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Outline 

•  Goal: fixing the matter power spectrum 
 
•  Tool: a new clustering statistic, the clustering ratio 
 
•  Test: blind analysis of simulations 
 
•  Results: Omega_m from SDSS DR7 and VIPERS PDR1  
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Perturbation Theory The Matter power spectrum 
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Perturbation Theory The Matter power spectrum 
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Perturbation Theory The Matter power spectrum 
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Variance of fluctuations in spheres: 

  

€ 

σ g,R
2 = δg,R

2( x )

R

Statistical properties of smoothed over-densities 
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2-point correlation function: 
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Perturbation Theory Statistical properties of smoothed over-densities 

Survey description in Guzzo et al. (arXiv:1303.2623G) and data 
access to PDR-1 in Garilli et al. (arXiv:1310.1008G) 
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2-point correlation function of smoothed matter field: )().0().(),( 2
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Statistical properties of smoothed over-densities 
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Statistical properties of smoothed over-densities 
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•  Redshift evolution 

•  Non linear bias 

•  Redshift distortions 

2-point correlation function of smoothed matter field: )().0().(),( 2
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22 σσ =variance of smoothed matter field: 

Statistical properties of smoothed over-densities 
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The matter clustering ratio: 

€ 

ηR (r) =
GR (r)
FR

ηg,R (r) =ηR (r)

ηg,R (r) =ηR (r)− S3,R −C12,R( )c2 +1/ 2c22{ }ξR (r)+1/ 2c22ηR (r)ξR (r)
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ηg,R (r) ≡
ξg,R (r)
σ g,R
2

The galaxy clustering ratio: 

The clustering ratio 

If second order bias coefficient satisfies to                    | c2 |<1

Bel & Marinoni 2012 (MNRAS) 
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The matter clustering ratio: 
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The galaxy clustering ratio: 

The clustering ratio 

What you see (clustering of galaxies) is what you get (clustering of matter) 

If second order bias coefficient satisfies to                    | c2 |<1

Bel & Marinoni 2012 (MNRAS) 
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1 h-3 Gpc3 comoving 
output at z=1 of 
MultiDark simulation 
(Prada et al. 2012) 

€ 

ηg,R (r) ≡
ξg,R (r)
σ g,R
2

The galaxy clustering ratio: 

The clustering ratio in the weakly non linear regime 

14 millions of Haloes 
with masses 
between 1011.5 h-1 
and 1014.5 h-1 solar 
masses 

n = r
R

Smith et al. (2003) 
Linear 
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Redshift space (light cone): 

€ 

ηR (r) =
GR (r)
FR

€ 

ηg,R (r) ≡
ξg,R (r)
σ g,R
2

Real space (comoving output): 

The clustering ratio Vs Halo bias 

What you see (clustering of galaxies) is what you get (clustering of matter) 

n = r
R
= 3
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Impact of scale dependent bias: 

The clustering ratio Vs Galaxy bias 

Analysis performed on HOD galaxy mock catalogues described in 
de la Torre et al. (2013) 
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The matter clustering ratio: 

€ 

ηR (r) =
GR (r)
FR

ηg,R (r) =ηR (r)

Power spectrum Alcock-Paczynski  

ηg,R (r) =ηR (r)− S3,R −C12,R( )c2 +1/ 2c22{ }ξR (r)+1/ 2c22ηR (r)ξR (r)
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ηg,R (r) ≡
ξg,R (r)
σ g,R
2

The galaxy clustering ratio: 

The clustering ratio as a cosmological test 

If second order bias coefficient satisfies to                    | c2 |<1
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The clustering ratio as a cosmological test 
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 “Blind test” of N-body simulations: 
Figuring out the hidden cosmology 
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SDSS DR7 + VIPERS PDR1  

Planck 



15 

 Conclusions 

•  A new clustering statistic:  the galaxy clustering ratio ηg,R =
ξg,R
σ 2

g,R

   -  Its amplitude is the same for galaxies and matter  

   - The estimator is simple (count-in-cell)  and robust (blind analysis on NON 
LCDM cosmology) 

•  Assuming a flat LambdaCDM universe and combining VIPERS and SDSS 
measurements 

€ 

Ωm = 0.274 ± 0.017

•  Next: include massive neutrinos and constrain their mass 
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 Luminosity dependence in SDSS 



11 

Linear  
Perturbation 
Theory 

Distance-
Redshift 
Relation 

ESTIMATOR 

Likelihood Ω

Rg ,η

PRIORS: 
• On Ho from HST 

• On baryonic   
density from 
BigBang 
Nucleosynthesis  

•  On the spectral 
index from CMB 

Application of the strategy (SDSS) 
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Linear  
Perturbation 
Theory 

Distance-
Redshift 
Relation 

ESTIMATOR 

Likelihood Ω

Rg ,η

PRIORS: 
• On Ho from HST 

• On pair-wise 
velocity dispersion 
from VVDS 

• On baryonic   
density from 
BigBang 
Nucleosynthesis  

•  On the spectral 
index and norm 
from CMB 

Application of the strategy (VIPERS) 

Rη

PRIORS: 

€ 

0 ≤ Ωm ≤1
0.5 ≤ h ≤ 0.9
100 ≤σ12 ≤ 500

0.015 ≤ Ωbh
2 ≤ 0.03

0.9 ≤ ns ≤1.
0.02 ≤ ΔR

2 ≤ 0.09

(weak) (strong) 



Non Linear Power Spectrum 

40 

where € 

ηR (r) =
GR (r)
FR

RSD parameter 

Non Linear redshift space distortions 

Dispersion model: 

(Gaussian) 

Angle average of the power  

spectrum in redshift space 

(Peacock & Dodds 1994) 
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where 

Non Linear redshift space distortions 

Simple theoretical prediction: 

(Gaussian) 
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Scale dependent galaxy bias 

From de la Torre & Peacock (2013): 


