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Counts in Cells

E. Hubble, 1934 

Theoretical model from first principles?

Ngal = 40Ngal = 10



Saddle point solution
(‘instanton’)

defined by spherical collapse
(Valageas’02)

Prefactor due to fluctuations
(‘determinant’)

contains aspherical corrections
(M.M. Ivanov’19)

Theory



Theory

F ≡ δL

R* = r*(1 + δ*)1/3

Spherical collapse:

Pre-exponential factor:

δ(r) = δ0(r)Y0( ̂r) + ∑
ℓ>0

ℓ

∑
m=−ℓ

δlm(r)Ylm( ̂r)

Monopole prefactor
evaluated exactly

Aspherical prefactor
can be calculated on grid numerically



N-body
SP
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1-point PDF, r*=10 Mpc/h, z=0

Unitarity    

 Non-zero mean  

 Fail to reproduce data 
⟨δ⟩ ≠ 0

Spherical PDF



Unitarity    

Zero mean  
Weakly depend on cosmology
 Overpredicts the data in tails

⟨δ⟩ = 0

Renormalization of UV physics is required

Aspherical prefactor (deterministic part)



Growth factor in non-linear background
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[dk]P(k)[D(η; R)]2 ≃ 1
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Renormalization of UV physics

D. Baumann et al., 2012 

δtot = δ + δs

utot,i = ui + us
i

…

‘kinetic’ part ‘potential’ part

τkin → ζkin [D(η, R)]m−2 τkin
fluid

τpot → ζpot [D(η, R)]m−2 τpot
fluid

Renormalization



Counterterm refactor

r*=15 Mpc/h

r*=10 Mpc/h

r*=5 Mpc/h
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Renormalised theory

● N-body data

Without couterterm
Full theory
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Model parameters



Combined fit

● z=0
● z=0.5
● z=1
● z=2.4
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Sensitivity to σ8

r*=15 Mpc/h

r*=10 Mpc/h

0.97 0.98 0.99 1.00 1.01 1.02 1.03

1

2

3

4

5

6

σ8
input/σ8

true

χtot
2 /Ndof

PDF is sensitive to the value of  at sub-per cent level σ8



Conclusions

 Renormalization of UV physics is required to reliable predict 
the PDF 

 Three-parametric model for couterterm prefactor is in 

excellent agreement with N-body data for 

 PDF is highly sensitive to the value of , perhaps at  
sub-percent level 

 Non-linear bias and redshift-space distortions must be taken 
into account before applying to galaxy surveys

r* ≥ 10 Mpc/h

σ8



Backup



Filtered n-point correlators


