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What are Positivity Bounds?

Motivation

[Adams+Arkani Hamed+Dubovsky
+Nicolis+Rattazzi 2006]Sketch of Derivation

… and many other recent works
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[Adams++ 2006]

[de Rham+SM+Tolley+Zhou 2017]

[Nicolis+Rattazzi+Trincherini 2010]



How to apply Positivity Bounds in Cosmology?

Strategy 1: Covariant Theory
[de Rham+SM+Noller 2021]

[SM+Noller 2019]
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How to apply Positivity Bounds in Cosmology?

Strategy 1: Covariant Theory
[de Rham+SM+Noller 2021]

[SM+Noller 2019]

Strategy 2: Subhorizon Scattering [Grall+SM 2020]

[Baumann+Green+Lee+Porto 2016]

[Grall+SM 2021]
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Positivity requires new physics 
(beyond single-field weakly-coupled 
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Where do we go from here?

Strategy 3? Amplitudes → Wavefunction
[Pajer+Jazayeri+Goodhew 2021]
[Cespedes+Davis+SM 2021]
[SM+Pajer 2021]
[Pajer+Jazayeri+Goodhew+Lee 2021]**

(**also Arkani Hamed+Baumann+Duaso Pueyo+Joyce+Lee+Pimentel+Stefanyzyn and others)
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Unitarity ⇒ Cosmological Cutting Rules

𝜓N = O
OPN

… O
OPO

Ψ 𝜙 1
PQ1

Wavefunction Coefficient

Ψ 𝜙Wavefunction
at time 𝑡

Causality ⇒ ??? Need a cosmological
dispersion relation

Calculable on horizon scales

Well-defined boundary observable

=

Unitarity ⇒ Cutting Rules

𝐴(𝑠, 𝑡, 𝜔2, 𝜔0, 𝜔3)

Subhorizon Amplitude

Causality ⇒ Dispersion relation
(Analytic in complex 𝑠)

Easy to compute (subhorizon)

Analogy with particle physics

e.g. Positivity ingredients:



Where do we go from here?

A Positive Outlook

Strategy 3? Amplitudes → Wavefunction
[Pajer+Jazayeri+Goodhew 2021]
[Cespedes+Davis+SM 2021]
[SM+Pajer 2021]
[Pajer+Jazayeri+Goodhew+Lee 2021]
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