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Motivation

• Dark matter (DM)
• Major component of matter contents
• Cosmic evolution 
• Structure formation
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Motivation

• Dark matter (DM)
• Major component of matter contents
• Cosmic evolution 
• Structure formation

• DM models

• Small-scale structures
• E.g. central density profile of DM halo
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Motivation

• Primordial black hole (PBH)
• Formation in very early Universe
• Mass range, abundance
• Candidates for: DM, LVK events, 
  seeds of supermassive black hole, 
  Hawking radiation…

Astrophysical 
black holes
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Motivation

• Primordial black hole (PBH)
• Formation in very early Universe
• Mass range, abundance
• Candidates for: DM, LVK events, 
  seeds of supermassive black hole, 
  Hawking radiation…

• Merger rate 
• Number density
• PBH Mass

Astrophysical 
black holes
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Plan of talk

• Dark matter (DM) halo profile

• Primordial black hole (PBH)

• PBH merger history as probe of DM 

• Summary
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Dark matter halo profile
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Dark matter halo profile

• Cold DM

• NFW profile

• Milky way: 𝜌0 = 6.6 × 106 𝑀⨀/kpc3, 𝑟0 = 19.1 kpc

• Simplified power-law profile for inner region
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Navarro, Frenk, White 1996,1997



Dark matter halo profile

• Supermassive black holes (SMBHs)
• At galactic center
• Mass ≳ 105 𝑀⨀
• Origin (unknown)
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Dark matter halo profile

• Supermassive black holes (SMBHs)
• At galactic center
• Mass ≳ 105 𝑀⨀
• Origin (unknown)

• DM spike 
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Gondolo, Silk 1999

Credit: EHT



Dark matter halo profile

• Halo and SMBH 
• Velocity dispersion 𝜎 of halo

• 𝑀 − 𝜎 relation
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Robertson et al 2006, Gultekin et al 2009

𝑎~8, 𝑏~4, 𝜉~0.2

Relate SMBH 
with halo profile

𝑀halo(𝑟0, 𝜌0)



Primordial black hole
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Primordial black hole

• Inflationary cosmology

14

Zel’dovich and Novikov 1967; Hawking 1971; 
Carr and Hawking 1974; Carr 1975



Primordial black hole

• Collapse of primordial density fluctuation
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𝛿 = 𝛿𝜌/ ҧ𝜌

𝑥

𝛿𝑐

Zel’dovich and Novikov 1967; Hawking 1971; 
Carr and Hawking 1974; Carr 1975



Primordial black hole

• Collapse of primordial density fluctuation
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𝐻−1: size of observable Universe
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Primordial black hole

• Collapse of primordial density fluctuation
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Zel’dovich and Novikov 1967; Hawking 1971; 
Carr and Hawking 1974; Carr 1975

𝐻−1: size of 
observable Universe

𝛿 > 𝛿𝑐



Primordial black hole
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𝑀1 < 𝑀2

Zel’dovich and Novikov 1967; Hawking 1971; 
Carr and Hawking 1974; Carr 1975

• Collapse of primordial density fluctuation
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Primordial black hole

• Collapse of primordial density fluctuation
• PBH mass and formation time

• 𝑀ini = 109g: 𝐻ini~105GeV ⟹  𝑡ini~10−30s
• 𝑀ini = 1015g: 𝐻ini~0.02 GeV ⟹  𝑡ini~10−23s
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𝑚pl

𝑀PBH
𝑚SMBH

~

Zel’dovich and Novikov 1967; Hawking 1971; 
Carr and Hawking 1974; Carr 1975



Primordial black hole

• Collapse of primordial density fluctuation
• PBH mass and formation time

• PBH as DM
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Zel’dovich and Novikov 1967; Hawking 1971; 
Carr and Hawking 1974; Carr 1975

Carr, Kohri, Sendouda, Yokoyama 2021



Primordial black hole

• PBH mergers
• Early PBH merger

• Mergers in halos
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Credit: LIGO

Nakamura et al 1997
Sasaki et al 2016
Ali-Haïmoud et al 2017
Raidal et al 2019
Ng et al 2022

d𝑅
d𝑚1d𝑚2

(𝑚1, 𝑚2, 𝑓PBH, 𝑧)

Differential merger rate 
per comoving volume: 

Quinlan et al 1989
Mouri, Taniguchi 2002
Bird et al 2016 𝜎 ∝ 𝑚tot

2 𝑣rel
−18/7

Equal mass case: 

𝑅 = න න 𝜌𝜎𝑣 d𝑉 d𝑛



PBH merger history as probe of DM
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PBH merger history as probe of DM
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SMBHHalo profile Spike

PBH merger 
rate



PBH merger history as probe of DM

26

SMBHHalo profile Spike

PBH merger 
rate

This is for one halo. 
We need to combine all the halos in our Universe. 



PBH merger history as probe of DM
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SMBHHalo profile Spike

PBH merger 
rate

Halo 
statistics

Merger rate 
history



PBH merger history as probe of DM

• Halo distribution
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d𝑛
d𝑀SMBH

= d𝑛
d𝑀halo

d𝑀halo
d𝑀SMBH

Prada et al 2012

Calculated by density power spectrum at different redshifts

𝑀halo
d𝑛

d𝑀halo



PBH merger history as probe of DM

• SMBH distribution
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PBH merger history as probe of DM

• PBH merger rate in spikes as a function of redshift
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PBH merger history as probe of DM

• PBH merger rate in spikes as a function of redshift
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𝑀PBH = 30𝑀⨀ 𝑀PBH = 100𝑀⨀



PBH merger history as probe of DM

• PBH merger rate in spikes as a function of redshift

32



Summary

• DM spike in the presence of SMBH

• PBH can be a fraction of DM 

• PBH merger evolution can be a probe of DM spike because 
it shows a feature around 𝑧~5
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Thank you for your attention! 
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