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1) The Weak Lensing Mass Map Reconstruction Problem.

2) The Wavelet Transform
        -  Relation between the “isotropic a trous wavelet transform”
           and the Undecimated bi-orthogonal wavelet transform

3) Mass map reconstruction using the Multiscale Entropy.

4)  Experiments
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  Distortion Matrix      :

Weak Lensing by Large-Scale Structure
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Φ     is the Newtonian potential, z is the distance,
the weight function g reflects the fact that a lens is more effective
when placed approximately half-way between the source and the observer,
    is proportial to the projected mass along the line of sight.
The shear              describes stretches and compression.

€ 

κ

€ 

(γ1,γ 2)
€ 

δθi is the deflexion vector produced by lensing on the sky.



The shear map (The shear map (γ1, γ2)

γ2
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 γ1 = deformation along the x-axis,

and γ2  at 45 degres from it.
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γ = γ1 + iγ 2 = γ e2iθ

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

William Herschel Telescope
La Palma, Canaries

16’x8’
R<25.5
30 (15) gals/sq. arcmin



" 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)
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Problem :Problem :
 maps are very noisy maps are very noisy

   Simulated spatial observation Simulated on ground observation









The Orthogonal Wavelet Transform (OWT)
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Reconstruction: 

Transformation
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sl = cJ ,k
k
∑ φJ ,l (k) + ψ j,l

j=1

J

∑
k
∑ (k)w j ,k
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c j,l = ˜ h k +2l
k
∑ c j +1,k + ˜ g k +2lw j +1,k = ˜ h ∗ ( c j +1 + ˜ g ∗ ( w j +1

( x = (x1,0,x2,0,x3,K,0,x j ,0,K,xn−1,0,xn )
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c j +1,l = hk−2l
h
∑ c j ,k = (h ∗c j )2l

w j +1,l = gk−2l
h
∑ c j,k = (g ∗c j )2l
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NGC2997 NGC2997  WT











h=[1,4,6,4,1]/16



Scale 1 Scale 2   Scale 3 Scale 4 Scale 5
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ISOTROPIC UNDECIMATED WAVELET TRANSFORM



Isotropic Undec. WT:
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I(k, l) = cJ ,k,l + w j,k,lj=1
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Undecimated bi-orthogonal Wavelet Transform



Undecimated
  Wavelet 
Transform





Undecimated
  Wavelet 
Transform:
h=1/16[1,4,6,4,1]
g= Id-h
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Undecimated   WT (astro filters)

Undecimated  WT (7/9 filters)

Coarsest scale
 (astro filters)

Coarsest scale
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Undecimated WT: h=16[1,4,6,4,1], g=Id-h Isotropic WT
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MODIFIED  ISOTROPIC UNDECIMATED WAVELET TRANSFORM

h = h1d#h1d,  g =Id-h*h  
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Benjamini & Hochberg FDR

" Select desired limit q on FDR
" Order p-values, p(1) ≤ p(2) ≤  ... ≤ p(V)

" Let r be largest i such that

" Reject all hypotheses
corresponding to
 p(1), ... , p(r).

p(i) ≤  i/V × q/c(V)
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                            False Discovery Rate  
–   FDR = expected (# false predictions/ # total predictions)
–   Control the proportion of false positive in all positive
      at the desired significance level.



EXPERIMENTS: Simulated   Data



Ng=20,  Gauss (sigma=22)             Wiener                            Wavelet

Ng=100,  Gauss (sigma=8)        Wiener                             Wavelet

 Denoising, for ng=20 and ng=100�





Robustness To Missing Data

Gaussian

Wiener Wavelet
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Ng=20

Ng=100

CLUSTER DETECTION



          Reconstructed Dark Matter MapReconstructed Dark Matter Map



E and B Mode



E MODE B MODE



     HST  Cosmos DATA

- Field : 1 degree x 1.5 degree
- Sampled with  : 180*119 pixels
- pixel size : 0.5*0.5 arcmin2




