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Correlations between Cosmic Ray 

and Maps of WMAP and Planck
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How clean is the “cleaned” map?
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Liu, X., Zhang, SN, ApJ, 2005, 633:542

Nine cold and two hot spots are found.
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Liu, X., Zhang, SN, ApJL, 2006, 636:L1 /19

Clear signature of Galactic origin



Confirmed by WMAP team (Wright et al. 2008, The Wilkinson 

Microwave Anisotropy Probe (WMAP) Source Catalog) 

Nie, JY, Zhang, SN, ChJAA, 2007, 7:199
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Testing the black body nature of 

WMAP’s CMB map
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Jiang, BZ, Lieu, R., Zhang, SN, Wakker, B., ApJ, 208:3758/19



V-W map
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WMAP’s CMB is very close to BB, but?

The residual fluctuations represents an unexplained non-

blackbody signal: some systematic errors?
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Cosmic rays sky maps
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Amenomori et al 2006, 

Science

Data from Tibet YBJ China-Japan collaboration air-

shower array for more than 10 years
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WMAP maps in the same sky region as Tibet 

YBJ cosmic rays maps

When doing correlation analysis between YBJ CR maps and 

WMAP CMB maps, the Galactic disk and other regions with 

strong radio sources are masked out (WMAP KP0 mask).

5-band WMAP raw maps 

without foreground removal
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Correlation between CR & Mock CMB

1σ & 2σ bounds are obtained from correlation with 

104 mock CMB maps: Cosmic variance 

1σ

2σ4 TeV 300 TeV
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WMAP Foreground & CR
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“Cleaned” WMAP & CR

CR loss cone

Enhanced “CMB” in loss cone: under-subtraction of 

foreground emission?
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Significance of correlation: 85-95%

Cosmic variance is included and  

dominates large scale structures.  
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Yin, QQ, Zhang, SN, 2014, to be submitted



WMAP & Planck

Smoothed to the same 5 deg resolution: almost identical!
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CR – WMAP/Planck: almost identical
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Summary

 Wavelet analysis on non-gaussianity

 Several cold and hot spots found.

 WMAP and γ-ray correlation

 Blame CRs?

 New point source detection in WMAP data

 Unexplained non-blackbody fluctuations

 Cosmic ray – WMAP/Planck correlation

 Under-subtraction of  CMB foreground in loss cone

 Cosmic variance of CMB map dominates large scale 

structure fluctuations  of CMB

Many thanks for your attention!
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