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ℳ𝑧 = (1 + 𝑧)ℳ

B. P. Abbott et al. Observation of Gravitational Waves from a 
Binary Black Hole Merger. Phys. Rev. Lett., 116(6):061102, 2016.
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Dark Matter Spike

Fokker-Planck Equation



OJ287 𝑀BH = 1.8 × 1010𝑀⨀

𝑚BH = 1.5 × 108𝑀⨀

𝑃 = 12.067 𝑦𝑟

ሶ𝑃 = −0.00099

Video Credit: NASA JPL





How about primordial black holes in DM spike?



PBH merger rate would be enhanced!

How about primordial black holes in DM spike?



Ali-Haïmoud, Yacine, Ely D. Kovetz, and Marc Kamionkowski. 
"Merger rate of primordial black-hole binaries." Physical 
Review D 96.12 (2017): 123523.
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Ali-Haïmoud, Yacine, Ely D. Kovetz, and Marc 
Kamionkowski. "Merger rate of primordial black-
hole binaries." Physical Review D 96.12 (2017): 
123523.

Nishikawa, Hiroya, et al. "Primordial-black-hole 
mergers in dark-matter spikes." Physical Review 
D 99.4 (2019): 043533.
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PBH Merger Rate in DM Spike
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PBH Merger Rate Evolution



PBH Merger Rate Evolution



PBH Mass Impact
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PBH Mass Impact



Halo Impact  



Astrophysical BH Impact



DM Spike Evolution

Two-body relaxation Loss-cone refilling



Two-Body Relaxation



𝑓PBH = 10−7 𝑓PBH = 10−8

Two-Body Relaxation



Loss-Cone Refilling



Loss-Cone Refilling



PBH Mergers as a Cosmological Probe

Background level:

Probe Hubble expansion rate

via early PBH binaries

First order level:

Probe structure formation

via late PBH binaries



PBH Mergers as a Cosmological Probe

Thank you!
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