
Perturbative unitarity bounds on field-space curvature
in de Sitter spacetime

We investigate unitarity bounds
for a field-space curvature model

in de Sitter spacetime.

Allowed region from
the purity bound γ ≥ 0

Tomoya Inada (UTokyo, Japan)  

 Perturbative Unitarity Bounds 
Theoretical constraints on EFT 

parameters from unitarity
as a consistency condition

We derive the bounds using momentum-space purity γ
rather than scattering amplitudes. 

(following an approach developed at Cambridge!)



The Path to the NUT Solution: A Coordinate-Free Approach

1 Newman–Penrose (NP) Formalism

2 Newman–Unti–Tamburino (NUT) Solution
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Scalar field Φ coupled to thermal gravitons  corrections to scalar field commutator 

How can graviton fluctuations
induce A Spread of the Lightcone? 

Vacuum contributionThermal contribution

Still a perturbative effect

At T=300 K,
wait 10⁴ yrs for the lightcone

spread to reach a meter 

Black Hole application

Time duration for the lightcone
spread to reach the BH size
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  Contours 2026 “Reheating after axion Inflation” 

Reheating after axion inflation

The completion of Reheating?　

Tenta Tsuji 
KEK Theory Center··ϕ + 3H ·ϕ + Γϕ

·ϕ + V′ (ϕ) = 0

inf end inf end inf end

thermal friction from thermal bath

We study this question in axion inflation set up
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Thermal Equilibrium Open EFT of de Sitter and Warm Inflation
Wenqi Yu (HKUST)
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How many Nambu–Goldstone modes?

Goldstone theorem

SSB =→ gapless Nambu–Goldstone modes (NGMs)

But in general NNGM ↑ NBG.

Known reduction mechanisms

Two reduction mechanisms are known:

↓[Q,Q→]↔ ↗= 0 =→ Le! ↘ ωω̇→
(BWM pairing)

[P,Q] ≃ Q→ =→ ω→ ≃ εω (inverse Higgs)

New mechanism: geometric pairing

[P,Q] ≃ P =→ Le! ↘ ωω̇→

A general counting formula for NGMs in many-body systems follows.
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