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GW190425 
No EM counter part observed



M1 = 1.51- 2.52 M  

M2 = 1.12- 1.68 M  

• To emit GW, the event must be coalescence of compact objects: 

• Neutron star binary 

• Neutron star + black hole binary 

• Black hole + black hole binary

GW190425: what can this be?



If BNS, GW190425 is an 5-𝝈 outlier!
M1 = 1.51- 2.52 M  

M2 = 1.12- 1.68 M



If BBH, stars cannot produce them.
M1 = 1.51- 2.52 M  

M2 = 1.12- 1.68 M

Heger et al. (2003)

1.4 M  (Chandrasekhar mass) 2~3 M  (Maximum mass of the NSs)
Final mass



Can that be a PBH binary?
M1 = 1.51- 2.52 M  

M2 = 1.12- 1.68 M

LIGO: Magee et al (2018)

NANOGrav 11yr: Chen et al (2020)



New possibility: Dark Black holes!
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If dark matters can dissipate their kinetic energy!
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Simple set up: dark-sector particles

• In dark sector, we have 

• Dark proton (X) 

• Dark electron (c) 

• Dark radiation (𝞬D) 

• Free parameters in the theory: mX, mc, αD (~1/137), ξ(=TD/Tγ) 

• With dark radiation, we have a variety of dark structures by 
energy dissipation, including dark black holes.



Dissipation and cosmic structures

• CDM(~5/6): no interaction. responsible for growth of structure 

• Baryons(~1/6): interaction with photon, can radiate, cool down 

• With Dark-atom, DMs can also sink/form small structures.

Radiative Cooling!



Dark recombination & decoupling
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DO NOT spoil large-scale structure
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All cooling mechanisms

• With U(1)-DM, dark matters 
can cool by usual processes 

• To explain observed large-
scale structure, we invert the 
Rees-Ostriker condition to make 
cooling unimportant for 
M>1011 M  halos,

mc

mX

tcool > tage

Buckley & DiFranzo (2018)



• Chandrasekhar mass 

• Opacity limit (minimum Jeans mass of fragmentation) 
 
 
 

Two mass scales

Chandrasekhar (1931)

Rees (1976), Low & Lynden-Bell (1976)



• is parallel to the formation of first stars. 

• Residual dark electrons from dark recombination catalyze the 
formation of dark Hydrogen molecule. These molecules can cool 
dark matters with energy level 
 

• DS formation is similar to Pop-III except for the energy gap. 

• We, therefore, use the Pop-III binary literature extensively.

Dark star formation



Dark BH mass function
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Horizon radius (8σ-detection limit)
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The rates are encouraging!

fDBH = fraction of DBHs in total DM  
            conservative (Optimistic) = 10-5 (10-3)



Implication of GW190425

• If GW190425 is a Dark-BH binary, 
the dark Chandrasekhar mass is 
less than 1.4 M  (99.9% C. L.);  
that is, mX > 0.96 GeV. 

• If GW190425 is not a Dark-BH 
(then we don’t know what it is), we 
constrain large parameter space.



Constraints on dark cooling function



Conclusion

• GW provides an exciting new avenue for studying dark matter. 

• This uses the only guaranteed property of dark matter: gravity! 

• If GW190425 is a dark-BH binary, dark proton mass must be 
heavier than the proton. 

• Combined with other astronomical constraints, we can also 
constrain the dark cooling function. 

• Sub-solar mass search ongoing in LIGO/Virgo collaboration. 



To do next: include all O3a events

O1+O2+O3a


