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Abstract:

Perturbative calculations with light and polynomially self-interacting scalar fields in de Sitter spacetime are commonly plagued
by infrared divergences as the scalar fluctuations become strongly coupled on large scales. Using techniques familiar from
stochastic inflation, we treat super-Hubble fluctuations non-perturbatively through a probability distribution featuring composite
operators of the light scalar. We find that these composite operators behave like late-time conformal primaries and admit a
power-law four-point function in position space that is strikingly simple. We attribute physical meaning to these composite
operators and conjecture that light interacting scalars in de Sitter in the stochastic picture hadronize into a tower of composite
scalars on superhorizon scales. We further investigate whether these composite scalars can be described by a weakly-coupled
effective field theory.
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Understanding the early universe

Planck collaboration (2014)
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Disclaimer

* NOT theinflaton! = additional scalar (e.g. spectator) such that its self-interaction > gravitational interaction

* NO dynamical gravity! — work in rigid de Sitter space without slow-roll corrections
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'The problem with light scalars
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* weakly-coupled (4 < 1) scalar field in de Sitter spacetime Z r
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Motivation
The infrared story of light scalars in de Sitter

* naive perturbation theory fails for light scalars in de Sitter —» interesting QFT problem

* one possible solution: go non-perturbative!  Starobinsky (1984)
Ly Starobinsky's idea: outside the horizon, field becomes classical
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A way out for light scalars
Starobinsky’s stochastic approach

* split scalar field into long- and short-wavelength contribution
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A way out for light scalars
Starobinsky’s stochastic approach
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* long-wavelength field follows classical EOM: O, (4 = / g‘_lg’ e_l'vi be
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A way out for light scalars
Starobinsky’s stochastic approach

AN
* long-wavelength field follows classical EOM: O, (4 = / Q_lg’ e_lﬁ-ﬁ be
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A way out for light scalars
Starobinsky’s stochastic approach
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A way out for light scalars
Starobinsky’s stochastic approach

* natural language -~ probability distribution for long-wavelength field localised in space:
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A way out for light scalars
Starobinsky’s stochastic approach

* natural language -~ probability distribution for long-wavelength field localised in space:
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A way out for light scalars
Starobinsky’s stochastic approach

~2 42
* natural language -~ probability distribution for long-wavelength field localised in space:
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A way out for light scalars
Starobinsky’s stochastic approach

v
* natural language -~ probability distribution for long-wavelength field localised in space: 1 ~ AP
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Goals of this talk

We want to...

* Work with a generalization of Starobinsky’s stochastic formalism to higher-point functions and with systematic
understanding of corrections

» study higher-point correlation functions of the composite operators (@, (§(X))®, (P(X))P, (X)) ... ):
Ly verify de Sitter invariance

Ly provide physical interpretation for composite operators

L» Can these correlators also be found from a weakly coupled effective field theory (EFT) for the composite operators?

14
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A way out for light scalars

Rigorous stochastic approach for long modes

* systematic understanding of corrections to Starobinsky equation Gorbenko and Senatore (2019)

* rigorous formalism for the stochastic approach — allows computing n-point correlators

Ly generalized Starobinsky equation: PDE for n classical variables (long-wavelength field points ¢)):
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A way out for light scalars

Rigorous stochastic approach for long modes

* generalized Starobinky equation: evolution equation for n-point distribution for n long-wavelength field points ¢;:
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A way out for light scalars

Rigorous stochastic approach for long modes

* generalized Starobinky equation: evolution equation for n-point distribution for n long-wavelength field points ¢;:
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A way out for light scalars

Rigorous stochastic approach for long modes
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A way out for light scalars

Rigorous stochastic approach for long modes
ZA
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A new theory emerging?

The hadronization conjecture

Light scalars in A¢p*-theory in de Sitter space “hadronize” on large scales into scalar hadrons ¥, (1, ¢;) such that their late-time
correlators yield the conformal primaries of weight A, [H:
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A new theory emerging?

The hadronization conjecture

Light scalars in A¢p*-theory in de Sitter space “hadronize” on large scales into scalar hadrons ¥, (1, ¢;) such that their late-time
correlators yield the conformal primaries of weight A, H:

(B, (L 40,10 ) | = (@, ()2, ()...)

Question: Can we find a Lagrangian description for the hadrons ¥, (¢, ¢,)?
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Anew EFT emerging?

The hadronization conjecture

Light scalars in A¢p*-theory in de Sitter space “hadronize” on large scales into scalar hadrons ¥, (1, ¢;) such that their late-time
correlators yield the conformal primaries of weight A, [H:

(P, 60T, 0 )...)|  =(®, @)D, (8)...)
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Question: Can we find a weakly-coupled EFT description for the hadrons ¥, (,¢,)? ~ conlaclk inbermarions
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Anew EFT emerging?

The hadronization conjecture

Question: Can we find a weakly-coupled EFT description for the hadrons ¥, (¢, ¢,)?
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Anew EFT emerging?

The hadronization conjecture

Question: Can we find a weakly-coupled EFT description for the hadrons ¥, (7, ¢,)?
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Anew EFT emerging?

The hadronization conjecture §

* Fourier transform stochastic (CDpl(¢1)<Dp2(¢2)<bp3(q53)¢p4(¢4)):
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Anew EFT emerging?

The hadronization conjecture

* Strategy: compute four-point function in kinematic regimes where less distances are involved — Fourier transform easier
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Goals of this talk

The infrared story of light scalars in de Sitter
* Work with a generalization of Starobinsky’s stochastic formalism to higher-point functions and with systematic
understanding of corrections
* study higher-point correlation functions of the composite operators (@, (¢,(X))®@, (¢,())P, (P(X5)) ... ):
Ly verify de Sitter invariance
La provide physical interpretation for composite operators
L» Can these correlators also be found from a weakly coupled effective field theory (EFT) for the composite operators?

X ~ unclear! Depends om 4- point Mod-ohinj...
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Goals of this talk

The infrared story of light scalars in de Sitter

* Work with a generalization of Starobinsky’s stochastic formalism to higher-point functions and with systematic
understanding of corrections

* study higher-point correlation functions of the composite operators (@, (¢,(X))®@, (¢,())P, (P(X5)) ... ):
Ly verify de Sitter invariance
La provide physical interpretation for composite operators

L» Can these correlators also be found from a weakly coupled effective field theory (EFT) for the composite operators?

X ~ unclear! Depends om 4- point Mod-ohinj...
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