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The workshop gathers active researchers, who aim to push forward the 
analytical treatment of the nonlinear large scale structure of the Universe, in view 
of the ongoing numerical progress, and the timely observational demands. 
  
It will provide an overview of the current main perturbative approaches, and 
their up to date status, including their advanced applications to study alternative 
theories of Gravity, massive neutrinos, and non-Gaussianity. 
    
The workshop is designed to be a meeting of diverse researchers, bringing in 
their various perspectives on the field, yet allowing for large informal interaction, 
in order to foster a meaningful and fertile exchange of notions for progress in the 
field.  
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The workshop aims at gathering active researchers 
in the development of efficient analytical methods 
for the computation of the statistical properties of 
the large-scale structure of the Universe. It will 
provide the opportunity for participants to present 
and discuss the merit ands scopes of the different 
Perturbation Theory approaches that have been put 
forward in recent years.



April 30 – Mai  3, 2013

With the advent of  a new generation of wide field cosmological surveys 
aiming at characterizing the mass and energy content of the universe, it 
becomes important to develop tools for predicting and computing cosmic 
field statistical properties, such as cosmic density spectra or bispectra 
beyond the linear regime. To achieve such an objective, besides N-body 
simulations, one can rely on Perturbation Theory techniques that allow to 
approach such quantities in a controlled way. Furthermore those methods 
could in principle be exploited for a variety of cosmological models that 
include non-standard effects such as massive neutrinos or modified gravity 
models. 
In this context, this workshop aims at gathering active researchers in the 
development of efficient analytical methods for the computation of the 
statistical properties of the large-scale structure of the Universe. It will 
provide the opportunity for participants to present and discuss the merits 
and scopes of the different Perturbation Theory approaches that have been 
put forward in recent years.

Main topics will include
• hardcore methods of perturbation theory
• application to redshift-space distortions
• biasing mechanisms and properties of halos
• construction of modified gravity &amp; dark energy models 
• impact of massive neutrinos on the development of large-scale structure
• computations of covariances

Program
The scientific program will gradually be established, based on the proposals 
of accepted contributions
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What is at stake? 
  - using LSS data to constrain models

What do we want to learn?

- Initial metric perturbations, spectra, primordial non-Gaussianities
- constraints on the dark matter particles - mass of the neutrinos
- dark energy/modification of the gravity in the expansion/growth 
of structure

 Nonlinear effects are ubiquitous!

- Redshift space distortions - Cosmic shear maps



Euclid: combining WL and GC data 

• !Tomographic!WL!shear!cross0power!spectrum!for! !0.5!<!z!<!1.0!
and!1.0!<!z!<!1.5!bins.!

• !Percentage!difference![expected'–'measured]!power!spectrum:!!
recovered!to!1%!.!

Input P(k) 

B-modes 

• !!!Veff!≈!19!h03!Gpc3!≈!75x!larger!than!SDSS!

• !!!RedshiPs!0.7<z<1.85!

•  Percentage! difference! [expected' –' measured]! power!
spectrum:!!recovered!to!1%!.!

Euclid : DM power spectrum                 Euclid: Galaxy power spectrum              

                                                                           Euclid                     NL LSS Workshop IAP, 24 May 2016 

Data in next generation surveys will be of fantastic precision !



Standard observables : power spectra

 Power spectra are identified as the primary mean for constraining 
cosmological parameters   

 which statistical errors ? 
 which systematic uncertainties (instrumental, astrophysical) ?  
 which theoretical uncertainties ?

 Theoretical predictions: for what? How accurate are they? 
 Linear / direct PT (parameter free) predictions 
 EFT approaches for which regimes? How are the EFT parameters 

identified and determined (marginalized over ? from simulations?) 
 How to take into account extensions from the standard ingredients 

(modified gravity models, massive neutrinos)? 
 How to quantify the accuracy of the predictions?



                                                                           Euclid                     NL LSS Workshop IAP, 24 May 2016 

Euclid Wide and Deep Surveys 
•  Euclid Wide:  

•  15000 deg2 outside the galactic and 
ecliptic planes 

•  12 billion sources (3-σ) 

•  1.5 billion galaxies with 

•  Very accurate morphometric 
information (WL)  

•  Visible photometry:  (u), g, r, i, z , (R
+I+Z) AB=24.5, 10.0 σ + 

•  NIR photometry : Y, J, H AB = 24.0, 
5.0σ  

•  Photometric redshifts with 0.05(1+z) 
accuracy  

•  35 million spectroscopic redshifts of 
emission line galaxies with  

•  0.001 accuracy  

•  Halpha galaxies within 0.7 < z < 
1.85 

•  Flux line: 2 . 10-16 erg.cm-2.s-1 ; 3.5σ  

•  Euclid Deep:  

•  1x10 deg2 at North Ecliptic pole  +  1x20 
deg2 at South Ecliptic pole 

    + 1x10 deg2 South Equatorial field 

•  10 million sources (3-σ) 

•  1.5 million galaxies with 

•  Very accurate morphometric 
information (WL)  

•  Visible photometry:  (u), g, r, i, z , (R
+I+Z) AB=26.5, 10.0 σ + 

•  NIR photometry : Y, J, H AB = 26.0, 
5.0σ  

•  Photometric redshifts with 0.05(1+z) 
accuracy  

•  150 000 spectroscopic redshifts of 
emission line galaxies with  

•  0.001 accuracy  

•  Halpha galaxies within 0.7 < z < 
1.85 

•  Flux line: 5 . 10-17 erg.cm-2.s-1 ; 3.5σ  



Quasi-non-standard observables 
 Higher order correlation functions 

 expected to be large  
 expected to carry significant amount of 

information

Non-standard observables 

 More robust observables or best fitted for 
specific physical probes? 

 Minkowski functionals? 
 density PDFs ? 
 …

For a non-Gaussian fields, what are the best statistical tools ? 
Correlations of multi-cell densities 3

Figure 1. The configuration of spherical cells considered in this
paper which is made of multiple sets of concentric spheres sepa-
rated by distances r

IJ

. Their respective density, ⇢
I,i

, corresponds
to a set of n spheres of same radii R

I,i

⌘ R
i

.

der to estimate the induced bias and variance, let us study
the joint statistics of these sets.

2.1 The bias function of concentric spheres

Let us consider multiple sets (labelled from I = 1 to N
t

) of n
concentric spheres (labelled from k = 1 to n) of radii R

I,k

⌘
R

k

separated by distances r
IJ

, and define the corresponding
measured (hence the hat) densities {⇢̂

I,k

} (see Fig. 1 for an
illustration). The joint PDF of those N

t

sets,

P({⇢̂
1,k

}, . . . , {⇢̂
Nt,k}; {rIJ}) , (3)

is characterized by the full knowledge of the cumulants of
the form
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The purpose of this paper is to estimate the joint PDF
P({⇢̂

1,k

}, . . . , {⇢̂
Nt,k}; {rIJ})) in the large-separation limit,

where r
IJ

� R
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. In this limit, we will demon-
strate in Section 4.2 that this PDF reads
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where ⇧
I

P({⇢̂
I,k

}) is the product of one-point PDFs, ⇠(r)
is the underlying dark matter correlation function, and
b({⇢̂

I,k

}) is some local bias function for the set I of n con-
centric spheres. This is the count-in-cell analog of the so-
called peak-background-split or clustering bias. Equation (5)
is the key result of this paper and will be used in the follow-
ing sections to compute b({⇢̂

I,k

}) whose final expression is
given by equations (36) and (42) below. We will also show
in Section 4.4 that the bias obeys

R
b(⇢)P(⇢)d⇢ = 0 andR

⇢ b(⇢)P(⇢)d⇢ = 1 so that the N-point PDF given in equa-
tion (5) is normalised and its marginal in one location is
exactly given by the one-point PDF.

Equation (5) allows us to define the excess probability
of having the sets of densities {⇢̂

1,k

}, . . . , {⇢̂
Nt,k} separated

by {r
IJ

} as
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From equation (6), we see that the error in assuming that the
draws of concentric densities in simulations are independent
scales like the dark matter correlation1.

2.2 The bias and variance of concentric cumulants

Let us now define the arithmetic mean over sets of concentric
spheres as
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This quantity naturally corresponds to what astronomers
would measure in practice (spatial averages rather than en-
semble averages). Our purpose is to quantify the bias and
the expected cosmic variance of this estimator. Given equa-
tion (5), one can check that the expectation of the arithmetic
estimator defined by equation (7) obeys
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so that the mean of the estimator given by equation (7) is
unbiased at large distances.

Let us now estimate the cross correlation of this estima-
tor, Cpq ⌘ h⇢p1
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and express it in terms
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The first term in equation (9) is the error on the mean which
is the typical error if draws are independent. The correla-
tions between the draws – i.e the cells – lead to an addi-
tional source of errors encoded in the second term which
corresponds to the bias function. Note that as expected, in
the very large separation limit where ⇠(r

IJ

) ! �
IJ

, we get
Cpq ! C0

pq/Nt

.

2.3 Errors on the PDF

Let us finally quantify the cosmic variance on the estimate
of the one-cell PDF when measuring densities in a finite
number N

t

of spheres. In this case, it is necessary to take
into account the discreteness of the counts and the size of
the bins of density.

The probability of having N spheres with density in
the interval �̂ = [⇢̂ � �⇢/2, ⇢̂ + �⇢/2] is unbiased and has
variance

⌦
N2

↵� hNi2 = N̄ + b2⇠̄N2 , (10)

where ⇠ is the mean correlation between the spheres, ⇠ =P
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⇠(r
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)/[N
t

(N
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� 1)], and N̄ = pN
t

with p =
R
ˆ

�

d⇢P(⇢)

1 In analogy with the corresponding situation for peaks, we can
anticipate corrections involving derivative of the dark matter cor-
relation at shorter separations.
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Knowing the data 
measurements, precision and systematics 

Confronting our understanding of the physical 
processes with simulations 



Confronting our understanding of the physical 
processes with simulations 





The methods. 
How good? How far? Do they meet the 

requirements ? 





Exploring physics with LSS probes 



We have privileged long presentations that should favor 
open interactions during the presentations. 
Discussion sessions are key moments during the 
workshop. 

Feel free to bring materials (slides) for the discussion 
sessions

Workshop organization:

Francis Bernardeau (IAP & IPhT Saclay) 
Michele Levi (IAP, ILP, UPMC)
Patrick Valageas (IPhT Saclay)


