
袁 晨 Chen Yuan ITP, CAS袁 晨 Chen Yuan IST

Full analysis of the 

scalar-induced gravitational waves 

for 

the curvature perturbation with 
local-type non-Gaussianities

Chen Yuan

yuanchen@tecnico.ulisboa.ptarXiv: 2308.07155



袁 晨 Chen Yuan ITP, CAS袁 晨 Chen Yuan IST

PBH formation

Mass-scale relation

PBH mass function

PBH abundance

Carr, Hawking (1974)

Press, Schechter (1974)

Clesse,García-Bellido, & Orani, arXiv:1812.11011

Nakama, Silk, Kamionkowski (2017)
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PBH formation

Are primordial curvature perturbations 

Gaussian

Or
Non-Gaussian?
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Ultra-slow roll model

Action 

Potential
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Tree level

Ultra-slow roll model

Higher order

(non-Gaussianities)

All inflation models inevitably produce non-Gaussianities!

Kristiano & Yokoyama (202)
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Are Non-Gaussian effects important?

PBHs and non-Gaussianities
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PBHs and non-Gaussianities

Local-type non-Gaussianities

Non-Gaussian Gaussian

PBH formation is extremely sensitive to non-Gaussianities!

Young & Byrnes (2013)
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Scalar-induced GWs
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Non-Gaussian SIGWs

Energy spectrum

For SIGWs at leading order
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Non-Gaussian SIGWs

Wick’s theorem!

This is the Gaussian part of the energy spectrum
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Non-Gaussian SIGWs

Wick’s theorem
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Non-Gaussian SIGWs

Wick’s theorem!

9 kinds of 

contractions
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Non-Gaussian SIGWs
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Non-Gaussian SIGWs

Log-normal power spectrum
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Non-Gaussian SIGWs

The slope in the infrared region has a log-dependent behavior  (Gaussian case)

Yuan, Chen & Huang (2020)
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Assume that the power spectrum is defined in [k-,k+], then

Use the mean value theorem for definite integrals

Non-Gaussian SIGWs
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Non-Gaussian SIGWs

In the infrared region, u,v,u1,v1,u2,v2>>1, so that

In the asymptotic behavior

Finally the scaling will be
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Non-Gaussian SIGWs

We need to prove that the sum of all contractions, the log-dependent slope apply…

Then we can prove that the sum of these log-dependent slopes is still log-dependent…

Rewrite the energy spectrum as 
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Non-Gaussian SIGWs

Liu, Chen & Huang (2023)
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Summary

• Derive a general expression for SIGW within local-type non-Gaussianities up to 

third-order.

• For an enhanced curvature power spectrum, there is a log-scaling in the infrared 

region even if we consider non-Gaussianities.

• The log-scaling could be smoking gun in detecting SIGWs and searching for 

PBHs in the future.
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Thank you

yuanchen@tecnico.ulisboa.pt

Q&A


