IMPERIAL

Causality Bounds in the
Primordial Power Spectrum

Sebastian Cespedes
Imperial College London

Based on 2502.19477 with M. Carrillo Gonzalez
Also 2109.00567 with G. Ballesteros and L. Santoni



https://arxiv.org/abs/2502.19477
https://arxiv.org/abs/2109.00567

How to constraint models of
inflation

The use of effective field theories in cosmology is very
extensive since it is a useful guide to parametrise many
models
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Theoretical priors can drastically change estimation of
cosmological parameters



Constraining the EFT of
Inflation

 Isit possible to constrain the EFT of inflation using positivity,
analyticity and causality?
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Causality

Im w4
e Microcausality Gr(z—y) =0 for (z —y)*> >0 o il'(k)
,; ’ Re w
Usual argument requires Lorentz invariance "
. o— I J
~ - ,"C
e EFT description (low frequency). Infrared
causality Modified

propagation
cs = 1
e Diagnose by looking at time delay

AT = —i(in|§T8%§\out>

Localised
source



Scattering off non-trivial background
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Applications to Cosmology
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Causality in Inflation

* Let’s consider the following EFT
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* This model can produce PBH’s within the regime of the EFT
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Causality in Inflation

e Let’s consider the following EFT
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Bounds on constant parameters
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Bounds on ¢s and «

only consistent
on a free theory
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Bounds on primordial power spectrum
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Conclussions

Using causality we can constrain some of the growth of
the power spectrum

This rules out most of the sensitive cases when PBH can
be formed in this model

Can we use this to constrain other interesting cases (for
example leading to GWs)

Future work - Constrains on non Gaussianity using
causality



