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1.  

◄Ⱡꜟ◑כ ⌐⅔™≡⁸ ₁⌂●☻ (MWPC -Multi 

Wire -Proportional Chamber ⁸MPGD -Micro Pattern Gas Detector ⌂≥)─ ⅔

╟┘ ⅜ ╪≢™╢⁹ 
MPGD │ MWPC ╟╡╙ ⌐ ↕╣√╙─≢ ╛ Ᵽ♇◒◓ꜝfi♪

≢╟╡╟™ ╩ ╢√╘⌐⁸ ┼─ ─ ╛ ⌐

∆╢ ─ ⌂≥⅜ ╘╠╣ ╠╣√⁹↓╣⌐ ↕╣╢─│GEM ≢№╢⁹ 

 ↓╣│ ╩ ™√꞉▬ꜘכ╩ ™⌂™●☻ ≢⁸꞉ ╩כꜘ▬ ™

√MWPC ≤ ═ ─ ╩ ∟≈≈ ╖ ⇔⅜ ╢↓≤╛

─ ⌐ ™≤™℮ ╩╙∫≡™╢⁹ 

 ⇔⅛⇔⁸ ≢ ⅜ ↓╢≤GEM (Gas Electron Multiplier) ≤ ┌╣╢⁸

ⱳꜞ▬Ⱶ♪╕√│ ⱳꜞⱴכ─ⱨ▫ꜟⱶ─ ╩ ≢ ⇔≡№╢ ⌐ ─

╡╛∆™ ⅜≢⅝≡⇔╕™⁸℮╕ↄ ⇔⌂™↓≤⅜ ↄ⌂╢⁹∕─ ⁸

MWPC ⌐ ↕╣╢꞉▬ꜘכ♅▼fiⱣכ⌂≥│ ⅜ ≢ ╣⌐ↄ™ ⅜№

╢⁹ 

 ↓╣╠─●☻ ─●☻ ⌐⅔™≡⁸ ≢ ↓∫≡™╢ ─ ╢

™│ ℮╙──⁸ │ ∂≢№╡⁸↓╣⌐ ⇔√ ╩ ∆ ⅜ ∆╢⁹ 

 

1.1 MPGD  

     MWPC │ ─ ⌐ ⇔≡⁸ ⅜ ∟≡⇔╕℮ ⅜№╢─∞⅜⁸ 

∕╣╩ ⇔√─⅜ MPGD ≢№╢⁹↓╣│MWPC ╟╡╙ ─ ⌐ ⅎ╢

─≢⅝╢≤™℮↓≤≢№╢⁹ ≢ ⌐╟∫≡≢⅝√ ▬○fi│⁸

┼♪כ♁◌≡∫╟⌐ ⅝ ┼♪כ♁◌⁹╢╣╠∑ ⇔√ ▬○fi│⁸∕↓≢

╩ ↑ ╡●☻ ┼≤ ╢⁹MPGD │ MWPC ⌐ↄ╠═≡ ▬○fi─

⅜ ™√╘⁸ ▬○fi⅜●☻ ┼ ╦╢ ╙ ↄ ⅜ ™⁹⇔√⅜∫≡⁸

─ ⌐ ⇔≡╙ ⌐ ∆╢─≢№╢⁹╕√꞉▬ꜘכ╩ ╦⌂™─≢⁸

∆╢↓≤╙⌂™⁹↓╣╠─ │MPGD ─ ⅝⌂ ≢№╢⁹ 

 

1.2 MWPC  

 MWPC ≢│⁸ ™꞉▬ꜘכ⌐ ╩ ∆╢↓≤≢꞉▬ꜘכ ╡⌐ ╩

∆╢⁹ ⅜ ∆╢ ⁸●☻ ─ ⌐╟∫≡≢⅝√ ╩↓─

≢ ⇔⁸●☻ ╩ ↓⇔≡ ⅝⌂ ≤⇔≡ ╖ ∆⁹MWPC │⁸10^5 

─ ™ ╩ ╢↓≤⅜≢⅝╢⁹ ⌐ ⇔≡ ⅎ┌⁸GEM ⌐ ═⁸

⅜ ≢│⌂ↄ ⌐⌂╢─≢⁸ ≢─ │™™⅜⁸

╩ ⌐ ∆╢≤⌂╢≤꞉▬ꜘ╩ ⌐ ╢⌂≥─ ╩⇔⌂↑╣
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┌⌂╠⌂™⁹⇔⅛⇔⁸ ⅜ ≢ ╣⌐ↄ™ ⅛╠ GEM ⅜ ⇔≡⅛╠│

↓∟╠╩ ⇔√⁹ 

1.3  

 ≢│⁸ ─ ╩ ≤⇔≡ ╩ ∫√⁹↓╣│◖fiⱪ♩fi◌ⱷꜝ

(β )─ ─ ⌐≈⌂⅜╡⁸└™≡│⁸ ─ ⌐⌂╢⅛

╠≢№╢⁹ 

 ╩ ∆╢ ⌐│⁸ ⇔√●☻ ≤ ─ ╩ ╖ ╢ ─

╩ ═⁸ ™ ╩ ∆╢ ⅜№╢⁹↓╣│ ╩ ∆ ─●☻ ╩ ↄ

↕∑╢√╘≢№╢⁹ 

β◖fiⱪ♩fi◌ⱷꜝ≤│⁸◖fiⱪ♩fi ( ≤ ≤─ ⌐╟╡

─ ⅜ ∆╢ )╩ ™≡ɘ ─ ╩ ╡ ∆╢╙─⁹ ⅛╠◖fiⱪ

♩fi◌ⱷꜝ─ ╩ ═╢⁹ 

    ╕∏⁸◖fiⱪ♩fi◌ⱷꜝ│ ─ ╡⁸◖fiⱪ♩fi ( ⇔™ │ 2.3.2

)╩ ™≡⅔╡⁸∕─√╘ 10 keV ⅛╠ MeV ╕≢─◄Ⱡꜟ◑כ ≢

⌂●fiⱴ ─ ≢№╢⁹ ∫≡⅝√●fiⱴ │⁸╕∏│◖fiⱪ♩fi ╩ ↓

∆ ⅜ ™ ⁹●fiⱴ │⁸№╢ ─ ≢ ≢ ╩⅔↓∆⁹ ╩

↓↕⌂™ ⁸∕─╕╕─◄Ⱡꜟ◑כ≢ ─╕╕ ↑╢⁹◖fiⱪ♩fi

╩ ↓⇔√ ⁸ ─ ⌐ →╢ (JAXA⁸ )─ ⌐╟∫≡

●fiⱴ ─ ╩ ∆╢⁹ ─╙─│●☻ ╩ ™≡⅔╡⁸JAXA ─╙

─│●☻ ╩ ™≡™⌂™⁹ 

JAXA ◖fiⱪ♩fi◌ⱷꜝ

http://repository.tksc.jaxa.jp/dr/prc/japan/contents /AA0064759002/64759002.pdf 

◖fiⱪ♩fi◌ⱷꜝ 

http://www -cr.scphys.kyoto -u.ac.jp/theses/kurosawaM.pdf  
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2  GEM⁸꞉▬ꜘכ♅▼fiⱣכ 

2.1  GEM ≤│ 

  GEM ≤│⁸ 10ɡm 100ɡm ─ ↕─ ─ ╩ ™ ≢

⇔⁸ ─ ↕⌂ ╩ ↑√ ╩⇔≡™╢⁹1996 Ɽ♇꜡כꜜ⌐

CERN ─ F.Sauli ⌐╟∫≡ ↕╣√  ≢№╢⁹ ⌂ GEM │

─ ↕⅜ 50ɡm ≢⁸∕─ ⌐│ 5ɡm ─ ⅜ ╠╣≡™╢⁹ ↑╠╣≡™

╢ ─ │ 70ɡm ≢⁸ ─ ─ │ 140ɡm ≤⌂∫≡™╢⁹GEM 

─ │ ≤⇔≡ ↕╣⁸↓─ ⌐ ╩ ⅎ╢↓≤≢ ─ ⌐

╩ ∆╢⁹∕⇔≡⁸ ⅜ ╩ ∆╢ ⁸●☻ ─ ⌐╟∫

≡≢⅝√ ╩↓─ ≢ ⇔⁸●☻ ╩ ↓⇔≡ ⅝⌂ ≤⇔≡ ╖ ↕

╣╢⁹ ↕ 50ɡm ─ GEM ─ │ 10 ≢№╢⁹ 

GEM  ─ ≤⇔≡⁸ ™ ⌐ ⅎ⁸ ─ ≢╙ ∆╢↓

≤⅜ →╠╣╢⁹↓╣│⁸GEM ─ ─ ⅜ ↄ⁸ ▬○fi⅜ GEM ─ ⌐

⅝ ∑╠╣⁸ ⅛╠ ╩ ↑ ╡ ⌐ ╢√╘⁸▬○fiⱨ▫כ♪Ᵽ♇

◒╩ ⅎ╠╣╢⅛╠≢№╢⁹▬○fiⱨ▫כ♪Ᵽ♇◒≤│⁸ ⅜ ╩ ↓∆

⁸●☻ ≢ ≤ ⌐⌂∫≡ ∆╢ ▬○fi⅜ ╩ ⇔√╡⁸♪ꜞⱨ♩

─ ╩ ∆↓≤╩™℮⁹╕√⁸GEM │ ─╖≢≢⅝≡™╢√╘⁸GEM 

╩ ⇔⁸ ™ ╩ ╢↓≤╛⁸ ⇔ ╩ ⇔⁸

╩ ╢↓≤⅜≢⅝╢ ⁹⇔⅛⇔⁸GEM │ ╩⅛↑╢≤ ─ ╡≢ ╩ ↓⇔⁸

⅜ ∆╢√╘ ≤™℮ ≢ ╩ ⅎ≡™╢⁹ 

 

2.2  ꞉▬ꜘכ♅▼fiⱣכ≤│ 

●☻╩ ∂ ╘╢√╘─ ♅▼fiⱣכ ─ ⌐ ─꞉▬ꜘכ╩ ∫√ ╩

⇔≡™╢⁹ ↕╣╢꞉▬ꜘכ│ 10 20ɡm─ ─╙─⅜ ⌐ ↕╣╢⁹ ↓

─ ↕≢ ⌂ ⅜ ╠╣╢╙─≤⇔≡⁸꜠♬►ⱶ╩ −√♃fi◓☻♥fi꞉▬ꜘ

⅜כ ↕╣≡™╢⁹∕⇔≡⁸꞉▬ꜘכ⌐│ ⱷ♇◐⅜ ↕╣ ╩ ↄ∆╢↓

≤⅜ ™⁹ 

↓─꞉▬ꜘכ⌐ (+)╩ ∆╢↓≤≢ ⇔√●☻ ⅛╠─ ╩ ∑

╘⁸ ╡⌐ ⇔≡™╢ ⌐╟∫≡⁸∕─ ╩ ↕∑╢⁹∕─ ↕╣√

⅜ ─●☻ ╩ ↕∑≡™ↄ↓≤≢ ╩ ⇔ ⅝⌂ ≤⇔≡ ╖∞↕

╣╢⁹ ≤⇔≡│⁸ ⅜ ≢ ⌂√╘ ─♪ꜞⱨ♩♅▼fiⱣכ⌂≥≤

™∫√ ⅜⇔╛∆ↄ⁸ ╣⌐ↄ™⁹⇔⅛⇔⁸ │⁸∕─꞉▬ꜘכ⅛╠─

⅛╠─ ╕≢⇔⅛╦⅛╠⌂™─≢ ─ ⌐⌂∫≡⇔╕℮⁹ 
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2.3  ≤ ─   

⌐ ∆╢ │⁸ ╩ ≈ ≤ ╩ √⌂™ ╛ (X ) 

⌂≥─ ≤ ⅝ↄ 2 ⌐ ↑╠╣╢⁹ 

↓↓≢ ⅜ ╩ ╢ ⁸ ╩ ∫≡™╢√╘⌐ ≤

╩ ↓⇔⁸ ─ ∫≡™╢◄Ⱡꜟ◑כ╩ ⌐ ⅎ╢⁹ ╩ ↑√ │ ▬

○fi≤ ⌐ ⅛╣╢⁹↓╣╩ ≤™℮⁹╕√⁸ │ ╖ ⇔ ≢

№╢ ⌐ ↕╣≡⅛╠ ╖ ↕╣╢⁹ 

≢│ɗ (꞉▬ꜘכ♅▼fiⱣכ )≤ ─ ≢№╢ X (GEM )⁸╩

⌐ ≤⇔√─≢⁸↓↓≢│ ╡⁸ ≤ ─ ⌐╟╢

─ ⌐≈™≡ ═╢⁹ 

≤ ─ ⌐│ ⁸◖fiⱪ♩fi ⁸ ─ ≈⅜ →╠

╣╢⁹ 

 

2.3.1  

2-1⌐ ─ ╩ ∆⁹ 

 

2-1 ─  

≤│⁸ ≤ ⌐ ↕╣≡™╢ ≤⅜ ╩ ↓⇔⁸                 

─ ∫≡™╢◄Ⱡꜟ◑כ╩ó ≡ó ⌐ ⅎ⁸∕─ ⅜ ≤⇔≡ ⅛╠

↕╣╢ ≢№╢⁹ ↕╣√ │ ⌐╟╢ ◄Ⱡꜟ◑כ≤ ─

∫≡™√◄Ⱡꜟ◑כ─ ∞↑ ◄Ⱡꜟ◑כ╩ ╢↓≤⅜≢⅝╢⁹ ↕╣√

⅜ ≤⌂╡⁸◄Ⱡꜟ◑כ⌐ ∂≡ ╩ ⅝ ↓⇔⁸ ↄ─ ╩ ∆

╢⁹ 

─ ↓╢ │⁸ ≤─ ⌐№╢ ◄Ⱡꜟ◑כ⅜ ⅝™ ╒≥⁸
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⅝ↄ⌂╢─≢⁸ │ K ─ ⌐╟∫≡╒≤╪≥ ⅝╢⁹ ─ ↓╢

│ ─ ⅜ ⅝ↄ ─◄Ⱡꜟ◑כ⅜ ↕™╒≥ ™⁹ 

ⅎ┌⁸ ⅜ Pb ─ ⁸ ─◄Ⱡꜟ◑כ⅜ 500keV ⁸▪

ꜟⱵ♬►ⱶ─ │ 50keV ≢ ⅝⌂ ╩ ≈↓≤≤⌂╢⁹╕√⁸ ─ ┘

⇔√ │ ⌐№╢─≢⁸ ⌐ ╤℮≤∆╢⁹ ⅛╠ ⌐

╢ ⌐ ↕╣╢─⅜ X ≢№╢⁹↓─ X ⅜ ─ ⌐ ↕╣╢

≤⁸ X ⅜ ↕╣╢ ╦╡⌐ ⅛╠╙℮└≤≈ ╩ ↕∑╢ ─ 2

≈─ ⅜№╢⁹ ▼☺כ○╩ ≤ ┬⁹ 

 

 

2.3.2  ◖fiⱪ♩fi  

2-2⌐◖fiⱪ♩fi ─ ╩ ∆⁹ 

 

2-2 ◖fiⱪ♩fi ─  

⅜ ─ ≤ ╩ ↓⇔√≤⅝⁸ ─ ∫≡™╢◄Ⱡꜟ 

ó─כ◑ ó╩ ─ ⌐ ⅎ╢↓≤⌐╟╡⁸ ╩ ↓⇔≡ ⅜ ↕╣╢⁹ 

↓─ ⅜ ≢ ╩ ↓⇔◄Ⱡꜟ◑כ⌐ ∂√ ╩ ∆╢⁹  

─◄Ⱡꜟ◑כ╩ E ⁸ ─◄Ⱡꜟ◑כ╩ Eΐ ⁸ ╩ɝ ⁸

─ ╩ 0.51MeV ≤∆╢≤⁸◄Ⱡꜟ◑כ ≤ ⅛╠⁸ 

 

%
πȢυρ

ρ ὧέί— πȢυρȾὉ
ȣ ρ 

⅜ ╡ ≈⁹ 

 (1) ╟╡⁸ (ɝ = 0) ─ ⁸ ─◄Ⱡꜟ◑כ│  ─◄Ⱡꜟ 
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╓╒⌐כ◑ ⇔™⁹ ⁸ɝ = ɥ/2 ─ ⁸ │ 0.51MeV ─◄Ⱡꜟ◑

╩כ ∟ ⌂™⁹◖fiⱪ♩fi │ ≤ ─ ⌂─≢⁸∕─ │

─ ⁸∆⌂╦∟ ⌐ ∆╢⁹◖fiⱪ♩fi ⅜ ⌂ ╩

╘╢◄Ⱡꜟ◑כ─ │ ≢│ 0.6ӱ5MeV ⁸▪ꜟⱵ♬►ⱶ≢│ 0.05ӱ15MeV ≢№

╢⁹ 

 

2.3.3   

2-3⌐ ─ ╩ ∆⁹ 

 

2-3 ─  

│ ⅜ ─ ⅜ ∆╢ ≢ ⇔⁸ ≤

─ ⅜ ↕╣╢↓≤≢№╢⁹ 

↓─ ≢│⁸ ─◄Ⱡꜟ◑כ⅜ ─ ╟╡╙ ⅝ↄ⌂↑╣

┌⌂╠⌂™⁹≈╕╡⁸È’ḷςÍὧ ρȢπςὓὩὠ─◄Ⱡꜟ◑כ⅜ ≢№╢⁹⇔

√⅜∫≡ ⅜ ◄Ⱡꜟ◑כ─≤⅝⌐─╖ ⅜ ↓╢⁹╕√

⅜ 1.02MeV ╟╡ ⅝™ ⌐│⁸1.02MeV ╩ ⅎ√ ─◄Ⱡꜟ◑כ⅜

─ ◄Ⱡꜟ◑⁹╢⌂≥כ ≢│ 5MeV ⁸▪ꜟⱵ♬►ⱶ≢│ 15MeV ─

≢ ⌂ ╩ √⇔≡™╢⁹ 

 ≤ ─ │ ─╟℮⌂ 3 ≈─ ⅜№╢⁹↓─℮∟≥─

⅜ ↓╢─⅛│⁸ ─◄Ⱡꜟ◑כ≤ ⌐╟╢⁹ 

 ≥─ ╙ ─◄Ⱡꜟ◑⁸≡═∆─כ╕√│ ╩ ∫≡ ⅜

↕╣╢⁹≈╕╡⁸ ≢№∫√ ⅜ ⌐ ↕╣╢⁹ 
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2.4  ●☻ ─  

 ⅜ ╩ ∆╢ ⁸∕─ ∆╢◄Ⱡꜟ◑כ⌐╟∫≡ ─ 

●☻ ─ ╩│∂⅝ ⇔≡⁸ ▬○fi≤ ≤⌐ ∆╢⁹↓╣╩

≤ ┬⁹↓╣⌐╟╡ │ ┼ ↕╣√∞↑─◄Ⱡꜟ◑כ╩ ℮↓≤⌐

⌂╢─≢⁸∕─ ∞↑ ─ │ ∆╢↓≤⌐⌂╢⁹ 

⅜ ≤─ ≢ ℮◄Ⱡꜟ◑כ│ ─ ≈ ◄Ⱡꜟ◑כ⌐ ⇔≡╦

∏⅛≢№╡⁸ ⅜◄Ⱡꜟ◑כ╩ ℮╕≢⌐│ ─ ╩ ╡ ↓≤

⌐⌂╢⁹ 

MPGD (GEM)≤MWPC(꞉▬ꜘכ♅▼fiⱣכ) ●☻ ⌐⅔™≡⁸ ↕╣√

╩ ≤⇔≡ ╖ ∆√╘⌐ ╩⅛↑≡ ╩ ╖ ⇔╩ ℮ ╕≢

↕∑╢⁹↓↓≢│●☻ ╩ ⅜ ⌐ ∫≡ ∆╢ ─ ╢ ™╩ ∆╢⁹ 

  ⅜ ⌐╟∫≡●☻ ╩ ∆╢ ⁸●☻ ≤ ⇔⌂⅜╠ ∆╢⁹

│ ⇔√≤⅝⌐●☻ ⌐◄Ⱡꜟ◑כ╩ ⅎ╢√╘ ╩ ≤∆⅜⁸ ┘

⌐╟∫≡ ↕╣╢⁹↓╣╩●☻ ≢ ╡ ∆√╘⁸ ≢ ╢≤ ─ ≢

™≡™╢╟℮⌐ ⅎ╢⁹∕─≤⅝─ ╩♪ꜞⱨ♩ ≤ ┘⁸↓─ │

≤●☻─ ⌐╟╡ ╕╢⁹●☻ ─ ╩ ↄ∆╢≤⁸ ⌐╟∫≡≢⅝√

│ ↕╣⁸ ™ ◄Ⱡꜟ◑כ╩ ≈⁹↓─ ◄Ⱡꜟ◑כ⅜●☻ ╩

↕∑╢─⌐ ⌂◄Ⱡꜟ◑כ╩ ⅎ╢≤⁸●☻ ╩ ↕∑▬○fi ⅜≢⅝╢⁹

↓╣╩ ≤ ┬⁹↓─ ≢ ↕╣√ ╙ ⌐╟╡ ↕╣⁸

●☻ │ ╩ ↓⇔⁸↓╣ ⌐▬○fi ─ ⅜ ⁸ ≤ ⌐

™≡™ↄ⁹↓─╟℮⌐ ─ ≢ ╠╣√ ─ ≈ ≈⅜ ∂ ≢↕

╠⌐ ─ ╩ ∫≡™⅝⁸ ⌐ ╩ ↕∑≡™ↄ↓≤╩▪Ᵽꜝfi

◦▼ ╕√│●☻ ≤ ┬⁹ ↕ √╡⌐ ─ ⅜ ∆╢ │

≢ ↕╣╢⁹ 

                         dn/n= ɖdx é(2) 

↓↓≢ɖ │ ♃►fi♀fi♩ ≢№╡⁸ ─ ↕⌐ ∆╢ ≢№╢⁹↓─

│ ─ ≢│♀꜡≢№╡⁸ ─ ⅜ ∆╢╒≥ ⅝ↄ⌂∫≡™ↄ⁹ 

╙⇔ ⅜ ≢№╣┌ɖ ─ │ ⌐⌂╢⁹(2) ╩ ∆╢≤⁸ 

ÎØ ÎπὩ ȣ σ 

≤⌂╢⁹↓↓≢ n(0) │ ─ ≢№╡⁸n(x) │ x ╩ ∫√ ─ ─ 

≢№╢⁹(3) ⅛╠ ⌐╟∫≡ ─ ⅜ ⌐ ∆╢↓≤⅜╦⅛ 

╢⁹ɖ │ ─ ↕⌐ ∆╢─≢⁸ ╩ ⅝ↄ∆╣┌ ⅜ ↓╡╛∆ↄ⌂╢ 

⅜⁸ ⅜ ╕╠⌂ↄ⌂╡ ╩⅔↓⇔≡⇔╕℮ ╙ ╕╢⁹ 

 ╕√⁸●☻ ≢│ ─ ⌐╟╢ ─ ⅜╖╠╣╢⁹ 2-4 

│ GM(●▬●כⱵꜙꜝכ) ⌐ɖ ≤ɗ ╩ ⇔√≤⅝─ ⌐ ∆ 
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╢▬○fi ─ ─ ≢№╢⁹●☻ ─ ⁸│♪כ⸗ ≈─ ⌐  

⅛╣≡™╢⁹ 

 

2-4 ɖ ≤ɗ ⌐ ∆╢▬○fi ─ ( [V])  

: [7]  

 ╕∏⁸ ─ ™ ≢│⁸ ⌐╟∫≡ ↕╣√ │●☻ 

╩ ↓∆╒≥─◄Ⱡꜟ◑כ╩ ╢↓≤⅜≢⅝∏⁸▬○fi≤ ⅜ ↕╣  

⌐ ∆╢ ⌐ ⇔≡⇔╕℮╙─↕ⅎ№╢⁹ 

 ≢╙●☻ │ ↓╠⌂™⅜⁸ ≢ ⇔√ ≤▬○fi⅜╒ 

╓ ≡ ⌐ ∆╢√╘ ⅜ ┌™⌐⌂╢⁹ 

 ≤ ≢│ ⅜ ↓∫≡™╢⁹∕─√╘⁸ ⅜ 

⅝ↄ⌂╢⌐≈╣ ▬○fi ╙ ↄ⌂∫≡™╢─⅜╦⅛╢⁹ ≢│⁸ 

⌐╟╢ ▬○fi ─ ≤ ─ ▬○fi ─ ⅜ ⇔≡™╢─⌐ 

⇔⁸ ≢│ ≢ ∂╢ ⌐╟╢ ●☻ ─ ─  

⅜ ≢⅝⌂ↄ⌂╢√╘ ⁸ │ ╣≡ↄ╢⁹ 

 GM ⌐⌂╢≤ ⌐ ─ ⅜♅▼fiⱣכ ⌐ ⅜╢⁹ ⅛ 

╠│ ─ ⌐ ⌂ↄ ⌐╒╓ ─ ⅜  ꜙⱵכ●▬●⁹╢⌂⌐℮╟╢

כꜝ │↓─ ≢ ↕∑╢⁹↓╣ ⅜ ↄ⌂╢≤ ⅜ ↓∫≡

⇔╕℮⁹ 

  

 

 

 

 

 

[V]  
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3.  GEM⁸꞉▬ꜘכ♅▼fiⱣכ─  

  ↓─ ≢│⁸GEM⁸꞉▬ꜘכ♅▼fiⱣכ─ ≢ ™√ ≤⁸ ╕≢ ∫√

GEM⁸ ⅛╠ ∫√꞉▬ꜘכ♅▼fiⱣכ─∕╣∙╣⌐≈™≡─ ─☿♇♩▪

♇ⱪ≤ ─ ╩ ∆⁹ 

3.1    

3.1.1 ╖ ⇔ (GEM⁸꞉▬ꜘכ♅▼fiⱣכ) 

GEMה ●☻ ↕╣√ │ Induction ⅛╠ ╖ ⇔Ɽ♇♪┼ ∆╢⁹

⇔⅛⇔⁸ ⌐Ɽ♇♪⌐ ∟√ ⅜ ↕╣≡™╢╦↑≢│⌂™⁹╕∏ GEM ≢

↕╣√ ⅜Ɽ♇♪┼ ⅛∫≡⅝≡™╢ ⁸Ɽ♇♪⌐│ ─ ⅜ ↕

╣╢⁹ │ ─ ≤ ⌐ ╣╢─≢⁸↓─ ▪fiⱪ ⅛╠Ɽ♇♪⌐

⅛∫≡ ⅜ ╣╢↓≤⌐⌂╢⁹╟∫≡ ╖ ↕╣╢ │ ≤⌂╢⁹╕√⁸

Ɽ♇♪⌐ ─ ⅜ ↕╣╢↓≤⌐╟╡⁸▪fiⱪ ⌐ ─ ⅜ ↕╣╢─

≢ ≤⇔≡ ─ ⅜ ↕╣╢≤╙ ≢⅝╢⁹↓↓≢ ∆═⅝⌂─│⁸

⌐ ╖ ↕╣╢ ⅜Ɽ♇♪⌐ ∟√ ╩ ╖ ⇔≡™╢╦↑≢│⌂™≤

™℮↓≤≢№╢⁹ ⌐│Ɽ♇♪⌐ ↕╣√ ╩ ⇔≡⁸▪fiⱪ ─

╩ ╖ ⇔≡™╢─≢№╢⁹ 4-1 ⁹ 

 

3-1 ╖ ⇔  

 3-2 │ ─ ↕ 400ɡm ─ GEM( ⁸Thick -GEM ≤ ∆╢)⅛╠─

≢ⱪכ◖☻꜡◦○╩ ⇔√╙─≢№╢⁹ 
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3-2 Thick -GEM ─ ≢ⱪכ◖☻꜡◦○╩ ⇔√╙─ 

Thick -GEM ⅛╠│ 2≈─ ⅜ ╖ ↕╣≡™╢⁹└≤≈│ ╖ ⇔Ɽ♇♪⅛

╠─ ≢ ─ ≤⌂∫≡™╢⁹╙℮└≤≈─ │⁸Thick -GEM ─Ɽ♇♪

⅛╠─ ≢⁸ ─ ⌐⌂╢⁹ │Ɽ♇♪⌐ ⅛∫≡ ⇔≡™╢─

≢⁸GEM ─Ɽ♇♪ ⌐│ ─ ⅜ ↕╣╢⁹⇔√⅜∫≡⁸▪fiⱪ ⌐│

─ ⅜ ≢ⱪכ◖☻꜡◦○⁸≢─╢™≡╣↕ ─ ╩ ∆╢↓≤⅜≢

⅝╢⁹↓─ ╩ ≡⇔≥כ●ꜞ♩│ ∆╢⁹ 

 Thick -GEM ─ ─ ≡⇔≥כ●ꜞ♩╩ ∆╢√╘⌐ 3-3 ─☿♇♩▪

♇ⱪ╩ ∫√⁹ 

 

3-3 GEM ☿♇♩▪♇ⱪ 

↓─☿♇♩▪♇ⱪ⌐ ™⁸Thick -GEM ─ ⅛╠─ ╩ Inverter ≢ ↕

∑⁸Discriminator ⌐╟╡♦☺♃ꜟ ⌐ ⇔√ ⁸Gate Generator ⌐╟╡⁸

Gate ┼≤ ⇔≡ ∆╢⁹Thick -GEM ─ ⅛╠─ ╩ Inverter ≢

↕∑╢─│⁸ ╖ ⇔Ɽ♇♪─ ╩ ≤⇔ Thick -GEM ─ ⅛╠─

╩ ╩ ∆╢√╘≢№╢⁹ ╖ ⇔Ɽ♇♪─ │ ⌂─≢⁸↓╣

╩ ADC ≢ ∆╢√╘≢№╢⁹≈╕╡⁸ ╙↓─ Discriminator │ ╩

⇔⁸ ╩ ⅎ╢╟℮⌂ ⅜ ⅜♩כ◕↑∞⅝≥√ ↄ╟℮⌐⌂╢⁹↓─

╟℮⌐⇔≡ Thick -GEM ─ ─ ≡⇔≥כ●ꜞ♩♩כ◕╩ ∆╢⁹⌂⅔☿♇

♩▪♇ⱪ─ ⁸Gate │ ╖ ⇔Ɽ♇♪⅛╠─ ╟╡╙ ╣≡⇔╕℮─
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≢⁸ ╖ ⇔Ɽ♇♪⅛╠─ ⌐ Delay ╩⅛↑≡ ⅜♩כ◕⁸╡╟⌐≥↓╢∑╠

™≡™╢ ⌐ ⅜ ╢╟℮⌐♃▬Ⱶfi◓╩ ╦∑≡№╢⁹ 

 

כfiⱣ▼♅כꜘ▬꞉ה ≢꞉▬ꜘכ╩ ™√ (꞉▬ꜘכ♅▼fiⱣכ)

│⁸ ╖ ⇔Ɽ♇♪≤™∫√╙─│ ™≡™⌂™⁹≢│≥℮ ╖∞∆─⅛⁸↓─

≢─●☻ ╩ ⌂⅜╠ ∆╢⁹ 3-4  

 

3-4 ꞉▬ꜘכ♅▼fiⱣכ ─●☻ ─  

βᵑ ⅜●☻╩ ⇔√♅▼fiⱣכ ⌐ ⇔⁸●☻ ⌐№√╢ ≢№╢⁹ √∫√

●☻ │ ╩│∂⅝ ↕╣╢⁹↓─ │◄Ⱡꜟ◑כ ─ ⌐╟╡⁸ ™◄Ⱡꜟ◑כ

╩ ≈─≢⁸↕╠⌐●☻ ╩ ↕∑╢⁹ 

ᵒ ∕─ ⇔√ ⅜⁸ⱪꜝ☻─ ╩ ⇔√꞉▬ꜘכ⌐ ╕╢⁹ 

ᵓ ∕─ │⁸꞉▬ꜘכ⌐╟∫≡ ⌐ ↕╣≡™╢ ⌐╟∫≡ ↕╣⁸◄Ⱡꜟ◑כ 

╩ ≈⁹∕╣⌐╟╡⁸╕√ √⌐●☻ ╩ ↕∑≡⁸ ╩ ↕∑╢⁹ 

3-4╩ ╣┌╦⅛╢≤⅔╡⁸ ⌐꞉▬ꜘכ ⌐√ↄ↕╪─ ⇔√ ⅜

⇔≡™╢─⅜╦⅛╢⁹↓─ ┘▬○fi─ ⌐╟╡⁸ ↕╣√ │

∆╢⁹╟∫≡⁸꞉▬ꜘכ│ ⅜ ∆╢↓≤≢ ─ ⅝╙ ╦╢─≢⁸∕─

╩ ⌂ Ɽꜟ☻ ≤⇔≡ ∆╢─≢№╢⁹ 

●☻ ⅜ ╦╣≡™╢⅛ ═╢√╘⁸ 3-5─☿♇♩▪♇ⱪ─╟℮⌐꞉▬ꜘכ♅

▼fiⱣכ⅛╠ ╢ ≈─ ╩ ≈⌐ ↑╢↓≤⌐╟╡⁸GATE ≤ ─ ─ ≈

╩ ╡ ∆☿ꜟⱨ♩ꜞ●כ≢─ ╩ ∫√⁹ 
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3-5 ꞉▬ꜘכ♅▼fiⱣכ ☿♇♩▪♇ⱪ 

↓─☿♇♩▪♇ⱪ⌐ ≢ⱪכ◖☻꜡◦○⁸≡∫ ╩ ╖ ∫√─⅜≢№╢⁹ 

 
3-6 ꞉▬ꜘכ♅▼fiⱣכ─ ≢ⱪכ◖☻꜡◦○╩ ⇔√╙─ 

3-6≢ ─ ⅜⁸AMP⁸Discriminater ⁸GATE ⌐ ⇔≡ ╩ ╘

√╙─≢№╢⁹Ⱨfi◒─ ⅜ Delay ╩⅛↑≡♃▬Ⱶfi◓╩ ╦∑√╙─≢№╢⁹ 

 

3.1.3 ADC  

ADC(Analog to Digital Converter) │▪♫꜡◓ ╩♦☺♃ꜟ ⌐ ∆╢

≢№╢⁹GEM ⌂╠ ╖ ⇔Ɽ♇♪⅛╠─ ⁸꞉▬ꜘ♅▼fiⱣכ⌂╠꞉▬ꜘ

─╠⅛כ │⁸ I ⅜○◦꜡☻◖כⱪ─ R╩ ⱪכ◖☻꜡◦○≡⇔

≢ V ≤⇔≡ ↕╣╢⁹ 

V = I R   I = dQ /dt  é(4) 

(4)╟╡ V │⁸ 

V = R dQ/dt  é(5) 

≤ ∆↓≤⅜≢⅝╢⁹ADC │⁸ ─ ≤ Gate ≤⅜ ⌐ ↕╣√≤⅝

⌐⁸ ↄ Gate ─ ≢ ─ ╩ ℮⁹↓─ ╩ t ≢ ∆╢≤⁸ 

ÚV dt = R Q  é(6) 

╟∫≡⁸ 

Q = 1/RÚV dt  é(7) 

≤⌂╡⁸ADC ─ ⌐╟╡ ⅜ ⅎ╠╣╢⁹↓─ Q ⅜ ─
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⌐╟∫≡ ╕╢↓≤⅛╠⁸ ≤ ┬⁹ 

 

3-7 ●☻ ⅜ⱪכ◖☻꜡◦○╢↑⅔⌐ ∆╢  

3-7╩ ╢≤⁸ⱴ☺▼fi♃ ─ ⅜ GEM ⌂╠ ╖ ⇔Ɽ♇♪⅛╠⁸꞉▬

╠⌂כfiⱣ▼♅כꜘ ≈⌐ ↑√℮∟ Delay ─╖ ⇔√ ⅛╠⁸ ─ ⅜

Gate ≢№╢⁹ ╠╣√ ─ⱥ☻♩◓ꜝⱶ╩ ADC ≤ ┬⁹

│ ADC ⅛╠ ∆╢⁹ 3-8│ GEM ⌐⅔™≡ ὊὩ╩ ⅝⁸

10000▬ⱬfi♩≤∫√≤⅝─ ADC ≢№╢⁹( [7]⅛╠ ) 

│ ⌐ ⇔ 1ADC ◌►fi♩ ╡ 0.25pC≢№╢⁹ │▬ⱬfi♩

≢№╢⁹Ⱨכ◒⅜ 3≈ ⅎ╢⅜⁸ ─ ⅝™Ⱨכ◒⅜ ▼☺כ○≥

⌐╟╢╙─≢⁸ Ⱨכ◒≤ ┬⁹ ╪ ─Ⱨכ○⁸│◒כ☺▼ ⅜ ↓

╠∏ X ⅜ ┼ ≥◒כⱪⱧכ◔☻◄⁸≢─╙√∫™≡→ ┌╣╢⁹ ─

↕™Ⱨ⁸│◒כpedestal ≢№╢⁹pedestal ≤│⁸ ⌐ ╕╣╢ⱡ▬☼╩

∆╢√╘⌐⁸ ─ ⌐≈ↄ○ⱨ☿♇♩≢№╢⁹ ─ ≢ ⇔√

─│ Ⱨ⁹╢№≢◒כ↓─Ⱨכ◒╩●►☻ ≢ⱨ▫♇♥▫fi◓⇔⁸∕─

─ (mean ) ╩ ╘╢⁹ ─ ⌐│⁸ Ⱨכ◒─ mean 

⅛╠ pedestal ─ mean ╩ ⇔ ™√╙─╩ ∆╢⁹ 

 

3-8 [7]⅛╠ ⇔√ ὊὩ╩ ™√≤⅝─ GEM ─ ADC ( : [×0.25pC]⁸ :

▬ⱬfi♩ ) 
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3.1.4  gain ─ (GEM)  

GEM ≢ ™√ │ ─╟℮⌐ ↕╣⁸ ─ ⅛╠ ╘╢⁹

(꞉▬ꜘכ♅▼fiⱣכ≢│ ╘≡™⌂™⁹) 

( ─ )×(▪fiⱪ─ )×( ) = ( ─ ) é(8) 

─ │ ⌐╟╡∆←⌐ ▼☺כ○⁹╢⅝≢⅜≥↓╢╘ ⌐╟∫

≡ ὊὩ ⅛╠─ X ─◄Ⱡꜟ◑5.9כkeV ⅜ ≡ ⌐ ╦╣╢ ⁸ ↕╣╢

─ (ⱪꜝ▬ⱴꜞכ▬○fi ) │⁸ 

5.9×ρπ÷26 ḗ 2.3×ρπ  

≢№╢⁹↓╣│ ⇔√◄Ⱡꜟ◑כ╩W ≢ ∫√ ≢№╢⁹W ≤│ 1≈─

╩ ↕∑╢─⌐ ⌂◄Ⱡꜟ◑כ─ ≢⁸Ar ─W │ 26eV ≢№╢⁹╟

∫≡ ὊὩ ⌐╟∫≡ ↕╣╢ │⁸↓╣⌐ ─ ╩⅛↑≡⁸ 

2.3×ρπ× 1.6×ρπ  ḗ 3.6×ρπ pC 

≤⌂╢⁹↓╣⅜ ─ ≢№╢⁹ 

 ≢ ╘╢ ─ │⁸▪fiⱪ⌐╟∫≡╙ ↕╣≡™╢─≢∕╣╙

⇔ │ (8)╟╡⁸ 

 

%
ὃὈὅάὩὥὲὴὩὨὩίὸὥὰᶻρὃὈὅ◌►fi♩ √╡─

ᶻⱪꜝ▬ⱴꜞכ▬○fi ᶻ▪fiⱪ─
ȣ ω 

 

≤⌂╢⁹ ™√▪fiⱪ─ │ 715 ( [7] )≢⁸1ADC ◌►fi

♩ ╡─ │ 0.25[pC] ≢№╢⁹ 
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3.2  GEM  

3.2.1  

≢ ™√ ─ ╩ 3-9⌐ ∆⁹ 

 

3-9 GEM ─  

 ♅▼fiⱣכ ─ ⁸GEM ⁸Thick♪כ♁◌╠⅛ -GEM ⁸ ╖ ⇔Ɽ♇♪─ ≢

☿♇♩∆╢⁹ ⌐│ ─ ⅜ ≢⅝╢╙─╩ 5 ⇔√⁹

│⁸ ⅛╠ ⌐( 3-9 ≢│ᵓќᵑ┼) ⅛∫≡ ⅜ ⅝ↄ⌂╢╟℮ ∆╢⁹

╩ꜙ◦♇ⱷ│♪כ♁◌ ™╢↓≤⌐╟╡⁸X ⅜ ≢⅝╢╟℮⌐⌂∫≡™╢⁹

╕√⁸ ╖ ⇔Ɽ♇♪│ 1 ─☻♩ꜞ♇ⱪ⌐╟∫≡≢⅝≡™╢⁹♅▼fiⱣכ

─≢╕ GEM╠⅛♪כ♁◌─ ╩Drift ⁸GEM ─ ⅛╠Thick -GEM ─

╕≢╩ Transfer ⁸Thick -GEM ─ ⅛╠ ╖ ⇔Ɽ♇♪╕≢─ ╩

Induction ≤ ┬⁹∕╣∙╣─ ─ │ ⌐ ⇔√╟℮⌐ 6mm⁸3mm⁸

1.5mm ≢№╢⁹Drift │⁸ ⌐╟╡ ⅜ ↓╡⁸▬○fi ⅜

↕╣╢ ≢⁸ ↕╣√ ⅜ GEM ─ ⌐ ╢ ( ) ╩ ╘╢

≤⌂╢⁹Transfer │ GEM ─ ≢№╢√╘⁸ ╩ ╟ↄ GEM ⌐

∆╢ ( ) ╩ ╘╢ ≤⌂╢⁹Induction │ ─ GEM ⅛

╠ ╖ ⇔ ┼≤ ╩ ↄ ≢№╡⁸ Ɽꜟ☻ ╛ ∟ ⅜╡ ⌂

≥╩ ╘╢ ⌐⌂╢⁹ ♅▼fiⱣכ│ ↕ 5.0mm ▪ꜟⱵ ≢⁸21cm ×
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19cm ×4.0cm─ ⅝↕≢№╢⁹♅▼fiⱣכ─ ⌐│ 10cm×10cm ─ ⅜

™≡⅔╡⁸▪ꜟⱵ ╩♩כ◦ ∫≡№╢⁹╕√ ⅜ ⌐⌂∫≡⅔╡⁸▪fiⱪ

╩ ∆╢↓≤≢ⱡ▬☼─ ╩ ⅎ╢↓≤⅜≢⅝╢⁹▪fiⱪ─ │ ⇔⁸

715 ≤ ⇔√⁹ 

 

כⱷ♇◦ꜙ        ♅▼fiⱣ♪כ♁◌  

כfiⱣ▼♅⁸♪כ♁◌ 3-10  

 ♅▼fiⱣכ ⌐│●☻╩ ↕∑╢⁹ ∆╢●☻│ Ar :90% ⁸#(:10% ─

●☻(P10) ≢№╢⁹●☻ ⌐│▪ꜟ◗fi⌂≥─ ●☻⅜ ⌐ ↕╣╢⁹ 

●☻│ ⅜ ↄ⁸ ⅜ ™─≢ ≢ ↕╣√ ⅜ ─●☻

≤ ⇔≡ ↕╣╢↓≤⅜⌂ↄ⁸ ╠╣√◄Ⱡꜟ◑כ⌐ ⇔≡ ─╟

™ ╩ ∆↓≤⌐⌂╢⁹╕√ⱷ♃fi╛ ⌂≥─●☻│◒◄fi♅ꜗ

≥☻●כ ╦╣⁸●☻ ─ ⌐ ↕╣╢ ╩ ⇔⁸♅▼fiⱣכ ─

╩ ← ╩ ∫≡™╢⁹ 

 ●☻╩ GEM ⌐ ∆╢ │ 3-11⌐ ∆≤⅔╡≢№╢⁹ 

 

3-11 ●☻  

MASS FLO W CONTOROLLER ≤│⁸ ( ⌂╠●☻)─ ╩ ⇔ ╩



 

20 

 

℮ ─↓≤⁹ │ 3-11─ ≢ ≢ ℮⁹ ─ ⌐│ ⌐Γ Δ

≤Γ Δ⅜ ™╠╣≡™╢⅜⁸ │⁸ ≤⌂╢ ⅜Γ Δ╛Γ

Δ ─ ⌐╟╡ ⅜ ∂⁸ ⌂ ╩ ∆╢ │ ⌐ ∫√ ╩ ℮

⅜№╢⅜⁸ │⁸ ─ ↕ ╩ ∆╢ ⌐╟╡⁸ ─ ⌐╟╢

╩ ℮ ⅜⌂™⁹ ≢ ⌐ ╩ ™≡™╢─≢ ⌐ ← ⅜№╢⁹ 

╕∏⁸Ⱳfiⱬ( 3-11─ Ar+ὅὌ)⅛╠ⱣꜟⱩ╩ ∆╢↓≤⌐╟╡ ⌐●☻╩

⇔™╣╢⁹ ╩ ⅝⁸MASS FLOW CONTOROLLER ⌐ ⇔⁸ ≢ ╩

≢ ⁹∕─ ⁸ ●☻╩ ⌐ ↕∑ Ar+ὅὌ╩ ⌐ −⁸●☻

(GEM⁸꞉▬ꜘכ♅▼fiⱣכ)⌐ ⇔™╣╢⁹ ⁸●☻─ │ 30cc/min ⌐

⇔⁸ ╣ ⇔─ ⌐⇔√⁹●☻─ ⅛╠─ ─ ╩ ←√╘⁸ ╩

™√ ⌐ⱣⱩꜝכ╩ ⇔≡№╢⁹ ≢│ ὊὩ ╩ ∆╢⁹ ὊὩ│

5.9keV ─◄Ⱡꜟ◑כ╩ ∫√ X ╩ ∆╢⁹↓─ X │♅▼fiⱣכ ─ Ar 

─ K ≤ ╩ ↓⇔⁸K ≢─ ◄Ⱡꜟ◑כ(3.2keV) ≤─

≢№╢ 2.7keV ─◄Ⱡꜟ◑כ╩ ∫√ ⅜ ↕╣╢⁹K ╩ ╦╣√

Ar+ │ ⌐№╡⁸ ⌐ ▼☺כ○⌐⅝≥╢ ╩ ∆╢

≤ X ╩ ∆╢ ─ 2 ─ ⅜ ▼☺כ○⁹╢∆ ╩ ∆╢

≤ X ╩ ∆╢ │ 85:15 ─ ≢ ▼☺כ○ ⁹╢℮╡↓ ╩

∆╢ ⁸╕∏ Ar │ ⌐№╡⁸K ─ ┼ ⅜

⇔≡ ⌐ ╤℮≤∆╢⁹∕─≤⅝─ ≢№╢ 3.2keV ─◄Ⱡꜟ◑כ│

─ ⌐ ⅎ╠╣⁸○כ☺▼ ≤⇔≡ ▼☺כ○⁹╢╣↕ ⅜ ↓

╢ ⁸ ὊὩ⅛╠─ X ─◄Ⱡꜟ◑כ ≡⅜ ▼☺כ○≥ ⌐ ↑ ↕╣

√↓≤⌐⌂╢⁹  X ╩ ∆╢  ⁸ ⌐№╢ Ar │○כ☺▼

⅜ ↓╢ ≤ ⌐⁸ ⅜ ⇔≡ ⌐ ╤℮≤∆╢⁹↓

─≤⅝◄Ⱡꜟ◑כ─ ≢№╢ 3.2keV ─◄Ⱡꜟ◑כ│ ─ ⌐ ⅎ

╠╣∏⁸ X ≤⇔≡ ↕╣╢⁹ X │ ╡─ Ar+ ⌐│ ↕╣∏⁸

♅▼fiⱣכ─ ┼ →≡™ↄ⁹↓─≤⅝⁸ ὊὩ⅛╠─ X ─◄Ⱡꜟ◑כ│

⅜ ⌐ ↑ ↕╣⁸ ⅜ →√↓≤⌐⌂╢⁹ 

 

▼☺כ○     3-12 ⅜ ↕╣╢     X ⅜ ↕╣╢  
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3.2.2   

 ╕∏⁸∕╣∙╣─ GEM ⌐≈™≡ ∆╢ ∞⅜⁸ [7]─ ≤

∂☿♇♩▪♇ⱪ≢ ∫≡™╢↓≤⅛╠ ↕ 400ɡm─GEM ─ ⌐ 1050V─

⁸ ↕ 100ɡm─ GEM ─ ⌐ 400V ─ ╩⅛↑╢╟℮ ⇔√⁹↓─≤

⅝⁸gain ⅜ ⌐⌂╡ ∆╢ ≢№╢≤ [7]⌐ ⇔≡№∫√⁹ 

 ╩ ═╢⌐№√╡⁸●☻╩ ⇔ ╘≡⅛╠ 10 ⌐ ╩∕╣∙╣

─ GEM ⌐ ─ │⌐♪כ♁◌⁸ ⅜ GEM ╟╡╙ ⅝ↄ⌂╢╟℮⌐

⇔√⁹↓─ ╩ 0 ≤∆╢⁹ 25ϴ⌐ ⇔ Fe╩ ™√⁹Ⱨ

─◒כ (center)─ (time[min]) ╩ √─⅜ 3-13─◓ꜝⱨ≢№╢⁹ 

 

3-13 ─ ( :[×0.25pC] :[ ]) 

│ ⌐╟╡ ╖ ∫√ ADC ⱷ⸗ꜞ─ 1/10≤⇔√⁹ 

 ╕≢⌐∕╣∙╣─ ⌐⅔↑╢ adc ╩ 3-14⌐ ∑╢⁹ 

 

ћ0          ћ30           ћ60  
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ћ90         ћ120         ћ150  

 

    

   ћ180                   ћ210  

3-14 ─ adc ( : [×0.25pC]⁸ :▬ⱬfi♩ ) 

↓╣╩ ╢⌐ ⌂ↄ≤╙90 120 │●☻ ⁸ ╩ ↄ ⅜№╢≤ ⅎ√⁹ 

⌂−⌂╠⁸ ⅛╠ │ⱡ▬☼╩ ∫≡™╢─∞⅜( │ ⅜♩כ꜠─↓⁸(

╕╡⁸⅛≈⁸ ⌐╟╢Ⱨכ◒─ ⅜ ⌐ ∑∏ ⇔≡ↄ╢─⅜⁸90~120

─ ≢№∫√─≢⁹↓─ │⁸ ⌐⇔√ [7]≤ ∂ ≢№∫√⁹ 

⌂⅔⁸ ⇔≡⅛╠─ gain (120 ⅛╠ 240 ╕≢)─ ╩ ╢≤⁸(6.69±0.82)

×ρπ(▪fiⱪ ™≡)≢№∫√⁹ 
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3.2.3   

  3.2.2 ≢ ∫√ ≤ ─ ╩ ⇔⁸ ─ ╩ 20⁸25⁸27⁸

30⁸32⁸35 ↕∑√⁹∕╣∙╣⌐≈™≡⁸3.2.2 ─ ⅛╠ ∆╢ (120

)⅛╠─ (mean )─ ╩ ╡⁸gain ╩ ⇔√╙── ╩ ∑╢⁹ 

 

 3-15 gain ≤  

│ ⌐╟╡ ╖ ∫√ ADC ⱷ⸗ꜞ─ 1/10─ ─ ╟╡ ⁹ 

 

    ↓╣╩ ╢≤ 30ϴ ⁸gain ⅜ ╦╠⌂™─⅜ ≡ ╣╢⁹∕⇔≡⁸ │ 25ϴ

─ ─ gain= (6.69±0.82)×ρπ≤ ⇔≡ 30ϴ╕≢№→╢≤ ⅝ↄ ∆╢─⅜

≡ ╣√⁹(∆═≡▪fiⱪ─ │ ™√ ≢№╢⁹)⇔⅛⇔⁸32ϴ ─ adc

│ ╠⅛⌐ ╕≢≤ ⌂╡⁸ ─ └™≡│●☻ ─ ─ ╩

⇔ↄ⌂∫√⁹ 3-16  

20 25 27 30 32 35

0.00E+00

2.00E+03

4.00E+03

6.00E+03

8.00E+03

1.00E+04

1.20E+04

gain-

I

[ ]

g
a

in



 

24 

 

 

3-16 240 35ϴ⌐⅔↑╢ ADC ( : [×0.25pC]⁸ :▬ⱬfi♩ ) 

    3-16 ╢≤ADC 0 400◌►fi♩⌐◄☻◔כⱪⱧכ◒≤ ─Ⱨכ◒

⅜ ≡™╢╟℮⌐╙ ╣╢⁹⇔⅛⇔⁸ADC ◌►fi♩─ ⅜ ╕≢─ (20

30ϴ╕≢─ )∞≤ ∆⅞╢⁹⌂−⌂╠⁸20 30ϴ╕≢─ ─Ⱨכ◒│ ADC

700 1200◌►fi♩─ ⌐ ≡⅝≡™≡⁸ ╩ →╢≤↓─Ⱨכ◒│

⌐ ∆╢│∏(20~30ϴ╕≢─ ⅛╠)⁹╟∫≡⁸ ⌂╠ ─ ─ ⌐

≡⅝≡™™│∏≢№╢⁹↕╠⌐⁸ADC 400 1200◌►fi♩╒≥╕≢⁸⌂∞╠

⅛⌐ ⇔ 1400◌►fi♩─ ≢ ⇔ ⌐⌂∫≡™╢ↄ╠™≢№╢⁹↓╣│ ╕≢─

)♃כ♦ ⅎ┌⁸ 3-14─ adc )⅛╠│ ⌂┤╢╕™≢№╡⁸ ╠⅛

─ ≢ ⅜ ⇔≡™╢≤ ⅎ√⁹↓╣│╟∫≡⁸ ─ 3.2.4 ⌐ ∆╟℮⌐⁸

─ ╣√ ╩ ⇔ ╘╢⁹ 
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3.2.4   

    3.2.3 ─ ╩ ↑≡⁸ ⌐╟╢ ⌂─⅛⁸ ╙⇔ↄ│ ─ ⌂─

⅛ ═╢⁹╕∏⁸ ⅜ 210 ≢ ( ⁸ )─ ∂⁸ ≤

─ adc ╩ 3-17⌐ ∑╢⁹( ≤ ─ ─ ╩ ∆╢√╘⁹) 

 

3-17 ћ (7/1 )       ћ (7/11 ) 

( : [×0.25pC]⁸ :▬ⱬfi♩ ) 

    ↓─ ⅛╠⁸ ─⅝∫⅛↑│ ∞⅜⁸ ╠⅛⌐ ≤ ─ ⅜№

╢─⅜ ≡ ╣√⁹╟∫≡⁸ᵑ ╡≤ᵒGEM ─≥∟╠⅛⌐ ─ ⅜№

╢≤⇔≡ ═√⁹ 

ᵑ ─ │⁸ ─ ─♪כ◖⁸ ☻כ▪⁸ ⁸ ₁⌂ ╩ ⇔○◦

╩ⱪכ◖☻꜡ ⌂⅜╠⁸ ╩ ╢⁹ 

ќ≥↓⌐╙ ⌂⇔⁹ 

ᵒ ─ ∞⅜⁸ ⁸√┘√┘ ╩ GEM ⌐ ∆╢≤⁸∏∫≤ ⅜ ╣

↑≡⇔╕℮≤™℮ ⅜№∫√⁹ ╩ →≡™╢ ∞↑⌂╠⁸ ╣╢─│

∞⅜⁸∏∫≤ ╣╢─│ ⅛─ ⅜№╢≤ ⅎ≡╟™⁹↓─ ╩

⇔≡™╢ ⅜ 100ɡm ─ GEM ⌐ ╩ ⇔≡™√⁹ 

ᵑ≢│ ⌂⅛∫√─≢ ╩ᵒ⌐№╢≤ ╡⁸ ⌐ ≈─ ─≥∟╠⅛⌐

⅜ ╣╢ ⅜№╢≤ ⅎ√⁹∕─ │⁸ 

(i) GEM ⌐ ╩ ∆╢♅▼fiⱣכ ─  

(ii)  (ii) 100ɡm─ GEM ─ ─≥∟╠⅛≢№╢⁹ 

↓↓≢ 3-1⌐ ∆ ╩ ∫√⁹ ╙ ∑≡№╢⁹( 3-18╙ ) 
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3-18 3-1  

⁸ 1,2│∕╣∙╣ ≢ ₁≢№╢⅜⁸ ─ ≢│└≤╕≤╘⌐⇔≡ ⁹ 

ò ó 1 1 100ɡm ─ GEM  × 

2 2 Thick -GEM  ủ 

ѝ 

ò ó 1 1 Thick -GEM  ủ 

2 2 100ɡm ─ GEM  × 

3-1  3.2.4 ( )⌐⅔↑╢  

(ủ: ─╖ ⅜ ╣╢ ×:∏∫≤ ⅜ ╣╢) 

3-1─ó ó│⁸↓─ ╩ ℮ ─ ≢№╢⁹100ɡm─ GEM ⌐≈⌂⅜╣√

╩ 1⁸∕─ ⌐ ╩⅛↑≡™╢ ╩ 1≤⇔√⁹ ⌐ Thick -GEM

⌐╙ ⇔≡ ⁸ ╩ 2⁸ 2≤⇔√⁹ó ó≤ó ó≢ ℮↓≤│⁸100ɡm

⌐ ⇔≡™╢ ≤ ≢№╢⁹╙⇔⁸(i)─ ⌂╠ ╦╠∏⁸ 1 ≢

⅜ ╣ ↑╢↓≤⌐⌂╡×≤⌂╢│∏⁹(ii)─ ⌂╠ ╦∫≡⁸ 2⅜×⌐⌂╢

│∏≢№╢⁹ │ ∑√ ╡ 2⅜×≤⌂∫√⁹ 

    ╟∫≡⁸100ɡm─ GEM ⅜ ⇔≡™╢≤ ⇔√⁹↓╣╩ ⇔≡ ⅛╠№

╢ 50ɡm─ GEM ⌐ ⅎ╟℮≤ ╖√⁹⇔⅛⇔⁸ ⌐∕─ GEM ⅜ ⇔≡™╢

≢כ♃☻♥⁸⅛℮≤⅛ GEM ─ ה ≢ ─ ╩ ⇔√≤↓╤⁸ ⇔≡

⅔╡ ⅜№∫√⁹╟∫≡⁸↓╣╙ ⇔≡™╢≤ ⇔√⁹ 

    ╟∫≡⁸ Thick -GEM ─╖≢ ╩ ∫≡╖╢↓≤⌐⇔√⁹ 
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    3.2.5  Thick -GEM  

    Thick -GEM  1 ─╖⌐⌂∫√─≢⁸ ╩ 5 ⅛╠ 3 ⌐ ╠⇔√⁹

Thick -GEM ⌐ 1000V ⇔⁸Induction ─ │ 267[V/mm]⌐ ⇔

√⁹╕∏⁸ ⌐≈™≡ ═╟℮≤ ╖√⁹ ⌐ │⌂ↄ⁸

⅜ ╠╣⌂⅛∫√─≢⁸↓─ ≢└≤ↄↄ╡⌐⇔√⁹ 3-19⌐⁸ ≤⇔≡

0ќ60ќ120ќ180ќ240ќ300 ─ adc ╩ ∑╢⁹ 

 

ћ0         ћ60         ћ120  

 

ћ180         ћ240         ћ300  

3-19 Thick -GEM ─ ⌐⅔↑╢ ADC ( : [×0.25pC]⁸ :▬ⱬfi♩ ) 

    3-19╩ ⌂⅜╠ ⅎ╢≤⁸60 ≢ADC ◌►fi♩200 ─Ⱨכ◒⅜ ⅎ⁸

180 ⌐│ ─ ↕(0 ─ ─ ↕)⌐ ∫≡™╢⁹↓─ 300 ─ adc ╩

≡╙⁸ ─ ⅜ ↄ⌂∫√╡⁸⌂╠⌂⅛∫√╡≤ ⇔≡●☻ ∆╠

≢⅝∏ ─⌂™ ≢№∫√⁹╟∫≡⁸↓╣ ⁸GEM ≢─ ╩╛╘⁸꞉▬

─≢כfiⱣ▼♅כꜘ ╩ ╘√⁹ 

 

 

 

 

 

 


