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Primordial Curvature Perturbations
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Primordial Non-Gaussianity s

Metric during inflation: ds®>=a?(n) [-e**dn?+e *6,;dz'dz’]
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Small- & Large-Scale Decomposition ¢=¢s+d
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Scalar-Induced Gravitational Waves
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Energy-density Full Spectrum

1 dpg.(n,
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Definition: Wew (n,x,q) =

Density contrast: Wy (17,X,9) = W, (1,¢) (1

Initial moment (SIGW production) (7,X)

GW energy-density on subhorizon scales
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Energy-density Full Spectrum

1 d,ng (777 X)

Definition: Wew (n,x,q) =
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Density contrast: wey (1,X,q) = Wy (7,q) (1 + 6, (1,%,9))
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The SIGW Background
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Isotropic Component
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Basic Diagrammatic Approach
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Basic Diagrammatic Approach: Diagrams

JL, S. Wang, Z.-C. Zhao, and K. Kohri, arXiv: 2505.16820
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“Renormalized” Diagrammatic Approach
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“Renormalized” Diagrammatic Approach

£=1 £=2 3 272
q pti = A2
R 8 e DO A
PEI(g) 1P (g) 21P (g) €1P(g) d°q .. .. -
! ! ! ! Pll(q) = s P 1(q) P (|q —q)),
(27)
where £ =2, N,
P, =¢ Pl

R @9)! <2z'—|—§
R,3 — 7+
— 2% £

1=

g — “"i’”m (2_@)! <2i +E+ u)
’ — A L4

% <2i + €>Asz'vc[)2i+£+u+y]
§
T IS (20)! <2z' +&+pu+ V)

)Asiv([)2i+§+u+y]

g 2'3) v

v <2Z + f + M) (27/ 2_ §>A§V62i+§+u+ul
L

V([)£+/t+u+2] V([)E+u+u+2i]




“Renormalized” Diagrammatic Approach: Diagrams
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“Renormalized” Diagrammatic Approach: Diagrams
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“Renormalized” Diagrammatic Approach: Diagrams
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“Renormalized” Diagrammatic Approach: Diagrams
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“Renormalized” Diagrammatic Approach: Diagrams
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“Renormalized” Diagrammatic Approach: Diagrams
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“Renormalized” Diagrammatic Approach: Diagrams
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“Renormalized” Diagrammatic Approach: Diagrams
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“Renormalized” Diagrammatic Approach: Diagrams
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“Renormalized” Diagrammatic Approach: Diagrams
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Numerical Results
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Numerical Results
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Numerical Results
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Anisotropies and Non-Gaussianity
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“Coarse-Grained” Landscape
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Initial Inhomogeneities

Total initial Inhomogeneities SW effect
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Multi-Point Correlators

6gW,O (q,n) — 6gW,in (Q) —’_ (6 — ngw (V))@ln n— Xo— Xip in = (’r]in,xin)
o= e 0o = (70,X0)

k, ~k,

A

4
4
e
4
4
4
4
4
4
4
4
4
4

<H Wew,in, i (Q)>

I fNL (k17k27k3) ’

Y

w in (Q)
) w,in — _gW, —1
s (q> wgw,in (Q)

<H 6gw,0 (Q)> — <H 6gw,in,i (Q)> + (6 — Ngy (V)) <(I)L,in,N f[ 6gw,in,i (q)>

N
1=2




Diagrammatic Representation

_ _k) 2r? ., _q 27;2 :
wgw,m(q) :wgw,m(q) +wévlv3in(q) w(2)m(q) w(?’)m(q) 4+ .. S ERAAC) - q IO
Ce=Ces T Car.  {Cox (k) oxr (k') ) = 6xx 6 (k + k') /:‘; A3 (k), X=S,L
Wi (@) = wie (q) Ca Wi (q) = w(2)(q)C§L

(‘Tjgw,in(q) Fr—=— === == == k— ——————
4

\ o~
~
\ \\\\\
\ ~
<
ACE TR
\ S~o

“_‘ng,in (Q)

w(?”m(Q) —w(3)(Q)C§’L




Diagrammatic Approach
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Two-point Angular Correlator
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1st-order PNG-induced Initial Inhomogeneity

d3k JL, S. Wang, Z.-C. Zhao, and K. Kohri, JCAP 10 (2023) 056
wg(vlv)m(Q) —w(l)(fl)/ (27) 3/2 e’ *Cor (k) JL, S. Wang, Z.-C. Zhao, and K. Kohri, JCAP 06 (2024) 039
[4—c] |4—b—¢c] R g )
_ N;(i+1)VitY IBSESE
@)=Y z > ot (@ 5 ULV B
c=0 b= i1=1 0 O||so ﬂ;@és
CT)é%&?ihC)OCFI%LGll\)ILHISTLA(a+2b+30)/2 & a:DD (i:' ﬂ;
N, : number of V([)z']-vertices. N,=4—a—b—c Oc?‘ojiﬂé’c' |
V4 0'd 67 @ E
Noy=a N3;=b N,=c kg - ®) , js@ (3 3 z
AN e u} I :
O EC) Cﬂig | ED u] =
k—g k/:L Vi3 C)C:D<ﬂ§ E@ q"s z
1 ' ) " 2
I\ _Dcuéo LD) @:
[4] . :D []i ‘~D QE
Vi H S =




Reduced Angular Power Spectrum
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Angular Power Spectrum
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Angular Power Spectrum
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Angular Power Spectrum
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Three-point Angular Correlator
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Angular Bispectrum
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Angular Bispectrum
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Angular Bispectrum
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Four-point Angular Correlator
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Four-point Angular Correlator
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Four-point Angular Correlator
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Angular Trispectrum
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Angular Trispectrum
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Angular Trispectrum
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Summary

Summary

Achievements & Key Results

® Developed a framework to compute the energy-density fraction spectrum,
angular power spectrum, bispectrum, and trispectrum of SIGWs for primordial
non-Gaussianity up to arbitrary order.

® SIGW energy density is sensitive to the primordial trispectrum in the ultraviolet
regime;

® | ocal-type primordial non-Gaussianity can induce both large anisotropies and
non-Gaussianity on the SIGW background;

o ..

Scientific Implications & Future Prospects

® A supplementary probe for physics in the early universe that surpasses the
reach of measurements from CMB and LSS;

® A promising tool for the search for PBHs;

® Extraction of SIGW signals from the stochastic backgrounds and inference of

Q %/ model parameters;




