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Motivations 

•  Heavy states always lower the DM density? 

•  Strong DM-SM interactions with correct DM 

density? 

•  Multi-component DM 
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Boltzmann equations 

Giudice	et	al.,	hep-ph/0310123	
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Boltzmann equations 
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Freeze-out scenario 
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Bound state dissociation 

Lifshitz,	Quantum	Electrodynamics	
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Freeze-out scenario 
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Freeze-out scenario 

Preliminary	results!!�
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Freeze-out scenario 
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Freeze-in scenario 

Freeze-in	mechanism	was	proposed	by	Hall	et	al.,	0911.1120	
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Freeze-in scenario 

Preliminary	results!!�
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Freeze-in scenario 
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Conclusions and outlook 

Ø We provide two examples where heavy states increase the DM density 

Ø DM abundance is stored at the bound state which is free from 

annihilating into SM particles  

Ø  The existence of bound states can yield the correct DM density 

regardless of DM-SM interactions 

Ø Multi-component DM can be naturally realized  

Ø  In the freeze-in scenario, long-range interactions (mɸ~0) between 3’ 

might solve small scale problems of ờCDM (L. G. van den Aarssen et 
al. 1205.5809)  
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