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Standard model of cosmology



Open question: cosmic origin

Unknown



Open question: dark matter



GWs may be holding the key



※ quantum fluctuations

Perturbations during inflation



Primordial black holes



SIGW



Primordial non-Gaussianity
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PBH threshold



SIGW due to PNG



Diagrammatic Approach

Gaussian

non-Gaussian



49 diagrams in total

Diagrammatic Approach



Energy-density fraction spectrum





From background to fluctuations

GWB anisotropies



Inhomogeneities and Anisotropies



SIGW propogation



SIGW propogation



Initial inhomogeneities





Angular 2-point correlation

~O(103) diagrams in total



Angular power spectrum 



Parameter degeneracy 
Foreground



Parameter degeneracy 
Foreground





~O(105) diagrams in total

Angular bispectrum



Angular trispectrum

~O(106) diagrams in total



Gaussianity

Gaussianity or not

non-Gaussianity



HD curve: ~3.5-4sigma (NG15); 4.6sigma (CPTA)

Evidence for nanohertz GWB
NANOGrav 15-year EPTA DR2

PPTA DR3 CPTA DR1



NG15 results

Binary SMBHs



NG15 results

New physics



Gaussianity

PBH overproduction

NANOGrav 15-year



Non-Gaussianity



fPBH=1

PBH overproduction“preferred” region



SKANG15 results

Tests by anisotropies



NG15

PBH mass regime



Binary PBHs



SGWB



NG15

Energy-density fraction spectrum



A challenge



different clustering

different anisotropic maps

SGWB anisotropies



different clustering

different anisotropic maps

Angular power spectrum



Take-home messages:

ü SIGW

• Statistics of primordial perturbations

• Origin of the Universe

ü SGWB

• Primordial black holes vs. Astro black holes

• Nature of dark matter

Thanks for your attention!

Summary


