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Motivations

▶ Chalenging the accuracy of galaxy surveys implies to develop strong statistical methods in 
LSS data analysis to constrain the large variety of cosmological models. The obsevational chain 
must be controled and unbiased 

Need for reliable covariance matrix for a given observable 

▶ What kind of observable ? Need for a direct observable that does not suffer from any fiducial 
   bias :  
                                                  the angular power spectrum Cl 
▶ Possibility: galaxy catalogue simulations  
 
           •  Fast —> Monte Carlo sampling  
           •  Few characteristics but well controled 
         

Theoretical Power spectrum P(k)

Probability distribution function

Input Output

Cl’s
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Sampling a field with a given p.d.f. and power spectrum

▶ The simpliest case of a gaussian p.d.f. of a matter field

⟨δ ⃗k δ ⃗k′ ⟩ = δK( ⃗k + ⃗k′ )k−3
f P( ⃗k )

       •  In a periodic box of lenght L and number of sample per side Ns, we define

kf = 2π/L the fundamental mode

it can be shown that 

from uniform distributions

•  p.d.f and spectrum as expected with high level of confidence 

•  Well suited for CMB but dark matter clustering being non linear —> dark matter halo p.d.f 
    non gaussian  —> galaxy distribution non gaussian as well that introduce correlations 
    between modes appearing in the covariance matrix of spectra

ϵ1, ϵ2 ∈ [0,1]

δ( ⃗x ) = Δρ( ⃗x )/ρ0 density contrast field
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▶ The case of a non gaussian field

What choice of pdf ? it can be shown (Coles & Jones (1991), Clerkin et al. (2017)) that the log-normal 
shape is a good approximation to represent the galaxy field

Gaussian field

L(ν) = eν − 1

L(ν) = eν − 1
ν( ⃗x )

Non Gaussian field

δ( ⃗x )

Does it works?

spectrum not controled

pdf controled

Sampling a field with a given p.d.f. and power spectrum
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analytical 
example!



ξδ ≡ ⟨δ1δ2⟩ = ∫ L(ν1)L(ν2)ℬ(ν1, ν2, ξν)dν1dν2

▶ The case of a non gaussian field

•  Be           the initial gaussian field and            the desired non gaussian field 

•                               must be well designed to get a well shaped  

• Must work on 

ν( ⃗x ) δ( ⃗x )

ξν = FFT−1[Pν] δ( ⃗x )

ξν( ⃗x ) = H[ξδ( ⃗x )]
must find out

Pth
δ ( ⃗k )

ξth
δ ( ⃗x )

ξvirt
ν ( ⃗x )

Pvirt
ν ( ⃗k )

ν ⃗k

ν( ⃗x )

δ( ⃗x )

FFT−1

H[ξth
δ ( ⃗x )]

FFT

gaussian 

sampling

FFT−1

L[ν( ⃗x )]

Sampling a field with a given p.d.f. and power spectrum
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Pth
δ (k)

aliasing
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•  Need to caracterise correlations between modes: the trispectrum 

• That have an influence on the covariance matrix (Scoccimarro et al. (1999)) : 

  

• Developping this relation, we get the approximate expression for the diagonal

the coefficients of the Hermite polynomials

⟨δ ⃗k1
δ ⃗k2

δ ⃗k3
δ ⃗k4⟩c

= δD( ⃗k1 + ⃗k2 + ⃗k3 + ⃗k4) T( ⃗k1, ⃗k2, ⃗k3)

▶ The power spectrum covariance matrix

6/14NL 
transformation gaussian p.d.f.

C(X) = E[(X − E[X])(X − E(X))T]
Definition



10°2 10°1

k [hMpc°1]

10°4

10°3

10°2

k3
s

2 P
(k

)
[h

°
3 M

pc
3 ]

s2
P(k) (G)

s2
P(k) (G + 1-NG)

s2
P(k) (G + 3-NG)
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▶Poissonian sampling

random
poissonian
sampling

non gaussian
density 

distribution

Point-like
distribution

(catalog)

̂P( ⃗k ) = |WTH( ⃗k ) |2 Pth( ⃗k ) +
1

ρ0(2π)3

•  Predicted spectrum : 

•  Snapshot : choose an average density and a smoothing scheme

Convolution function 
Shot noise 8/14
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▶ Generate a galaxy catalogue

•  choose zmin,zmax for your catalogue and generate Nshl snapshots at intermediate redshifts 
•  place ourself at the center of each box 
•  select shells in snapshots that correspond to the comoving volume of the redhift interval  
    of the snapshot 
• glue all shells to reconstruct the lightcone

zsnap = zmin zsnap = zmin + dz

+ . . . +

zsnap = zmax

∑
i

[R(zi − dz /2), R(zi + dz /2)]
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 • Near Gaussian covariance matrix
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▶ Conclusion 

          • General code to simulate any universe in a power spectrum oriented analysis 
           • Fast method for accurate P(k) and Cl’s 
           • Covariance matrix prediction 
           • Super Sample covariance embedded  
     
           —>   Baratta, Bel, Plasczcynski, Ealet  arXiv:1906.09042 
                                                                            AA/2019/36163 

▶ Next developpements  

           • RSD in next analysis 
           • Comparison with Nbody codes (DEMNUni) 
           • Adaptation of FFT’s in curved manifold 
           • Public code 
           • Surveys forcasts 
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https://arxiv.org/abs/1906.09042


Extra slides
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agrawal et al. (2017)


