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Abstract 
Statistical isotropy and Gaussianity of primordial perturbations are very fundamental assumptions made in the standard cosmological model. We can test these assumptions using measurements of the cosmic microwave background 
(CMB). Here I present tests performed using the state-of-the-art data from the Planck satellite. In the analysis I used the real-space N-point correlation functions which are useful tool for searching for residuals of the Galactic emission in 
the CMB maps and testing statistical properties of the maps. Special attention is paid to testing properties of the CMB polarisation data which are main target of the Planck 2018 data release. Presented analysis of the foreground-cleaned 
CMB maps and their noise estimates were essential for checking performance of the foreground-cleaning algorithms and quality of maps used by the Planck team for the cosmological analysis.  

N-point correlation functions for the 2018 Planck CMB noise maps 
•  CMB noise maps estimation based on half-difference maps: 

•  odd-even half-difference (OEHD) maps (data divided according to odd and even ring numbers) 
•  half-mission half-difference (HMHD) maps (data divided according to observation years) 

• No statistically significant deviations from simulations 

Testing Gaussianity of the 2018 Planck CMB maps 
•  Foreground-cleaned CMB maps should be Gaussian 
•  Non-Gaussianity may indicate on residuals of  
   Galactic foreground emission  
•  No statistically significant deviations of the CMB  
   maps from Gaussianity 

 Pseudo-collapsed 3-point functions 

 Equilateral 3-point functions 

Hemispherical asymmetry – CMB polarisation 

•  Hemispherical asymmetry for temperature  
  anisotropy (differences between power spectra and  
  higher order statistics in opposite hemispheres) 
•  Direction of maximal asymmetry (l,b)~(2250,-150) 
•  No statistically significant deviations between  
   hemispheres for CMB polarisation maps 

 Pseudo-collapsed 3-point functions 

 Equilateral 3-point functions 
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2-point correlation functions for the 2018 Planck CMB maps 
•  Lack of correlation at large angular scales for CMB temperature  
  anisotropy 
•  Lack of correlation not observed for CMB polarisation maps  

Real-space N-point correlation functions 
The real-space N-point correlation functions are useful tools for testing statistical isotropy and Gaussianity of CMB ansiotropy maps. In particular there were considered: 

•  real-space 2-point functions, 
•  pseudo-collapsed 3-point functions, 
•  equilateral 3-point functions,  

estimated using the expression:      where                    (i.e. temperature anisotropy or Stokes parameter Q, U field)  and   are set to 1 or 0 for included or excluded pixels 

Summary 
• Real-space N-point correlation functions are a useful tool for searching for residuals of the Galactic foreground and 

testing statistical isotropy and Gaussianity of CMB anisotropy maps 
• No statistically significant deviations between estimated Planck CMB noise maps and simulations 
• Lack of large-scale correlations and hemispherical asymmetry not observed for the Planck CMB polarisation data 
• No statstically significant deviation of the Planck CMB maps from Gaussianity at large angular scales 
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