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Planck Collaboration 
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 Linear evolution

deterministic Stochastic

Translation invariance = decoupled modes

Stochastic part simplifies !

time
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Relativistic Poisson equation (G00=T00)



Quadratic Evolution
First order equation with second order fields Quadratic source term 
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Quadratic level: the bispectrum evolution
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Linear 
evolution

Non-linear 
evolution



Squeezed limit
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Enfolded

EquilateralSqueezed

Single-field inflation = Multi-field inflation!



Relativistic effects

Newtonian limit: 
● No horizon
●  
●

Time dependence: 

Relativistic effects: 
● Horizon 
●  



Relativistic effects

Time dependence: 

● Degenerated in momentum space

● Degenerated in time

● Important for large scales, hence in the squeezed limit  

● Small scales highly non-linear             N-body-simulation  
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Inflation
Initial conditions for 
N-body simulation

N-body sim 
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This is N
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This is N

BAD

BAD BAD
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https://github.com/TomaMTD/gevolution-1.2
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● Relativistic effects are important at large 
scale

● We introduce a cut-off
● Exact computation for 



For
Large/small scales splitting 
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Large/small scales splitting 

Relativistic effects are small at small scales and very costly ! 
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Merci !


