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SGWB from binaries
• Origin: incoherent superposition of the GWs emitted by compact 

star binarys (BH, NS,…)


• Frequencies: 100 Hz(for 10M⊙) , Amplitude:  10-9

1608.06699

1610.08725



SGWB from 1OPT

fpeak ≃ 10−6Hz ( β
H* ) ( T*

100GeV ) ( g*

100 )
1/6

Ωpeakh2 ≃ 10−6 ( β
H* )

−2

( g*

100 )
−1/3

• For β/Η*~100, 
frequency is 
10-4Hz, in LISA 
band, but the peak 
is only 10-10.

1512.06239
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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*. 

k*=Ha*
Lucas’ talk, Hayato’s talk, Samuel’s talk, 
SP, Zhang, Huang & Sasaki 1712.09896, 

and many other models…

?
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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).

PBHs

?



The Press-Schechter  
Mass Function

• When σM <<δc, β can be approximated by exponential:
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The Press-Schechter  
Mass Function

Non-Gaussianity can increase (fNL>0) or decrease (fNL<0) the 
PBH adundances.

Young & Byrnes, 1307.4995



The Press-Schechter  
Mass Function

• The current PBH mass measured in critical mass is


• where “eq” means equality and “re” means re-entry for the peak of the 
variance of the density perturbation at mass M.


• It is easy to estimate z(M) relation at horizon reentry


• Therefore we have
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Induced GWs
• From the nonlinear equation of motion for the tensor perturbation


• where the source term is (Ananda et al. gr-qc/0612013)


• This equation can be solved by the Green function method.

h′�′�k + 2ℋh′�k + k2hk = 𝒮(k, η) ∼ ∫ d3l liljΦl(η)Φk−l(η)
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Induced GWs
• The quantity we want to calculate is


• Then we know that


• It is naive to believe that Φ stays Gaussian when it becomes 
very large on small scales. (Hayato’s and Samuel’s talks)


• Therefore we want to consider the non-Gaussian scalar 
induced GWs (Komatsu & Spergel astro-ph/0005036)
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Induced GWs
• Then the 2pt of Φ is


• And we have to specify the power spectrum of the primordial 
curvature perturbation. As we mentioned, we suppose there 
is a narrow peak at around k*.


• Narrow means σ<<k*. This is for simplicity.

⟨ΦkΦp⟩ = (2π)3δ(3)(k + p)
4
9 (Pℛ(k) + 2F2

NL ∫ d3l Pℛ( |k − l | )Pℛ(l)) .
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(2π)3/22σk2
*

exp (−
(k − k*)2

2σ2 ) .



Induced GWs
• The result is the integral (Cai, SP & Sasaki, 1810.11000):

⌦GW = 6A2
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Induced GWs
• Then the result is the integral:

Kohri & Tareda,  
1804.08577

Saito & Yokoyama,  
0812.4339
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Induced GWs
• Then the result is the integral:

Kohri & Tareda,  
1804.08577

Saito & Yokoyama,  
0812.4339
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• Up:             , fix the PBH 
abundance to be 1. 


• Down:             , fix the peak 
amplitude to be                  


• Gray curve: LISA


• Frequency: PBH window <—> 
LISA band


• Coincidence, but fortunate for 
our universe.
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If PBH serves as all DM, 
the induced GWs must be 

detectable by LISA, 
independent of         or        .𝒜ℛ FNL
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Summary
• GWs induced by non-Gaussian scalar perturbations:      -

slope, multiple peaks, cutoff.


• If PBHs can serve as all the DM on mass range 1019g to 
1022g , induced GWs must be detectable by LISA, no 
matter how small          or         is.


• Conversely if LISA can not detect the induced GWs, we 
can put an independent constraint on the PBH 
abundances on mass range 1019g to 1022g where no 
current experiment can explore.

k3

𝒜ℛ fNL



Thank you!


