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Which perturbations collapse?

Non-linear process

Initial conditions:

δ, metric perturbations
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Which perturbations collapse?

Numerical relativity

Compaction function:
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Collapse simulations
Musco:2018rwt

Collapse:
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Collapse simulations
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Collapse simulations
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Collapse simulations
Musco:2020jjb
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Compaction versus curvature
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Cosmological perturbation theory:

curvature perturbation

Super-Hubble:
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Perturbations from inflation

Linear perturbation theory

Curvature perturbation __
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Single-field inflation: background
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Equations of motion:

Slow-roll parameters:

Inflation? Slow-roll?



Single-field inflation: perturbations
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Field perturbations:

Curvature perturbation:



Inflection point models
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Inflection point models
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Inflection point models

1 7

PBHs

CMB

Peak scale: PBH mass



Inflection point models
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Compaction function?
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Gaussian perturbations: mean profile

Gaussian

Then:

threshold gives     threshold



PROBLEMS

Linear perturbations

not enough?

Mean profiles not enough?
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Beyond linear perturbations
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Separate universe approximation:

Locally:



Beyond linear perturbations

2 2
approximation:

Separate universe approximation:

Locally:
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Linear perturbations:

small-      expansion

+ metric

   perts



Separate universe:

small-            expansion



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



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



Vary coarse-graining scale for same patch:

include kicks up to scale 

        formalism:

Radial profiles
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Vary coarse-graining scale for same patch:

include kicks up to scale 

        formalism:

Radial profiles
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Obtain:



RECAP

Gaussian     from linear perturbations
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Stochastic inflation: non-Gaussian tails

Varying coarse-graining scale

Full           profiles 

(+ mean profiles)

(+ constant-roll approx.)
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Raatikainen:2025gpd
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Convergence at large radius?

Correct collapse criterion for spiky profiles?

Redo collapse simulations?

Open questions
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Stochastic trees

4 5

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

4 7

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 provides

radial curvature profiles

Curvature profiles

give compaction function

Profiles very spiky:

relation to collapse simulations?

SUMMARY
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