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General relativity 

Gμν = Tμν

Initial conditions :  

INFLATION

[Ωk, H0, σ8, ns, Ωm, Ωb, Ωr, w0, wa] = Θ

+
FLRW metric: 

‣expansion 
‣homogeneity 
‣ isotropy 
‣Flat ?

ργ ρν ρc ρb ρΛ

Universe content 



Perturbative cosmology
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ρi = ρ̄ (1 + δi) δi( ⃗r, a(t), Θ)

Θ = [f (H0, Ωm, w0, . . . ), σ8, ns]

f =
∂δm

∂ln(a)
Growth rate of structures :  
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∂δ
∂τ

+θ+ ⃗∇ ⋅ (δ ⃗u ) = 0

∂θ
∂τ

+ Hθ+ ⃗∇ ⋅ [( ⃗u ⋅ ⃗∇ ) ⃗u ] = −
3
2

H2δ

ΔΦ =
3
2

(aH)2Ωmδ

δg = O(δ)
ug = u

Continuity

Euler

Poisson

θ = ⃗∇ . ⃗u

Perturbation theory

δ( ⃗k ) =
∞

∑
n=1

δ(n)( ⃗k )

θ( ⃗k ) =
∞

∑
n=1

θ(n)( ⃗k )
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Two point correlation 
function 

δg( ⃗r, t) ⟨δg( ⃗r1, t)δg( ⃗r2, t)⟩ = ξgg( ⃗r1 − ⃗r2, t)

Observable !

ug( ⃗r, t)
⟨ug( ⃗r1, t)ug( ⃗r2, t)⟩ = ξuu( ⃗r1 − ⃗r2, t)

Can’t predict !



The observable 
2 point correlation function 
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ξ( ⃗r) ≡ ⟨δ( ⃗x )δ( ⃗x + ⃗r)⟩

Correlation function

⟨ . ⟩ =

Average over a large volume

Average over different 
realizations of the Universe

=

Linear 
Non- 

Linear 



Likelihood inference
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Noise + Cosmic variance



N-body simulations
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• Chose cosmological 
parameters + gravity model


• Draw some random field IC


• Solve Iteratively the dynamical 
equations

Dark matter only
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Ωcosmo
Dark matter  
simulation Halo catalog Galaxy catalog

Observable

Measure 
clustering

Halo 
Finder

Halo-Galaxy 
Connection

Likelihood

DATA

Simulation based inference Ωbias
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Simulation based inference

Observable Likelihood

DATA

Ωcosmo

ΩHOD

Emulator
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Simulation based inference



Recovery test on 25 ideal mocks
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Modeling observational effects
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Survey footprint

Galaxy density + velocity errors + (RA,DEC, )->(x,y,z) + 
…

z
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