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Stochastic inflation

Cosmological perturbations 

beyond perturbation theory
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“Stochastic inflation” in 

INSPIRE-HEP

• 164 papers

• 98 of these since 2015

Initial paper: Starobinsky 

1986



Background
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Equations of motion:

Slow-roll parameters:

Inflation? Slow-roll?



Perturbations
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Field perturbations:

Curvature perturbation:



Beyond linear perturbations
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approximation:

Separate universe approximation:

Locally:



Divide the field in two
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Coarse-graining scale:

Separate universe Linear perturbations



Drifting modes: stochasticity
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Linear,
sub-Hubble



Drifting modes: stochasticity
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Drifting modes: stochasticity
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Coarse-graining exit:
Stochastic kick



Stochastic inflation
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e-folds as time variable

de Sitter result / numerical computation



Stochastic inflation
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Slow roll:



Stochastic inflation
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Slow roll:



Stochastic inflation
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Constant roll:
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Initial X

Final X

Switch noise off

stochastic

evolution

classical

evolution

Final coarse-graining scale 

final



Delta N formalism
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Delta N formalism
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Vary coarse-graining scale for same patch



Delta N formalism
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Vary coarse-graining scale for same patch

Obtain:



Primordial black holes



High peaks: primordial black holes

• Dark matter

• Seeds of supermassive BHs

• GW source

From compaction function:
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PBHs from inflation

perturbations

produced
PBHs

collapse

radiation dominationinflation

super-Hubble
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Inflection point models
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Inflection point models
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PBHs

CMB



Exponential tails
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Figueroa:2020jkf



Simplification: constant roll
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approx. constant



Simplification: constant roll
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Numerical
result

Gaussian fit

Analytical
result

Tomberg:2023kli
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Raatikainen:2025gpd
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Raatikainen:2025gpd
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Raatikainen:2025gpd
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Raatikainen:2025gpd



Convergence at large radius?

Correct collapse criterion for spiky profiles?

Redo collapse simulations?

Open questions
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Stochastic trees
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Animali:2025pyf

Start from 1 Hubble patch

     Once volume doubled: split in two

Spatial distribution? 
Clustering?



Lattice simulations
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Launay:2024qsm

Stochastic grid Combining stochastics and 
numerical relativity

Mizuguchi:2024kbl



Multi-field inflation
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Murata:2025onc

Hybrid inflation model

Upper bound to curvature 
perturbation



Gradient corrections
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Briaud:2025ayt

Go beyond leading order in
gradient expansion

Colored noise
Exponential tails: a pullback effect



Eternal inflation
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Maximum:               Minimum:         

Tomberg:2025fku



Eternal inflation
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Stochastic inflation gives a non-perturbative 

handle on inflationary perturbations

Useful for primordial black hole studies

Developments in various directions:

stochastic trees, multi-field setups,

gradient corrections…

SUMMARY
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