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Standard model of cosmology

t(s)
10-! 100 107 102 103 104 105 106
D b.n.
s H }
N Y,
10-2f SBBN freeze-out -
Vv _—
decoupling
1011 n/p D/H d
decoupling
: 3He/H £
10T il
e
-, annihilation |
_______ ‘Be/H_ _ _
10-10 T
10 12 -1
S5Li/H
10-1
101 100

3)(10" [ T T T I T T T T I I ‘_' I 1]
- @« [-band Tully—Fisher ‘,.?'9 2';35-
- « Fundamental Plane i
e - « Surface Brighiness i .
b - = Bupernovae la " 4 =
% 2:104 - o Supernovae II : 2
£ i K i
=5 e w
e L i
)
e L i
S 10t ]
[ L & |
= a W
SaEN By l L 1 | 1 1 1 l | 1 1 1 1 [ 1 l I-
a O LG SN e I s | T I |:
?S 100 .miwn ) = T2 -
T 80 L - ;j;g,., L | =
= E L Lok LY Y o ]
g B0 _—E 5 ™ b
2 40F ~
=ﬂ' = | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 l =~
0 100 200 300 400
HET Key Project @pi Distance (Mpe)

T

T




Open question: cosmic origin

Inflaton potential

Unknown

V(o)

Reheating




Open question: dark matter

Observations
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GWs may be holding the key
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Primordial black holes
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Primordial non-Gaussianity
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SIGW due to PNG
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Diagrammatic Approach
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Diagrammatic Approach
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Energy-density fraction spectrum
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From background to fluctuations
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Inhomogeneities and Anisotropies
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® small-scale inhomogeneities: unobservable

® large-scale inhomogeneities: observabable!




SIGW propogation
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® initial iInhomogeneities

® Sachs-Wolfe effect:
gravitational redshift / blueshift at initial time

® integrated Sachs-Wolfe effect:

gravitational redshift / blueshift during the
propogation of GWs
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SIGW propogation
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Initial inhomogeneities
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Angular 2-point correlation

~0(103) diagrams in total



Angular power spectrum
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Angular bispectrum
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Angular trispectrum
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Gaussianity or not
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Evidence for nanohertz GWB

Correlation coefficient, I'
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New physics
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Gaussianity

NANOGrav 15-year
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Non-Gaussianity
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Tests by anisotropies
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PBH mass regime
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Binary PBHs

Surrounding matter
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Energy-density fraction spectrum
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A challenge
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SGWB anisotropies

different clustering

different anisotropic maps

14 billion-years
z=0




Angular power spectrum




Summary

lake-home messages:

v  SIGW
Statistics of primordial perturbations
Origin of the Universe

v SGWB

Primordial black holes vs. Astro black holes

Nature of dark matter

«— reheating

Thanks for your attention!



