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Cosmological Correlators

Time

Soft limit

➢ Inflationary particle spectrum

Equilateral limit

➢ Higher dimension interactions

Collinear limit

➢ Probe Initial state



Inflation as the Cosmological Collider 

mass spin

Soft limit

➢ Inflationary particle spectrum

production

Resonant 
decay
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End of inflation 
(Future boundary)

Inflation
(quasi-dS)

Time

Interactions

Translation:

Rotation:

Dilation:

dS boosts:

dS Symmetry :

Conformal Ward identities :

Boundary conditions

dS Bootstrap Arkani-Hamed, Baumann, Lee, Pimentel 2018
Baumann, Duaso Pueyo, Joyce, Lee, Pimentel  2019 2020
…...

fix the correlators 



Bootstrap Equation



Bootstrap Equation

Sound speed: 
Pimentel, Wang 2022
Jazayeri, Renaux-Petel 2022 2023
…….

Chemical potential: 
Qin, Xianyu 2022 
…….

Results:

CC signals Background



More is Difficult 



Double Massive Exchange Diagram

Single Massive Exchange Diagram

Fourth order differential equations



Double Massive Exchange Diagram

Exact solution has 
already been found !



Double Massive Exchange： Equations

Seed integral:

Differential Equations:

Differential Operators:



Double Massive Exchange： Solutions

Homogenous Solutions:  Appell series 

Undetermined coefficients 

Boundary conditions 



Double Massive Exchange： Solutions

Bootstrap Equations:

Ansatz of particular solution:



Double Massive Exchange： Towards the bispectrum

convergent

Divergent
Convergent

• Convergent only in part 
of kinematic regions

• Transformation

• Resummation



Double Massive Exchange：Phenomenology

The leading order contributions

Effectively, like a single exchange? Tong, Wang, YH
2112.03448

How to distinguish between double-exchange and single-exchange channels 



Double Massive Exchange： double VS single

Towards the primordial trispectrum

Consider channel:



Double Massive Exchange： Summary

➢ Bootstrap equations and analytical solutions of double-exchange

➢ Extend the results to three-point correlators 

➢ The Phenomenology of double-exchange diagrams

• Size, shape, CC signals

• Double VS Single (phase, multiple species, trispectrum …)



Back  up



Double Massive Exchange： Boundary conditions

Single Massive Exchange:

Boundary conditions:

• This singularity should be absent under 
folded limit in the standard vacuum

• + Unitarity (COT)  …

Soft limit, which can be easily found

Double Massive Exchange:

…..



Double Massive Exchange： Consistency checks

• Folded limit Spurious divergence is canceled out

• Total energy limit

• Squeezed limit



Why we want more ?

too small? Diagram in QSFI

We NEED more !

More is Difficult 

Loop diagrams

Xianyu, Zhang 2022
Qin, Xianyu 2023 

…..

Tree diagrams with more 
vertices



Double Massive Exchange：Phenomenology （Size）

Single-field effective theory：



Double Massive Exchange：Phenomenology （Shape）

Local

equilateral

equilateral



Double Massive Exchange：Phenomenology （CC signals）

Squeezed limit approximation: 



Double Massive Exchange： double VS single

(1) Phase information in CC signals
Phase

Qin, Xianyu 2205.01692

Double:

Single:



Double Massive Exchange： double VS single

(2) Multiple isocurvature species

Single: Double:

Pinol, Aoki, Renaux-Petel, Yamaguchi  2112.05710
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