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1  ]1[  

1.1  PET 

  PET ≤│⁸positron emission tomography ─ ≢⁸ ╩

╗ ╩ ™╢ ─ ≢№╢⁹X CT⅜⁸ ╩ ─ ⌐ ™≡

─ ╩ ∆╢─⌐ ⇔≡⁸ ≢│⁸ ─ ⌐╟╡

─ ─ ⌐ ⇔√ ─ ╩ ⌐ ↕╣╢ ⌐╟∫≡ ∆╢⁹

PET │⁸ ≢ ⇔√ ╩ ≤∆╢⁹ │

ↄ─ ≤ ⇔≡ ⇔⁸∕─ ⅛╠ ─ ™●fiⱴ 2 ⅜ ™⌐ ┼

┘ ╢⁹↓─ ─ ╩ ⌐ ═√ ≢ ⌐ ╠⅛♃כ♦─⧵⁸⇔ X

CT≤ ─ ╩ ™≡⁸ ─ ╩ 3 ⌐ ∆╢⁹

≤⇔≡│⁸ ╛Ⱪ♪► ⁸▪Ⱶⱡ ⌂≥⅜ ™╠╣╢⁹↓╣╠╩ ⌐ ⇔≡

PET ≢ ╩ ™⁸ ─ ⅜ ∆╢ ╩ ∆╢↓≤⌐╟∫≡

╛ ⌂≥ ─ ╩ ≢⅝⁸⅜╪╩ ⌐ ≢⅝╢⌂≥─ ⅜№╢⁹ 

 

1.1.1  

  ╩ ∆╢ ╩ ⌐ ⇔≡⁸∕─ ╩ ∆╢ ╖│ 1950

⌐ ╕╡⁸ ≤⇔≡ ∆╢√╘─ ⅜ 1960 ⅛╠⌂↕╣≡⅝√⁹⇔

⅛⇔⁸ ⌐ ℮ ↕─√╘⌐ ─ │ ╡⁸X ─ ⅜

⌐ ╩ ⇔⁸1972 ⌐│ X CT ≤⇔≡ ⌐ ↕╣√⁹X CT─

⅛╠ ╖ ↕╣√ ╩ ╡ ╣≡⁸1975 ⌐ PET ⅜ ╘≡ ↕╣⁸

⌐ ↕╣╢╟℮⌐⌂∫√⁹⇔⅛⇔⁸ ⌐ X CT─ ╩ ∆╢∞↑≢│

PET ─╙≈ ╩ ⌐ ⅝ ∆↓≤│≢⅝⌂⅛∫√⁹1980 ⅛╠│ ╩╟

╡ ∆╢√╘⌐⁸PET ⅜╙≈ ─ ╩ ∆╢ ─ ┘ ─

⅜ ╘╠╣√⁹ 

 

1.1.2  

⌐ ╩ ∆╢≤⁸∕─╕╕≢│ ⌐ ⇔≡⇔╕℮⁹PET ─

│⅜╪ ⌂─≢⁸⅜╪ ─ ╩℮╕ↄ ∫≡⅜╪ ⌐ ╩

↕∑╢⁹ ─ ╩ ∆╢√╘⁸ ≤ ┌╣╢⁹∕╣⌐│⁸ ⌐ √ ╩

≈ FDG ( 1.1)─ ─ ≈╩ ⌐ ⅝ ⅎ≡ ⌐ ∆╢⁹∆╢≤⁸

─ ⅜ ™⁸≈╕╡ ╩√╘ ╗ ⅜№╢⅜╪ ⌐ FDG│ ∆╢⁹∕↓≢⁸

⅜ ↕╣╢⅜⁸ ₁─ │∕─ 60 ⅜ H2O( )≢≢⅝≡™╢√╘ ⌐│√ↄ↕╪─

⅜ ∆╢⁹∆╢≤⁸ ↕╣√ │∆←⌐∕╣╠─ ≤ ╩ ↓⇔⁸∕

╣≤≤╙⌐ 511keV─ ≈─ ɘ ≤⌂╢⁹↓─ɘ ╩ ↕∑√ ≢ ∆╢⁹

1.2 ╕√⁸↓─ ɘ ╠⅛☻כ♁│ ₁⌂ ⌐ ↕╣╢⁹∆╢≤⁸ ɘ
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─ ⌐╟╡™ↄ≈╙─ ╩ ↄ↓≤⅜≢⅝╢⁹↓╣╠─ ╩ ⌡ ╦∑≡

╦∫√ ╩ ─ ≤ ∆╢⁹≈╕╡⁸⅜╪ ─ ╩ ∆╢↓≤⅜≢⅝╢

─≢№╢⁹ 

 

1.1 18F-FDG 

 

 

1.2 PET  

⌐ ™╠╣╢─│⁸◦fi♅꜠כ♃≤ ≢№╢⁹∕╣╠≢ ↕╣√ ╩

≈─ ⌐ 360° ⌐ ⇔≡⁸ ⌂ PET ⅜ ↕╣╢⁹↓╣⌐╟╡⁸360°

≥─ ⌐ ↕╣√ ɘ ≢╙ ⌐ ∆╢↓≤⅜≢⅝╢╟℮⌐⌂╢⁹ 

     

1.1.3  

   ◄Ⱡꜟ◑כ ⌐ X ≤ PET ⅜ ⌐ ⌂╢ 1─ │⁸ ╘╢

─ ⅜ ™↓≤≢№╢⁹X CT│⁸ ⇔√ X ─ ⅛╠ ─ ╩

∆╢╙─≢ │ 1 ≢№╢⁹ PET ≢│⁸ ≤

─ 2 ≤⌂╢⁹ 

⌂╢ 2─ │⁸ ─ ⅜ ⅛ ⅛≢№╢⁹X ≢│ ╩

─ ╟╡ ⇔⁸ ∆╢ ⌐ ╩ ∆╢⅜⁸PET ≢│ ╩
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⌐ ∆╢√╘ ⅜ ⌐№╡⁸ ⅜ ↕╣╢ ╩ ∆╢↓≤│≢

⅝⌂™⁹ ⌂╢ 3─ │⁸ ⅛Ɽꜟ☻ ⅛─ ™≢№╢⁹PET ≢│ ╩

℮ ⅛╠ ╩Ɽꜟ☻ ∆╢⁹ ─ ⅛╠ ╢ 2≈─Ɽꜟ☻ ⅜№

╢ ⌐ ⇔√↓≤≢ │ ╦╣╢⅜⁸ ⇔√ ⌐╟╢

⅜ ∕─ ⌐ ∆╢ ⅜№╢⁹↓╣│ ≤ ┌╣⁸ ─

⌐ⱡ▬☼≤⇔≡ ╦╢⁹ ╩ ∆╢√╘⌐ ⌐ ™ ╩╙≈↓

≤⅜ ↕╣╢⁹ ┘ ─ ™ ╩ ∆╢√╘⌐⁸PET

│ ─ ╩ →≡⅝√⁹ 

  PET ⅜Ɽꜟ☻ ╩ ⌐⇔≡™╢↓≤⌐ ⇔≡⁸ ♃כ♦ ⌐ ⅜

⇔≡⅔╡⁸∕─ ⱡ▬☼⌐ PET ⅜ ↕╣╢ ╙ PET ─ ⅝⌂ ≢№╢⁹

│⁸X CT≤│ ⌂╢ ─ ╩ ⇔√ PET ─ ⅜ ↕╣

√√╘⁸ ─ ⅜ ⇔≡⅝√⁹
]1[
 

 ≢ ↄ ↕╣╢ Tcm99 ⌂≥│⁸ ɘ ╩ ∆╢─≢⁸∕─

╩ ╢√╘⌐ɘ ─ ⌐◖ꜞⱷכ♃╩ ↄ⁹↓╣╩ ⌐ ∫≡ ⇔⁸

─ ╩ ∆╢─⅜⁸SPECT Single Photon Emission Computed 

Tomography⁸ ≢№╢⁹SPECT≢│⁸ ≤ ╩ ⌐

↕∑╢↓≤⅜ ≢№╢⁹√≤ⅎ┌⁸◖ꜞⱷכ♃─ ╩ ↕ↄ∆╣┌ │ ∆╢

⅜ │ ∆╢⁹ ⁸PET ≢│ ≤™℮ ⌂ó◖ꜞⱷכ♃ó─ ⌐╟╡⁸

⌂◖ꜞⱷכ♃╩ ∆╢ SPECT⌐ ═≡ ⅜ ↄ⁸ ⌐ ╩ ╘╢↓≤

⅜≢⅝╢⁹ ≤ ╩≤╙⌐ ≢⅝╢↓≤│⁸PET ─╙≈ ╣√ ─ ≈≢№╢⁹ 

   

1.2   

 PET ≢│⁸≥─╟℮⌂ №╢™│ ─◦fi♅꜠כ♃╩ ∆╢⅛⅜ ─

╩ ↕∑╢ ≢ ╙ ⌂ ─ ≈≤⌂╢⁹ ≢│⁸PET ─ ⌐ ™⁸

─◦fi♅꜠כ♃⅜ ↕╣≡™╢⁹∕↓≢⁸ │ PET ≢─ ⅜ ╕∫≡™╢ ⌂

LYSO◦fi♅꜠כ♃≤╕∞PET≢─ ⅜↕╣≡™⌂™LFS◦fi♅꜠כ♃─ ╩

℮↓≤≢⁸LFS◦fi♅꜠כ♃⅜PET ◦fi♅꜠כ♃≤⇔≡ ∆╢⅛ ⇔≡™ↄ⁹╕√⁸

◦fi♅꜠כ♃│ ⌐ Lu176 ≤™℮ ╩ ╪≢™╢√╘⁸ Lu176 ⅜ ╓∆

Ᵽ♇◒◓ꜝ►fi♪⌐≈™≡ ∆╢⁹ 
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2 ɘ ⅔╟┘ X  

 ɘ ≤ X │∕─ ⌐ ⅜№╢⅜⁸ ⌐ ≢⁸◄Ⱡꜟ◑כ│ ≢

ⅎ╠╣╢⁹ 

 
l

n
c

hhE ==  2.1  

h:ⱪꜝfi◒  ɢ:  ɠ:  c:  

ɘ │ ─ ─◄Ⱡꜟ◑כ⅜ ≤⇔≡ ↕╣√╙─≢ ─ ⌐╟∫≡

⌂╢⅜⁸∕─◄Ⱡꜟ◑כ │ keV⅛╠ MeV ⌐╦√∫≡™╢⁹╕√⁸ ─

≤⇔≡ ↕╣╢⁹↓╣⌐ ⇔ X │ ≤ ─ ╛ ⌂≥⌐

╟∫≡ ⅜ ↕╣√╡№╢™│ ⅜ ⅝ ↕╣√ ⁸ ⌂ ⌐ ╢ ⌐

↕╣╢⁹ ™ ≢│ eV⅛╠ ™ ≢│ 0.1MeV ⌐╕≢╦√∫≡™╢⁹ 

 ɘ ⁸X ≤ ≤─ │ ≤⇔≡ ≈─ ≢№╢⁹∆⌂╦∟⁸ ⁸◖fi

ⱪ♩fi ⅔╟┘ ≢№╢⁹ 8.1 8.2 8.3  

 

2.1 ɘ ⁸X ─  

 ɘ ⁸X ─ ─ │ ─ ↕╩ ↕∑⁸∕╣⌐╟╢ ─ ⌐╟∫≡│⅛╠

╣╢⁹™╕ 0I ─ɘ №╢™│ X ⅜ ─ ↕ dx╩ ⇔√ ⁸∕─ ≢─ ─

│ dx⅔╟┘ 0I ⌐ ∆╢⁹⇔√⅜∫≡⁸ ⌐ ∆╢↓≤⌐⌂╡⁸

⌐ x∞↑ ∫√ ─ I │ ≢ ⅎ╠╣╢⁹ 

 
xeII =-mה 0  2.2  

 ↓─ɡ│ ≤ ┌╣⁸↕╠⌐∕─ ─ ⌐╟∫≡ ─╟℮⌐ ↑╠╣╢⁹ 

 paircompphoto mmmm ++=  2.3  

↓↓≢ paircompphoto mmm ,, │ ⁸◖fiⱪ♩fi ⁸ ⌐╟╢ ╩№╠

╦∆⁹ɘ ⁸X ─ │ ─ ≤ ⌂∫≡⁸ ─ ⇔⌂™≤™℮↓

≤╩ ∆╢↓≤│≢⅝⌂™⁹∆⌂╦∟⁸№╢ ↕ ⇔⌂™ │™ↄ╠⅛≤ ℮

↓≤⅜ ≢⅝╢∞↑≢№╢⁹ɘ ⁸X ⅜
e

1 ⌐ ∆╢╕≢─⁸ ↕╩ ≤™ⅎ

╢⁹↓─ │ 2.2 ⅛╠ ╠⅛⌂╟℮⌐⁸
m

1 ≤⌂╢⁹ 

2.1⁸ 2.2⌐ɘ ─◄Ⱡꜟ◑כ⅜ 0.01MeV 10MeV ─ ─ ⁸▪ꜟⱵ♬►ⱶ─

╩ ⇔√⁹ 
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2.1 ─ɘ ─
]2[
    2.2 ▪ꜟⱵ♬►ⱶ ─ɘ ─

]2[
 

 

3    

3.1   

 ≤│⁸ ╩ ⌐ ∆╢╙─≢№╡⁸◦fi♅꜠כ♃≤ ∆╢↓≤

≢ ─◄Ⱡꜟ◑כ ╩ ⌐∆╢⁹ 

 

 3.1.1 ▪Ᵽꜝfi◦▼ⱨ◊♩♄▬○כ♪ APD  

 ╩ ™√♦Ᵽ▬☻─ ≢╙⁸ ╩ ⌐ ⅎ╢╙─╩ ♦Ᵽ▬☻≤™℮⁹

≤⇔≡ ™╠╣╢ ♦Ᵽ▬☻│∆═≡ ♦Ᵽ▬☻≢№╢⁹ 

 p ≤n ╩ ╩♪כ○▬♄√∑↕ ≤⇔≡ ™√♦Ᵽ▬☻╩ⱨ◊

╩♪כ○▬♄♩ ┬⁹ │ ™⌐◐ꜗꜞ▪⅜ ∟ ⇔№™⁸◐ꜗꜞ▪⅜ ⌂™ ⅜

⇔≡⅔╡⁸↓╣╩ ≤™℮⁹↓↓⌐⁸ ─ ─ gE ╟╡╙ ⅝⌂◄Ⱡꜟ

─כ◑ ⅜ ╢≤ ⌐╟╡⁸ ⅜ ↕╣⁸ ≤ ⅜ ↕╣╢⁹ 

 gEh =n  3.1  

↓↓≢⁸h│ⱪꜝfi◒ ⁸n│ ─ ≢№╢⁹ 

⁸ pn │ Ᵽ▬▪☻╩ ↑≡╙╒≤╪≥ ⅜ ╣⌂™⁹⇔⅛⇔ Ᵽ▬▪

☻ ⅜№╢ ⌐⌂╢≤⁸ ⅜ ╣╢╟℮⌐⌂╢⁹↓╣╩Ⱪ꜠▬◒♄►fi≤

┘⁸↓─ ≤⌂╢ ─↓≤╩Ⱪ꜠▬◒♄►fi ≤ ┬⁹Ⱪ꜠▬◒♄►fi⅜ ↓╢

כ♫▼♠│⌐ ≤ ─ כ♫▼♠⁹╢№⅜≈ ≤ ─

╩ ∆⁹ 3.1  
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כ♫▼♠≥ 3.1
]3[
 

 

Ᵽ▬▪☻ ⅜ ⅝ↄ⌂╢≤p ─ ─ ⅜♩fiⱠꜟ ⌐╟╡ ╩

╡ ↑≡n ─ ⌐ ╢↓≤⅜№╢⁹↓─╟℮⌐⇔≡ ∫√ ⌐╟╡ ⅜ ╣╢

כ♫▼♠╩ ≤™℮⁹ 

╕√⁸ Ᵽ▬▪☻ ⅜ ⅝ↄ⌂╢≤ ─ ⌐⅔™≡ ⅜⅛⅛╢╟℮⌐⌂╢⁹

↓─ ≢ ⌐ ⅜ ╢≤ ⌐╟∫≡ ⅜ ↕╣⁸∕─◄Ⱡꜟ◑כ⌐╟∫≡

─ ╩ ╡⁸ ה ╩ ∆╢⁹↓↓≢ ↕╣√ │ ⌐╟∫≡

↕╣⁸ ┘ ה ╩ ∆╢⁹↓─╟℮⌐ ₁≤ ה ⅜ ↕╣≡

⅜ ⌐ ∆╢ ╩▪Ᵽꜝfi◦▼ ≤ ┘⁸↓╣⌐╟╡ ⅜ ╣╢╟℮

⌐⌂╢ ╩ ≤™℮⁹ 

ⱨ◊♩♄▬○כ♪⌐Ⱪ꜠▬◒♄►fi ─ ╩⅛↑√≤⅝⌐ ⅜ ∆╢≤⁸

↕╣√ │ ⌐╟╡ ↕╣⁸ ─ ≤ ⇔≡ ╩ ⅝ ∆⁹ ⅝ ↕╣

√ ╙ ≢ ↕╣⁸▪Ᵽꜝfi◦▼ ⅜ ↓╢⁹↓─╟℮⌐⇔≡▪Ᵽꜝfi◦▼

╩ ⇔≡ ╩ ↕∑√ⱨ◊♩♄▬○כ♪╩▪Ᵽꜝfi◦▼ⱨ◊♩♄▬○כ♪ APD

≤ ┬⁹ 

APD╩Ⱪ꜠▬◒♄►fi ─ Ᵽ▬▪☻≢ ↕∑╢≤⁸ ⌐ ∆╢ ⌐

⌂ↄ ─ ╩ ≥♪כ⸗כ●▬●╩♪כ⸗─↓⁹∆ ┬⁹ 
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3.2  MPPC 

  MPPC Multi -Pixel Photon Counter │⁸ ♪כ⸗כ●▬●─ APD ─Ⱨ◒☿ꜟ⅛╠

⌂╢ ─↓≤≢№╢⁹ ⱱ♩♬◒☻─ ≢№╢⁹ 

⇔√MPPC │ ⅜
211 mm³ ⁸Ⱨ◒☿ꜟ◘▬☼⅜

25050 mm³ ⁸Ⱨ◒☿ꜟ

⅜ 400─╙─╩ ⇔√⁹ ⌐ ⇔√╙─≤ ─MPPC ≤ ─ ╩ ∆╢⁹

3.2  

      

3.2 ⇔√╙─≤ ─MPPC ≤
]4[
 

 

3.2.1 MPPC  

 3.3 ⌐ ∆╟℮⌐⁸MPPC │◒◄fi♅fi◓ APD♪כ⸗כ●▬●≥  ╩ ⌐≈⌂

→√Ⱨ◒☿ꜟ╩ ⌐≈⌂→√ ╩⇔≡™╢⁹◒◄fi♅fi◓ כ●▬●√╣⅜⌂≈≥

│ APD♪כ⸗ 3.4 ─╟℮⌐ ⁸APD│≢♪כ⸗כ●▬●⁹╢∆  ⌐ⱨ◊♩fi⅜ ∆

╢≤⁸∕─ ⌐ ⌂ↄ⁸ ⌐ ─ ⅝↕─ ╩ ∆⁹∕╣⌐╟╡⁸◒◄fi♅fi◓

⌐ ⅜ ╣⁸ Ᵽ▬▪☻ │Ⱪ꜠▬◒♄►fi ╕≢ ∆╢⁹∕─ ⁸4ns ─

⌐╟∫≡ ─ Ᵽ▬▪☻ ⌐ ╡⁸ ≡⇔≥♪כ⸗כ●▬●┘ ∆╢╟℮⌐⌂

╢⁹MPPC  │ ≡─Ⱨ◒☿ꜟ─ ╖ ⇔⅜1 ≈─♅ꜗfiⱠꜟ⌐≈⌂⅜∫≡™╢─≢⁸

─Ⱨ◒☿ꜟ⌐ ⌐ⱨ◊♩fi⅜ ⇔√ ⁸Ⱨ◒☿ꜟ⅛╠ ╢ │ ⌂╡ ∫≡1 ≈

─ ⅝⌂ ≤⇔≡ ↕╣╢⁹↓─ ─ ⌂≥╩ ∆╢↓≤⌐╟╡⁸≥─ↄ╠

™─ ─ⱨ◊♩fi⅜ ⇔√─⅛ ╢↓≤⅜≢⅝╢⁹ 
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3.3 MPPC
]6[
 

 

♪כ⸗כ●▬● 3.4 APD ─
]6[
 

 

4   ◦fi♅꜠כ♃ ]8][5[  

4.1 ◦fi♅꜠כ♃ 

 ◦fi♅꜠כ♃≤│ ─ ™ ≢⁸ ─ ⅜ ↄ≡⁸ ≢

◦fi♅꜠כ◦ꜛfi◌►fi♃כ scintillation counter ≤⇔≡ ↕╣╢╙─╩™℮⁹ 

 ◦fi♅꜠כ◦ꜛfi │ PET ╛ X CT⌐ ↕╣╢ ╛ ─ ⌂

≥⌐ ↕╣╢☿◐ꜙꜞ♥▫ ⁸ ─ ⁸ ◄Ⱡꜟ◑כ ─

⁸ ╛ ⌂≥⁸ ה ה ◄Ⱡꜟ◑כ ⌂≥ ⌂

⌐ ↕╣≡™╢⁹ 

◦fi♅꜠⁸│♃כ
6~510 eV─◄Ⱡꜟ◑כ─ ╩ eV─◄Ⱡꜟ◑כ─ ⌐ ∆╢⁹

↓─≤⅝⁸ ─◄Ⱡꜟ◑כ⌐ ⇔√ ╩ ╢↓≤⅜≢⅝╢⁹ 
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4.2 ◦fi♅꜠כ♃─ ≤  

◦fi♅꜠⁸│♃כ ⌐╟∫≡│ ◦fi♅꜠כ♃≤ ◦fi♅꜠כ♃⌐ ∆╢

↓≤⅜≢⅝╢⁹ ◦fi♅꜠כ♃│ Nal Tl ⌐╟∫≡ ↕╣╢ ─Ɫ꜡◕fi

⅜ ≢№╢⅜⁸Xe⌂≥─ ╙ ╦╣≡™╢⁹ ◦fi♅꜠⁸│♃כ↕╠⌐ ⁸ ⁸

⁸ⱪꜝ☻♅♇◒⌐ ↕╣⁸▪fi♩ꜝ☿fi ⁸♩ꜟ◄fi ☻ꜞ⁸ⱳꜟכ♬▼ⱨכ♃

♅꜠fi ─╣∙╣⧵⅜ꜟכ♬▼ⱨכ♃ ≢№╢⁹ 

◦fi♅꜠כ♃─ ╩№╠╦∆≤⅝⁸ ⁸ ⁸ ⁸ ⁸ ⅜

≢№╢⁹ɘ ─◄Ⱡꜟ◑כ╩ ⇔╟℮≤ ⅎ┌ ⅜ ⅝ↄ≡ ─ ⅝™╙─⅛

╠ ≡™╢↓≤⅜ ╕⇔™⁹╕√⁸ ─╙─╛ ─ ™╙─│ ™⌐ ╩

∆╢⇔⁸ ─ ™╙─│ ≢│ ⅎ⌂™⁹╕√⁸ ≢≈ↄ╡╛∆™↓≤⁸

⇔⌐ↄ™↓≤╙ ⌂ ⌐⌂╢⁹ ⅜ ≢№╣┌ ╙ ↄ⌂╢⁹ 

↓↓⅛╠│⁸ ⅛ↄ⌂╢√╘ ╩ ↑≡ ∆╢⁹ 

a  

─ ╩№╠╦∆≤⅝│⁸ ⌐™ⅎ┌⁸ ⅜ ─◄Ⱡꜟ◑כ╩ ⇔√

≤⅝⌐ ╢ ─ ≢ ╦∆═⅝≢№╢⁹⇔⅛⇔⁸ɗ │ ≥─◦fi♅꜠כ♃≢╙

─◄Ⱡꜟ◑כ ≤ │ ⇔≡™╢⁹╕√⁸ ɗ ─ ─◄Ⱡꜟ◑כ

№√╡⌐ ╢ ╩≤∫≡ ╩№╠╦∆⁹▪fi♩ꜝ☿fi╩ ⌐⇔≡ ↓╣╩ 100

≤∆╢ ⁸↓╣⌐ ∆╢ ╩ ɚ≤™℮⁹ 

b ◄Ⱡꜟ◑כ ≤  

ɗ ⌐ ⇔≡│⁸≥─╟℮⌂◄Ⱡꜟ◑כ≢╙◄Ⱡꜟ◑כ ≤ │ ≥─◦fi♅

╙≢♃כ꜠ ∆╢⅜⁸ɖ ╛⁸ ─◄Ⱡꜟ◑כ─ ™╙─≢│⁸ ─ ⅜

╣╢⁹ 

⌐ ◦fi♅꜠כ♃≢│™∟∂╢⇔ↄ⁸ ◄Ⱡꜟ◑כ ≢╙ɖ │ɗ ─ ⌐

⌂╢⁹╙∫≤ ⌐™ⅎ┌ ⅜ dXdN ↕№√╡─◄Ⱡꜟ◑כ ⌐ ⇔

⌂™≢ dXdE ⅜ ⅝ↄ⌂╢≤ ⅜ ↕ↄ⌂╢↓≤≢№╢⁹↓╣│ ⅛╠ ─

◄Ⱡꜟ◑כ╩ ╘╢ ⌐ ≢№╢⁹ 

c ⌐╟╢ ─  

 ɚ│ ⌐ ⅜ ™ │ ∆╢⁹⇔√⅜∫≡⁸ ─ ↕™╙─⅜ ™◦fi♅

⁹╢№≢♃כ꜠ ─ ⁸ ⌂ ╩∆╢≤⅝│ ─ ╩ ⇔⌂↑╣┌⌂╠

⌂™⁹ │ ⌐╟∫≡ ⌂╢⅜⁸0.05  / ϴ≢№╢⁹ 

d  

◦fi♅꜠כ♃╩ ≢ ∆╢≤⁸∕─ ⅛╠ ⅜ ╢⅜∕─ │

)exp( t
t

t
N

ה- ≢ ╦↕╣╢⁹ɩ╩ ≤™™⁸ ⅜ 1/e⌐⌂╢╕≢─ ≢№╢⁹

N │ ≢№╢⁹ɩ│ 1ɡsec 1msec≢ ◦fi♅꜠כ♃─ ⅜ ™⁹ɩ─ ™╙─╒

≥ ™ ⅜ ≢⁸ ™◦fi♅꜠כ♃≤™ⅎ╢⁹ ≈─ ⌐≈™≡™℮≤⁸ɩ│ ∏
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⇔╙ ≢│⌂ↄ≡⁸ ⌐ä -
i

ii tN )/exp( tt ─╟℮⌐№╠╦↕╣╢⁹ 

PET ⌐⅔™≡│ PET ─ │ɘ ─ ⅎ ≤⇔╩ ╠⇔⁸ ─ ┌ↄ

╩ ↕∑√™≤™∫√↓≤⅛╠⁸ ─◦fi♅꜠כ♃─ ≤⇔≡⁸ ⌐ ⅜

№╢⁹∕─√╘⌐│◦fi♅꜠כ♃─ ⅜ ↄ⌂╢ ⅜№╢⅜⁸ ≤

─ ⌐│ 4.1 ≢ ↕╣╢ ⅜ ╠╣≡⅔╡[1]⁸ ∂ ╩ ™╢ ⁸

╩ ↄ∆╣┌∆╢╒≥ │⁸ ∆╢⁹ 

 
2

2

3 3

21
if

nn

fem

ɡäöö
÷

õ
ææ
ç

å +
´=G
lt

 4.1  

G:  n:  ɠem:  f:  i:  ɡ:  

 

4.3 ◦fi♅꜠כ♃⌐ ╘╠╣╢  

 4.3.1 X ⁸ɘ ◦fi♅꜠כ♃ 

 X ɘה ◦fi♅꜠⁸│≢♃כⱤꜟ☻⸗כ♪≢ⱨ◊♩fi◌►fi♥▫fi◓∆╢ ⅜

≢№╢⁹↓─ ⁸ ─ │ ⌂ꜞfi ╛ ─ ╟╡╙│

╢⅛⌐ ↕ↄ≤╢─≢⁸ ⌐ ∆╢ │ ⌐ ╠╣╢⁹↓╣≤ ⌂╡⁸

≢♪כ⸗ ∆╢◦fi♅꜠כ◦ꜛfi ─ │⁸ ─ ⌐ ⇔√

╩ ╢⁹↓↓≢ ─ ⅜ ≢⅝⌂™ ⁸ ─ ∆⌂╦∟ aftergl ow ⅜

╣≡⇔╕℮⁹ 

 X ɘה ◦fi♅꜠כ♃⌐⅔™≡ ↕╣╢Ɽꜝⱷכ♃│ ─≤⅔╡≢№╢⁹ 

ᵑX ⁸ɘ ─  

ᵒ  

ᵓ  

ᵔ  

ᵕ  

ᵖ  

ᵗ◄Ⱡꜟ◑כ  

ᵘ ⌂╢◄Ⱡꜟ◑כ⌐ ∆╢ ─  

 

4.4 ◦fi♅꜠כ♃─  

 ◦fi♅꜠כ♃─ ╩ ═≡⁸ ╩ ╠⅛⌐∆╣┌⁸↓╣╠─ ─

⌐ ∆╢≤↓╤│ ⅝™⁹ ─ │ ₁≢№╢─≢⁸ ╩ ™≡⅔ↄ⁹ 

 ɘ │◖fiⱪ♩fi ⁸ ⁸ ≢ ╩≈ↄ╢⁹╕√⁸ │

⌐╟∫≡ɖ ⁸ɘ ⁸ ╩≈ↄ╢⁹∕⇔≡⁸ ⌐│ ⅜ ─ ╩

∆╢⁹ 
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◦fi♅꜠כ♃

≢ ─≤╡ ╢◄

Ⱡꜟ◑כ │⁸

⌐ ↄ ↕╣

√ ≤⁸ ⌐

⅝ ╣╢ ⌐

⅛╣≡™╢⁹ 4.1

ɘ ⅜◦fi♅꜠כ♃

⌐ ∆╢≤⁸

⌐№╢ ≤

╛◖fiⱪ♩fi                              

4.1 ─◄Ⱡꜟ◑כ
]9[
 

 

╩ ↓∆⁹∆╢≤ ⅜ ↕╣≡◄Ⱡꜟ◑כ─ ™ ⌐ →╠╣╢⁹↓─ ↕

╣√ │⁸ ╩ ⅝ fi꜡כ◒⁸╡ ⌐╟╡ ─ ╩ ↕∑╢⁹↓╣╠─

⅜ ┘ ⌐ ∟ ╗≤⅝⌐◄Ⱡꜟ◑כ⅜ ─ ≢ ↕╣╢⁹↓╣⅜ ◦fi

─♃כ꜠♅ ⌂ ≢№╢⁹ ⌐│ ≤ ─◄Ⱡꜟ◑כ │ ⅝

⅞╢─≢⁸ ─ ⅜ ⅎ╠╣≡™≡⁸ ⅜ ↕╣╛∆ↄ⁸⅛≈

╩ ∆╢╟℮⌐ ↕╣≡™╢⁹NaI(T l)≢│⁸Tl⅜ ⌂ ⌐⌂∫≡™╢⁹ 

 

4.5 ◦fi♅꜠כ♃ 

 PET ─ ⌐│ ◦fi♅꜠כ♃≢│⌂ↄ⁸ ◦fi♅꜠כ♃⅜ ↕╣╢↓≤⅜ ™⁹

≤™℮─│⁸PET ⌐ ™╠╣╢◦fi♅꜠כ♃⌐│ ⅜№╢⅛╠∞⁹ 

∕─ ─ ≈≤⇔≡⁸ ≢ ─ ⅝™╙─≢№╢↓≤⅜ →╠╣╢⁹

≢ ─ ⅝™◦fi♅꜠⁸│♃כɘ ─ ⅜ ↄ⁸ ╩ ╟ↄ

≢⅝╢─≢№╢⁹╕√⁸ ⅜ ⅝™↓≤╙ ─ ≈≢№╢⁹ ⅜ ⅝™≤ⱡ

▬☼│ ⌐ ↕ↄ⌂╢⁹◄Ⱡꜟ◑כ │ ↄ⁸◄Ⱡꜟ◑כ ⌐╟╢

≢ ─ ╕√│ ⅜ ↕╣≡⅛╠ ⌐ ↕╣╢ ╙ ⇔╛

∆ↄ⌂╢⁹ ⌐╙⁸ ⅜ ™↓≤⁸ ⅜⌂™↓≤⌂≥⅜ →╠╣╢⁹

↓─╟℮⌐⁸PET ⌐ ™╠╣╢◦fi♅꜠כ♃⌐│™ↄ≈⅛ ⅜№╡⁸∕╣╠╩ √∆╙

─≤⇔≡ ◦fi♅꜠כ♃│ ⌐ ⌂─≢№╢⁹ 4.1│PET ⌐ ™╠╣╢ ◦fi

─♃כ꜠♅ ≢№╢⁹ 
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 NaI(T l) BGO GSO(Ce) LSO(Ce) LuAG(Pr)  LYSO LFS 

Density(
3/ cmg ) 3.6 7.1 6.7 7.4 6.73 7.4 7.4 

Radiation 

length(cm)  

2.6 1.1 1.4 1.1 1.5 1.2 1.1 

Decay time(ns)  230 300 30~60 40 20 40~44 36 

Emission 

wavelength(nm)  

415 480 440 420 310 428 416 

Quantity of 

light(Na(TI)=100)  

100 7~10 20~25 75 30~33 75 80 

4.1 ◦fi♅꜠כ♃ ╡ ∆╢╙─
]6[
 

βLFS◦fi♅꜠כ♃│╕∞PET⌐ ↕╣≡™⌂™⁹ 

 

4.5.1 LFS 

 LFS( 4.2)│LSO≤ ─ ╩ ≈ ─ ◦fi♅꜠⁹╢№≢♃כ⅛≈ ⌐

≢№╢↓≤⅛╠ ─PET ─◖☻♩╩ →╢─⌐ ≢№╢≤ ⅎ╠╣╢⁹╕√⁸

⅜35ns≤ ™─≢⁸ ⅜ ⌂TOF-PET⌐╙ ≢⅝╢ ⅜№╢⁹⇔

⅛⇔⁸∕─ ⅜ ⁹ Lu⅜ ╕╣≡™╢─╙ ≢№╢⁹ 

─ ─ ═⌐╟╣┌⁸LFS│ yyxyx OSiLuCe +--+ 5122 ─ ╩ ∟⁸

⌐ ≤⇔≡Ce⅜ ™╠╣√LSO(Lutetium Ortho Silicate ; 52SiOLu Ce)≤

ⅎ╢↓≤⅜≢⅝╢≤ ↕╣√⁹ │7. g/cm3≤ ↄ⁸LSO≤╒≤╪≥ ∂≢№╢⁹╕√⁸

│412nm≢№╡⁸ ─ ╩ ∆╢⁹↓╣│⁸ ≢ ™╢ MPPC≤

─ ⅜╟™⁹╕√⁸NaI:Tl ─80 ╩ ⅎ╢ ╩ ←↓≤⅜≢⅝╢─≢⁸PET ─

╩ →╢↓≤⅜ ≢№╢≤ ⅎ╠╣╢⁹ ⌐PET⌐ ↄ ↕╣≡™╢BGO≤

─ ⌐⅔™≡│⁸ ≢ 20 ─ ⅜ →╢≤─ ⅛╠─ ⅜№╢⁹ 

 

4.2 LFS 
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4.5.2 LYSO 

LYSO◦fi♅꜠כ♃ 4.3 │⁸ 52SiOY YSO ≤ 52SiOLu LSO ─ ─

≢№╢⁹ 52 SiOYLu xx- ─ ╩ ≈⁹╕√ Lu ╩ ╗↓≤⅛╠⁸LFS ≤ ─

╩ ∆ ⅜№╢⁹⇔⅛⇔⁸ ⁸ ⁸ ≤╙⌐ ╣≡⅔╡⁸PET ─

─ ⁸ ─ ⌐╟╡ ─ ┌ↄ ─ ⅜ ╕╣╢⁹ 

 

4.3 LYSO 

 

5  MPPC ─ ─  

5.1  Gain  

  Gain ≤│⁸ⱨ◊♩fi⅜ ╡ ╩√√⅝ ⇔√≤⅝─▪Ᵽꜝfi☺▼ ⌐╟∫≡ ↕

╣√ ─ ─↓≤≢№╢⁹ ╩ G⁸ ─ ╩ Q≤∆╢≤⁸ 

 eGQ=  5.1  

 

≤ ∆↓≤⅜≢⅝╢⁹↓↓≢⁸e│ C19106.1 -³ ≢№╢⁹╕√⁸MPPC1 Ⱨ◒☿ꜟ

√╡─ C⁸ Ᵽ▬▪☻ ╩ biasV ⁸Ⱪ꜠▬◒♄►fi ╩ 0V כ●▬●⁸≥╢∆≥

≡™⅔⌐♪כ⸗ 1Ⱨ◒☿ꜟ≢ ↕╣╢ │⁸ 

 )( 0VVCQ bias-=  5.2  

 

≤ ↕╣╢─≢⁸ 5.1 ╟╡ Gain │ 

 )( 0VV
e

C
G bias-=  5.3  

 

≤⌂╢⁹ 

5.1.1  Gain ─☿♇♩▪♇ⱪ 

  5.1⌐ Gain ─☿♇♩▪♇ⱪ╩ ∆⁹ 
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5.1 Gain ─☿♇♩▪♇ⱪ 

 

5.1─ ─  

Clock Generatorה    

    ─ ⁸ ╩ ≈ NIM Ɽꜟ☻╩ ⁹ꜟכꜙ☺⸗╢∆ │↓╣≢ ♃

▬Ⱶfi◓╩ ╙כ●ꜞ♩╘ ↕∑√⁹ 

Gate Generatorה      

─☻ꜟⱤכ●ꜞ♩     ⌐ ⇔≡⁸ ─ ⁸♦▫꜠▬╩⅛↑√ NIM Ɽꜟ☻╩

∆╢⁹ 

ASD AMPה      

    ╩ ∆╢ ≢№╢⁹ │ 596.3 ⁹ 

 ADCה

    ▪♫꜡◓ ⌐ ⇔≡ ─ ─Gate Pulse ╩ ∆╢↓≤≢⁸▪♫꜡◓ ╩

⌐ ∆╢⁹ 

ה ╖ ⇔  

MPPC ⅛╠ ╩ ╖ ∆√╘─ ⁹ 5.2

470mV 
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5.2 MPPC ─ ╖ ⇔  

 

5.1.2  

  ≢ G Gain ╩ ╘╢⌐№√╡⁸CAMAC ─ ADC ╩ ™≡ ADC ╩ ⇔⁸ 

Pedestal 0photoelectron ╩ ⇔ ™√ 1photoelectron 1p.e.≤ ∆ ─●► 

☻ ≢ Fitting ⇔√≤⅝─Mean ─ ╩ d≤⇔≡ 

 
eA

rd
G

³

³
=  5.4  

r │ ADC ─ 0.25 pC / ADC Count ⁸A│ AMP ─ ≢№╢⁹ 

─ ADC 5.4 ╟╡⁸1p.e. ─ d╩ ⇔⁸ 5.4 ╟╡ Gain

╩ ╘╢↓≤⅜≢⅝╢⁹ 

 MPPC ─ Ᵽ▬▪☻ ╩ 70.2V⁸70.4V⁸70.6V⁸70.8V─ 4 ≢ ⇔√ ADC  

⅜ 5.4≢№╢⁹ 

 

 

5.3 ADC ⌐ ╢ Signal  
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5.3│ 5.1─ ADC ┘ ╢ Signal ≤ Gate≢№╢⁹ASD AMP ⅜ 5.3─ ∞↑≢ 

⌂ↄ ⌐╙ ∆╢⁹ASD AMP ─ ≢┤√ ─ ⌐⌂╢⁹ 

 

 

 

 

5.4 Gain ≢─ ADC Ᵽ▬▪☻ 70.2Vה Ᵽ▬▪☻

70.4Vה Ᵽ▬▪☻ 70.6Vה Ᵽ▬▪☻ 70.8V  

 ↓╣⌐╟╡⁸ ╘√ Gain ╩ ⁸MPPC ⌐⅛↑√ ╩ ≤⇔≡ⱪ꜡♇♩⇔√─ 

⅜ 5.5≢№╢⁹↓╣╩ 

 )( bxay -=  5.5  

≤™℮ ≢ Fitting ∆╢≤⁸ ⅝a =C/e ⁸x b 0V= ╩ ╘╢↓≤⅜≢⅝╢⁹ 

ADC Channel  ADC Channel  

ADC Channel  ADC Channel  

 Channel  

 Channel  

 Channel  

 Channel  

Counts  Counts  

Counts  Counts  
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5.5 Gain ─ Ᵽ▬▪☻   

 

5.5⅛╠MPPC ─ ⅜ ⅝ↄ⌂╢╒≥ Gain ╙ ⇔≡™ↄ─⅜ ⅛╢⁹ 

∆╢MPPC ─ C≤Ⱪ꜠▬◒♄►fi 0V ╩ ─ ≢ ╘

⌐ ⇔√⁹ 5.5 ─ C│ 5.3 ─ C / e─↓≤≢№╢⁹  

 

C[fF]  0V [V]  

88.6±2.0 69.6±0.1 

5.1 Gain ─  

 

5.2  Noise Rate 

 MPPC│ ⅜ ⇔⌂ↄ≡╙ ⌐ ─ ⅜ ≢ ╩ ⇔≡⇔╕℮⁹↓╣

≥☼▬ⱡ◒כ♄╩ ┘⁸Noise Rate ≤│1 √╡─♄כ◒ⱡ▬☼─ ─↓≤≢№╢⁹

─ ≤⇔≡│⁸ ⅜ ⇔⌂™ ≢⁸Discriminator ─Threshold╩ ⅎ≡™⅝⁸

≢Count  Rate╩ ⇔ 5.7─╟℮⌐Threshold Curve ╩ ↄ⁹Threshold ⅜1 

p.e.Ⱨכ◒⌐ ∆╢ ≢Count  Rate│ ⌐ ⅜╢⁹∕─ ╩ ⌐⇔≡⁸●►☻ ╩

№╢ ≢ ⇔√ ≢Fitting ╩ ℮≤1 p.e. threshold ⅜ ╕╢⁹∕↓

⅛╠0.5 p.e. threshold╩ ╘╢≤⁸∕─≤⅝─Count Rate⅜Noise Rate ≤⌂╢⁹ 

 

5.6 Noise Rate ☿♇♩▪♇ⱪ 

Gain  

Ᵽ▬▪☻ (mV) 
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5.7 MPPC ─ Threshold Curve  

 

↓╣│ADC ─ ⌐ ⇔≡⅔╡⁸ ─Threshold⅜ p.e.─Ⱨכ◒ ⌐⌂╢≤

◌►fi♩ ⅜ ⌐ ∆╢⁹ 

5.7⅛╠ 

HzCountRate

HzCountRate

thresholdep

thresholdep

5

..5.1

5

..5.0

10)04.070.1(

10)21.029.8(

³°=

³°=
 

≤⌂∫√⁹ 

 

5.3 Cross talk  

APDⱧ◒☿ꜟ⌐⅔™≡⁸▪Ᵽꜝfi◦▼ ─ ≢ ⅜ ≡⇔╕℮↓≤⅜№╢⁹ 

↓─ ⅜ ∆╢Ⱨ◒☿ꜟ⌐ ⇔≡⁸ ┘▪Ᵽꜝfi◦▼ ╩ ↓⇔≡⇔╕℮  

⅜№╢⁹≈╕╡Cross Talk≤│ ≈─ ─ ⌐ ⇔≡⁸2p.e. ─ ╩ ⇔ 

≡⇔╕℮ ─↓≤╩ ∆⁹Cross Talk  Ratio╩Cross Talk⅜ ↓╢ ≤™℮ ≢ ™

╢Cross Talk  Ratio  │ 5.7 ⌐⅔™≡1.5p.e.threshold≤0.5p.e.threshold─Count Rate─

╩ ™≡ 

 

 

≤⌂∫√⁹ 
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5.4 d ─  

 d ≤│1p.e.№√╡─ACD─Channel ─↓≤≢№╢⁹ ≢│⁸↓─ ⌐ ℮ ╩

∆╢√╘⌐d ─ ╩ ℮⁹ 

ủ☿♇♩▪♇ⱪ 

 

 

5.8 ─☿♇♩▪♇ⱪ 

↓↓≢│5.1 ─╟℮⌐ 24ϴ≢MPPC╩ ↕∑╢⁹↓╣│⁸ ─ ™

MPPC─Gain╩ ↕∑⌂™╟℮⌐∆╢√╘≢№╢⁹ ─ │∆═≡24ϴ≢ ∆╢⁹ 

╕√⁸ADC⌐ ╢Signal ⌐ ⇔ ⌂Gate⅜ ⅛╣╢╟℮⌐⇔√⁹ :470ns  

 

               5.9 d ADC  

1p.e. 

2p.e. 

pedestal 

d 

470ns 
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 5.9╟╡pedestal─Ⱨ1≥◒כp.e.─Ⱨכ◒─ADC channel ╩ ™≡d │77.7±0.3 

ADC channel/ p.e.≤⌂∫√⁹↓╣╩╙≤⌐ ╩ ⇔≡™ↄ⁹ 

 

 LYSOהLFS◦fi♅꜠כ♃─  

6.1 LYSOהLFS ◦fi♅꜠כ♃─  

a LYSO  

 6.1╩ ™≡ LYSO ─ ╩ ℮⁹∕─ ⁸ ⌐│
+b ≢№╢ Na22 ╩ ™

╢⁹ Na22 │⁸
+b ⌐╟∫≡ ╩ ∆╢⁹↓╣│ PET ≤ ∂≢⁸ɘ ─◄Ⱡꜟ◑

│כ 511KeV ≢№╢⁹╕√⁸ ─ Na22 ⁸LYSO ⅔╟┘ ─MPPC │ ≢ ╩

™⁸ ⅛╠─ ╩ ⌂ↄ⇔≡™╢⁹↕╠⌐⁸∕╣╠│ 24ϴ ⌐ ╣≡⅔

╡⁸ ⌐ ↕╣╛∆™ MPPC ─ Gain ⅜ ⇔⌂™╟℮⌐⇔≡™╢⁹↓╣│⁸d ─

≢╙ ≢⁸AMP ╛∕─ ─ ╙ ∂⌐⇔≡№╢⁹╟∫≡⁸5.4  d ─ ≢

─ ╩ ─ ⌐ ™╢⁹ 

◦fi♅꜠כ♃≤MPPC⁸ │ 6.1─╟℮⌐ ⅛╣≡⅔╡⁸MPPC ≤◦fi♅꜠כ♃╩

≢♩כ◦ ∫≡™╢⁹ 

 

6.1 ⁸◦fi♅꜠⁸♃כMPPC ─  

 

╩♩כ◦ ↄ≤⁸ ≤─ ⌐ ╖⅜≢⅝╢⁹∕─ ╖⅜ 6.1─ ∆╟℮⌐ 2mm

≢№╢⁹ 
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ủ☿♇♩▪♇ⱪ 

 

 

 

6.2 LYSO ☿♇♩▪♇ⱪ 

 

│ 50 mV~380 mV ╕≢ 25 mV ╖≢ ⇔⁸ⱡ▬☼⅜ ⌂ↄ ─Ⱨכ◒⅜ ↄ

ⅎ╢≤↓╤≢ ⇔√⁹ :250mV  

↓─≤⅝ 6.2─ ADC ⅜ ─╟℮⌐⌂╢⁹ 

 

6.3 LYSO ─ ADC Na №╡  

 

6.3⅛╠ 511 keV ─ ╩ ∆╢⁹ 

511keV Ⱨכ◒ 

470ns 250mV 
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│ 5.8─ d 77.7±0.3 ADC channel / p.e. ⁸pedestal ─mean 137.7±

0.1 ADC channel ⁸511 keV Ⱨכ◒─mean 2205±13.6 ADC channel ╩ ™≡

─╟℮⌐⌂╢⁹ 

 
d

meanpedestalmeankeV ─Ⱨכ◒─ -
=

511
=26.6±0.2 p.e. 6.1  

↓╣⌐╟∫≡ ∆╢≤⁸LYSO ─ 511keV Ⱨכ◒─ │⁸26.6±0.2p.e.≤⌂╢⁹ 

╕√ ⅛╠◄Ⱡꜟ◑כ ╩ ∆╢≤ 

 
x

s
=◄Ⱡꜟ◑כ =0.148±0.023  6.2  

14.8±2.3 ≤⌂╢⁹ 

↓↓≢ɨ│ Fit ⅛╠ ╠╣√ ≢⁸x│ ≤PedestalⱧכ◒─ ≢№╢⁹ 

◄Ⱡꜟ◑כ ≤│⁸◄Ⱡꜟ◑כ╩ ∆╢ ─ ╩ ∆ ≤⇔≡ ™╠╣╢⁹ 

№╢◄Ⱡꜟ◑כ╩ ≈ ⅜ ⌐ ◄Ⱡꜟ◑כ╩ ≤⇔√≤⅝ ⌐│ ☻Ɑ 

◒♩ꜟ⌐⌂╢─∞⅜⁸ │ ─ ⌐╟╡№╢ ╩ ∫√☻Ɑ◒♩ꜟ⌐⌂∫≡⇔ 

╕℮⁹↓─ ⅜ ↕™ ╟╡ ↄ─☻Ɑ◒♩ꜟ╩ ↑╢↓≤⅜ ⌐⌂╢⁹ ⅜ ⅝™

≤( ⅜ ™≤) ∕╣∙╣─Ⱨכ◒⅜ ─ ⌐ ╣≡⇔╕™ ↑⅜≈⅛⌂ↄ⌂╢⁹

⁸ һE⌐│●►☻ ≢ⱨ▫♇♩⇔√ ─ɨ⅜ ╦╣╢⁹ 

 

 

⌐ 6.2─ Na ╩ ╡ ⅝ ⌐ ADC ╩ ∆╢≤ ─╟℮⌐⌂╢⁹ 

 

6.4 LYSO ─ ADC Na ⌂⇔  

 

6.4⌐╙Ⱨכ◒⅜ ⅎ≡™╢⁹↓╣│⁸ 6.3─ 511 keV ─ Channel ⅛╠ ∆╢
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≤ 500 keV ≤⌂╢⁹↓╣│ LYSO ⌐ ╕╣≡™╢ Lu176 ─Ᵽ♇◒◓ꜝ►fi♪⌐╟╢╙─

≤ ⅎ╠╣╢⁹ Lu176 ─ ∆ɘ ⌐│ ─╟℮⌂╙─⅜№╢⁹ 6.5  

 

6.5 176Lu ─ɘ
]7[
 

 

↓╣⌐╟╢≤⁸ Lu176 │ 88 keV⁸201 keV⁸306 keV⁸400 keV ─ɘ ╩ ∆╢⁹ Lu176 │

201 keV ≤ 306 keV ⅜ ⇔√ ⌐ sumpeak ≤╟┌╣╢ 500 keV ─Ⱨכ◒╩

∆⁹ 6.6  

 

6.6 Lu176
─☻Ɑ◒♩ꜟ sumpeak

]7[
 

 

⁸ ⌂⇔─ ≢ √Ⱨכ◒│↓╣∞≤ ⅎ╢⁹ 

sumpeak  
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╕√⁸ 6.3≤ 6.4╩ ═╢≤ ∂ ≢⁸Na ─ɘ ≤ Lu ─Ᵽ♇◒◓ꜝ►fi♪⅜ ↓

∫≡™╢╟℮⌐ ⅎ╢⅜⁸∕╣∙╣ ⅜ ⌂╡⁸ ∂ 10000▬ⱬfi♩ ∆╢─⌐

6.4│ 6.3─ 161 ─ ⅜⅛⅛∫≡™╢⁹↓─↓≤⅛╠⁸Na ⌐ ═ Lu ─Ᵽ♇◒◓

ꜝ►fi♪─ │ ⌐ ↕™≤ ⅎ╢⁹ 

6.3≤ 6.4≢ ⅜ ℮─│⁸ ⅜№╢ ∞≤ ─ ⅜ ⅝™√╘ ⅎ⌂™

╟℮⌂ⱡ▬☼⅜⁸ ⅜⌂™ ⁸Lu ─ ─ ╟╡╙ⱡ▬☼─ ⅜ ⅝™─≢ ⅎ

≡⇔╕∫≡™╢⅛╠≢№╢⁹ 

 

b LFS ─  

LYSO ≤ ⌐ LFS ≢ ╩ ℮⁹ │ LYSO ≤ ∂≢№╢⁹ 

ủ☿♇♩▪♇ⱪ 

 

 

6.7 LFS ─ ☿♇♩▪♇ⱪ 

 

LYSO ≤ ⌐ 6.7─☿♇♩▪♇ⱪ≢ Na №╡≤⌂⇔≢ ADC ╩ ⇔√⁹

6.8⁸ 6.9  

470ns 250mV 


