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Sample the posterior through statistical processes
such as Monte Carlo Markov Chains
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Model Covariance : Errors and correlations

Sample the posterior through statistical processes
such as Monte Carlo Markov Chains

The covariance is a key ingredient for parameter inference
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I. Introduction

Covariance of the power spectrum P(k)

CMB è Gaussian initial 
conditions

Linear clustering

z = 1100 z = 10 z = 0

Non-linear clustering
on small scales

Stays Gaussian Becomes Non-Gaussian

Non-Gaussianities are contained in higher order statistics : Difficult to predict analytically

Bin averagedTrispectrum

[Wadekar & Scoccimaro 2019]

k & 0.2 h/Mpc
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Ĉij =
1

Nm � 1

"
NmX

n

[P (n)(ki)� P̄ (ki)][P
(n)(kj)� P̄ (kj)]

#

<latexit sha1_base64="54ZcGxwDRCPpraNw/HDan6YWq04="></latexit><latexit sha1_base64="54ZcGxwDRCPpraNw/HDan6YWq04="></latexit><latexit sha1_base64="54ZcGxwDRCPpraNw/HDan6YWq04="></latexit><latexit sha1_base64="54ZcGxwDRCPpraNw/HDan6YWq04="></latexit>

Estimate the full covariance from simulations

 ̂ = Ĉ�1
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and

Ø Sampling noise in the precision matrix propagates to the posteriors :  Additional errors
on best-fit and errors [Taylor et al. 2013 ; Dodelson & Schneider 2013 ; Percival et al. 2014 ;Taylor & Joachimi 2014]
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Ø Sampling noise in the precision matrix propagates to the posteriors :  Additional errors
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<latexit sha1_base64="X8bbvdVYOFTv4byI/S854MyvoOo="></latexit><latexit sha1_base64="X8bbvdVYOFTv4byI/S854MyvoOo="></latexit><latexit sha1_base64="X8bbvdVYOFTv4byI/S854MyvoOo="></latexit><latexit sha1_base64="X8bbvdVYOFTv4byI/S854MyvoOo="></latexit>

6



I. Introduction
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To deal with sampling noise we can : 

Ø Create very large sets of mocks : N-body is slow 
èApproximate method : covmos by Philippe Baratta [Baratta et al. 2019, Baratta et al. In prep]

Ø Sampling noise in the precision matrix propagates to the posteriors :  Additional errors
on best-fit and errors [Taylor et al. 2013 ; Dodelson & Schneider 2013 ; Percival et al. 2014 ;Taylor & Joachimi 2014]

Ø Hartlap bias in the precision matrix      [Hartlap 2007] 
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simulations and bins

To deal with sampling noise we can : 

Ø Create very large sets of mocks : N-body is slow 
èApproximate method : covmos by Philippe Baratta [Baratta et al. 2019, Baratta et al. In prep]

Ø Use alternative estimators
è Non linear shrinkage : NERCOME [Joachimi 2016]

Ø Sampling noise in the precision matrix propagates to the posteriors :  Additional errors
on best-fit and errors [Taylor et al. 2013 ; Dodelson & Schneider 2013 ; Percival et al. 2014 ;Taylor & Joachimi 2014]

Ø Hartlap bias in the precision matrix      [Hartlap 2007] 
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and

Sensitive to the number of 
simulations and bins

To deal with sampling noise we can : 

Ø Create very large sets of mocks : N-body is slow 
èApproximate method : covmos by Philippe Baratta [Baratta et al. 2019, Baratta et al. in prep.]

Ø Use alternative estimators
è Non linear shrinkage : NERCOME [Joachimi 2016]

Test and comparaison of analytic corrections, covmos and NERCOME

Ø Sampling noise in the precision matrix propagates to the posteriors :  Additional errors
on best-fit and errors [Taylor et al. 2013 ; Dodelson & Schneider 2013 ; Percival et al. 2014 ;Taylor & Joachimi 2014]

Ø Hartlap bias in the precision matrix      [Hartlap 2007] 
<latexit sha1_base64="X8bbvdVYOFTv4byI/S854MyvoOo="></latexit><latexit sha1_base64="X8bbvdVYOFTv4byI/S854MyvoOo="></latexit><latexit sha1_base64="X8bbvdVYOFTv4byI/S854MyvoOo="></latexit><latexit sha1_base64="X8bbvdVYOFTv4byI/S854MyvoOo="></latexit>
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II. Simulations and covariance

The DEMNUni-Cov simulations

Ø Cosmologies : 0ν and 16ν

Ø V = 1 Gpc/h3

Ø Np = 10243 (+ 10243)

8
>>>>>>>><

>>>>>>>>:

⌦m = 0.32
⌦b = 0.05
h = 0.67
ns = 0.96
As = 2.1265⇥ 109

3m⌫ = 0 or 0.16 eV
⌦cdm = 0.27 or 0.2663

<latexit sha1_base64="wr3Fn6L1dWTK3BD7dy8jOE/FlqA="></latexit><latexit sha1_base64="wr3Fn6L1dWTK3BD7dy8jOE/FlqA="></latexit><latexit sha1_base64="wr3Fn6L1dWTK3BD7dy8jOE/FlqA="></latexit><latexit sha1_base64="wr3Fn6L1dWTK3BD7dy8jOE/FlqA="></latexit>

CDM power spectrum : Pcb(k)

50 realizations for each cosmology : 5 as data vector (1 for each redshift) + 45 for the covariance

7

Managed by Carmelita
Carbone in Milan



II. Simulations and covariance

Fast non-Gaussian mock generation with covmos

Cloning the DEMNUni-Cov covariance matrix by targeting the P(k) and PDF(δ) 

Credit : Philippe Baratta
8



II. Simulations and covariance

Estimating the covariance matrix with NERCOME

Spectral decomposition of the covariance matrix

NERCOME = Non-parametric eigenvalue-regularised covariance matrix estimator

NERCOME covariances 
are estimated with Julian’s

code

Shrinks low eigenvalues
to make it invertible

See Joachimi 2016 for details

9



III. Results from MCMC on the DEMNUni power spectrum

Set-up for the MCMC : Fit of the CDM P(k) in real space

�2(P̂ (k)|✓) =
h
[P̂ (k)� P (k;✓)]TC�1[P̂ (k)� P (k;✓)]

i

<latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit>

DEMNUni

Halofit (with neutrinos « TakaBird »)

[Gaussian, DEMNUni-Cov, covmos, NERCOME]

10



III. Results from MCMC on the DEMNUni power spectrum

Set-up for the MCMC : Fit of the CDM P(k) in real space

�2(P̂ (k)|✓) =
h
[P̂ (k)� P (k;✓)]TC�1[P̂ (k)� P (k;✓)]

i

<latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit>

DEMNUni

Halofit (with neutrinos « TakaBird »)

[Gaussian, DEMNUni-Cov, covmos, NERCOME]

k = [0.01, kmax], �k = 0.01 h/Mpc
<latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit><latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit><latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit><latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit>

kmax = [0.1, 0.3]
<latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit>

Nk = [16, 44]
<latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit>

with è
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III. Results from MCMC on the DEMNUni power spectrum

Set-up for the MCMC : Fit of the CDM P(k) in real space

�2(P̂ (k)|✓) =
h
[P̂ (k)� P (k;✓)]TC�1[P̂ (k)� P (k;✓)]

i

<latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit>

DEMNUni

Halofit (with neutrinos « TakaBird »)

[Gaussian, DEMNUni-Cov, covmos, NERCOME]

k = [0.01, kmax], �k = 0.01 h/Mpc
<latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit><latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit><latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit><latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit>

Fitting 5 uncorrelated redshifts �2 =
nz=5X

i=0

�2(zi)
<latexit sha1_base64="kWiKOWAgdh+WszyOwAxBCsikzIc="></latexit><latexit sha1_base64="kWiKOWAgdh+WszyOwAxBCsikzIc="></latexit><latexit sha1_base64="kWiKOWAgdh+WszyOwAxBCsikzIc="></latexit><latexit sha1_base64="kWiKOWAgdh+WszyOwAxBCsikzIc="></latexit>

zi = [0, 0.5, 1, 1.5, 2]
<latexit sha1_base64="GkJRg4w8WVrQ8mBTdetTD46oSu8="></latexit><latexit sha1_base64="GkJRg4w8WVrQ8mBTdetTD46oSu8="></latexit><latexit sha1_base64="GkJRg4w8WVrQ8mBTdetTD46oSu8="></latexit><latexit sha1_base64="GkJRg4w8WVrQ8mBTdetTD46oSu8="></latexit>

with

kmax = [0.1, 0.3]
<latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit>

Nk = [16, 44]
<latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit>

with è
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III. Results from MCMC on the DEMNUni power spectrum

Set-up for the MCMC : Fit of the CDM P(k) in real space

�2(P̂ (k)|✓) =
h
[P̂ (k)� P (k;✓)]TC�1[P̂ (k)� P (k;✓)]

i

<latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit>

DEMNUni

Halofit (with neutrinos « TakaBird »)

[Gaussian, DEMNUni-Cov, covmos, NERCOME]

k = [0.01, kmax], �k = 0.01 h/Mpc
<latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit><latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit><latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit><latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit>

Fitting 5 uncorrelated redshifts �2 =
nz=5X

i=0

�2(zi)
<latexit sha1_base64="kWiKOWAgdh+WszyOwAxBCsikzIc="></latexit><latexit sha1_base64="kWiKOWAgdh+WszyOwAxBCsikzIc="></latexit><latexit sha1_base64="kWiKOWAgdh+WszyOwAxBCsikzIc="></latexit><latexit sha1_base64="kWiKOWAgdh+WszyOwAxBCsikzIc="></latexit>

zi = [0, 0.5, 1, 1.5, 2]
<latexit sha1_base64="GkJRg4w8WVrQ8mBTdetTD46oSu8="></latexit><latexit sha1_base64="GkJRg4w8WVrQ8mBTdetTD46oSu8="></latexit><latexit sha1_base64="GkJRg4w8WVrQ8mBTdetTD46oSu8="></latexit><latexit sha1_base64="GkJRg4w8WVrQ8mBTdetTD46oSu8="></latexit>

with

kmax = [0.1, 0.3]
<latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit>

Nk = [16, 44]
<latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit>

with è

4 parameters
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III. Results from MCMC on the DEMNUni power spectrum

Set-up for the MCMC : Fit of the CDM P(k) in real space

�2(P̂ (k)|✓) =
h
[P̂ (k)� P (k;✓)]TC�1[P̂ (k)� P (k;✓)]

i

<latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit><latexit sha1_base64="Oc6KZo59fBFcUwbpt0UCjB4QYMY="></latexit>

DEMNUni

Halofit (with neutrinos « TakaBird »)

[Gaussian, DEMNUni-Cov, covmos, NERCOME]

k = [0.01, kmax], �k = 0.01 h/Mpc
<latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit><latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit><latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit><latexit sha1_base64="ho1hr3fl4VM61dNaydNFScXubgI="></latexit>

Fitting 5 uncorrelated redshifts �2 =
nz=5X

i=0

�2(zi)
<latexit sha1_base64="kWiKOWAgdh+WszyOwAxBCsikzIc="></latexit><latexit sha1_base64="kWiKOWAgdh+WszyOwAxBCsikzIc="></latexit><latexit sha1_base64="kWiKOWAgdh+WszyOwAxBCsikzIc="></latexit><latexit sha1_base64="kWiKOWAgdh+WszyOwAxBCsikzIc="></latexit>

zi = [0, 0.5, 1, 1.5, 2]
<latexit sha1_base64="GkJRg4w8WVrQ8mBTdetTD46oSu8="></latexit><latexit sha1_base64="GkJRg4w8WVrQ8mBTdetTD46oSu8="></latexit><latexit sha1_base64="GkJRg4w8WVrQ8mBTdetTD46oSu8="></latexit><latexit sha1_base64="GkJRg4w8WVrQ8mBTdetTD46oSu8="></latexit>

with

kmax = [0.1, 0.3]
<latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit>

Nk = [16, 44]
<latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit>

with è

4 parameters

Softwares :
Ø MontePython for MCMC
Ø Class + Halofit for the model
Ø Nbodykit for P(k) estimation 

Check for convergence with Gelman-Rubin test : 
R-1 > 0.01
Check chains acceptance rate > 0.2

10



III. Results from MCMC on the DEMNUni power spectrum

Goodness of fit test with significance α = 0.01 : Can’t trust the model for kmax > 0.2 h/Mpc

11



III. Results from MCMC on the DEMNUni power spectrum

Ø With Gaussian cov the best-fit 
is more stable because analytic
(no noise) 

Ø Hartlap bias causes an 
underestimation of the errors

Ø Even with the Hartlap
correction, the chi2 is too low

Ø m1 factor, should correct for 
sampling-noise effects by 
inflating the error bars è
increase by a large amount

Nk = [16, 44]
<latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit>

kmax = [0.1, 0.3]
<latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit>

�(✓) =
✓̂

✓DEMNUni
� 1

<latexit sha1_base64="j7Tmc/Jbpn2pZgLRNyJBVR4zutI="></latexit><latexit sha1_base64="j7Tmc/Jbpn2pZgLRNyJBVR4zutI="></latexit><latexit sha1_base64="j7Tmc/Jbpn2pZgLRNyJBVR4zutI="></latexit><latexit sha1_base64="j7Tmc/Jbpn2pZgLRNyJBVR4zutI="></latexit>
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III. Results from MCMC on the DEMNUni power spectrum

Ø Hartlap bias causes an 
underestimation of the errors

Ø m1 facteur, should correct for 
sampling-noise effects by 
inflating the error bars 

Ø BUT In the limit where
Nm ~ Nk, we loose
constraining power when
increasing kmax

Nk = [16, 44]
<latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit>

kmax = [0.1, 0.3]
<latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit>

FoM =
1p

det(�)
<latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="8Veor3iVeqEPPOt4lDKfaBquVmY="></latexit><latexit sha1_base64="8Veor3iVeqEPPOt4lDKfaBquVmY="></latexit><latexit sha1_base64="UPJ/TpDiHQnR0dHmnfmDAe7csKM="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit>
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III. Results from MCMC on the DEMNUni power spectrum

Nk = [16, 44]
<latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit>

kmax = [0.1, 0.3]
<latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit>

�(✓) =
✓̂

✓DEMNUni
� 1

<latexit sha1_base64="j7Tmc/Jbpn2pZgLRNyJBVR4zutI="></latexit><latexit sha1_base64="j7Tmc/Jbpn2pZgLRNyJBVR4zutI="></latexit><latexit sha1_base64="j7Tmc/Jbpn2pZgLRNyJBVR4zutI="></latexit><latexit sha1_base64="j7Tmc/Jbpn2pZgLRNyJBVR4zutI="></latexit>

Ø The chi2 for covmos
Nm = 100000 is stable

Ø Non-Gaussian covariance 
increases error and moves 
best-fit

Ø With NERCOME and covmos
the best-fit is more stable

Ø With NERCOME the best-fit 
is closer to the true
cosmology è could be luck or 
a bias in the estimator (need
more tests to conclude)

Ø The chi2 for NERCOME is
better but still biased 14



III. Results from MCMC on the DEMNUni power spectrum

Nk = [16, 44]
<latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit><latexit sha1_base64="rpnkvpS4laC9zhex2q8IbRM9Edw="></latexit>

kmax = [0.1, 0.3]
<latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit><latexit sha1_base64="qK1sAhK5DuRNINNLqzxu1uF/SHk="></latexit>

FoM =
1p

det(�)
<latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="8Veor3iVeqEPPOt4lDKfaBquVmY="></latexit><latexit sha1_base64="8Veor3iVeqEPPOt4lDKfaBquVmY="></latexit><latexit sha1_base64="UPJ/TpDiHQnR0dHmnfmDAe7csKM="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit><latexit sha1_base64="nP7f36OXiDD0LSJDRmTLQwlyW1Q="></latexit>

Ø With NERCOME and covmos
the errors are more stable

Ø NERCOME gives a good 
estimation of errors even with
low Nm

Ø If we consider covmos
Nm = 100000 as the « truth » 
è Non-Gaussian covariance 
degrades the FoM up to 80%
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Conclusions

Covariance estimation will be crucial for Euclid  

Ø Large number of parameters and data points when combining probes

Ø Covariance has an effect on the error and the best-fit ! (Cannot see this with Fisher analysis) 
è Need to understand and control these effects to achieve Euclid requirements

Ø Analytic prediction of sampling noise effects are useful to understand what is going on,
but should not be applied in their limits

Ø The Trispectrum part of the covariance increases the errors : here 80% decrease of the FoM

Ø Covmos is a reliable tool to produce fast and accurate covariance matrices (can be adapted
for cross-correlation of probes) 

Ø NERCOME is handy if Nm is low, but need more testing to asses biases

Thank you ! 
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Back up



Diagonal



Correlation matrix



La méthode Nercome



I. Introduction

Ĉij =
1

Nm � 1

"
NmX

n

[P (n)(ki)� P̄ (ki)][P
(n)(kj)� P̄ (kj)]

#

<latexit sha1_base64="54ZcGxwDRCPpraNw/HDan6YWq04="></latexit><latexit sha1_base64="54ZcGxwDRCPpraNw/HDan6YWq04="></latexit><latexit sha1_base64="54ZcGxwDRCPpraNw/HDan6YWq04="></latexit><latexit sha1_base64="54ZcGxwDRCPpraNw/HDan6YWq04="></latexit>

Estimate the full covariance from simulations

Unbiased estimator of     : E[Ĉ] = C
<latexit sha1_base64="ixk/jNnIGFPPCFBRH2ygxJZOHYo="></latexit><latexit sha1_base64="ixk/jNnIGFPPCFBRH2ygxJZOHYo="></latexit><latexit sha1_base64="ixk/jNnIGFPPCFBRH2ygxJZOHYo="></latexit><latexit sha1_base64="ixk/jNnIGFPPCFBRH2ygxJZOHYo="></latexit>

C
<latexit sha1_base64="RjKL7qHcPdMU5h3qwQkPADTk7Sc="></latexit><latexit sha1_base64="RjKL7qHcPdMU5h3qwQkPADTk7Sc="></latexit><latexit sha1_base64="RjKL7qHcPdMU5h3qwQkPADTk7Sc="></latexit><latexit sha1_base64="RjKL7qHcPdMU5h3qwQkPADTk7Sc="></latexit>

BUT we need the precision matrix :   ⌘ C�1
<latexit sha1_base64="SROcZR+1Sug9T4FnqR1y1iey34U="></latexit><latexit sha1_base64="SROcZR+1Sug9T4FnqR1y1iey34U="></latexit><latexit sha1_base64="SROcZR+1Sug9T4FnqR1y1iey34U="></latexit><latexit sha1_base64="SROcZR+1Sug9T4FnqR1y1iey34U="></latexit>

 ̂ = Ĉ�1
<latexit sha1_base64="lR4b6s/87SaAuNA5O6jvHITs9WY="></latexit><latexit sha1_base64="lR4b6s/87SaAuNA5O6jvHITs9WY="></latexit><latexit sha1_base64="lR4b6s/87SaAuNA5O6jvHITs9WY="></latexit><latexit sha1_base64="lR4b6s/87SaAuNA5O6jvHITs9WY="></latexit>

Standard 
estimator

Biased estimator of     : E[ ̂] =
Nm � 1

Nm �Nk � 2
 

<latexit sha1_base64="5Rltz3DlRRnjuwP8mpvcLceIvWI="></latexit><latexit sha1_base64="5Rltz3DlRRnjuwP8mpvcLceIvWI="></latexit><latexit sha1_base64="5Rltz3DlRRnjuwP8mpvcLceIvWI="></latexit><latexit sha1_base64="5Rltz3DlRRnjuwP8mpvcLceIvWI="></latexit>

 
<latexit sha1_base64="X8bbvdVYOFTv4byI/S854MyvoOo="></latexit><latexit sha1_base64="X8bbvdVYOFTv4byI/S854MyvoOo="></latexit><latexit sha1_base64="X8bbvdVYOFTv4byI/S854MyvoOo="></latexit><latexit sha1_base64="X8bbvdVYOFTv4byI/S854MyvoOo="></latexit>

Estimation of the Hartlap bias :

Comparaison between biased precision matrix and the Truth

Estimated from Nm mocks

Estimated from 100’000 mocks
VS

Number of bins
Nk = 40

<latexit sha1_base64="5PTBSJvs3ed/ioPCu+7tGx52N5E="></latexit><latexit sha1_base64="5PTBSJvs3ed/ioPCu+7tGx52N5E="></latexit><latexit sha1_base64="5PTBSJvs3ed/ioPCu+7tGx52N5E="></latexit><latexit sha1_base64="5PTBSJvs3ed/ioPCu+7tGx52N5E="></latexit>

[Hartlap 2007]


