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Why Primordial Black Hole (PBH)?

• BHs exist in the universe

• No need for new physics

• PBHs may dominate Dark Matter 

• Detected GW events from LIGO may originate from the merger 
of PBH binaries
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Idea

PBHs from large curvature perturbations

+ LIGO data from mergers of PBH binaries 

Primordial Power Spectrum of 
curvature perturbations?

(on small scales)



Why Primordial Black Hole?

• BHs exist in the universe

• No need for new physics

• PBHs may dominate Dark Matter 

• Detected GW events from LIGO may originate from the merger 
of PBH binaries

• A possible way to probe the primordial power spectrum of 
curvature perturbation on small scales

• …
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The formation of 
Primordial Black 

Holes

There is a peak on the primordial density 
perturbation, which leaves horizon and gets 
frozen at a*. 
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The formation of 
Primordial Black 

Holes

The peak scale re-enters the horizon at radiation 
dominated  era. If it exceeded some critical 
value O(0.1), PBH will form. Its mass is O(MH).
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The formation of 
Primordial Black 

Holes
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PBHs from large curvature perturbations on small scales

+ LIGO data from mergers of PBH binaries 

Primordial Power Spectrum of 
curvature perturbations 

(on small scales)

Questions:
1. Correct? (Uniquely determined?)
2. How to reconstruct?



Assumptions

0. At least some of the BBH LIGO events are PBHs

merger rate from observations

1. PBHs formed out of high peaks of curvature perturbations 

the simplest case

2. Window function: top-hat form

semi-analytic expression for calculation of merger rate

3. Gaussian distribution of density perturbation

simple relation between between power spectrum and 
the variance



The logic

?



The logic

?

Question: can we uniquely determine             ?               



Step (i)



Step (ii)

The mass function            is expressed in terms of PBH 
abundance 



Mainly 2 possible process for PBH merger events: PBH binaries 
formed at 

(a). early (radiation-dominated) epoch;

Sasaki et al., PRL 117(2016)6, 061101

(b). late (matter-dominated) epoch.

Bird et al., PRL 116(2016)20, 201301

Step (iii)
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Yokoyama, Astrophys. J. 854, no. 1, 41 

(2018)
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Mainly 2 possible process for PBH merger events: PBH binaries 
formed at 

(a). early (radiation-dominated) epoch;

Step (iii)

suppression factor



Mainly 2 possible process for PBH merger events: PBH binaries 
formed at 

(a). early (radiation-dominated) epoch;
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Case without the suppression factor





A simple example:  no suppression factor

Step (iii)

Step (ii)



A simple example:  no suppression factor
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Step (ii)

Step (i)



A simple example:  no suppression factor

Only the merger rate with equal mass is relevant!



Conclusion

We proposed the method to reconstruct the primordial 
power spectrum of curvature perturbation from the 
merger rate of PBH binaries

We need more data from LIGO, or mock data for 
the real reconstruction process
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