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The Big Bang 



The Cosmic Microwave 
Background

• The Universe is filled with a blackbody radiation field at 
a temperature of 3K.

• Predicted by G. Gamow in 1948

• Observed for the first time by Penzias and Wilson 
(1965)

• Confirmed by COBE (1990)



CMB electromagnetic spectrum

T = 2.728 ± 0.004 K

The Cosmic Microwave 
Background
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WMAP:five frequency maps

23, 33, 41, 61 and 93 GHz



23 GHz

33 GHz

41 GHz

61 GHz

94 GHz
Synchrotron emission due to  cosmic rays electrons accelerated into galactic magnetic fields



WMAP

The CMB exhibits Fluctuations



        Power spectrum of WMAP

Remarkably consistent with earlier data 



COSMOLOGY



The current situation:    
The triumph of dark stuff in cosmology

" Visible matter cannot account for dynamics; dominated by DM
" Cosmic energy budget:

Ωvisible ~ 0.004 

Ωbaryon ~ 0.04 

Ωdark matter ~ 0.3

Ωdark energy ~ 0.7

Dark matter/energy, once accepted, works extremely well on large scales.



• Flattened Rotation Curves
• Two Explanations

– CDM
– Modify gravity



Clusters of galaxies







                 Evidence for dark matter  
- Rotation curves of galaxies 
 - Cluster of galaxies
 - Inflation predicts Omega=1
 - N-body simulation

 MACHOs  - baryonic matter 
(brown dwarfs & black holes)
(Massive Astrophysical Compact Halo Objects) 
 => NOW EXCLUDED
 Neutrinos  -  non baryonic matter
=> NOW EXCLUDED
 Les WIMPs  - non baryonic matter -
(Weakly Interactive Massive Particles) 
 => hard to detect



Strong Gravitational Lensing



Click to add title

Weak Gravitational Lensing

 Gravitational LensTelescope Observed galaxies



Weak Gravitational Lensing

Observer Gravitational lens Background galaxies



The shear map (γ1, γ2)       
γ2

γ1

 γ1 = deformation along the x-axis,
and γ2  at 45 degrees from it.

€ 

γ = γ1 + iγ 2 = γ e2iθ

Where the modulus represents the
amount of shear and the phase represents 
its direction.



γ1

γ2







Simulated Mass Map

 



Deep Optical Images

William Herschel Telescope
La Palma, Canaries

16’x8’
R<25.5
30 (15) gals/sq. arcmin



From shear measurements 
to shear map

ε1

ε2

PSF 
Deconvolution
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˜ γ = ε
Pγ

Shear map

CFHTLS survey



Mass inversion
Weak lensing mass map reconstruction using wavelets, 

J.L. Starck, S. Pires and A. Réfrégier, A&A, June 2006, Vol. 451, p1139-1150
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" Mapping of the distribution of 
Dark Matter on various scales 

" Measurement of cosmological 
parameters.

" Measurement of the evolution 
of structures

" a mass-selected cluster catalog

From the statistics of the shear field, weak lensing provides:

  1x1 deg

®Direct measure of  the distribution of mass in the universe,
     as opposed to the distribution of light, as in other methods 
     (eg. Galaxy surveys)



Problem :
 maps are very noisy

   Simulated spatial observation  Simulated on ground observation



Weak lensing missing data



Masked masks

Mask pattern of Subaru survey on 
1° x 1° field

Mask pattern of CFHTLS survey 
on 1° x 1° field



Where M is the mask: M(i,j) = 0  ==> missing data
                                    M(i,j) = 1  ==> good data

Interpolation of Missing Data: Inpainting
•M. Elad, J.-L. Starck, D.L. Donoho, P. Querre, “Simultaneous Cartoon and Texture Image Inpainting using Morphological Component Analysis (MCA)", 
ACHA, Vol. 19, pp. 340-358,  2005.
•M.J. Fadili, J.-L. Starck and  F. Murtagh, "Inpainting and Zooming using Sparse Representations",  in press.
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Jalal Fadili’s web page (http://www.greyc.ensicaen.fr/~jfadili).
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Physical priors
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Weak lensing inpainting algorithm
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γ i
obs = M.γ i
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Φt is the DCT

€ 

κ = P1 ∗γ1 + P2 ∗γ 2

S. Pires,  J.-L. Starck, A. Amara, R. Teyssier, A. Refregier and J. Fadili, 
"FASTLens (FAst STatistics for weak Lensing) : Fast method for Weak Lensing Statistics and map making", submitted.



     Reconstructed Dark Matter Map

J.-L. Starck, S. Pires and A. Réfrégier, Astronomy and Astrophysics, 451, 3,  2006, pp.1139-1150 , 2006



Inpainting : 

 Original map Masked map Inpainted map

Power spectrum Bispectrum
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COSMOS data :
Maps of the Universe’s Dark matter scaffolding,   Massey et al, Nature, 

Vol. 445, pp. 286-290, 2007

Baryonic and non-baryonic matter 
comparison at large scale

The total projected mass map from WL (dominated 
by dark matter) is shown as contours. It is 
compared to 3 independent baryonic tracers : 
stellar mass (in blue), galaxy number density seen 
in optical and near-IR light (in green) and the hot 
gas seen in x-rays (in red).


