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Cosmological Correlators in Taiwan
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Theoretical priors

can drastically change

estimations of cosmological

parameters

Melville, Noller

Melville, Noller
de Rham, Melville, Noller
Traykova, Bellini, Ferreira, García-García
Noller, Zumalacarregui
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1) UV = string theory Swampland
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2) UV = local, unitary, causal, Lorentz invariant Positivity bounds
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1) UV = string theory
Swampland

in non-trivial

2) UV = local, 
unitary, causal, 
Lorentz invariant

Positivity bounds
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Causal IR

propagation
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Microcausality

INFRARED CAUSALITY

Diagnose by looking at time delay



EFT description (low frequency)

de Rham, Tolley 

modified

propagation

localized

Consider local propagation of information

around a fixed background -> bound Wilson coefficient.
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• Causality bounds on scalar EFTs
• (2107.11384: MCG, de Rham, Pozsgay, Tolley) 

• Causality in cosmological 
spacetimes

• (2312.07651: MCG)

• Causality bounds on the growth 
of the primordial power spectrum

• (2412.XXXX: MCG, Céspedes)
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external source

Can probe all local 
operators of 
microcausal modes



This can be encoded in 
different couplings to 
the source
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Solve linearized

experienced by
eom using WKB approximation.

CAUSALITY + WKB + EFT
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No upper bound on    

from causality due to

WKB technical issues.
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Scattering off non-trivial background

for conservedAt fixed r
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Scattering off non-trivial background

At fixed r

Wave leaves scatterer before it arrives to it
















































Scattering off non trivial background
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Consider fixed FLRW background

Applications to Cosmology

Field with background

experiences spatial shift

Similar ideas (same at LO) Bittermann, Mc. Loughlin, Rosen
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Applications to Cosmology

Similar ideas (same at LO)

Causality determined by fastest null geodesic
Bittermann, Mc. Loughlin, Rosen
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Consider fixed FLRW background

Applications to Cosmology

Dispersion relation

Field with background

experiences spatial shift
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Propagation around

Work in Poincare patch, i. e. , conformally flat cord.

Compute with WKB
approximation.
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Shift symmetric scalar
Bound on higher-order operator

v.s. flat space

assuming
and only 1 term

at a time

Chandrasekaran, Remmen,
Shahbazi-Moghaddam



CAUSALITY BOUNDS ON THE GROWTH 
OF THE PRIMORDIAL POWER SPECTRUM

2412.XXXX: 
MCG, Céspedes
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Shoot seasoned

EFT of inflation + decoupling limit 

In zeta gauge,        
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In zeta gauge,        

Add weakly broken Galileon symmetry 
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Growth of primordial power spectrum

width = 6 e-folds

When    
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Ballesteros, Céspedes, Santoni

Primordial black holes
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see toastmasters

Bounds on primordial power spectrum 
























Bounds on primordial power spectrum 

EFT breaks

acausal

causal
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•  Use low energy information

Can test beyond 4-field operators (Lorentz invariant)
•

•  Can be applied to Cosmological backgrounds

Bounds on the growth of primordial power spectrum
•

Infrared Causality
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Galileon Generalizations
Covariant Galileon (Defayet, Esposito-Farase, Vikman)

de Sitter Galileon (Goon, Hinterbichler, Trodden; Burrage, de Rham, Heisenberg)

- Keep 2ⁿᵈ order eom

- Weakly broken galileon symmetry

- Any curved background

- Invariant under

- Has symmetry breaking potential
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Bounding the de Sitter Galileon
☆ Distinguish between

Galileon generalizations *

• covariant galileon
☆ Potential terms don't

change causal structure

Unresolvable


