it is not surprising that there 
are many candidates: axions , thermal gravitinos , 
neutralinos , Kaluza -Klein particles, wimpzillas , self-
interacting particles, self -annihilating particles, fuzzy 
dark matter, superWIMPs,é 

ÔMasses and interaction strengths span many, orders of 
magnitude

ÔBut independent of cosmology, new particles are 
required to understand the weak scale.  What 
happens when we add these to the universe?



Searching for  weakly interacting 

massive particles (WIMP)

ÔScientists' biggest search for dark matter to date just turned up 

nothing

ÔThey were the currently considered  most viable candidate for 

dark matter

ÔSearching for light dark matter (1 MeV/c 2ð1 GeV/c 2) Ą

Something like a dark photon is very well theoretically
motivated

ÔKinetic mixing from the vector portal: if there is an additional 

U(1) symmetry in nature, there will be mixing between the 

photon and the new gauge boson ( Holdom , Phys. Lett B166, 

1986)



Dark Photon

Feynman graphs depicting interactions via a hypothetical Dark Photon Ωɹ. 
Up: Kinetic mixing model;
Down: Interaction between the Standard Model sector and the Dark Sector via a Dark Photon. The 
loop denotesa pair of charged leptons, which couple both to the Standard Model photon as well as 
the Dark Photon.



Dark photons and the g -2 anomaly

Branching ratio

Lifetime


