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Cosmic Statistics

• Power Spectrum and Two-Point 
Correlation Function

• Bispectrum and 3-Point Correlation
• Covariance Matrix and Trispectrum
• N-Point Correlation Functions
• Counts in Cells, Moments and 

Conditional Cumulants



Filtered Density Fields

Density Distribution:



Window Functions
• Spherical Top Hat:

• Cubic Top Hat



Window Functions

• Spherical Shell Filter:



Window Functions
• Cylinder Filter:

• Gaussian Filter:



Multi-Resolution Analysis (MRA)
Express an arbitrary function at various levels of 

resolution, which forms a sequence of functional 
spaces

Dilation     Translation



Density Field in the MRA



Operator in the MRA



Summation Rule



Random Sample 

256^3 particles 

in a 256^3 grid



Cubic Counts-in-Cells in the Virgo 

Simulation Sample (LCDM Model)



Spherical and Cylinder Counts-in-Cells in the 
Virgo Simulation Sample (LCDM Model)







Correlation Functions

• Fourier Pair: 

• LS Estimator:

• MRA-CS  Scheme: 



2nd Variances of the Filtered Field

dot denotes for a set of parameters specifying the 
spatial geometry of window functions



The Two-Point Correlation Function



The Integral Two-Point Correlation Function



The 2nd Top-hat Filtered Variance



The 2nd Gaussian Filtered Variance



Multiresolution Analysis for Cosmic Statistics

• Grid-based algorithm via FFT technique
scaled with O(NlogN) 

• Computational cost: independent of 
size/shape of cells 

shape dependence of high order 
statistics ( topology, morphology and 
bias) 

• Easy parallelized 
massive sampling



Application: Estimating Irregular 
Spatial Volume

Volume Incompleteness in real galaxy surveys 

• bright star mask 

• complicated survey geometry



Application: Gravity Solver

Gravitational Potential:

Decomposition 

in the MRA



Thank you !
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