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Cosmological correlators
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End of inflation



Inflation as the Cosmological Collider



Inflation as the Cosmological Collider (CC) 

mass spin

Soft limit

 Inflationary particle spectrum

production

Resonant 
decay

Resonant 
decay



Analytical Calculation of cosmological correlators

Time

Bulk to bulk propagators

Boundary

Bulk to Boundary propagators

Vertex

Too difficult to solve analytically! 

(1) Nested Time integral (2) Mode functions are complicate



BUT, the calculation of cosmological 
correlators is really HARD! 

Trade-off

Exact Approximation

• Sometimes, too 
complicated

• Sometimes, too 
naïve

• Hard to include 
all information

…… ……

• Hard to understand 
all information



Recent Progress: Approximation Method

+

+ Terms without CC 
signals 

=

Cosmological collider cutting rule
Tong, Wang and YHZ [2112.03448]

Efficient way to extract CC signals

WKB + Saddle point method

Renaux-Petel, Tong, Werth,YHZ [2506.XXXX]

Good way to understand physics



Recent Progress: Exact Method

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 



Recent Progress: Exact Method

Double Massive Exchange
Aoki, Pinol, Sano, Yamaguchi and YHZ 

[2404.09547]

It becomes incredibly difficult 
to make further progress…



Without knowing the analytical results, 
can we still find something useful? 



Maldacena’s consistency relation

(Maldacena, 2002)

Unitarity Cutting Rule

(Goodhew, Jazayeri, Pajer 2020 )

Suyama-Yamaguchi Inequality 

(Suyama, Yamaguchi 2007)

D i re c t l y  t e s tab l e ?  
( i n  p r i n c i p l e )  



Time

C o s m o l o g i cal 
C o rre lators F ro m  

Wavefun c ti o n  
o f  U n i v e r s e  



• “Wavefunction of the universe”:

• Correlators from the Born rule:

Parametrization

Expand the wavefunction in powers 
of the field fluctuations:

Wavefunction coefficients

“Cross section”
“Scattering Amplitude”



• Correlators from the Born rule:
Dictionary between and

General relation:



Dictionary between and

diagrammatic notations:

Dictionary between and



Duality Relation

Inverse it!

Hidden symmetry



Fundamental Laws

Symmetry

Parity
Two facts about parity-odd 

(scalar) correlators

 It is purely imaginary

At least 4-pts correlators



Reality Thereom

Stefanyszyn ,Tong, Y.Z., [2309.07769]

For the parity-odd case:

• Unitarity & locality

• Tree level

• BD vacuum

• Scale invariance 

• IR convergence



Vertex: Scale invariant + Unitarity

Bulk to boundary propagators: BD vacuum
(massless fields)

Wick Rotation

Reality Thereom

Bulk to bulk propagators:



CCF

0

Correlator-to-correlator 
factorisation (CCF)



The First Example
Chern-Simons gravity:

Parity violation

Three possible contributions of PO trispectrum: 

(I) (II) (III)

C-S graviton GR graviton



The First Example

(II) (III)

GR graviton

No-go theorem: 

One possible IR divergent coupling

(II)

NO such term in CS Gravity



Summary

CCF Factorisation

CS-gravity example


