
 WIMP or non-WIMP?  
Thermal DM or non-thermal DM?  

The questions to ask  
BEFORE global analysis. 
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【Purpose】 Fast, conservative,  
but model independent 
likelihood!   

AMS02 antiproton

Combined DD likelihood

UV+EFT



【Purpose】 Fast, conservative,  
but model independent 
likelihood!   

【Future plan】  
What can we improve with 
machine learning? 
[1] Fast -> Even fast 
[2] Conservative -> optimistic 
[3] Model independent ->  
Model dependent (?)   



How could we know  
what is DM mass?

Howard Baer, Ki-Young Choi, 
Jihn E. Kim, Leszek Roszkowski

There are so many DM 
models located at 

different mass scales. 

Taken from Griest (2014).
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◉Dark Matter is EXPECTED to have weak interaction between SM and DM but it is not 
necessary to be.  

◉However, without weak interaction between DM and SM, method 1-3 are useless. 
◉WIMPs search in this era is very important but it is also time to be prepared for non-WIMP. 

cosmic ray.
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Not WIMP?  

• Strongly or super weakly 
interacting?  
  

• DM could be detected already or 
still hidden.  

• Non-WIMP is hard to be detected 
(in colliders and DD) without 
cosmological or astrophysical 
manners.  

• Huge data from cosmology and 
astrophysics but totally unknown  
systematic uncertainties.   

Is it thermal DM? 
• Relic density likelihood gives 
the Map of DM search.  

• If not thermal DM, what is the 
assumptions? Could we just go 
to next to minimum setup or 
next-to-next minimum?  
  

• Based on such assumptions, 
can one find other powerful 
likelihoods like relic density? 
  

• How to modify DM likelihoods?   



 Experimental side: 
• Too weak couplings. 
• Larger exposure, Higher/Lower 
energy. 

• Model complexity and popularity. 
• Background systematics. 
• Required knowledge more than DM. 

 Theoretical side: 
• Motivations. 
• Too many scenarios (relic).  
• EFT almost gone.  
• Model independent approach. 
• Cross-field study of particle 
and astrophysical theory.

 Global fitting: 
• Precision and conservative estimation.  
• Fast likelihood computation.  
•  Model comparison (statistics). 
• Fair adjoin analysis (weight?). 
• Machine learning seems to be tricky to be used.

Challenges 



Thank you!

What is the next well-motivated 
DM scenario we should focus on?



How could we know  
what is DM mass?

 The most popular model is WIMPs but  
it seems to be killed soon.  

The DM underground detector plays unexpectedly well! 

gDM<gW



How could we know  
what is DM mass?

gDM<gW
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