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 Distance distribution of matter is different 
between direction of SGP, and not SGP. 
 Spectrum should reflect energy loss process. 
 Spectrum shape's difference should emerge  

(More distance → More attenuation）

Relative amount of objects 
(in 2MRS , catalogue’s efficiency is corrected)

red：SGP <30 deg lat (On source)
black：Off source 

Matter distribution and anisotropy
2MRS catalogue : objects <75Mpc

D.Allard Astropart Phys 39–40 2012



How the difference will be seen?

 Flux simulation were done  assuming source distribution is proportional to the number of 
galaxy. 

 Ratio of normalized flux between two sky areas is displayed
 The sky areas are  SGPLatitude  < ±30 and > ±30

Simulation were done both Iron(at origin) 
case and Proton case.  Vertical axis is  
the ratio of normalized flux from out side 
of SGP region where number of galaxy is 
less.

Fe at origin ○
Proton at origin ●

Noff(E)  / Non(E)   
after normalize number of event

P=-2.2 m=7

E ～Proton GZK

(CRPROPA 2.0.4)

𝑁𝑁 >
±
30

𝑁𝑁 ±
30

𝐋𝐋𝐋𝐋𝐋𝐋𝟏𝟏𝟏𝟏 𝑬𝑬/𝑬𝑬𝑬𝑬𝑬𝑬

There are feature 
𝑁𝑁>±30 shows 

 Early break 
 More attenuation at high energy
than 𝑁𝑁±30



Analysis 



𝛼𝛼1 ∶ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑙𝑙𝑙𝑙𝑙𝑙 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑎𝑎𝑎𝑎 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝛼𝛼2 ∶ 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑎𝑎𝑎𝑎 ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝐸𝐸𝑏𝑏 :𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒(EeV)
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𝑁𝑁𝑜𝑜𝑜𝑜𝑜𝑜 𝐸𝐸 ≥ 𝐸𝐸𝑏𝑏
𝑜𝑜𝑜𝑜𝑜𝑜

𝑁𝑁𝑎𝑎𝑎𝑎𝑎𝑎 𝐸𝐸 ≥ 𝐸𝐸𝑏𝑏
𝑜𝑜𝑜𝑜𝑜𝑜

(Energy distribution)



Data

• 12 yr data
• 2008/05/11 – 2020/05/11
• Efficiency ∼ 95%
• Zenith angle 0∘ ∼ 55∘
• Energy  𝐸𝐸 ≥ 1019𝑒𝑒𝑒𝑒

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ∼ 100%

∼ 1.83 ± 0.03

𝐸𝐸 > 1019𝑒𝑒𝑒𝑒 ,
→ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ~100%

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

2021

∝ sin(𝜃𝜃)cos(𝜃𝜃)



Data

∝ sin(𝜃𝜃)cos(𝜃𝜃)

Anti-sidereal

• 12 yr data
• 2008/05/11 – 2020/05/11
• Efficiency ∼ 95%
• Zenith angle 0∘ ∼ 55∘
• Energy  𝐸𝐸 ≥ 1019𝑒𝑒𝑒𝑒

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ∼ 100%

2021

𝐸𝐸 > 1019𝑒𝑒𝑒𝑒 ,
→ 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 ~100%



Energy distribution 5yr,12yr data
Observed Energy distribution 
Broken power low fit 5year 12year 

𝐸𝐸𝑏𝑏(On  source): 68EeV
𝐸𝐸𝑏𝑏(Off  source): 47EeV
𝑁𝑁𝑜𝑜𝑜𝑜𝑜𝑜 𝐸𝐸 > 𝐸𝐸𝑏𝑏
𝑁𝑁𝑎𝑎𝑎𝑎𝑎𝑎 𝐸𝐸 > 𝐸𝐸𝑏𝑏

= 0.34

𝐸𝐸𝑏𝑏(On  source): 73EeV
𝐸𝐸𝑏𝑏(Off  source): 51EeV
𝑁𝑁𝑜𝑜𝑜𝑜𝑜𝑜 𝐸𝐸 > 𝐸𝐸𝑏𝑏
𝑁𝑁𝑎𝑎𝑎𝑎𝑎𝑎 𝐸𝐸 > 𝐸𝐸𝑏𝑏

= 0.39



Comparizon between 5year and 12year
12year data Δ𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

Very Preliminary
12 year data

Estimated brak energy and slope are consistent with first 5 year and 12 year data
Contour have shurinked it’s area due to increase of statistics
Still we see same difference early dificit at off source



Effect of atmospheric condition

• Data is divided into Summar and Winter. (no directional information)
• The difference of the spectrum shape is neglighbly small . 

Summer data vs Winter data



Estimation of chance probability



Summary
• The difference in energy distribution was evaluated between two sky areas in northern 

hemisphere.  
• One of the sky area is Super-Galactic latitude 𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰𝐰 ± 𝟑𝟑𝟎𝟎∘ (On source) and the other 

is Super-Galactic latitude o𝒖𝒖𝒖𝒖 𝒔𝒔𝒔𝒔𝒔𝒔𝒔𝒔 𝒐𝒐𝒐𝒐 ± 𝟑𝟑𝟎𝟎∘ (Off source).   

• The simulation suggests that the cosmic ray energy distribution will differ at high energy 
end. The distribution from Off source area shows early breake at high energy end. 

• The shape of observed cosmic ray energy distribution above 𝟏𝟏𝟎𝟎𝟏𝟏𝟏𝟏eV was examined using 

Telescope array surface detectors. 
• The trend of the difference in energy distribution (3.2σ with 5 year data) was analyzed  

with12 years of data.
• 12 years data, the maximum likelihood value is within the confidence region of the 5-year 

data. 
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