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abstract 

 

Ultra high energy cosmic rays over 10^19eV are thought to come from very powerful objects such 

as Active Galatic Nucleus(AGN). However, the number of AGNs and ultra high energy cosmic 

rays is not large enough to experimentally declare the correlation between them. We use Watson 

and Mortlock’s bayesian statistical method to compare the arrival direction data of large ground 

arrays such as the Telescope Array experiment with AGNs in the Veron-Cety and Veron (VCV) 

catalog. We also test the linearity using toy monte carlo simulation. In this presentation, we present 

the probability that the TA’s cosmic rays come from AGNs. 
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1. Introduction 

Telescope Array project is the experiment to observe the Ultra-high energy cosmic rays 

(UHECRs) located in Utah, USA operating since 2008. The experiment is consisted of two 

detector, Surface detector(SD) and Fluorescence cdetector(FD) which observe the extensive air 

showers(EAS) of UHECRs.  

TA reported a possible point source, Hotspot. If there are point sources like hotspot, but with 

low energy, the energy spectrum around the source direction can be different from other direction. 

We study energy spectrum of UHECRs with energy over 10EeV on TA’s field of view(FOV), 

using 9 years data of TASD. 

 

 

2. Method 

 

Analysis procedures are like the followings. 

 

Scan the TA exposure with spherical cap. 

To avoid a bias that depends on declination, 

make spherical cap have a constant exposure ratio, 𝛼 =
𝑁𝑜𝑛

𝑁𝑜𝑓𝑓
⁄  

Construct energy histogram with events inside a cap. 

→ observed energy bin frequencies(𝑛𝑖) 

Make another energy histogram with events outside the cap that normalized with expected 

number of events inside the cap(𝑁𝑏𝑔 = 𝛼(𝑁𝑒𝑣𝑒𝑛𝑡𝑠 −𝑁𝑜𝑛)) 

→ expected energy bin frequencies(𝜇𝑖) 

If the expected number of events in an energy bin(𝜇𝑖) is smaller than 1, the bin are combined 

with adjacent bins to reduce a bias. 

 

 

 

• Calculate a significance for a cap by using the binned Poisson likelihood ratio test. 
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Likelihood ratio test is a test which consider a ratio of likelihood of null hypothesis to that 

of alternative one as statistic.  

(𝛬 =
𝐿(𝜃0|𝑥)

𝐿(𝜃𝑎𝑙𝑡|𝑥)
⁄ ) 

 

If a ratio is too small, the null hypothesis is rejected. 

 

 If the sample size approaches to ∞, the test statistic(−2log⁡(𝛬)) is approximately chi-

squared distributed(𝜒2) : Wilks’ theorem 

 

 

−2log⁡(𝛬) ≅ 𝜒2 

Final test statistic is  

 

𝜒2 ≅ 2∑(𝜇𝑖 − 𝑛𝑖 + 𝑛𝑖 ln(𝑛𝑖 𝜇𝑖⁄ ))

𝑖

 

 

The degrees of freedom are 

 

𝑑𝑜𝑓 = 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑖𝑛𝑠 + 2 

 

The estimated background and the rebinning give additional degrees of freedom 

Likelihood ratio test furnishes quantitative statistic how different two histograms are. 

However, the statistic does not tell us any physical difference of two histograms. To see this, we 

decide to fit the most significant histograms with broken power law function.  

 

3. Results 
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𝑁(𝐸)

log10 (
𝐸

1𝐸𝑒𝑉
)

⁄ = 𝐶0 (𝜃(𝐸𝑏 − 𝐸) (
𝐸

1𝐸𝑒𝑉
)
−𝛼2

+ 𝜃(𝐸 − 𝐸𝑏) (
𝐸𝑏

1𝐸𝑒𝑉
)
−𝛼2+𝛼1

(
𝐸

1𝐸𝑒𝑉
)
−𝛼1

) 

 

4. Discussion 

 
Significance is decreased in comparison with that using 7years data. There is one different 

factor, which is the energy threshold. Adjusting the threshold means that changing the energy 

scale of anisotropy. Thus, we cannot see the energy spectrum anisotropy in 10EeV energy scale 

by using Poisson likelihood ratio test. The rebinning process makes histogram fluctuate so 

histograms look like coming from similar distribution. Therefore, an additional process such as 

fitting the histograms should be performed to claim both the statistical difference of histograms 
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and the physical difference of those. We used Poisson likelihood ratio test to find an energy 

spectrum anisotropy with energy scale 10EeV using 9years data of TASD. The most significant 

histograms are located at (155.0°, 37.5°) with p-value, 0.21 which is decreased compared with 

former result. Thus, we conclude that we cannot see the energy spectrum anisotropy in 10EeV 

scale. Moreover, we tried to fit the most significant histograms to see how physically different 

two histograms are. The fitted energy histograms are not good because of low number of events. 

However, fitting the histograms may be needed to claim that the histograms are different 

physically. 
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