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Dark Matter is often thought of as a being a cold object with 
constant mass… 



Dark Matter is often thought of as a being a cold object with 
constant mass… 

However we know that this is not the case for most of the particles 
in cosmology ! 

• Presence of a high temperature 

• Thermal effects                ℎ  = 0 

• All particles massless at large 𝑇 



• Interactions between the dark sector and the 

thermal bath               thermal effects 

• Mass terms in the dark sector might vary with 𝑇 
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An educational toy model : 

:  Interaction between DM particles 𝜓 and SM particles 

But this is in the vacuum, at 𝑇 = 0 … 
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Only 𝜓 is assumed to be thermalized… 
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2nd order phase transition 

𝑇 > 𝑇𝑐    DM massless 

𝑇 < 𝑇𝑐    DM acquires mass 
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Decoupling of Dark Matter And Scalar Potential 

After Dark Matter freezes out 



Interactions with the Standard Model 

To compute the relic abundance :     need to specify 

Consider SI interactions :  



Interactions with the Standard Model 

After Spontaneous Freeze Out  

For a given             if                                 then 

In order to have            = 0.12 one needs a 
larger annihilation cross section 

Models more accessible to detection 

Unitarity limit modified as compared to 
the usual WIMP scenario 



Unitarity Bound 

In the usual WIMP scenario, unitarity imposes that 

𝜎𝐽𝑣𝑟𝑒𝑙  <  
4𝜋(2𝐽 + 1)

𝑚𝜓
2𝑣𝑟𝑒𝑙

 

In our scenario, for a given dark-matter mass today, the 
DM mass at freeze-out was smaller 

(𝜎𝐽𝑣𝑟𝑒𝑙)𝐹𝑂
𝑚𝑎𝑥

< (𝜎𝐽𝑣𝑟𝑒𝑙)𝑆𝐹𝑂
𝑚𝑎𝑥

 



Stability of the dark scalar ? 

• 𝜙 could be produced through a Freeze-In mechanism and participate to the relic 
abundance… 

• Could decay after BBN… 



Direct Detection constraints 

• Velocity suppressed 

• No constraints from indirect 

detection 

• Might be detectable through 

direct detection… 

𝑓 = 𝑞 𝑞=𝑢,𝑑,𝑠,𝑐,𝑏,𝑡 

PRELIMINARY 



Indirect Detection constraints 

𝑓 = 𝑙 𝑙=𝑒,𝜏,𝜇  

PRELIMINARY 



Conclusion 
• Masses in the dark sector might be generated by the spontaneous breaking of 

some global symmetry 
 
• While DM particles are in thermal equilibrium, thermal corrections to the scalar 

potential associated with such SSB might be significant and restore the symetry 
above some critical temperature 
 

• The sudden 2nd order phase transition taking place at 𝑇 = 𝑇𝑐   might provoke the 
Spontaneous Freeze Out of dark matter particles before their mass reached their 
asymptotic value 
 

• The cross section necessary to generate the correct DM relic abundance is 
typically larger than in the usual WIMP scenario 
 

• The model might involve the presence of long lived scalars which might be 
detectable in future experiments 
 

• Unitarity bounds on the WIMP mass might be overshot thanks to the dynamical 
evolution of the dark matter mass 



Thank you very much! 


