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Cosmological context
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How to retrieve the information content in 
the observables?
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Perturbed Geodesic

Cosmological context

Tools to be used
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Tools to be used

Cosmological context

Covariance matrices

• Vector of observables : h(i) (l1) ,(j) (l2) ,(k) (l3)i ⌘ (2⇡)2 B
(ijk) (l1, l2, l3) � (l1 + l2 + l3)h(i) (l1) ,(j) (l2)i ⌘ (2⇡)2 P

(ij) (l1) � (l1 + l2)

• Covariance of the observables :
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Tools to be used

Cosmological context
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(e.g.) Bayesian inference based on gaussian likelihood
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Tools to be used

Cosmological context

Covariance matrices

(e.g.) Bayesian inference based on gaussian likelihood

• Vector of observables : h(i) (l1) ,(j) (l2) ,(k) (l3)i ⌘ (2⇡)2 B
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• Covariance of the observables :

Approximated covariances? 
Impact on the parameter 

forecast? 
Efficiency of the inversion? 

…
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2013

sources: i = j = k
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16 bins in ln(l) 204 configurations

Quantifying the cosmological information

Signal to noise ratio: combining bispectrum and power spectrum
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Getting things more complicated …
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Getting things more complicated …
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Getting things more complicated …

- Spherical collapse through a NFW profile

- Dark matter distribution described as a 

distribution of dark matter halos with a 

given density profile 
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r
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⌘ c (mv, z)cv (mv, z)2 d.o.f

Semi-analytical approach to non linear clustering: the halo model
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- Spherical collapse through a NFW profile

- Concentration parameter c(z,m): Bullock et al. 2001

- Dark matter distribution described as a 

distribution of dark matter halos with a 

given density profile 

⇢NFW (r) =
⇢s

r
rs

⇣
1 + r

rs

⌘2
(⇢s, rs) (mv, cv) Concentration 

parameter
rv
rs

⌘ c (mv, z)cv (mv, z)2 d.o.f

Getting things more complicated …

�ln c ⇡ 0.18

Spectra are modelled through the sum over all the possible realisations of halos distributions:

Semi-analytical approach to non linear clustering: the halo model
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Results

propagation of the model uncertainties
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Photometric bins (redshift)
 [0.001,   0.418,   0.560,   0.678,   0.789,   0.900,   1.019,   1.155,   1.324,   1.576,   2.500 ]

Results

matrix reduction: impact of the tomography
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Photometric bins (redshift)
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Photometric bins (redshift)
 [0.001,   0.418,   0.560,   0.678,   0.789,   0.900,   1.019,   1.155,   1.324,   1.576,   2.500 ]

matrix reduction: impact of the tomography

Results

• 5 bin tomography statistics: maximum SN ratio underestimated by 1.2 %
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• 5 bin tomography statistics: maximum SN ratio underestimated by 2.5 % 
• The 3 halo term lead to an improvement of  1.8 % compared to the 1 + 2 halo terms 
• The impact of the SSC is negligible at all the scales 

Results

matrix reduction: impact of the tomography
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• The loss of information due to the SSC is recovered in the BP analysis 
• The maximum SN ratio is increased of about  45 %  in the BP analysis if compared to 

the PP analysis alone.

Results

matrix reduction: impact of the tomography



Results

matrix reduction: impact of the tomography
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• The dimension of the full covariance matrix is reduce of 1 order of magnitude

10 bins tomography (Euclid)

Vector of P :      770 Spectra 

Vector of B : 72280 Spectra 

5 bins tomography

Vector of P :    210 Spectra 

Vector of B : 9790 Spectra 

Matrix of  10^10 elements  

Matrix of  10^9 elements  
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• We are still not capable to recover the  22 % of the information content 
(shot noise included)

Results

matrix reduction: impact of the tomography
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Principal Component Analysis (PCA): localising the information content

Pre-condition 1 for improved inversionOrthonormal basis of eigenvectors:

Results
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Pre-condition 2 for improved inversionOrthonormal basis of eigenvectors:

Principal Component Analysis (PCA): localising the information content

Results
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Pre-condition 2 for improved inversionOrthonormal basis of eigenvectors:

Principal Component Analysis (PCA): localising the information content

Results
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Pre-condition 2 for improved inversionOrthonormal basis of eigenvectors:

Principal Component Analysis (PCA): localising the information content

Results
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Results: further simplifications

• Isosceles configurations alone carry the 96 % of the maximum information content 
• Omitting the  5 and 6 point correlation functions bias the information content for about 8% 

Further reductions

Results

|Sai| > 0.1For
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• The only left uncertainty in the theoretical model does not effect our forecast. 

• The loss of information due to the SSC is recovered in the joint analysis. 

• The maximum SN ratio is increased of about  45 %  in the joint analysis if compared to 

the power spectrum analysis alone. 

• By applying the right preconditioning,  we are capable to project the covariance matrix 

in a subspace of dimension 45 % smaller. 

I have presented a thorough analysis of the information content in the bispectrum of the 
weak lensing convergence. 
The tool developed can be applied to galaxy surveys like Euclid, DES or LSST. 
The structure of the code allow the computation to be applied to Galaxy Clustering and 
to be based on different other models for the non linear growth structures. 
With the present analysis we have proved :

Results: further simplificationsConclusion
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Thank you very much for the attention


