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Ridgelets on the Sphere

Partitioning
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Example of  ridgelet functions on the sphere
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Example of curvelet functions on the sphere











•Take the wavelet transform of the data

•For each wavelet scale j
•Compute the noise at scale j using the Median
Absolute Deviation:           = MAD( | coeff | )/ 0.67
•Set to zero all coefficients with an absolute value
lower than Tj  derived from         .

•Apply the inverse wavelet transform to the thresholded
coefficients.

Remove the CMB

sorted index

Tj.











Wavelets, Ridgelets and Curvelets on the Sphere, Astronomy & Astrophysics, 446, 1191-1204, 2006.

Software available at: http://jstarck.free.fr/mrs.html

   Multiscale transforms, Gaussianity tests
   Denoising using Wavelets and Curvelets
   Astrophysical Component Separation (ICA on the Sphere)

Wavelet, Ridgelet and Curvelet on the Sphere :





Methods

.Two or three point correlation function

. Genus curve

. Voronoi Tessellation

. Minimal spanning trees

. Power spectrum

. Fractals



The Two-Point Correlation Function

A measure of the deviation from randomnes:

= number of pairs with a separation of r in the data

= number of pairs with a separation of r for a ramdomly
   distributed data set€ 
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Estimates of the correlation function of the galaxies indicate that it is 
power law function of the form,

Where         is called the correlation length.
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ξ(r) = ( r
r0
)−1.8,r0 = 5Mpc
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GENUS FUNCTION

- Convolve the data by a Gaussian
       - Threshold all values under a threshold level T
       - G(T) = (number of holes) - (number of isolated regions) + 1

The genus of a surface G is
              G(T) = (number of holes) - (number of isolated regions) + 1

For a Gaussian field, the genus curve is: 
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g(ν) = N(1−ν 2)exp(−ν
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V. Martinez, J.-L. Starck, E. Saar, D.L. Donoho, P. de la Cruz, S. Paredes and S. Reynolds,
"Morphology of the Galaxy Distribution from Wavelet Denoising", ApJ,  634, pp 744--755, 2005.



8000 galaxies

2dfGRS northern slice







3D MULTISCALE TRANSFORMS

1)   3D WAVELET TRANSFORM:   Isotropic Structures

2)   3D RIDGELET TRANSFORM:   Sheet like Structures

3)   3D BEAMLET TRANSFORM:   Filaments

 
⇒  Statistical information extraction from all transforms

Analysis of the spatial distribution of galaxies by multiscale methods, Eurasip Journal on Applied Signal
 Processing,   15, pp 2455-2469,  2005. 









Wavelet

Beamlet

Ridgelet

Wavelet

Wavelet

Beamlet

Beamlet

Ridgelet

Ridgelet

















Conclusions
" Quantitative descriptors -being reliable, robust, unbiased, and physically interpretable- are

needed to extract cosmological information from the data ==> MGA approach seems very
promising.

"  Using MGA on 2DF Data:

      1)  The mock catalogs are NOT compatible with the data.

       2) We do not see any tendency toward homogeneity up to the scale of 32 Mpc.

       3) Early type galaxies are more clustered than late type galaxies in  filaments, walls, and clusters in a
similar way.

" Morphological Diversity can be used for many other applications such the separation of
components in mono or multi-channel data ==> MCA and multi-channel  MCA.



If you want to know more...
                       Second edition available in september 2006


