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Subaru HSC researchers meet cosmic ray researcher.
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Subaru HSC researchers meet cosmic ray researcher.
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J(E)×E3J(E)×E2

E > ~10 EeV E > ~50 EeV T. Fujii et al., PoS (ICRC2021) 402

θ ∼ 10∘ Z ( E
10 EeV )

−1

Deflection angle 
in our Galaxy

Z : atomic number

Energy spectrum of cosmic ray

https://pos.sissa.it/395/402/pdf
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Cosmic Ray Extensive Air Showers
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E>100EeV>100 EeV event detected by Telescope Array Experiment 6

10 μs

700 km2 area in Utah, USA
Figure made by Rosa Mayta

https://www.icrr.u-tokyo.ac.jp/ta/ta_public

3 m2 plastic scintillator

https://www.icrr.u-tokyo.ac.jp/ta/ta_public


7"Seeing" Cosmic Ray Extensive Air Showers
Direct detection of Subaru HSC CCDs

Image credit: https://subarutelescope.org

Altitude 4139 m, Mauna Kea, Hawai 
Optical and Infra-red telescope  
8.2 m diameter mirror 
34' x 27' field of view

CCD size 
30 mm x 60 mm  
0.2 mm thickness 
150 sec. exposure 

116 CCDs

Seeing shower!

App Store (Mac)

https://subarutelescope.org
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1 cm
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2021/11/16 14:47CR層から情報を取り出す

1 / 2 ページhttp://anela.mtk.nao.ac.jp:8080/groups/cosmicray/wiki/f51e3/CR.html

タグ
編集済み 2018/10/19 15:22 　 Kawanomoto Satoshi…

CR層から情報を取り出す
小池先生に習ってpythonコード作る。

~michitaro/anaconda3/bin/python で動かさないといけない。
/mnt/das03/michitaro/cr-counter/extracted/*/*/corr/CORR-0030138*.gz のような
ファイルを自分の所に持ってきてgunzipして処理にかける。
for file in CORR-*.fits ; do ~michitaro/anaconda3/bin/python ../python/cr.py $file
>> data.data ; done

例
個々のCRの重心

クリックでフルサイズ表示
個々のCRを直線近似したときのパラメータ分布。横軸:原点から直線に下ろした法線の角
度、縦軸:原点から直線に下ろした法線の長さ。

Position of cosmic ray particles in Subaru HSC



Directional analysis of cosmic-ray particles
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Directional analysis of cosmic-ray shower particles
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CCD上での宇宙線の飛跡の向きを、原点から飛跡に下ろした法線の角度θで表す。

θは飛跡が望遠鏡の天地方向に走っている時は数値的には InR回転角と同じになる。

とあるθの所で上がっているのは、同じ方向の宇宙線が選択的に多いことを示すのでミューオンバンドル成分。

バックグラウンド成分について、望遠鏡の向いている方向の天頂距離 (グラフの中の3個の数値の最初のもの)が大きい場
合、『縦成分』のものが多くなっている。3個の数値の最後のものはInR回転角を±90度でクリップしたもので、縦成分の
宇宙線のθはこの値に近くなるはず。実際、顕著なバンドル成分がないもので天頂距離が大きいものはこの値を中心に多
くなっていることが分かる。 0114-とか
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編集済み 2018/11/22 15:30 　 Kawanomoto Satoshi…

CCD上での飛跡の向きと天頂方向

cosmic ray wiki ブログ 検索

Direction of particles (degree)

Same direction for  
majority of particles

Same direction of these particles

Number of cosmic rays, Ncr  ~ 60,000 particles 

typical value: only ~100

Increase 
offset

2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7
)CRN(

10
log
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En
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Preliminary

Quick look on Subaru HSC data in 7 
years

Found 9 events, indicating a power-
law distribution



Physics motivation
Unprecedented detailed measurements for cosmic ray extensive air showers 

Possibility on proton, He, Li, Be ..... Fe identification by separating electrons and 
muons 

Understanding air shower physics and hadron interactions models 

Potential on new physics search? (Discussed with M. Yamanaka @A02) 

Search for Lepton flavor violating decay?
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Lepton Family number (LF ) violating modesLepton Family number (LF ) violating modesLepton Family number (LF ) violating modesLepton Family number (LF ) violating modes

Γ4 e− νe νµ LF [c] < 1.2 % 90%

Γ5 e−γ LF < 4.2 × 10−13 90%

Γ6 e− e+ e− LF < 1.0 × 10−12 90%

Γ7 e− 2γ LF < 7.2 × 10−11 90%

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

(gµ+ − gµ−) / gaverage(gµ+ − gµ−) / gaverage(gµ+ − gµ−) / gaverage(gµ+ − gµ−) / gaverage

A test of CPT invariance.

VALUE (units 10−8) DOCUMENT ID TECN

−0.11±0.12−0.11±0.12−0.11±0.12−0.11±0.12 BENNETT 04 MUG2
• • • We do not use the following data for averages, fits, limits, etc. • • •

−2.6 ±1.6 BAILEY 79 CNTR

µ ELECTRIC DIPOLE MOMENT (d)µ ELECTRIC DIPOLE MOMENT (d)µ ELECTRIC DIPOLE MOMENT (d)µ ELECTRIC DIPOLE MOMENT (d)

A nonzero value is forbidden by both T invariance and P invariance.

VALUE (10−19 e cm) CL% DOCUMENT ID TECN CHG COMMENT

< 1.8< 1.8< 1.8< 1.8 95 1 BENNETT 09 MUG2 ± Storage ring

• • • We do not use the following data for averages, fits, limits, etc. • • •

−0.1±1.0 2 BENNETT 09 MUG2 + Storage ring
−0.1±0.7 3 BENNETT 09 MUG2 − Storage ring
−3.7±3.4 4 BAILEY 78 CNTR ± Storage ring
8.6±4.5 BAILEY 78 CNTR + Storage ring
0.8±4.3 BAILEY 78 CNTR − Storage ring

1This is the combination of the two BENNETT 09 measurements quoted here separately

for µ+ and µ−. The result is also presented as a measurement of (0.0 ± 0.9)× 10−19e
cm.

2Also reported as the limit of
∣

∣d(µ+)
∣

∣ < 2.1× 10−19 e cm at 95% CL.
3Also reported as the limit of

∣

∣d(µ−)
∣

∣ < 1.5× 10−19 e cm at 95% CL.
4This is the combination of the two BAILEY 78 results quoted here separately for µ+ and

µ−. BAILEY 78 uses the convention d = 1/2 · (d
µ+

− d
µ−

) and reports 3.7 ± 3.4. We

convert their result to use the same convention as BENNETT 09.

MUON-ELECTRON CHARGE RATIO ANOMALY qµ+/qe− + 1MUON-ELECTRON CHARGE RATIO ANOMALY qµ+/qe− + 1MUON-ELECTRON CHARGE RATIO ANOMALY qµ+/qe− + 1MUON-ELECTRON CHARGE RATIO ANOMALY qµ+/qe− + 1

VALUE DOCUMENT ID TECN CHG COMMENT

(1.1±2.1)× 10−9(1.1±2.1)× 10−9(1.1±2.1)× 10−9(1.1±2.1)× 10−9 1 MEYER 00 CNTR + 1s–2s muonium
interval

1MEYER 00 measure the 1s–2s muonium interval, and then interpret the result in terms
of muon-electron charge ratio q

µ+
/q

e−
.

µ− DECAY MODESµ− DECAY MODESµ− DECAY MODESµ− DECAY MODES

µ+ modes are charge conjugates of the modes below.

Mode Fraction (Γi /Γ) Confidence level

Γ1 e− νe νµ ≈ 100%

Γ2 e− νe νµγ [a] (6.0±0.5)× 10−8

Γ3 e− νe νµ e
+ e− [b] (3.4±0.4)× 10−5

HTTP://PDG.LBL.GOV Page 4 Created: 6/1/2020 08:33

μ− → e− + e+ + e−

PDG 2021



Image credit: https://subarutelescope.org

Summary and future plans

Subaru Hyper Supreme-Cam Meets Cosmic Ray 
Showers

Unprecedented detailed measurements of cosmic 
ray showers

All data scan and analysis update are now in progress
Preparing two papers : a discovery paper, energy 
spectrum measurement paper

Brain storming of possible application
Serendipity of new synergy between A02 group 
(K. Murase) and B03 group (S. Miyazaki)

https://subarutelescope.org

