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ⱪ│⁸כ ─ J-PARC ⱡꜞ♩כꜙ♬─(1

⌐≡⁸ ⱡꜞ♩כꜙ♬ 2)─ ─ ╩ ≥ⱡꜞ♩כꜙ♬≡⇔ ─ ╩



 

ₒⱳ▬fi♩ₓ 

│ⱡꜞ♩כꜙ♬ ה ⅛╠ ⅜ ⅎ√ ╛ ─ ╩ ⅎ╢  

╩ ∆╢ ╩ ∫≡™╢⅜⁸∕─ ─ ≥ⱡꜞ♩כꜙ♬╢⌂≥

≤─ │╕∞ ⌂ ⅜ ™√╘⁸ ⌂ ⅜ ≤↕╣≡™╢⁹ 

│ ה ─ ≤ ═≡ ⅜ ⌐ ↄ⁸ⱴ▬◒꜡ⱷכ

♩ꜟ 1000 ─ 1 Ⱶꜞⱷכ♩ꜟ ─ ≢ ╩ ≢⅝╢⁹↓─ ╩

⇔⁸ ⁸ ─ ≢│ ≥ⱡꜞ♩כꜙ♬™⌂⅝≢ ─ ⅛╠ ↕╣╢

0.5 GeV/c ─ ◄Ⱡꜟ◑כ─ ─ ⌐ ≢ ╘≡ ⇔⁸NINJA ─

╩ ⇔√⁹ 

NINJA ה ≢│ ≤◦fi♅꜠כ♃כ╩ ™√ ╩ ⇔≡⅔╡⁸∕╣

╠─ ⱡꜞ♩כꜙ♬≡∫╟⌐ ─ ╩♃כ♦ ∆╢⁹ ⁸ ─  

⌐⅔↑╢ ⌐╟∫≡ ⱡꜞ♩כꜙ♬─ ⅜ ⇔√⁹ 

 

ₒ ≤ ₓ 

│ⱡꜞ♩כꜙ♬ ─ ≢⁸ ⌐│ כꜙⱵה ►♃ה ⅜

↕╣≡™╕∆⁹╕√ ⌂ ╩ ∟⁸ ⌐ ⌂╢ ⌐ⱡꜞ♩כꜙ♬─

ⱡꜞ♩כꜙ♬╢∆ 6)≤ ┌╣╢ ⅜№╢↓≤⅜ ╠╣≡™╕∆⁹ │⁸♬ꜙ

ⱡꜞ♩כ ╩ ⌐ ∆╢↓≤≢⁸ ⅛╠ ⅜ ⅎ≡⇔╕∫√ ╛

─ ⌐ ╣⌂™ ─ⱡꜞ♩כꜙ♬™⇔ ⅜ ╦╣≡™╕∆⁹⇔⅛⇔⁸∕╣╠─

─ ≥ⱡꜞ♩כꜙ♬╢⌂≥ ≤─ │ ∞ ⌂ ⅜ ↄ⁸

ⱡꜞ♩כꜙ♬ ─ ─ ⅝⌂ ≤⌂∫≡™╕∆⁹∕↓≢⁸ ꜞ♩כꜙ♬─

ⱡ √⅝≡⇔♪כꜞ╩ OPERA T2Kה(7 ─ⱷfiⱣכ⅜♃♇◓╩ כꜙ♬⁸╖

♩ꜞⱡ- ─ ╩ ∆═ↄ √⌐ NINJA ╩ ∟ →╕⇔√

ה ה ה ה ה ה

ה ⅜ ⇔≡™╕∆⁹  ⁹ 

NINJA │⁸ ─ J-PARC ─♬ꜙכ♩ꜞⱡ

≢ ╦╣≡™╕∆⁹2014 ⅛╠ ─ ╩ ™≡ ≤◦fi♅꜠כ

כ♃ ─ ⱡꜞ♩כꜙ♬╢╟⌐ ─ ─ ╩ ™⁸2019

⌐ ≢ ≥ⱡꜞ♩כꜙ♬≡╘ ≤─ ⅛╠ ∆╢ ◄Ⱡꜟ◑כ ─ ⌐

⇔╕⇔√ ⁹↓─╟℮⌂ ⱡꜞ♩כꜙ♬─ ─ ⱡꜞ♩כꜙ♬│

√∫™≥♦Ⱶ○◌fi◌כⱢ▬Ɽה♦Ⱶ○◌fi◌כⱤכ☻≡™⅔⌐ ─ ♅▼꜠

fi◖ⱨ ⅜ ↕╣╢↓≤⅛╠ ⌐ ⌂ ≢∆⁹∕─ -ⱡꜞ♩כꜙ♬⁸

─ ⌐ ↑⁸2019 ⅛╠ ╩ 30 ⌐ ⇔√ ╩

⇔╕⇔√⁹ 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

≢ ⇔√ ≢─ ⱡꜞ♩כꜙ♬ ⅛╠ ⇔√ ─ ≤

─ ⁹ ⅜ ╢╟⌐fiꜛ◦כ꜠ꜙⱥ☻♩◓ꜝⱶ│◦Ⱶ≢♃כ♦ ≢⁸

⅛╠ ⌐⌂╢⌐≈╣≡ ⅜ ↄ⌂╡╕∆⁹ ─ ≢ ⌂ ╟╡

™ 0.5GeV/c ─ ⅜ ≢⅝≡™╕∆⁹↓─ ⇔™ ⌐╟╡⁸ ↕╣≡™

΅ⱡꜞ♩כꜙ♬╢ ⸗♦ꜟ─ ה ⅜ ─ⱡꜞ♩כꜙ♬╡⌂≥ ⌐







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NINJA ─ ≢ ⱡꜞ♩כꜙ♬√⇔ ⁹ ⅛╠Ⱶꜙכ(ɡ) ⅜

↕╣≡™╕∆⁹ɡ │ ⌐╟∫≡ ─ Baby MIND ⌐≡ ↕╣⁸

⌐╟╢ ⅜╡ ⅛╠ⱪꜝ☻─ ╩ ∫≡™╕∆⁹ ∫≡⁸ ─ ≢ ↕╣╢╟

℮⌂⁸ ⅜ⱡ(�̅�ɡ)ꜞ♩כꜙ♬ (p)≤ ⇔⁸ɡ ≤ (n)⅜ ⇔√ ∞

≤ ⅎ╠╣╕∆⁹ │ ⅜♀꜡⌂─≢⁸ ⌐ ╩ ↕∏⁸ɡ ─

─╖⅜ ╡╕∆⁹ 

 

 

ₒ ─ ₓ 

 ⁸ ─ ≢│ ⅜ ⇔™ ⱡꜞ♩כꜙ♬─ ⅛╠ ↕╣╢ ◄Ⱡ

─כ◑ꜟ ╩⁸ ╩ ™≡ ≢ ╘≡ ⇔⁸NINJA ─

╩ ⇔╕⇔√⁹╕√⁸ ╩ ⱶכⱡⱦꜞ♩כꜙ♬√™ ╩

⇔⁸∕─ ╩ ⱡꜞ♩כꜙ♬≡™ ─ ⌐ ⁸ECC-ES-ST-BM ─

─ ╩ ⇔╕⇔√⁹ ↓↓≢ ⇔√ ╩ ™≡ ─

╩ ╘╢↓≤≢⁸ ⌂ ⅜ ΅ⱡꜞ♩כꜙ♬™ ⸗♦ꜟ⅜ ↕╣╕

∆⁹∕─ ⁸ ⱡꜞ♩כꜙ♬⌂ ⅜ ⇔⁸ ⅛╠ ⅜ ⅎ√ ─

ה ─ ⌐⌂™ ─ⱡꜞ♩כꜙ♬™⇔ ⌐ ⅜╡╕∆⁹ 

 

 

 

 

 

 

 



 

ₒ ₓ 

  1. J-PARC ◄Ⱡꜟ◑כ ≤

⅜ ≢ ⇔≡™╢ ≢⁸ ה

ה ה ה ה ⌂≥─ ⌂ ⅛╠ ┼─

╕≢ ─ ≢ ─ ⅜ ╦╣≡™╕∆⁹NINJA ≢│ J-

PARC ≢ ╠╣√ ╩ⱶכⱡⱦꜞ♩כꜙ♬ ⇔≡™╕∆⁹ 

ⱡꜞ♩כꜙ♬.2   ⅜⌂ↄ⁸ │ ─╖ ╠╣≡⅔╡⁸ ∞ ⅜ ™

≢∆⁹ כꜙⱵה ►♃ה ─ ⅜ⱡꜞ♩כꜙ♬─ ↕╣≡™╕∆⅜⁸

™ ⇔⅛⇔⌂™√╘ ה ∆╢⌐│ ╛ⱶכⱡⱦꜞ♩כꜙ♬─

─ ⅜ ≤⌂╡╕∆⁹ ↄ─♬ꜙכ♩ꜞⱡ │ ╩ ∆╢√╘

⌐ ─ ╩ ⌐⇔≡™╢√╘⁸ ⅛╠ ™ ≢ ⇔≡⇔╕

℮ ◄Ⱡꜟ◑כ ─ ⅜ ≤⌂╡╕∆⁹ 

  3. ─ ⱨ▫ꜟⱶ≢ ה ╛ ─ ⅜ ╢╟℮

⌐ ↕╣√ ≢∆⁹♀ꜝ♅fi ⌐ 200nm (nm │ 1/1000000 mm)─

╩ ≢ ╣≡№╡⁸ ─ ╩ 1/10000 mm ─ ≢ ∆╢

↓≤⅜≢⅝╕∆⁹ ≢│↓╣╕≢⌐ɥ ⱶכꜗ♅╛ ♩כꜙ♬►♃ה

ꜞⱡ─ ⱡꜞ♩כꜙ♬╛ ─ ⌐ ⇔╕⇔√⁹ │ Ⱶꜙכ○fi╩

™√ⱧꜝⱵ♇♪⌂≥─ ─ ⌂≥─ ≢╙ ⇔≡™╕∆⁹ 

 4.Sub-GeV ◘Ⱪ-◑● Ⱳꜟ♩ Ⱳꜟ♩│ ≢ ™╠╣╢◄Ⱡꜟ◑

─כ ≢⁸1 Ⱳꜟ♩│ ⅜ 1Ⱳꜟ♩─ ≢ ↕╣√ ⌐ ╢◄Ⱡꜟ◑

⁹GeV∆≢כ ◑● Ⱳꜟ♩ │ 10 Ⱳꜟ♩╩ ⇔≡⅔╡⁸Sub-GeV ◄Ⱡꜟ◑

כ │ 1 10 Ⱳꜟ♩─ ╩ ⇔╕∆⁹ 

 5.T2K J-PARC ─ ╩ⱶכⱡⱦꜞ♩כꜙ♬ 295km ◌○Ⱶ◌כⱤכ☻√╣

fi♦⌐ ⱡꜞ♩כꜙ♬⁸⇔ ╩ ∆╢ ⱡꜞ♩כꜙ♬

≢∆⁹2013 ⌐Ⱶꜙכꜙ♬כ♩ꜞⱡ⅛╠ ⱡꜞ♩כꜙ♬─┼ⱡꜞ♩כꜙ♬

╩ ⁸2020 ─ⱡꜞ♩כꜙ♬│⌐ ה ─ ─ ╣⌐ ⇔≡↓╣╕≢

≢ ╙ ™ ╩ ⅎ╢↓≤⌐ ⇔╕⇔√⁹T2K │ J-PARC ⱡⱦꜞ♩כꜙ♬─

ⱶכ ╛ⱦכⱶ◒◊ꜞ♥▫─ ─fiꜛ◦כ꜠ꜙⱶ◦Ⱶכⱦה ⌐╙ ⇔≡

™╕∆⁹NINJA │ T2K ≤ ╩ ╡⁸ⱦכⱶ◦Ⱶꜙ꜠כ◦ꜛfi─

╛⁸Ⱶꜙכ ─ ─√╘⌐ T2K ─ (Baby MIND ─♃כ♦─(

╩ ↑≡™╕∆⁹ 

ⱡꜞ♩כꜙ♬.6   ⌐ⱡꜞ♩כꜙ♬╢№ ⅜№╢ ⌐⁸№╢ ─♬

╠⅛ⱡꜞ♩כꜙ ─ ⌐ⱡꜞ♩כꜙ♬─ ∆╢ ≢⁸1962 ⌐ ─



 

─ⱡꜞ♩כꜙ♬►♃╢╣↕ ╩ ⇔╕⇔√⁹NINJA ≢│ OPERA ≢ ↕

╣√ ─ ₁⌂ ╩ ⇔≡™╕∆⁹ 
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Physical Review D 

♃▬♩ꜟ First measurement of �̅�ɡ and ɢɡ charged-current inclusive 

interactions on water p 

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.072006

