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Beyond WIMPs

• No WIMPs in direct detection so far

• Important to think about alternative dark matter candidates

• The dark photon, a massive vector from a dark U(1) gauge group, is a 

good candidate

• I will discuss a non-thermal mechanism for producing a relic density of 

cold massive dark photons

• It can lead to interesting phenomenology
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New VDM/Dark Photon Production Mechanisms

R. Vega-Morales (U of Granada) - VDM and Inflation

VDM = Vector Dark Matter = Dark Photon Dark Matter
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Some equations
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More equations
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Evolution of the energy densities
⇢I = V (�) = 3H2M2

P ⇢R(TRH) = 3✏4RH
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Relic abundance

Graham, Mardon, Rajendran 1504.02102

Constraints
•                      for efficient tachyonic production                    
• VDM must NOT thermalize with the visible sector:                and small kinetic 

mixing
• negligible back reaction effect on inflaton dynamics: 
• start with a universe dominated by visible radiation:
•                   : VDM becomes non relativistic (cold) before m.r.e.



Lorenzo Ubaldi Dark Photon Dark Matter10

Parameter Space for VDM Relic Abundance
Obtainable for µeV . m . TeV and 100 GeV . H . 1014

GeV
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(P. W. Graham, J. Mardon, S. Rajendran: 1504.02102)

R. Vega-Morales (U of Granada) - VDM and Inflation
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Conclusions

• I have presented a new non-thermal mechanism for producing dark 

photon dark matter

• Large region of parameter space available, several decades in mass and 

Hubble scale of inflation

• Clumpy dark matter? At what scale? Implications for structure 

formation?

• Is the non relativistic dark photon polarized?

• Turn on a small kinetic mixing with the visible photon. Opportunities for 

detection?

Outlook


