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0  │∂╘⌐  

╩ ◄Ⱡꜟ◑כ≢ ┘ ∫≡™╢ ╘≡ ↕⌂ ╩ ≤™℮⁹

≢│⁸QuarkNet Japan( ─ ה ≤ ה ⌐╟∫≡

↕╣√ ה ─◖ꜝⱲ꜠כ◦ꜛfi )─ ─ ≤⇔≡⁸◦fi♅꜠כ♃

╛כ ⁸FPGAⱲכ♪⅛╠⌂╢ ╩ ™√ ─ ╩ ⇔

≡™╢⁹↓╣│ 1018eV╟╡ ⅝⌂◄Ⱡꜟ◑כ╩ ≈ ≢№╢⁸ ◄Ⱡꜟ◑כ

─ ╩ ≤⇔√╙─≢№╢⁹ ◄Ⱡꜟ◑כ ─ ⌐│ ⌂ ╩ ⇔≡

↕╣√ ─ ⅜ ≢№╢⁹∕─√╘⁸ ≤ ⇔√

─ ╩ ∫≡™╢⁹  

⇔⅛⇔⁸ ◄Ⱡꜟ◑כ ⅜ ⌐ ⌐ ⇔ ↕╣╢ ◦ꜗ꞉כ⅜≥╣╒

≥─ ⌐ ⅜╢⅛≤™∫√ ⅜ ∞⌐ ↕╣≡™⌂™⁹ ≤

≢─ ⅜ ◄Ⱡꜟ◑כ ─ ⌐ ⌂ ≢№╢⅛

∆╢⌐│⁸ ◄Ⱡꜟ◑כ ─ ◦ꜗ꞉כ─ ⅜╢ ╩ ⇔⁸№╢ ⌐ ⅛

╣√ 2 ≈─ ⅜ ⌐ ─ ╩ ∆╢ ╩ ╘╢↓≤⅜ ≢№╢⁹  

∕↓≢⁸CORSIKA≤™℮ Linux ≢ ∆╢◦Ⱶꜙ꜠כ◦ꜛfi♁ⱨ♩►▼▪╩ ™

╢⁹CORSIKA╩ ™╢≤⁸ ◄Ⱡꜟ◑כ ⌐╟╢ ◦ꜗ꞉כ⅜ ⅜╢ ╩

∆╢↓≤⅜≢⅝╢⁹  

╕√⁸CORSIKA◦Ⱶꜙ꜠כ◦ꜛfi⌐╟╡ ≢⅝╢ ◦ꜗ꞉כ ─ ─

⅛╠⁸ⱨ▫♇♥▫fi◓╩ ™≡ ─ ≈◄Ⱡꜟ◑כ↔≤⌐ ◦ꜗ꞉כ─

⅜╡ ⸗♦ꜟ╩ ∆╢↓≤⅜≢⅝╢⁹ ⇔√ ◦ꜗ꞉כ─ ⅜╡ ⸗♦ꜟ≤◦

Ⱶꜙ꜠כ◦ꜛfiⱪ꜡◓ꜝⱶ╩ ∆╣┌⁸№╢ ⌐ ⅛╣√ 2 ≈─ ⅜ ⌐№╢

◄Ⱡꜟ◑כ╩ ∫√ ╩ ∆╢ ╩ ∆╢↓≤⅜ ≤⌂╢⁹  

─ ╩ ⇔√ ⁸ 2 ≈─ ─ ⅜≥─╟℮⌐

⌐ ⇔≡™╢⅛╩ ⅛╘╢⁹↓╣╩ ∆◓ꜝⱨ╩ ◄Ⱡꜟ◑כ ≤∕╣

─◄Ⱡꜟ◑כ╩ ≈ ⌐≈™≡∕╣∙╣ ∆╢↓≤≢⁸ ◄Ⱡꜟ◑כ ─

⌐ ⇔√ ─ ╩ ∆╢↓≤⅜≢⅝╢⁹  

│⁸↓℮⇔√ⱪ꜡☿☻╩ ╕ⅎ≡ ◄Ⱡꜟ◑כ ─ ⌐ ⇔√ 2≈

─ ─ ╩ ⅛╘╢≤≤╙⌐⁸ ≤ ≢

─ ◄Ⱡꜟ◑כ ─ ⅜ ⌂╙─≢№╢⅛─ ╩ ≤⇔√╙─≢№╢⁹ 

 

 

 

 

 

 



1   

Telescope Array TA  

1020eV╩ ⅎ╢◄Ⱡꜟ◑כ╩ ≈ ◄Ⱡꜟ◑כ ─ ╩ ≤⇔≡ ↕╣

√ ⁸ ⁸ ⁸꜡◦▪⁸ⱬꜟ◑כ─ ≢№╡⁸ ≤

╩ ∂◘▬♩⌐ ⇔√Ɫ▬Ⱪꜞ♇♪ ╩ ≤⇔≡ ™╢╙─≢№╢⁹

╘≡ ⌂ ╩ ⌐ ™√─│⁸ꜚ♃ ⱪ⌐╟╢ⱨכꜟ◓─

ꜝ▬☼▪▬  (Flyΐs Eye) ≢№∫√⁹ⱨꜝ▬☼▪▬ ⱪ⇔⁸1990♇▪♪כ꜠◓╩

─ ◄Ⱡꜟ◑כ √⇔♪כꜞ╩ High -Resolution Flyΐs Eye (HiRes) 

─ ≤⌂╢ ⅜ TA ≢№╢⁹  

⌐╟╢ ⌐⅔™≡│⁸ ⌐ ⇔√ ◦ꜗ꞉כ─ ≤ ╩

⇔ ─◄Ⱡꜟ◑כ─ ⅝↕ ┘ ╩ ∆╢⁹╕√ ⌐

╟╢ ⌐⅔™≡│⁸ ◦ꜗ꞉כ⅜ ╩ ∫√≤⅝⌐ ↕╣╢◦fi♅꜠כ◦ꜛfi

─ ╩ ⇔ ◦ꜗ꞉כ─ ≢─◄Ⱡꜟ◑כ ┘ ╩ ∆╢⁹

─ ⌂╢ ≈─ ╩ ™╢↓≤≢⁸╟╡ ⌂Ɫ▬Ⱪꜞ♇♪ ╩ ⇔≡

™╢⁹  

TA │⁸ ⅜ ⇔≡⅔╡ ≢─ ⌐ ⇔≡™╢⁸ ꜚ♃ ─

⌐ ↕╣√ ≢ ╦╣≡™╢⁹ │ 700km2≢№╡⁸

≤⇔≡ 3m2─◦fi♅꜠כ◦ꜛfi ⅜ 1.2km ≢ 507 ↕╣≡™╢⁹

│ ↕ 1.2cm─◦fi♅꜠כ♃כ 2 ≢⁸ ⌐│ ⱴ▬◒꜡ⱨ□▬Ᵽכ

⅜ ↕╣≡⅔╡⁸ ─◦fi♅꜠כ♃כ ⌐╟╢ ─┌╠≈⅝╩ ∆╢

≤≤╙⌐ ⌐№╢ ⌐ ↕╣≡ ↕╣╢⁹╕√⁸38 ─

╙ ─ ╡╩ 3 ⅛ ⌐ ⇔≡ ↕╣≡™╢⁹  

TA ≢ ∆╢═⅝⌂─│⁸ ─ ⌐ ↕╣√  

( Electron Light Source, ELS) ─ ≢№╢⁹ │ ⱦכⱶ╩ ⌐

∆╢↓≤⅜≢⅝╢√╘⁸◄Ⱡꜟ◑כ─ ⇔√ ◦ꜗ꞉כ╩ ─ ≢ ⌐ ╡

⇔⁸ ∆╢ ╩ ∆╢↓≤⅜≢⅝╢⁹↓╣⌐╟╡ ─ ─

≤◄Ⱡꜟ◑כ─ ╩ ⌐ ℮↓≤⅜ ≤⌂╡⁸ ≢ ↕╣√ ─

╩ ♃כ♦≡⇔ ╩ ∫≡™√ HiRes ≤ ⇔≡╟╡ ─ ™

⌐╟╢ ⅜≢⅝╢╟℮⌐⌂∫√⁹  

⌂ TA ─ │⁸ ─◄Ⱡꜟ◑כ ☻Ɑ◒♩ꜟ╩ ⌐ ⇔≡⁸☻Ɑ◒♩

ꜟ─ ⌐ ◄Ⱡꜟ◑כ ≤ ─ ─  ( GZK◌♇♩○ⱨ )  ⅜ ∆

╢⅛╩ ⅛╘╢↓≤⁸ ◄Ⱡꜟ◑כ ⅜ √ ⌐ ≤⌂╡℮╢ ⅜№

╢⅛ ∆↓≤⁸∕⇔≡≥─╟℮⌂ ⁸ ⁸ ⁸Ⱶꜙכ○fi⁸♬ꜙכ♩ꜞ

ⱡ⌂≥ ⅜ ◄Ⱡꜟ◑כ⌐ ↕╣≡™╢─⅛╩ ∆╢↓≤≢№╢⁹  

↓╣╕≢─ TA ─ 1019eV×⁸5╠⅛♃כ♦ ≢ ─◄Ⱡꜟ◑כ☻Ɑ◒♩ꜟ



─ ╣ ⅜╡⅜ ∆╢↓≤⅜ ⅛╘╠╣≡™╢⁹↓─ ╣ ⅜╡⅜ GZK◌♇♩○ⱨ≢№

╢↓≤╩ ∆╢√╘⌐│⁸ ─ ╩ ╩♃כ♦√⇔ ⌐ ⇔⁸∕─ ⅛╠

↕╣╢◌♇♩○ⱨ─ ≤ ⅜ ⇔√ ≢◌♇♩○ⱨ ─◄Ⱡꜟ◑כ╩ ≈

─ ⌐ ⅝⌂ ⅜ ╠╣╢ ⅜№╢⁹  

2017 ─ ≢│⁸ ╩ ─ 4 ⌐ ∆╢ΔTA×4Δ╛⁸

≤ ▪꜠▬╩ ∆╢ ◄Ⱡꜟ◑כ ≢№╢ΔTALEΔ⅜ ≢№╢⁹

[ 2]  

 

2   

2.1 ⌐≈™≡  

 ⌐│⁸ √╡ MeV ─ ™◄Ⱡꜟ◑כ╩ ≈ ╛ ⁸ ⌂

≥⅜ ┘ ∫≡⅔╡⁸∕─ ⅜ ⌐╙ ⇔≡⅝≡™╢⁹↓╣╠─ │⁸

╩ ╢ ╛ ─ ≤ ⇔≡∕╣╠╩ ⇔⁸Ɽ▬○fi╛Ⱶꜙכ○fi⁸ ╛

≤™∫√ 2 ╩ ╖ ⇔⁸ ◦ꜗ꞉כ≤⌂∫≡ ⌐ ╡ ←⁹↓╣╠╩ ⇔

≡ ≤ ┬⁹ ⌐ ⅛╠ ∆╢ ╩ 1 ≤ ┘⁸ ≢ ↕╣

╢ 2 ╩ 2 ≤ ╪≢ ⇔≡™╢⁹ [ 1]  

 

2. 2 ─  

1910 ╕≢⁸ │ ◄Ⱡꜟ◑כ╩ ∫√ ⅜ ⅛╠ ⌐ ╡ ™

≢™╢↓≤╩ ╠⌂⅛∫√⁹►ꜝfi╛ⱳ꜡♬►ⱶ⁸ꜝ☺►ⱶ⌂≥⅛╠ ⅜ ↕╣≡

™╢↓≤⅜ ⅛∫≡™√⅜⁸↓╣╠─ ⅛╠ ╣√ ≢╙ │♀꜡⌐│⌂╠∏⁸

↓─ ─ │ ↕╣≡™⌂⅛∫√⁹∕↓≢Ⱬ☻ ( V. Hess)│⁸♀꜡≢│⌂™

─ ╩ ═╢√╘⁸ 1911- 1912 ⌐ ╩ ™√ ╩ ⌐ ∫≡ ∫

√⁹ 4000m╕≢ ⇔ ⇔√ ⁸ 1000m╟╡ ≢⁸ │ ⌐ ∆

╢⌐≈╣≡╟╡ ↄ⌂╢ ─ ╩ כ♃☻ꜟ◄ꜟ◖⁹√⇔ ( W. Kolhorster) │↓─

™ ⌐ ⇔≡ΔHohen-strahlungΔ( )≤ ↑√⁹ΔHohen-strahlungΔ

│Δ Δ≤ ↕╣╢⅜⁸↓─≤⅝Ⱬ☻│╕∞ ⅜ ⅛╠ ⇔≡™

╢↓≤⌐ ⅜≈™≡™⌂⅛∫√⁹Ⱬ☻│↓─ ─ ╩ ─№╢●fiⱴ ≢№╢

≤ ⅎ⁸↓╣╩Δ ●fiⱴ Δ≤ ╪∞⁹◒꜠▬ ( J. Clay) │⁸1929 ⌐╟╡

⅜ ∆╢↓≤╩ ⇔√⁹↓╣⌐╟╡ ⌐ ∫≡ↄ╢ │ ⌐ ↕╣╢

↓≤⅜ ⅛╡⁸ ⌐ ↕╣╢↓≤─⌂™●fiⱴ ≢│⌂ↄ⁸ ╩ ∫√ ≢№

╢↓≤⅜ ⅛∫√⁹  

꜡♇◦ ( B. Rossi) ≤☺ꜛfi♁fi ( T. Johnson)│ ─ ⌐ ⇔ ─ ╩ ∫√

│ ⅛╠ ↄ⁸ ─ ╩ ∫√ │ ⅛╠ ↄ ∆╢≤ ⇔√⁹ 1930 ⌐

∫√ ─ ⁸ ─ ™ ⅜ ⅛╠ ↄ ∆╢↓≤⅜╦⅛╡⁸ │



─ ╩ ∫≡™╢≤™℮ ⌐⌂∫√⁹↓╣╩Δ ─ Δ≤ ┬⁹  

Ⱬ☻│ ─ ⅜ ⌂╠┌⁸ ≢ ⌐ ⅜ ↕╣╢≤⅝ ⅜

∆╢≤ ⅎ⁸1931 ⌐ ⌐ ╩ ┌∆ ╩ ∫√⁹∕─ ⁸ ≢│

─ │ ∑∏⁸ ─ │ ≢│⌂™↓≤⅜╦⅛∫√⁹∕─ Ⱬ☻

─◒♇ꜟfi☻Ⱪ▬ה▪ꜞ♩☻כ○│ 2300m≢ ─ ╩ ∫√⁹◖fiⱪ

♩fi ( A.H. Compton)≤◕♇♥▫fi◓ (I.A. Getting) │⁸↓─Ⱬ☻─ ≥╙╩♃כ♦

⌐ ⌐ ∆╢ ─ ╩ ⇔√⁹  

↓─ ╩ ⌐Δ Δ≤ ⇔√─│Ⱶꜞ◌fi ( R.A. Mill ikan) ≢№╢⁹

1925 ─ ≢Δcosmic raysΔ≤™℮ ⅜ ↕╣≡⅔╡⁸ ⅛╠ ─ ╩

∆╢ ◄Ⱡꜟ◑כ─ ⅜ ⇔≡™╢⌐ ™⌂™≤ ⇔≡™╢⁹Ⱬ☻│∕╣╕

≢Δ ●fiⱴ Δ╛Δ Δ≤ ╪≢™√⅜⁸ 1940 Ⱶꜞ◌fi⅜ ↑√Δ

Δ(cosmic rays)≤™℮ ⌐ ⇔√√╘⁸↓╣ Δ Δ≤™℮ ⅜ ∆

╢↓≤⌐⌂∫√⁹ [2]  

 

2. 3 ◦ꜗ꞉כ  

 ─ ─ │ ─ ↕⌐ ═≡ ⌐ ↕™√╘⁸ │

≢ ≤─ ╩ ↓∆⁹↓╣⌐╟╡Ɽ▬○fi─ ⅜ ↓╢⁹ ↕╣√

Ɽ▬○fi⅜╕√ ╩ ↓∆↓≤≢⁸ ╩ ⇔≡™ↄ⌐≈╣≡ ⅜ ⇔≡

™ↄ⁹↓╣╩ ◦ꜗ꞉כ ≤™℮⁹  

 ≤ ─ ≤─ ≢ ↕╣╢Ɽ▬○fi⌐│ ⌐ɥ +⁸ɥ -⁸ɥ 0─ 3

⅜ ∆╢⁹Ɽ▬○fi─ כ꜡⌐ ╛◔▬○fi ⅜ ↕╣╢↓≤╙№╢

⅜⁸Ɽ▬○fi─ ⅜ ╙ ™⁹ ⇔√ Ɽ▬○fiɥ ±│ 2.6 × 10- 8 ≢Ⱶ

⌐±fiɡ○כꜙ ∆╢⅜⁸ ─ ≢ ↕╣╢Ɽ▬○fi│ ™◄Ⱡꜟ◑כ╩

♠fi꜠כ꜡⁸╘√╢™≡∫ ─ ∞↑ ⅜ ┘╢⁹∕─√╘⁸Ⱶꜙכ○fi⌐ ∆╢

⌐↕╠⌐ ─ ╩ ↕∑╢⁹↓╣╩Ɫ♪꜡fi◌☻◔כ♪≤ ┬⁹╛⅜≡◄Ⱡꜟ

╩כ◑ ℮≤⁸Ɽ▬○fi│ ⌐Ⱶꜙכ○fi⌐ ∆╢⁹  

“  O  ‘  ’Ӷ 

“  O  ‘  ’ 

⇔√Ⱶꜙכ○fi│ 2.2 × 10- 6 ≢ e±⌐ ♠fi꜠כ꜡⁸⅜╢∆ ⌐╟╡

│ 10- 5 ⌐ ┘╢⁹╕√⁸Ⱶꜙכ○fi│ ─ 200 ─ ╩ ≈√╘⁸

≤ ∆╢≤ ⅜ ↓╡⌐ↄ™⁹╕√⁸ ─◄Ⱡꜟ◑כ │ ─ ─

2 ⌐ ∆╢√╘◄Ⱡꜟ◑כ ╙╝∫ↄ╡≤⇔√╙─≤⌂╡⁸Ⱶꜙכ○fi─ ↄ│

⌐ ⌐ ∆╢⁹  

 ─ ⌐╟╡ ↕╣√Ɽ▬○fi─℮∟⁸ Ɽ▬○fiɥ 0│ ⅜ 8.4 × 

10- 17 ≤ ⌐ ↄ⁸ ™◄Ⱡꜟ◑כ╩ ∫≡™√≤⇔≡╙╒╓ ⌐ ⇔≡ 2 ─



●fiⱴ ≤⌂╢⁹ ─ Ɽ▬○fi⅜ ™◄Ⱡꜟ◑כ╩ ∫≡™╣┌ ⌐╟∫≡ ↕

╣╢●fiⱴ ╙ ™◄Ⱡꜟ◑כ╩ ≈⁹ ─●fiⱴ │ ╩ ↓⇔⁸╕√

─ ╛ │ ⌐╟∫≡●fiⱴ ╩ ∆╢⁹↓╣⅜ ╡ ⇔ ∆╢↓

≤⌐╟╡⁸●fiⱴ ≤ ה ─ ⅜ ↕╣╢⁹↓╣╩ ≥♪כ◔☻◌ ┬⁹  

“  O     

ɾ O  Ὡ  Ὡ  

Ὡ  O  Ὡ   

◦ꜗ꞉כ≤│Ɫ♪꜡fi◌☻◔כ♪≤ ─♪כ◔☻◌ ⌡ ╦∑≢№╢⁹ [ 2]  

 

2. 4 ◄Ⱡꜟ◑כ  

 ◄Ⱡꜟ◑כ⅜ 1018eV╩ ⅎ╢ ─↓≤╩ ◄Ⱡꜟ◑כ  (ultra - high 

energy cosmic rays, UHECRs) ≤ ┬⁹↓─╟℮⌂ ™◄Ⱡꜟ◑כ⌐ ∆╢╕≢ ╛

⌂≥─ ╩ ≢⅝╢ ≢⅝╢ⱷ◌♬☼ⱶ│ ∞ ↕╣≡⅔╠∏⁸∕─

│ ≢№╢⅜⁸●fiⱴ Ᵽכ♃☻ꜝ◒╛♩☻כ ⁸ ⁸ ⌂

≥⁸ ⌐⅔↑╢ ─ ≢╙ ╙ ⇔™ ≤ ⇔≡™╢≤ ⅎ╠╣≡™╢⁹  

⁸1012eV╕≢─◄Ⱡꜟ◑כ╩ ≈ │ ╛ ≢ fiꜛ◦כ♥☻

╛ ⌐╟╢ ╩ ℮⁹⇔⅛⇔ ─◄Ⱡꜟ◑כ⅜ ↄ⌂╢⌐≈╣≡∕─

│ ⌐ ↄ⌂╢√╘⁸ ∂╟℮⌐ ╩ ℮─│ ⇔™⁹ ™◄Ⱡꜟ◑כ╩ ≈

⅜ ∆╢ ◦ꜗ꞉כ│ ⌐╦√╡ ⌐ ∆╢√╘⁸ ◄Ⱡꜟ◑כ

│↓╣╩ ⇔≡ ╛ ≢ ∆╢⁹  

◄Ⱡꜟ◑כ ─ ╩ ∆╢√╘⌐ ⌂ ≤⇔≡⁸ ─◄Ⱡꜟ◑

Ɑ◒♩ꜟ⁸☻כ ─ ⁸ ⅜№╢⁹↓╣╠─ ⌂ ╩

≢ ╢√╘⌐│⁸ ∆╢ ─ ⅜ ≤⌂╢⁹⇔⅛⇔⁸ ◄Ⱡꜟ◑כ ≢

│◄Ⱡꜟ◑כ⅜ 1 ⅜╢⌐≈╣≡ │ 2 ⅜╢⁹√≤ⅎ┌⁸ 1020eV─◄Ⱡꜟ◑

╩כ ≈ ─ │ 100km2№√╡ 100 ≢ 1 ≤ ≢№╢⁹∕

─√╘ ⌂ ╩ ≈ ╩ ™√ ─ ⅜ ≤⌂╢⁹ [ 2]  

 

2.4.1 GZK ◌♇♩○ⱨ  

 ↓─ │⁸ T = 2.73K ⌐ ∆╢ ─◄Ⱡꜟ◑כ☻Ɑ◒♩ꜟ╩ ∫√

≢ ∟≡™╢⁹↓╣╩  ( Cosmic Microwave Background radiation, CMB) ≤

┘⁸ ─ ⅜ ─ ⌐№∫√↓≤─ ≢№╢≤ ↕╣≡™

╢⁹ ─ │ 10- 3eV ─ ╘≡ ™◄Ⱡꜟ◑⁸⅜╢№≢כ

⅜ 10- 3eV ⌐╖ⅎ╢ ─ ╩ ≤ ⅎ⁸↓─ ╩ 1020eV─ ◄Ⱡꜟ◑כ

⅜ ╕∫≡╖ⅎ╢ ♠fi꜠כ꜡⌐ ∆╢≤⁸∕─ ≢│ │ 100MeV╩

ⅎ╢●fiⱴ ⌐ ⅎ╢⁹ ⌐╟╣┌⁸ ─◄Ⱡꜟ◑כ⅜ 4- 6 × 1019eV╩ ⅎ╢≤



≤─ ≢ɥ ⌐╟╢◄Ⱡꜟ◑כ─ ⅜ ↓╢╟℮⌐⌂

╢⁹↓╣⌐╟╡⁸ ↕╣╢ ≢│ E = 4 - 6 × 1019eV ≢ ⌂ ─ ⅜

⅝╢↓≤⅜ ↕╣╢⁹↓╣╩ GZK◌♇♩○ⱨ  (Greisen - Zatsepin - Kuzmin cut - off )≤

┬⁹ [ 2]  

 ⅜ ™◄Ⱡꜟ◑כ╩ ≈ ≤ ⇔≡Ɽ▬○fi╩ ∆╢⌐│

⅜ GZK◌♇♩○ⱨ─⇔⅝™◄Ⱡꜟ◑כ╩ ⅎ╢ ⅜№╢⁹↓─⇔⅝™◄Ⱡꜟ◑⁸≢כ

⌐╟╢Ɽ▬○fi─ ⅜ - ─ ≢ ╩ ⇔√ ╩ ⌐

⌐∆╢⁹ ⅜↓─⇔⅝™◄Ⱡꜟ◑כ╩ ⅎ╢≤ │ ⌐◄Ⱡꜟ◑כ╩ ™⁸⇔⅝™

◄Ⱡꜟ◑כ╟╡ ⌐ ∟╢⁹↓╣⌐╟╡⁸ ◄Ⱡꜟ◑כ ─ ⅜ ⱷ

●Ɽכ☿◒╟╡╙ ↕™≤∆╢ ⅜≈↑╠╣╢⁹╕√⁸ ╙ ≤ ⌐

≤ ⇔≡⁸ - ╩ɘɘќe+e-≢ ∆╢⁹↓─ ⌐╟∫≡ 1015eV

─◄Ⱡꜟ◑כ╩ ≈ ─ │ ◐꜡Ɽכ☿◒⌐ ↕╣╢⁹↓╣╠⌐╟

╡⁸ ◄Ⱡꜟ◑כ ─ ⌐⁸ ≥╢∆╠⅛ꜟכ◔☻ ⌐ ™

─ ⅜≈↑╠╣╢⁹ [ 3]  

 

3  ─  

3.1  ─  

 ─ ⌐│⁸ ─ ⅜ ≢№╢⁹ │⁸∕─ ─ ≈◄Ⱡ

⌐כ◑ꜟ ∂≡⁸ ╩ ∆╢ ⌐ ∆╢ ╛ ╩▬○fi ⇔⁸ ─ ≢

│ ≤ ─ ╩ ∆╢⁹↓╣╠─ ╩ ⇔√ ─ ≤⇔≡⁸◦

fi♅꜠כ◦ꜛfi ≤ ⅜№╢⁹◦fi♅꜠כ◦ꜛfi │ ⅝⌂ ╛

0.1 Ⱶꜞ ─ ╩ ≤∆╢ ⌐ ⇔≡™╢⁹ ⁸ │ ─

◄Ⱡꜟ◑כ─ ≈◄Ⱡꜟ◑כ╩ ≢ ∆╢ ⌐ ⇔≡™╢⅜⁸ ╠╣√ ⌐─

╖ ↕╣╢⁹ ─ ⌐│ ↄ─ ◦fi♅꜠כ◦ꜛfi ⅜ ↕╣╢⁹  

 ◦fi♅꜠כ◦ꜛfi │◦fi♅꜠כ♃כ≤ ⁸ ╩ ╖ ╦∑

√╙─⅜ ⌐ ↕╣≡™╢⁹Ⱶꜙכ○fi⌂≥─ ⅜◦fi♅꜠כ♃כ─ ╩ ⇔

√ ⌐ ∆╢◦fi♅꜠כ◦ꜛfi ╩ ≢≤╠ⅎ⁸ ⌐╟╡ ↕╣√

╩ ⇔≡ ⌐ ≡⇔≥♃כ♦⁸╡ ∆╢≤™℮ ╖≤⌂∫≡™╢⁹

◦fi♅꜠כ◦ꜛfi │ ⅜ ⇔√ ⌐ ─ ╩ ∆╢⅜⁸↓─╟℮

⌂ ╩ ≈ ≢│ⱡ▬☼─ ⅜ ∆╢√╘↓╣⌐ ⇔⌂↑╣┌⌂╠⌂

™⁹ⱡ▬☼≤ ╩ ∆╢√╘⌐⁸ ╩ ™√♦▫☻◒ꜞⱵⱠכ♃כ  

(Discriminator) ╩ ∆╢⁹↓─ ╩ ∆╢≤⁸ ⇔√ ─⇔⅝™ ╟╡

╙ ⅝™ Ɽꜟ☻⌐ ⇔≡│ ↕╣√Ɽꜟ☻╩ ⅛╠ ⇔⁸⇔⅝™ ╟╡╙

↕™ Ɽꜟ☻⌐ ⇔≡│ Ɽꜟ☻╩ ⇔⌂™╟℮⌐ ╠╣≡™╢⁹↓─╟℮⌐

─ ⅜ ⌐ ↕╣√ ⁸ ─◦fi♅꜠כ◦ꜛfi ╩ ⅜≥



─╟℮⌂ ⁸ ╩ ⇔√ ≢ ⇔√⅛╩ ≢ ∆╢⁹↓─

─ ≤⌂╢─⅜◖▬fi◦♦fi☻  (Coincidence) ≢№╢⁹◖▬fi◦♦

fi☻ │ ⌂≥⌐ ↕╣≡™╢ AND- GATE╩ ⇔√╙─≢⁸№╢

─ ⌐ 2 ≈ ─ ⌐Ɽꜟ☻⅜ ↕╣√≤⅝─╖ Ɽꜟ☻╩ ∆╟℮⌐ ╠

╣≡™╢⁹ [ 4]  

◦ꜗ꞉כ ─ │ ─ ≤Ⱶꜙכ○fi⅜ ≢№╢⅜⁸◦fi♅

fiꜛ◦כ꜠ │≥∟╠╙ ≢⅝╢√╘ ≤Ⱶꜙכ○fi─ │ ⇔™⁹↓╣╩≤

╠ⅎ╢√╘⌐⁸ ╩ ⇔≡Ⱶꜙכ○fi─╖ ∆╢↓≤⅜≢⅝╢╟℮⌐⇔√Ⱶꜙכ

○fi ⅜ ↕╣╢↓≤╙№╢⁹ ∂◄Ⱡꜟ◑כ─ ⌐╟╢ ◦ꜗ꞉כ⅜

⇔√ ≢│⁸ ↕╣╢Ⱶꜙכ○fi─ │ ™ ⌐╟╢ ◦ꜗ꞉כ─ ⅜

ↄ⌂╢⁹╕√⁸1 ●fiⱴ ⌐╟╢ ◦ꜗ꞉כ│╒╓ ⌂ √╢№≢♪כ◔☻◌

╘⁸ ─♪כ◔☻◌Ɫ♪꜡fi≥♪כ◔☻◌ ⌡ ╦∑≢№╢ ה ⌐╟╢ ◦

ꜗ꞉כ╟╡╙Ⱶꜙכ○fi─ │ ⌂ↄ⌂╢⁹↓─√╘⁸Ⱶꜙכ○fi ─ │ 1

─ ─ ╛⁸ ◄Ⱡꜟ◑כ─ 1 ●fiⱴ ─ ⌂≥⌐ ™╠╣

╢⁹ [ 2]  

 

3.2 ◦fi♅꜠כ♃כ≤  

3.2.1 ⱪꜝ☻♅♇◒◦fi♅꜠כ♃כ  

 ◦ꜗ꞉כ⌐ ╕╣╢ ─ ⌐ ™╢ ≤⇔≡⁸ ⌂╙─⌐

≤ⱪꜝ☻♅♇◒◦fi♅꜠כ♃כ╩ ╖ ╦∑√◦fi♅꜠כ◦ꜛfi ⅜№

╢⁹◦fi♅꜠כ♃כ⌐│ⱪꜝ☻♅♇◒◦fi♅꜠כ♃כ⌐ ↕╣╢ ◦fi♅꜠כ♃כ

≤⁸NaI ⌐ ↕╣╢ ◦fi♅꜠כ♃כ⌐ ⅝ↄ ↑╠╣╢⁹ ⌐│ │

◦fi♅꜠כ♃כ─╒℮⅜ ↄ⁸ │ ◦fi♅꜠כ♃כ─╒℮⅜ ⅝™⁹ ◦

ꜗ꞉כ▪꜠▬⌐ ™╢◦fi♅꜠כ◦ꜛfi │♫ⱡ ─כ♄כ○ ™ ╩

↕╣╢╒⅛⁸ ↄ⁸ ⌐ ↄ⁸ ה ╩ ⅎ≡™╢⌂≥ ╡ ™⅜ ™√

╘⁸ ↄ─ ⱪꜝ☻♅♇◒◦fi♅꜠כ♃כ⅜ ™╠╣╢⁹ⱪꜝ☻♅♇◒◦fi♅꜠כ♃כ

│ⱳꜞ☻♅꜠fi≤ p-♃כⱨ▼♬ꜟ─◦fi♅꜠כ◦ꜛfi ⌐ POPOP⌂≥╩ ⅎ√

╩ ™≡ ↕╣≡™╢⁹Ⱶꜙכ○fi⌂≥─ ⅜ⱪꜝ☻♅♇◒◦fi♅꜠כ♃כ─

╩ ∆╢≤⁸◦fi♅꜠כ◦ꜛfi ≤™℮ 400nm ─ ╩ ∆╢⁹↓─◦fi♅

fiꜛ◦כ꜠ │ ⌂ ≢№╢√╘⁸ ≢≤╠ⅎ╢√╘⌐│◦fi♅꜠כ♃כ

╩ ⌐ ∆╢ ⅜№╢⁹ [ 2]  

 

 

 

3.2.2  



 │ ה ─ ☿fi◘⁹╢№≢כ ─ ⌐

⅜ ╢≤⁸ ⅜ ↓╡╛∆™ ≢≢⅝√ ⌐ ⅜ √╡ ⌐ ↕╣

╢⁹ ⅜ ⇔♄▬ⱡכ♪╕≢ ∆╢ │ 20- 30%≢№╡⁸↓╣╩ ≤

™℮⁹ ⌐╟ↄ ™╠╣╢ ≤⇔≡⁸ ≢ ™ ╩ ≈ GaAsP 

(Cs) ╛⁸2 ─▪ꜟ◌ꜞ ╩ ℮ Sb- Rb- Cs⁸Sb- K- Cs⌂≥⅜ ╠╣≡™╢⁹

─ │ 2 ▬fi♅⅛╠ 15 ▬fi♅ ≢№╡⁸∕─ ⌐♄▬ⱡכ♪≤ ┌╣╢ ─

↕╣√ ⅜ ╪≢™╢⁹ [ 2]  

 

3.3  

QuarkNet Japan─ ─ ≤⇔≡ ≤ ⇔≡ ∫≡™╢⁸ ◄Ⱡ

כ◑ꜟ ─ ╩ ≤⇔√ ─ ⌐ ⌐ ⇔≡™╢ │

Figure 1 ⌐ ⇔√╟℮⌂ ≤⌂∫≡™╢⁹↓─√╘⁸ 5 ─ ─ ─

⌐⅔™≡╙⁸ ─ ⌐ ─╟℮⌂◦fi♅꜠כ♃כ╛ ⁸FPGAⱲכ

♪⅛╠⌂╢ ╩ 2 ≈ ⇔√≤™℮ ≢ ℮⁹  

 

1. ⱪꜝ☻♅♇◒◦fi♅꜠כ♃כ    2  

                 2  

2. BNC ꜟⱩכ◔          2  

3. QuarkNet FPGAⱲכ♪           1  

4. CAT- 5 LAN◔כⱩꜟ            1  

5. GPS⸗☺ꜙכꜟ                1  

6. GPS▪fi♥♫                  1  

7. ☿fi◘כ                  1  

8. 5V DC                    1  

9. PDU ꜟⱩכ◔              1  

10. PDU                        1  

ꜟⱩכ◔ .11            2  

12. USB◔כⱩꜟ                 1  

13. PC                         1  



 

Figure 1 ֓ Ьв˔Ϸрᾁ Ṁ  ( CRMD) χ  1 

 

4  CORSIKA◦Ⱶꜙ꜠כ♃כ  

4.1  CORSIKA⌐≈™≡  

 CORSIKA (Cosmic Ray Simulations for  Kascade) │ ◄Ⱡꜟ◑כ ⌐╟╢

◦ꜗ꞉כ ( Extensive Air Shower, EAS) ─◦Ⱶꜙ꜠כ◦ꜛfi╩ ℮↓≤─≢⅝╢◖

fiⱧꜙכ♃כ♁ⱨ♩►▼▪≢№╢⁹100EeV╕≢─◄Ⱡꜟ◑כ╩ ∫√ ⌐╟╢

◦ꜗ꞉כ─◦Ⱶꜙ꜠כ◦ꜛfi╩ ∆╢↓≤⅜≢⅝╢⁹ ◄כꜟ☻ꜟכ◌ה♠▬♪│₁

 (Karlsruhe Institute of Technology, KIT) ⅜◌☻◔כ♪ ╩ ℮√╘⌐

↕╣√ⱪ꜡◓ꜝⱶ≢№╢⅜⁸♅▼꜠fi◖ⱨ ⌐ ∆╢ ∞↑≢⌂ↄ⁸ ⌂

◦ꜗ꞉כ◦Ⱶꜙ꜠כ◦ꜛfiⱪ꜡◓ꜝⱶ≤⇔≡ ⌐ ∆╢ ⌐ ↄ ↕

╣≡™╢⁹ [ 5]  

 CORSIKA┼─ Ɽꜝⱷכ♃│ all - inputs  ( ⌐ ) ≤™℮ ⱨ□▬ꜟ⌐ ↕

╣≡⅔╡⁸ ╡╟⌐כ◙כꜚ╢∆ ⌐ ∆╢↓≤⅜≢⅝╢⁹ ⌐ all - inputs

≢ ↕╣╢ ⌂Ɽꜝⱷכ♃╩ ∆⁹  

 EVTNRה

 ≤⌂╢ ─  

 NSHOWה

 ∆╢ ◦ꜗ꞉כ  

 PRMPARה

 ╛ ⁸Ⱶꜙכ○fi⌂≥─  (Figure 2 ⌐ ∆╢ )  

 

1 Cosmic Ray e- Lab Resources 

( http://quarknet.i2u2.org/sites/default/fi les/cf_6000crmdusermanual - small.pdf)  

http://quarknet.i2u2.org/sites/default/files/cf_6000crmdusermanual-small.pdf


 ERANGEה

 ─◄Ⱡꜟ◑כ  

 THETAPה

 ─ ɝ  

 PHIPה

 ─ ɫ  

 OBSLEVה

 ─  

 MAGNETה

 ⌐⅔↑╢ ─ ⅝↕  

 ECUTSה

 ERANGE≢ ≢⅝╢◄Ⱡꜟ◑כ─  

Figure 2 CORSIKA τΣΪϥ בּ ◓ 2 

 

2 Extensive Air Shower Simulation with CORSIKA: A User's Guide  

( https://web.ikp.kit.edu/corsika/usersguide/usersguide.pdf )  

https://web.ikp.kit.edu/corsika/usersguide/usersguide.pdf


4. 2  

Oracle VirtualBox ╩ ™≡⁸Ubuntu ≢ CORSIKA╩ ⇔◦Ⱶꜙ꜠כ◦ꜛ

fi╩ ℮⁹◦Ⱶꜙ꜠כ◦ꜛfi⌐ ∆╢♁ⱨ♩►▼▪│ ─ ╡≢№╢⁹  

 CORSIKAה

 ROOTה

CORSIKA◦Ⱶꜙ꜠כ◦ꜛfi│ all - inputs ≤™℮ ⱨ□▬ꜟ⌐ ⅛╣√ ─Ɽꜝ

ⱷכ♃╩ ╖ ╖ ╦╣╢⁹CORSIKA╩ ™≡◦Ⱶꜙ꜠כ◦ꜛfi╩∆╢ ⌐│⁸Ubuntu

≢ Terminal ╩ ™≡◖ⱴfi♪╩ ∟ ╗ ⅜№╢⁹ │ ─ ╡≢№

╢⁹  

 

1. ⱨ□▬ꜟ≢№╢ all - inputs ⌐◦Ⱶꜙ꜠כ◦ꜛfi ≤∆╢ ─Ɽꜝⱷכ

♃╩ ⅝ ╗  

2.  ~corsika - 76900/run/ CORSIKA⅜▬fi☻♩כꜟ↕╣≡™╢♦▫꜠◒♩ꜞ כ♃≢

Ⱶ♫ꜟ╩ ↄ  

3.  ./co rsika76900Linux_QGSJET_gheisha_inclined <all - inputs & ≤◖ⱴfi♪╩ ∟

CORSIKA╩ ⁸◦Ⱶꜙ꜠כ◦ꜛfi  

4.  END OF RUN─ ╩ ⇔◦Ⱶꜙ꜠כ◦ꜛfi  

 

─ ╩╙∫≡◦Ⱶꜙ꜠כ◦ꜛfi⅜ ∆╢≤ ⅜ ↕╣√ ⱨ□▬ꜟ

≤ DATⱨ□▬ꜟ⅜ ↕╣╢⁹ ╩ ╛◓ꜝⱨ≤⇔≡ ∆╢√╘⌐│ⱨ□▬ꜟ

♃כ♦╩ ─ ™╛∆™╙─⌐ ∆╢ ⅜№╢√╘⁸ .root ≢ ↕╣╢ⱨ

□▬ꜟ ⌐ ♃כ♦⁸⇔ ♁ⱨ♩≢№╢ ROOT⌐ ╖ ╘╢╟℮⌐∆╢⁹╕√⁸

╛◓ꜝⱨ╩ ∆╢√╘⌐◓ꜝⱨ─ ╛ ╩♃כ♦╢∆ C ≢ ⇔√ⱪ꜡◓ꜝⱶ  

( colz.C⁸ ⌐ ) ╩ ™╢⁹ROOT╩ ™≡ ╩ ╛◓ꜝⱨ≢ ∆√╘⌐│

≢ ─ ╩ ℮⁹  

 

1.  ./CorsikaPlotter DAT00000x x │ all - inputs ─ RUNNR─ ≤◖ⱴfi♪╩ ∟

r oot ⱨ□▬ꜟ╩  

2.  root DAT00000x_1.root ≤◖ⱴfi♪╩ ∟ ROOT╩  

3.  .x colz.C(ΓDAT00000x_1.rootΔ)≤◖ⱴfi♪╩ ∟ x:y ◓ꜝⱨ╩  

 

 

 

 

 



4. 3  

─ ≈◄Ⱡꜟ◑כ↔≤⌐ ◦ꜗ꞉כ─ ⅜╡ ⸗♦ꜟ╩ ∆╢√╘⌐⁸

CORSIKA◦Ⱶꜙ꜠כ◦ꜛfi╩ ─◄Ⱡꜟ◑כ↔≤⌐ ™⁸ ◦ꜗ꞉כ⅜ ⅜╢

╩ ∆╢⁹CORSIKA◦Ⱶꜙ꜠כ◦ꜛfi─ ⅛╠ ◦ꜗ꞉כ ─ ─

╩ ∆╢↓≤⅜≢⅝⁸ⱨ▫♇♥▫fi◓╩ ™≡ ─ ≈◄Ⱡꜟ◑כ↔≤⌐

◦ꜗ꞉כ─ ⅜╡ ⸗♦ꜟ╩ ∆╢↓≤⅜≢⅝╢⁹ ◦Ⱶꜙ꜠כ◦ꜛfi∆╢

─ ⌂Ɽꜝⱷכ♃≤⇔≡ ─╙─╩ ⇔√⁹∕─ ─Ɽꜝⱷכ♃│ 10 ─

all - inputs ─ ⌐ ⇔≡№╢⁹  

 

 EVTNR:1ה

 ≤⌂╢ ─ │ 1  

 NSHOW:1ה

 ∆╢ ◦ꜗ꞉כ │ 1  

 PRMPAR:2ה

 │  

ERANGE:1.E5, 1.E6, 1.E7, 1.E9ה  

 ─◄Ⱡꜟ◑כ │ 1014eV⁸1015eV⁸1016eV⁸1018eV 

 THETAP:20ה

 ─ ɝ│ 20° 

:PHIPה - 180 180 

 ─ ɫ│ - 180°⅛╠ 180° 

 

 Figure 3- 15│ ⌐ ∆╢ ◦ꜗ꞉כ─ ─ ╩ ⇔√ 2 ⱥ☻♩◓ꜝⱶ

≢№╢⁹ x ≤ y │ ⌐⅔↑╢ ╩ ⇔≡™╢⁹ ⌐ ─◄Ⱡꜟ◑כ─╖╩

1014eV⅛╠ ◄Ⱡꜟ◑כ ⌐ ∆╢ 1018eV╕≢─ ≢ ⇔⁸∕╣∙╣─

≢◦Ⱶꜙ꜠כ◦ꜛfi╩ ∫√⁹Figure 3- 6 ╕≢│ 1014eV⅛╠ 1018eV╕≢─ ◄Ⱡꜟ◑כ

⌐⅔↑╢ 2 ◓ꜝⱨ╩ ⇔≡™╢⁹  



Figure 3 1014eV                          Figure 4 1015eV 

 

 

 

Figure 5 1016eV                         Figure 6 1018eV 

 

 

ⱳτ֓ χϵКиϻ˔Ϭ 1015eV τᾧ ΰʺ ΰοΨϥ֓ χ ᶑχϙϬ Π

οЄЬвй˔ЄдрϬ“μθʻάϦψ֓ Υ ṓτ βϥᶑ ρἋṓЄам˔χ ◓

χᾤ χḩἰϬ ϥθϛπΚϥʻ ᶑ 20̃χ∑χϽжТψ Figure 4 πβπτꜘΰθθ

ϛ ΰθʻFigure 7-13 Υꜘβ Ϥʺ֓ χ ᶑΥ ΦΨσϥτνϦοἋṓЄам˔

χ ◓χᾤ ψᾚ ΰθʻάϦψ֓ χ ᶑΥ ΦΨσϥτνϦοἋṓЄам˔Υ

ᵃβϥ ṓ Ϝ ΨσϤʺἋṓЄам˔χ ◓χⱱνϵКиϻ˔Υᾚ ΰθάρπ τ

ΤσΨσμθάρΥᾖԍρΰο―ΠϣϦϥʻ  



 

Figure 7 ᶑ 0̃                        Figure 8 ᶑ 10̃ 

 

 

 

Figure 9 ᶑ 30̃                       Figure 10 ᶑ 40̃ 

 

 

 


















