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Why WIMP?

Cold dark matter  

• Extremely successful  
(cold, pressureless, non interacting) 

• Extremely simple 

• WIMP miracle + Hierarchy problem 
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WIMP miracle?

•                                       “numerology”? 

• No signs of solutions to the hierarchy problem at LHC 

• Moreover… 

Uncharted territory?  
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WIMP miracle?
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Beyond WIMP
�

SM
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DS

Dark Sectors are well motivated 

• Theoretically a more complex dark sector… 

• Self interactions and light dark matter can affect 
structure formation, produce new experimental 
signatures 



Beyond WIMP

• SM and Dark Sector kinetically coupled 

• WIMPless, Forbidden DM, SIMP (see Hitoshi’s talk)  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Beyond WIMP

• SM and Dark Sector decoupled. Different temperature 

• Cannibal DM… 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I. No gap
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I. No gap
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• At relevant freeze-out 
temperature  
    is relativistic and by entropy 
conservation  
 

• Entropies separately conserved  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I. No gap
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• Freeze-out of annihilations 
leads to 
 
 

• Ratio of temperatures 
enhancement 
 
 
 



II. Gapped
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• What happens if all the 
particles of the hidden sector 
become non relativistic?



Cannibalism



• Start with a simple example, one scalar field  
 
 

• Number changing interactions active when  
 
 

Cannibalism 101

Td < m�



Cannibalism 101

Conservation of entropy  
 

 
(No chemical potential)



Cannibalism 101

• Dark sector exponentially  
hotter while number changing  
interactions are active

Tc



Cannibalism 101

• Cannibalism ends at       when Tc

Tc



Cannibalism 101

• After end of cannibalism the hidden sector 
temperature scales like that of a non-relativistic relic

Tc



Cannibalism 101

Can    be dark matter?�



Cannibalism 101

Can    be dark matter?�

                     if two sectors were in thermal equilibrium 
in the past. 

DM is too warm and is excluded by Large Scale 
Structures. 

m� = 1 keV



Cannibal DM

What if DM belongs to a Hidden Sector undergoing a 
cannibalism phase?

    is DM from 2 to 2 freeze-out in a cannibalizing sector�



Cannibal DM
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Cannibal DM

Td td
m� m� Tc

Dark Sector temperature exponentially higher than SM



Cannibal DM

Td td
m� m� TcTf

   number changing interactions freeze-out during 
cannibalism when
�



Cannibal DM

Td td
m� m� TcTf

Exponential boost!



Cannibal DM

Td td
m� m� TcTf

    must eventually decay to SM (or to dark radiation)  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Cannibal DM



Cannibal DM Pheno



• Cannibalism is an interesting 
possibility, generic of hidden 
sectors with a mass scale 

• Dark matter could arise from a 
cannibalizing sector, leading to:  
 
 
 
 

• Rich pheno with other phases…  

Conclusions

• Boosted annihilation rates 
• Implications for CMB and Neff 

• Free streaming signatures  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WIMP Miracle
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WIMP Miracle
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WIMP Miracle

Y
today
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After freeze-out yield is fixed Y ⇠ 1
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Phases of Cannibal DM



Three time scales
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Three time scales

•    : time at which DM 2 to 2 freeze-out (stable   limit)  

•    : time at which 3 to 2 freeze-out (stable   limit)  

•    :     lifetime 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Three phases (I)
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Three phases (I)
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Three phases (II)

CannibalChemical

tf
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tc

• Chemical:  
 
Why chemical?  
After    total number of  
dark particles is conserved  
Chemical potential 
introduced as usual non-
relativistic relics  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Three phases (II)

tc ⌧ tf ⌧ t�• Chemical: 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Three phases (III)

CannibalChemical

One Way
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Three phases (III)
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Three phases (III)

t� ⌧ tf

Td td
m� m�
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• One Way:  
  
 
 
 
 
 
 
 

Requires out of equilibrium 
physics.  

Set             at      as an 
approximate treatment. 

Sub-case studied by Dror, Kuflik, Ng 16’

n� = 0 T�



Three phases (I+II+III)



Three phases (I+II+III)



Three phases (I+II+III)



Phases Pheno

• Take Away: all phases imply boosted annihilation 
cross section. Rich pheno.



Phases Pheno

• Take Away: all phases imply boosted annihilation 
cross section. Rich pheno.


