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2007‐IC22  240  226   20   3o  ~4×109 

2008‐IC40  780  324  20  3o  ~19×109 

2009‐IC59  1200  324  20  3o  ~32×109 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Rela%ve intensity of the cosmic ray event rate in 
equatorial coordinates: for each declina%on belt 
of width 3°, the 
plot shows the number of events rela%ve to the 
average number of events in the belt.  1 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The 1‐D projec%on of the equatorial rela%ve 
intensity skymap is fiTed to a first and second 

harmonic func%on of the form 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Rela%ve intensity of the cosmic ray event rate in equatorial 
coordinates: for each declina%on belt of width 3°, the 
plot shows the number of events rela%ve to the average 
number of events in the belt. 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Northern Sky 

Southern Sky 

• IceCube observed a large scale 
anisotropy at 10‐3  

level for the first %me in the Southern 
Sky. 
• Large Scale Features appear to be a 
con%nua%on of those observed in the 
Northern Hemisphere. 
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Anisotropy energy dependence with 
IceCube 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Large Scale Anisotropy and Past Results 

IC 

IC 

•  Amplitude and phase is established experimentally between 1011‐1014eV 
•  Study of the anisotropy evolu%on in the energy region >1014 eV can   
provide an insight to the origin and propaga%on of cosmic rays.      

5 



 No Coherent Global Picture in the Northern Hemisphere 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IC59 CR Energy Dependence (20TeV,400TeV) 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Rela%ve Intensity maps 

The anisotropy at 400 TeV shows a substan%al difference w.r.t that observed at 20 TeV 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IC59 First Detec%on of Anisotropy at 400 TeV 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equatorial coordinates  Sta%s%cal Significance Skymaps  
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Sta%s%cal Significance: 

• Reference map is derived from data with %me scrambling 
• Smoothing is applied to improve the sensi%vity to large features 
• Scan from 1o‐30o in smoothing radius to op%mized for the highest significance regions 
• Only a deficit at 21o  Smoothing, was iden%fied as a significant structure.  

Spret= ‐ 8.6σ 
SposT= ‐ 6.3σ 

400TeV 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20 TeV 

400 TeV 

1 PeV 

137 Million events 

580 Million events 

 21 Billion events 

IC59 Anisotropy Energy Dependence (20TeV,400TeV,1PeV) 

SubmiTed to APJ 



Small scale anisotropy 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R. Abbasi et al., ApJ, 740, 16 (2011) 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Discussion 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Galac%c Compton GePng 

0 180  360o 

The anisotropy in IceCube data is not a pure 
dipole and does not have the right phase to be 
explained by the Compton‐Gejng effect.  If 
the Compton‐Gejng effect is present in the 
data, it is overshadowed by a stronger effect. 

The maximum of the anisotropy is 0.35%, with 
a maximum at right ascension 315° and 
declina%on 48° and a minimum at right 
ascension 135° and declina%on ‐ 48°. 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γ = 2.7    cosmic ray spectral index
v = 220 km s   speed 
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Composi%on  
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pc 

Iron 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 Proton 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3 μG 

400 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Studying the effect of varying composi%on with 
energy on the anisotropy using propaga%ng 
models.  19 



Summary 
•  IceCube data indicate the presence of a significant and 
persistent anisotropy at large and small angular scales. 

•  IceCube data also indicates the presence of a significant 
anisotropy >1014 eV in the Southern sky.  

•  The origin of the anisotropy is unknown: 
–  The result is not consistent with the CG assuming the galac%c cosmic rays at 

rest with the galac%c center. 
–  Improved theore%cal descrip%on of the  diffusion processes of galac%c cosmic rays 

closer to the knee.   

–  Interstellar Magne%c field. 
–  This anisotropy reveals a new feature of the Galac%c cosmic ray distribu%on, 

which must be incorporated into theories of the origin and propaga%on of 
cosmic rays. 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