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Extreme perturbations
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Extreme perturbations

in inflation



Extreme
cosmological perturbations
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Stochastic inflation

Example: hilltop inflation

Recent developments



Cosmological perturbations
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Inflation: linear perturbations

CMB

Growth of structure

LSS



What about
large primordial perturbations?
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Primordial black holes Eternal inflation



Primordial black holes
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Collapse in the early Universe

Dark matter candidate

GW source

Seeds for supermassive BHs



Carr:2026hot
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Rare perturbations make 
inflation last longer

Longer inflation: larger volume

Some inflating regions remain 
at all times 

Eternal inflation



Properties of
extreme perturbations
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Abundance

Distribution in strength

Distribution in space



Tools
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Lattice simulations of inflation

Stochastic inflation

ΔN formalism



ΔN formalism
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Locally:



ΔN formalism
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Separate universe 
approximation

Gradient expansion



ΔN formalism
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Separate universe 
approximation

Gradient expansion
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Separate universe Linear perturbations

Coarse-graining scale:

Stochastic inflation



Stochastic inflation
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Slow-roll



Stochastic inflation
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Slow-roll General attractor



Stochastic inflation
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Stochastic inflation
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Stochastic inflation

1 8



Stochastic inflation

1 9

Adjoint Fokker-Planck

Fokker-Planck



Stochastic inflation
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Stochastic inflation
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Stochastic inflation
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Hilltop inflation
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Classical trajectory:



Hilltop inflation
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Classical trajectory:

Classical Diffusion



Hilltop inflation
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Spectral decomposition:
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Hilltop inflation: ΔN
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Coarse-grained curvature perturbation:

Coarse-graining scale Stochastic



Background?

3 1

Use median!



Mean fails as background!
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Use median?

Beyond hilltop?



Hilltop inflation: ΔN
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PBH models
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Eternal inflation

3 5
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Stochastic trees

Animali:2025pyf
Start from 1 Hubble patch

Once volume doubled: 
split in two

Spatial distribution? 
Clustering?
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Launay:2024qsmMizuguchi:2024kbl

Lattice simulations

Stochastic grid Combining stochastics 
and numerical relativity
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Multi-field inflation

Murata:2025onc

Hybrid inflation model

Upper bound on 
curvature perturbation
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Briaud:2025ayt

Gradient corrections

Go beyond leading order 
in gradient expansion

Colored noise
Exponential tails: a pullback effect
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Summary

Extreme inflationary perturbations: 
an active research field

Stochastic inflation well-suited for 
studying largest perturbations

Characterising perturbations is tricky: 
how to define background?
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