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1 Introduction

What is SIGW?

Starting from the conformal Newtonian gauge Up to second order, this is all we need

for adiabatic perturbation
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1 Introduction

After doing the Fourier transformation, you will find

⟨hijhij⟩ ∼ ∫ ∫ d3qd3k⟨ζζζζ⟩

How to deal with the four-point correlation function?

Typically ⟨ζζζζ⟩ = ∫ Dζ𝒫[ζ]ζζζζ

For local type field

ζ = f(ζg)

ζ = ζg + FNLζ2
g + GNLζ3

g + HNLζ4
g + . . .

⟨ζζζζ⟩ = ⟨(ζg + FNLζ2
g + . . . )4⟩

For adiabatic initial condition
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1 Introduction

Here is a problem

B. Carr, K. Kohri, Y. Sendouda and J. Yokoyama, Rept. Prog. Phys. 2002.12778

For a peak-like (monochromatic PBH) power spectrum to  
explain all the dark matter

A ∼ O(0.01)

ζg ∼ O(0.1)

ζ = 0.1 + 5 × 0.01 + 3 × 0.001 + . . .

Seems not good
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For  order, you need to evaluate 8-multiple integrals. FNL

For  order, you need to evaluate 14-multiple integrals. GNL

ζ = ζg + FNLζ2
g + GNLζ3

g + HNLζ4
g + . . .

…

Because we are calculating in momentum space

ζ2
g

A number Coordinate space

An integral ∫ d3qζg(q)ζg(k − q) Momentum space

1 Introduction
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For  order, you need to evaluate 8-multiple integrals. FNL

For  order, you need to evaluate 14-multiple integrals. GNL

ζ = ζg + FNLζ2
g + GNLζ3

g + HNLζ4
g + . . .

…

Because we are calculating in momentum space

ζ2
g

A number Coordinate space

An integral ∫ d3qζg(q)ζg(k − q) Momentum space

Maybe we need a lattice simulation!

1 Introduction
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2 Simulation setup

Generating the initial ζg(x)

On superhorizon

Generating the initial ζ(x)

ζ(x) = f(ζg(x))

Eloving the equations

Deriving the GW energy spectrum
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Semi-analytical results

Simulation results

2 Simulation setup

Benchmark with the semi-analytical results

A = 0.01, e = 1/30

Two results are consistent with each other!
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2 Simulation setup

The efficiency of the lattice simulation

⟨hijhij⟩ ∼ ∫ ∫ d3qd3kd3l⟨(ζg + FNLζ2
g)(ζg + FNLζ2

g)(ζg + FNLζ2
g)(ζg + FNLζ2

g)⟩

Need to do 8-multiple integral

Semi-analytical results

Simulation results

14-core i9-10th 1day

RTX-4060 N=128 6 mins

200 points
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3 Full-order vs finite order

Higher order effects

The higher order usually contributes to a higher cutoff

Imply

Full-order will not have such a cutoff
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3 Full-order vs finite order

Specific Models

Curvaton model
Full-order

Finite order ( )FNL
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3 Full-order vs finite order

Maybe it’s possible to distinguish inflation models by SIGW!
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4 The isocurvature case and the general case

Equations

At background level At first-order

At second-order
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Theoreticlly, it’s convenient to define the isocurvature perturbation

Then, one can get the familiar equations

4 The isocurvature case and the general case
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When there is no energy-transfer, an analytical solution on superhorizon exists

4 The isocurvature case and the general case

Then, you just need to give the initial value of S and Φ
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Comparing with the semi-analytical results

 G. Domenech, S. Passaglia, S. Renaux-Petel, JCAP 03 (2022) 023, [2112.10163]

B = 100

4 The isocurvature case and the general case
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Multi-peaks structures

4 The isocurvature case and the general case



INSTITUTE OF THEORETICAL PHYSICS, CAS
中国科学院理论物理研究所

23

PBH-dominated era
G. Domenech, C. Lin, M. Sasaki, JCAP 04 (2021) 062, [2012.08151]
T. Papanikolaou, V. Vennin, D. Langlois, JCAP 03 (2021) 053, [2010.11573]

4 The isocurvature case and the general case
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PBH-dominated era
G. Domenech, C. Lin, M. Sasaki, JCAP 04 (2021) 062, [2012.08151]
T. Papanikolaou, V. Vennin, D. Langlois, JCAP 03 (2021) 053, [2010.11573]

4 The isocurvature case and the general case
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Q-Balls-dominated era M. Pearce, L. Pearce, G. White, C. Balazs, [2503.03101]

4 The isocurvature case and the general case
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PBH-dominated era

Mixed initial condition

4 The isocurvature case and the general case
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5 Summary

SIGW with full-order non-Gaussianity will have a very different ultra-violet behavior

The peak frequency may have a change

It might give you a very different amplitude

We can treat the general initial condition now, while there is no specific semi-analytical formulas. 

Don’t be afraid of doing lattice simulation, it’s quick! It can be done in your laptop!

When you consider a curvature perturbation with a sizeable amplitude O(10−4 − 10−2)

Therefore, special care should be taken when using SIGW to constrain the abandunce of PBHs.
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Thanks for your attention!
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