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Motivation:

UV constraints on IR Physics



Warm up: why effective theories?

= Multipole expansion in electrostatics

— Validity region of the low-
A/ energy (IR) EFT expansion

At large distances, T > d
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EFTs in quantum field theory

= | ow-energy photon-photon scattering yvy — Y7y
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Wilsonian EF T approach

= Top-bottom: the UV theory is known

[L:UV [27 H] — Elight [67 mé] + »Chea,vy [H, M] + Eint [67 H]a m; << M j

— Integrate out heavy fields etertll] — /DHeiS[é’H]

— Expand in local operators built from /

= Bottom-up: the UV theory is unknown

— ldentify the relevant degrees of freedom ¢ and scales A
— Determine the relevant (broken) symmetries

— Write all operators compatible with the symmetries

— Compute observables

— Measure parameters, fix the Wilson coefficients C;
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UV constraints on IR Physics

Can every EFT be UV completed into a full theory? ——> No! Some low-energy EFT do not admit well defined UV completions

Energy
A
Auv o
EFT
AIR >

D
a

What are the requirements that an EF T must satisfy in order to be
UV-completed?

m Self consistency with specific UV completions

String theory swampland program
* Weak gravity conjecture [Arkani-Hamed et. al. (2007)]
* Distance conjecture [Ooguri & Vafa (2007)]
* de Sitter conjecture [Obied et. Al. (2018)]
* No global symmetries [Banks & Seiberg (2010)]

s Set of guiding principles

* Unitarity
* Locality
* Causality

* | orentz Invariance

Kl'hese general UV assumptions when applied\
to scattering amplitudes leave imprints on IR
EFTs as Positivity bounds on C;

K [Adams et. al. (2006)y




Positivity Bounds: a concrete example

= Low energy EFT of a massless shift symmetric scalar
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(Causality — positivity)

= If we were started from the UV theory of a broken U(1)
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Integrating out h at tree-level
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Positivity Bounds from scattering amplitudes in flat space

2 — 2 scattering for identical massive scalars of mass m
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(Unitarity: STS =1 = Im.A(s,0) x 500t (S) _B 0 nA(S) >0
= Locality: |A| < Cslog2 S 0s2m s—0 -
= Causality: A(s,t) is analytic - ~
[Adams et. Al (2006)]
Do D4 Q_Orentz Invariance S <> —S J [Arkani-Hamed, Huang, Huang (2020)]
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EF Ts in cosmology



EFTs in cosmological setups

Cosmology aims to build a consistent history of the spatial correlations of perturbations measured across large scales

Time dependent background matter fields spontaneously break
time diffeomorphism invariance setting a preferred time direction.
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The vacuum is the background (unperturbed) spacetime
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The EFT of inflation

Following the bottom-up approach, the most general EFT (in unitary gauge) compatible with unbroken spatial diffs ' — '+ £(t,x) can be
constructed through the 3+1 decomposition of spacetime (ADM formalism) M, — R X Y5 [Cheung et. Al (2007)]

The most general action is given by

g — /d4a:\/7—g}"(prg,gOO,KW,VM,t)

Explicitly ]
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Time diff invariance can be restored through the Stiickelberg procedure t — t + m(t, x)
At energies F > H the Goldstone mode and gravitational fluctuations decouple
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Can we constrain the signs of M;, M, with positivity bounds? [Baumann et. al. (2015)]
’ [Grall & S. Melville (2021)
_ [Creminelli et. al. (2023)]
- Fla)QDace = quasi dS [Freytsis et. al. (2023)]
_ _ _ _ _ [Green et. al. (2023)]
= Scatteringg@mplitudes = equal-time correlation functions Serra & Trombetta (2024)
. Loren’c}évariance —> spontaneously broken, bonus: no energy conservation [Gordon L[eirlmisn_e:\lzei:ili. 833:;
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Lorentz breaking amplitudes

and

Amplitudes from dS correlators



