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CAUSAL EFFECTIVE FIELD
THEORIES

Theoretical priors

can drastically change
estimations of cosmological
parameters

Melville, Noller

de Rham, Melville, Noller
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2) UV = local,
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Microcausality (Era, O =0 (= (Sf-\r\">o%

CAUSALITY

e Consider local propagation of information
around a fixed background -> bound Wilson coefficient.

e EFT description (low frequency) . diﬁ; .
-*INFRARED CAUSALITY propagation
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CAUSALITY

At L.O. encoded in metric
seen by perturbations, ¢
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CAUSALITY aTl
+ GRAVITY

Cs= Cs(X%, w)

_ R cE A Asymptotic
* BT =ATH AT > - Y causality
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* Causality bounds on scalar EFTs
* (2107.11384: MCG, de Rham, Pozsgay, Tolley)
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* 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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CAUSALITY BOUNDS
ON SCALAR EFTS
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CAUSALITY INSIGHTS

Can probe all local

ON SCALAR EFTS operators of

microcausal modes

This can be encoded in
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CAUSALITY INSIGHTS
ON SCALAR EFTS
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CAUSALITY + WKB + EFT

Consider ¢ = D + QY . Find AT experienced by @ .
Solve linearized & eom using WKB approximation.
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PROPAGATION AROUND
SPHERICALLY SYMMETRIC
BACKGROUNDS

Spherically-symmetric background
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CAUSALITY VS
POSITIVITY

No upper bound ong.=
from causality due to
WKB technical issues.
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Scattering off non-trivial background
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Scattering off non-trivial background
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Applications to Cosmology

Consider fixed FLRW background
As’= AT\ (-ATHt S%°)

Field with background @G\

%experiences spatial shift
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Similar ideas (same at LO) Bittermann, Mc. Loughlin, Rosen



Applications to Cosmology

R — (At ~ S St (et -Stvn) < 1

ach)

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

Causality determined by fastest null geodesic

(A{\LO ~ geodesic distance In Se‘q‘(g‘)[&\\



Applications to Cosmology

Consider fixed FLRW background
as’= AL\ -dTH S%°)
Field with background @\

%experiences spatial shift
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Propagation in de sitter

Propagation around

o
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Compute Av with WKB
approximation.

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



Shift-symmetric scalar
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0 Causality bounds in dS
Positivity bounds in Minkowski
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Shift symmetric scalar

Bound on higher-order operator

et 1 <.

v.s. flat space
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Chandrasekaran, Remmen,
Shahbazi-Moghaddam

assuming ¢- = P(x= 2d)?)
and only 1 term
at a time
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EFT of inflation + decoupling limit
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Growth of primordial power spectrum

Ballesteros, Céspedes, Santoni
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Bounds on primordial power spectrum
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Bounds on primordial power spectrum

Bounds for € = 0.0001, cs2(N«) = 0.05
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Infrared Causality

+ 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
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Assomphions

Property Causality Bounds Positivity Bounds
Lorentz e Lorentz invariant EFT e Invariant EFT and UV completion
invariance e Crossing symmetry
Unitarity e Hermitian Hamiltonian: e Positive discontinuity
real Wilson coefficients of the EFT and UV amplitude
Causality e No resolvable time advance e Analyticity of amplitude
in the complex s plane for fixed ¢
Locality e IR theory is local e IR and UV theories are local
e Froissart-like bound in the UV
Other e EFT and WKB expansions under control
assumptions e Background generated by e IR EFT is under perturbative control

localized external source
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Galileon Generalizations

Covariant Galileon (Defayet, Esposito-Farase, Vikman)

- Keep 2"9 order eom
- Weakly broken galileon symmetry ¢-@+c+buax®
- Any curved background

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

- Invariant unde-{_
XN — ) N\ T2
D>Q %(C‘—*“ Vs B (¥ - T)

- Has symmetry breaking potential



Bounding the de Sitter Galileon
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