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 ◄Ⱡꜟ◑כ W,◒כ◊◒⁸│≢ ,Z , ⱥ♇◓☻ ╩ ╢↓≤⅜ ≢№╢⁹

⌐│⁸↓╣╠─ ⅜ ⇔ ─ ≤⌂∫√ ─☺▼♇♩╩ ∆╢↓≤⌐

⌂╢⁹∕─√╘─ ≢№╢ Particle Flow Algorithm(PFA) ╩ ™╢↓≤⌐╟╡⁸

™☺▼♇♩◄Ⱡꜟ◑כ ╩ ∆╢↓≤⅜ ↕╣≡™╢⁹ 

 ◘fiⱪꜞfi◓ Ɫ♪꜡fi◌꜡ꜞⱷכ♃─◄Ⱡꜟ◑כ │⁸ ◦ꜗ꞉כ≤Ɫ♪꜡fi

◦ꜗ꞉כ─ ─ ≢№╢⁹ ⌐ │⁸◌꜡ꜞⱷכ♃⌐ ⅝⌂◄Ⱡꜟ◑כ╩ ≤∆

⅜⁸ ⌐ ∆╢ ⅜ ⇔⁸◄Ⱡꜟ◑כ ⌐ ╩╙√╠∆⁹↓─

─ ─ ─√╘⌐⁸ ╩ ⇔⌂™ ≢≢⅝√ ╩ ⇔⁸

⅛╠─ ╩ ╖∞∆↓≤⌐╟╡⁸ ⌂◄Ⱡꜟ◑כ ─ ⅜ ╕╣╢⁹

≢│⁸ ●ꜝ☻╩ ™╢↓≤≢⁸♅▼꜠fi◖ⱨ ╩ ╖ ∑╢ ─ ╩ ™⁸

◦ꜗ꞉כ⌐≈™≡─ ╩ ∫√⁹∕─ ⁸ ●ꜝ☻≤ MPPC╩ ╖ ╦∑√

●ꜝ☻♅▼꜠fi◖ⱨ ≢⁸Ɑ♦☻♃ꜟ⅛╠ ⇔√♅▼꜠fi◖ⱨ ─ ╩

╢↓≤⅜ √⁹ ●ꜝ☻ ╩Ⱶꜙכ○fi⅜40mm ⇔√≤⅝⁸♅▼꜠fi◖ⱨ ─

│8.3±0.1p.e.≢№∫√⁹ 

 ⌐⁸ ↕╣√ ●ꜝ☻╩ ™√◌꜡ꜞⱷ⁸⇔ 3 ╩♃כ ⅛╠─

ⱦכⱶ╩ ™√⁸ ◦ꜗ꞉כ⌐╟╢ ╩ ∫√⁹ ●ꜝ☻╩ ⇔√↓≤⌐╟

╡⁸◌꜡ꜞⱷ3♃כ ─ ≢─ ◦ꜗ꞉כ─ ⅜╡╩ ∆╢↓≤⅜ √⁹ADC⅜○

╩כ꜡ⱨכⱣכ ↓⇔√♅▼fiⱠꜟ⅜№╡⁸○כⱣכⱨ꜡כ⌐ ⌂ ╩ ℮ ╩

ⅎ⁸◄Ⱡꜟ◑כ ╩ ╘╢ ⅜№╢↓≤⅜ ⅛∫√⁹ 
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 ◄Ⱡꜟ◑כ W,◒כ◊◒⁸│≢ ,Z , ⱥ♇◓☻ ╩ ╢↓≤⅜ ≢№╢⁹

─ │⁸↓╣╠─ ⅜ ⇔ ─ ≤⌂∫√ ─☺▼♇♩≢№╡⁸

Particle Flow Algorithm(PFA) ≤™℮ ⌐╟╡⁸ ™☺▼♇♩◄Ⱡꜟ◑כ ╩

∆╢↓≤⅜ ⅎ╠╣≡™╢⁹PFA≢│⁸ ⌐№╢ ─ ⅛╠☺▼♇♩─◄

Ⱡꜟ◑כ─ ╩ ℮⁹↓─ ⁸ ≢ ∆╢ ─ ∆╢↓≤⌐╟╡⁸

╩ ↕∑╢⁹ │ ─ ╩ ™⁸ │ ◌꜡ꜞⱷכ♃─

╩ ™╢⁹ Ɫ♪꜡fi⌐≈™≡│⁸Ɫ♪꜡fi◌꜡ꜞⱷכ♃─ ╩ ™╢⁹╕√⁸

PFA≢│⁸∆═≡─ ─♩ꜝ♇◒ ⌐≈™≡⁸ ─ ╩ ℮⁹↓─√╘⁸◌꜡ꜞⱷ

⁸│⌐♃כ ─ ╩ ∆╢√╘⌐ ⌂╙─≢№╢↓≤⅜ ╘╠╣╢⁹ 

 Ɫ♪꜡fi◌꜡ꜞⱷ⁸│♃כ ≤ ⅜ ⌐ ╪∞ ⌐⌂∫≡⅔╡⁸↓─╟℮

⌂ ─◌꜡ꜞⱷכ♃│◘fiⱪꜞfi◓ ≤ ┌╣╢⁹◘fiⱪꜞfi◓ ◌꜡ꜞⱷכ♃─

─ │⁸◦ꜗ꞉כ╩ ↓∆↓≤≢№╢⁹ ⌂≥─ ™ ╩ ™╢↓≤≢⁸ ™ ↕

≢◦ꜗ꞉כ╩ ↕∑╢↓≤⅜≢⅝⁸◌꜡ꜞⱷכ♃ ╩◖fiⱤ◒♩ ╙ ≢⅝╢⁹

│ ™◦fi♅꜠כ♃≢≈ↄ╠╣⁸ ≢ ⇔√◦ꜗ꞉כ─ ─ ⌐╟╡ ∂

√◦fi♅꜠כ◦ꜛfi ╩ ∆╢↓≤⌐╟╡⁸◄Ⱡꜟ◑כ─ ╩ ℮⁹ 

 ◄Ⱡꜟ◑כ─Ɫ♪꜡fi⅜⁸Ɫ♪꜡fi◌꜡ꜞⱷכ♃─ ⌐ ∆╢≤⁸ ─

─ ≤─ ™ ⌐╟╡ ╩ ™⁸◦ꜗ꞉כ╩ ↕∑╢⁹ 

↓─℮∟⁸ ⌂Ɫ♪꜡fi─◦ꜗ꞉כ │⁸ ɥ⁸K ⁸ ⁸ כꜙ♬⁸

♩ꜞⱡ⁸Ⱶꜙכ○fi⌂≥⅛╠ ↕╣╢⁹↓─ ≢│⁸⅛⌂╡─ ⅜⁸

( ─ ◄Ⱡꜟ◑כꜙ♬⁸(כ♩ꜞⱡ⌂≥─ ≤⇔≡ ╖∞∆↓≤─ ⌂™ ≤

⌂╢⁹ ◦ꜗ꞉כ─ │⁸◦ꜗ꞉כ─ ─ ╩ ╘╢ɥ ─1/3╩

╘╢ɥ0⅜⁸ɥ0ќ2ɘ─╟℮⌐ ∆╢↓≤⌐╟∫≡ ∆╢⁹↓─ɥ0 ⌐╟╢

│⁸◌꜡ꜞⱷכ♃⌐ ⅝⌂◄Ⱡꜟ◑כ╩ ≤∆⅜⁸ ⌐ ∆╢ ⅜ ⅝ↄ

⇔⁸◄Ⱡꜟ◑כ─ ⌐ ╩╙√╠∆⁹ 

 ↓─ ─ ╩ ↕∑╢ ≤⇔≡⁸ ╩ ⇔⌂™ ≢≢⅝√

╩ ⇔⁸ ⅛╠╙ ╩ ╖∞∆↓≤⅜ ⅎ╠╣≡™╢⁹ ⌐ ⌂

╩ ™╢↓≤≢⁸♅▼꜠fi◖ⱨ ─ ╖ ⇔⅜ ⅎ╢╟℮⌐⌂╢⁹♅▼꜠fi◖ⱨ │⁸

─ ╩ ⅎ√ ⌐╟╡ ∆╢⁹ 

 │⁸ ╩⁸ ●ꜝ☻╩ ™√♅▼꜠fi◖ⱨ ─ ╖ ⇔⅜ ⌂◌꜡ꜞ

ⱷ⁸≢≥↓╢∆⌐♃כⱢ♪꜡fi◌꜡ꜞⱷכ♃─ ─ ─ ╩ ⇔√

≢№╢⁹ 
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 ◦ꜗ꞉כ 
 

 

 ◦ꜗ꞉⁸│≥כ ⌐ ⇔√ ⁸ ⁸ ⅜ ≤ ⌐╟

╡⁸ ≤ ─ ⅜⁸ ⌐ ⅎ╢ ─↓≤╩™℮⁹ 1│⁸ ≤ ⅜

⌐╟╡ ╩ ⇔⁸ ⅜ ⌐╟╡ ≤ ╩ ⇔⁸ ⅜◦

ꜗ꞉כ─╟℮⌐ ⅜╡⌂⅜╠ ╩ ↕∑≡™ↄ ╩ ⇔≡™╢⁹ ─ │⁸

─◄Ⱡꜟ◑כ⅜ ◄Ⱡꜟ◑כEc≤ ⇔ↄ⌂╢╕≢ ↄ⁹Ec│⁸ ⌐ ⌂ ≢№

╡⁸ ⅜ ⌐╟╡ ℮◄Ⱡꜟ◑כ≤ ⌐╟╡ ℮◄Ⱡꜟ◑כ⅜⅔╟∕ ⇔

ↄ⌂╢◄Ⱡꜟ◑⁹╢№≢כBethe- Heitler ⌐╟╢≤⁸ ◄Ⱡꜟ◑כEc│ Z ╩ ≤

∆╢≤⁸ (2.1) ─╟℮⌂ ≢ ∆↓≤⅜≢⅝╢⁹ 
 

]MeV[
2.1

800

2.1

1600 2

⁷⁷
+

=
+

==
ZZ

mc
Ec e  (2. 1)  

 

 

 
 1 ◦ꜗ꞉כ─ [1]  

 

 

  
  

 │⁸ ⌐ ⇔√ ⅜⁸ ─ ≤ ╩⇔√≤⅝⁸∕╣

⌐ ⇔√◄Ⱡꜟ◑כ╩ ℮ ─↓≤╩™℮⁹ 

 (Ⱶꜙכ○fi⌂≥)⅜ ≢ ╩ ∆╢ ⌐ ∆╢◄Ⱡꜟ◑

-⁸Bethe│כ Bloch ─ ( 2.2)≢ ↕╣╢⁹ 
 

⁷⁷⁷ ]/[
)1(

2
log

4 2

2

2

2

24

cmerg
I

mv
NZ

mv

ze

dx

dE

ý
ü
û

í
ì
ë

-
-

=- b
b

p
 ( 2. 2)  

 

m│ ─ ⁸z, v │ ─ ⁸ ≢⁸c │ ⁸e │ , Z, N, I │

─ ≤1cm3 ─ ─ ( )⁸∕╣⌐ ╩ ∆╢─⌐ ∆╢

◄Ⱡꜟ◑⁹╢№≢כɗ│⁸ɗ= v/c≢№╢⁹ 
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 │⁸ ⅜ ─ ╛ ⌐╟∫≡ ↕╣√ ⌐ ╩ ⇔≡

◄Ⱡꜟ◑כ╩ ℮ ─↓≤╩™℮⁹ ⅜ ⌐╟∫≡ dx ╩ ∆╢

⌐ ℮◄Ⱡꜟ◑⁸│כBethe- Heitler ─ ╟╡⁸ (2.3 )─╟℮⌐ ↕╣╢⁹ 
 

3/10

2

2
183

ln
137

4

Z
NEZ

r

dx

dE e

rad

-
=ö

÷

õ
æ
ç

å
  ( 2. 3)  

 

↓↓≢⁸r e│ ─ ⁸E │ ◄Ⱡꜟ◑⁸כN│ ─ ≢№╢⁹↓

↓≢ X0╩ ∆╢⁹ ≤│⁸ ─◄Ⱡꜟ◑כ⅜ ╘─◄Ⱡꜟ◑1─כ/e ≤⌂

╢╕≢⌐ ⅜ ╩ ╗ ─ ↕≢№╢⁹ X0│⁸A╩ ≤∆╢≤⁸ 
 

( )( )
]/[

/287ln1

A4.716 2

0 cmg
ZZZ

X ⁷⁷
+

Ö
=  (2.4)  

 

─╟℮⌐ ↕╣╢⁹ ⅜ x ╪∞ ⌐ ℮ ─◄Ⱡꜟ◑⁸│כX0╩ ™╢≤⁸

( 2.5)─╟℮⌐ ↕╣╢⁹ 
 

ö
ö
÷

õ
æ
æ
ç

å
-=

0

0 exp
X

x
EE  ( 2. 5)  

 

 

 

  
  

 ɘ ⅜ ≢ ⇔≡⁸ ≤ ─ ⅜ ╠╣╢ ─↓≤╩™℮⁹ɘ

⅜ ─ ╟╡╙⁸ ™◄Ⱡꜟ◑כ( MeV02.12~ 2

0 =mchn )╩╙∫≡™╢↓≤

⅜ ≢№╢⁹ ─ ╩ ⅎ√ ɘ ─◄Ⱡꜟ◑כ⅜ ─ ◄Ⱡꜟ◑

E≤⌂╢⁹כ ─ ◄Ⱡꜟ◑כE│⁸ ( 2. 6)≢ ↕╣╢⁹ 
 

MeV02.12 0

2

0 -=-= nn hmchE  ( 2. 6)  
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 ♅▼꜠fi◖ⱨ  
  

 

 ─ ─ ╡╩ ⅜ ∆╢≤⁸ ⌐ ⅜ ↓╢⁹ ─

⌐⁸ ─ ⅜ ⌐ ╢ ⌐⁸ ⌂ ⅜ ↕╣╢⁹ ─ ⌐ ⇔√

─ ⅜ ─  c/n ╩ ⅎ╢≤⅝⌐( ( 3.1)) ⁸ ─ ╡⌐

∂√ ⅜ ⌂╡⁸ ( 3.2)≢ ↕╣╢ ɝc⌐ ⅜ ∂╢⁹  

 ♅▼꜠fi◖ⱨ ─ ╩ ™√─⅜ 2≢№╢⁹ ╩ ∆╢╙─⅜⁸∕─

╩ ╦╢ ─ ↕╟╡╙ ™ ⁸ ─ ⌡ ╦∑⌐╟╡⁸ ⅝⌂ ⅜ ∆╢⁹ ─

≤⇔≡⁸♁♬♇◒Ⱪכⱶ╛⁸ ─ ⅜№╢⁹ 
 

: 
n

c
v²  ( 3.1)  

 

: 
b

q
n

c

1
cos ²  ( 3.2)  

 

 

 

 
 

 2 ≢ ™√♅▼꜠fi◖ⱨ ─  

  

 ♅▼꜠fi◖ⱨ ─ ─ (3.1 )╩ ╢≤⁸ ⅜ ⅝™ ≢№╣┌⁸

─ ⅜ ™ ≢╙⁸♅▼꜠fi◖ⱨ ⅜ ∆╢↓≤⅜ ⅛╢⁹♅▼꜠fi◖ⱨ

≤⇔≡│⁸ ≢ ⅜ ⅝™ ( ●ꜝ☻ )╩ ™╢─⅜ ™≤ ⅎ╠╣╢⁹ 

 ⇔√♅▼꜠fi◖ⱨ ─ ⅜⁸ɠ1⅛╠ɠ2─ ≢№╢≤⅝─ N│⁸ (3.3 )≢

↕╣╢⁹ 
 

öö
÷

õ
ææ
ç

å
-ö

ö
÷

õ
æ
æ
ç

å
-=

22

12

2 1
1

11
2

bll
pa

n
lzN  (3.3 )  

 

↓↓≢⁸ɖ│ ⁸l │ ─ ⁸Z│ ─ ≢№╢⁹ (3.3 )
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╩ ╢≤⁸♅▼꜠fi◖ⱨ │ ─ ⅜ ™↓≤⅜ ⅛╢⁹ ─ │

≢ ↕╣╛∆™√╘⁸ ≢ ⇔√♅▼꜠fi◖ⱨ ─℮∟⁸ ─ ─

≢ ╖ ∑╢ │ ↕ↄ⌂╢⁹ 



12 

 

 ●ꜝ☻≤MPPC╩ ™√♅▼꜠fi◖ⱨ  
 ●ꜝ☻ 

  

 ●ꜝ☻(SF6W)│⁸ ╩ ∆╢●ꜝ☻≢⁸ ≢ ⌂ ≢№╢⁹ ─

Ɽכ☿fi♩│71 ≢№╡⁸ │ n=1.7⁸ │5. 2g/cm3≢№╢⁹ 

⅝↕│⁸30×30×40mm3 ─╙─╩ ⇔√⁹ 
 

 
 3 ●ꜝ☻ 

 

 

 

 
 4 SF6W─ ≤  
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 MPPC 
  

 MPPC(Muliti- Pixel Photon Counter) ♪כ⸗כ●▬●⁸│ APD(▪Ᵽꜝfi◦▼ⱨ◊♩♄▬

Ⱨ◒☿ꜟ⅜⁸─(♪כ○ ⅝ ╘╠╣√ ╩ ≈ ⱱ♩♬◒☻ ≤ ⌂

≥⅜ ⇔√ ≢№╢⁹ │⁸ ●ꜝ☻≤ ⇔⁸♅▼꜠fi◖ⱨ ─

⌐ ™√⁹MPPC│⁸ ╣√ⱨ◊♩fi◌►fi♥▫fi◓ ╩ ∫≡⅔╡⁸ ≢

≢№╡⁸ ⅜ ™↓≤╛ ⌐ ╩ ↑⌂™⌂≥─ ⅜№╢⁹ 

 ⌐ ⇔√ MPPC(S12572- 100C)│⁸☿ꜝⱵ♇◒Ɽ♇◔כ☺ ≢⁸ ⅜3mm×3mm⁸

Ⱨ◒☿ꜟⱧ♇♅100ɡm⁸Ⱨ◒☿ꜟ 900─╙─╩ ⇔√[5]⁹♅▼꜠fi◖ⱨ ─ ⅜⁸

⌂™↓≤⅛╠⁸Ⱨ◒☿ꜟ◘▬☼─ ⅝™MPPC╩ ⇔√⁹ 
 

 
 

 5 MPPC (S12572- 100C)[ 6]  

 

 

 

 

 

 EASIROC⸗☺ꜙכꜟ 
  

 EASIROC ⸗☺ꜙ⁸│ꜟכ ≤ KEK⅜ ⇔√⁸MPPC ╖∞⇔ ─ ASIC≢№

╢ EASSIROC♅♇ⱪ╩ ≈≤⁸64 ─ MPPC╩ ⌐ ↕∑╢ ≤64ch ─ ADC⁸FPGA

⅜ NIM⸗☺ꜙכꜟ⌐ ↕╣√╙─≢№╢⁹ ↕╣√ ─ ╩ ℮ FPGA│⁸ ⅝

ⅎ⅜ ≢№╡⁸ ⅝ ⅎ╢↓≤⌐╟╡⁸EASIROC⸗☺ꜙכꜟ כ●ꜞ♩─≢ ─

╛⁸ ─ EASIROC⸗☺ꜙכꜟ≤─ ⌂≥─ ₁⌂ ╩ ⅎ╢↓≤⅜≢⅝╢⁹

SiTCP╙ ↕╣≡™╢√╘⁸LAN◔כⱩꜟ╩ ∂≡ PC≢ ⅜≢⅝╢⁹ 

 EASIROC♅♇ⱪ│⁸ⱨꜝfi☻─Ɏ◓ꜟכⱪ⅜ ⇔√ ─ MPPC─ ╖ ⇔╩ ⌐

℮√╘─ ASIC≢№╢⁹EASIROC│⁸Extended Analogue Silicon pm Integrated Read 

Out Chip ─ ≢№╢⁹ ⌐▪♫꜡◓ ≢ ↕╣⁸ADC─ │╙∫≡™⌂™⁹

≈─♅♇ⱪ≢│⁸32 ─ MPPC⅛╠─ ─ ╖ ⇔╩ ℮↓≤⅜ ╢⁹♅♇ⱪ ≢

╖ ∆ ⌐≈™≡─ ─▪fiⱪ≤ ─◦▼▬Ɽ⁸∟╙╩כ♅ꜗfi

Ⱡꜟ ⌐ ╩ ∆╢√╘─ DAC≤⁸ ⅜ ≢⅝╢♦▫☻◒ꜞⱵⱠכ♃╩╙∫≡

™╢⁹ 
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MPPC─ ─ ⌐≈™≡ 

EASIROC╩ ™╢≤⅝─MPPC─ Vop─ │⁸ ( 4.1)≢ ∫√⁹ 

 

Vop[V]  (Set HV[V] - 1.3[V]) - Vref[V]+(DAC[bit] - 255[bit]) ×0.02[V]  (4.1)  

 

↓↓≢⁸Set HV │ EASIROC≢ ∆╢♅ꜗfiⱠꜟ ⌐⅛↑╢ ─ ≢№╢⁹↓↓⅛

╠1.3V ™≡™╢─│⁸ ≤ ⌐ MPPC⌐⅛⅛╢ ─∏╣╩ ∆╢√╘─╙─

≢№╡⁸ ⇔√ EASIROC⸗☺ꜙ⁸│ꜟכ ╟╡╙1.3V ⅜ ↄ⅛⅛╢╙─

≢№∫√⁹Vref │⁸♅ꜗfiⱠꜟ ─ DAC─√╘─ ≢⁸2.5V ≤

4.5V ─2≈⅛╠ ═╢⅜⁸ ─ ╩ →╢√╘⌐ │4.5V ≢ ╩ ∫√⁹ ─ ╡

─ │⁸DAC─ ╩ ℮ ≢№╢⁹DAC│255⅛╠512╕≢─ ≢ ╩ ℮╟

℮⌐⌂∫≡⅔╡⁸1bit ⅎ╢↔≤⌐ DAC⅛╠ ↕╣╢ ⅜0.02 V ∆╢⁹

EASIROC≢MPPC⌐⅛↑√ ─ │⁸Vop =64.96V≢№∫√⁹ 
 

◦▼▬Ⱨfi◓♃▬ⱶ⌐≈™≡ 

EASIROC⸗☺ꜙכꜟ⌐ ↕╣√ ADC│ ╩ ╖ ∆√╘⁸◦▼▬Ⱨfi◓♃▬ⱶ⌐≈™

≡│ ≢⅝╢ ─ ≢ ╙ ™25ns≢ ∫√⁹ 

 

ⱱכꜟ♪♃▬ⱶ─ ⌐≈™≡ 

 EASIROC⸗☺ꜙכꜟ⌐ ↕╣√ ADC│ ╩ ╖ ∆♃▬ⱪ≢№╢⁹ ─ ≢│⁸

╩ⱪכ◖☻꜡◦○ ─╠⅛כ●ꜞ♩⁸╠⅜⌂ HOLD ─ ─♃▬Ⱶfi◓╩⁸♦▫꜠▬⸗

╩ꜟכꜙ☺ ™≡∏╠⇔≡™⅝⁸MPPC─ ─ ⅜ ™≤↓╤≢ⱱכꜟ♪↕╣╢

╟℮⌐♃▬Ⱶfi◓╩ ╦∑√( ╠⅛כ●ꜞ♩⁹(6 EASIROC⸗☺ꜙכꜟ╕≢─♦▫꜠▬⸗

╙ꜟכꜙ☺ ╘√ ─ ↕│⁸48ns≤⌂∫√⁹ 

 
 6 ≢ⱪכ◖☻꜡◦○ √♅▼꜠fi◖ⱨ ( HOLD─╠⅛כ●ꜞ♩⁸≥( ─ ( )  
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 ♅▼꜠fi◖ⱨ ─  
 CERN H6≢─☿♇♩▪♇ⱪ 

  

 

 MIP─ ⅜ ⅎ╢↓≤⅜⁸ ─ ≢№╢─≢⁸ ⅛╠─Ⱶꜙכ○fi╩ MIP

⌐ ≡≡♅▼꜠fi◖ⱨ ─ ╩ ⅛╘√⁹ │ CERN H6≢⁸2015 8 ⌐

╩ ∫√⁹ 7⌐ⱦכⱶꜝ▬fi ─☿♇♩▪♇ⱪ⌐≈™≡─ ╩ כ●ꜞ♩⁹√⇔

⌐◦fi♅꜠כ♃≤ ╩ ╩כ●ꜞ♩√™ ≈ ●ꜝ☻─ ⌐ ⇔⁸ ─

╖ ⇔⌐│⁸EASIROC ╩ꜟכꜙ☺⸗ ⇔√⁹ 8│⁸↓─ ─ⱦכⱶꜝ▬fi ─☿♇

♩▪♇ⱪ╩ ⅛╠ ™√ ≢№╢⁹ ●ꜝ☻─3cm×3cm─ ─ ⌐ MPPC╩ ╡ ↑⁸

Ⱶꜙכ○fi⅜ ●ꜝ☻╩4cm ⇔√≤⅝─♅▼꜠fi◖ⱨ ─ ╩ ∆╢⁹↓─ ⁸

MPPC─ ≤ ─ ╖ ⇔⌐│ EASIROC⸗☺ꜙכꜟ╩ ™√⁹Ⱶꜙכ○fi⅜ ●ꜝ☻

╩ ⇔√≤⅝─ MPPC─ ╩ ∆╢√╘⁸ (PMT)≤◦fi♅꜠כ♃≢

╩כ♃fi►◌כ●ꜞ♩√⇔ ⌐ ⇔√⁹ כ●ꜞ♩─ ─◖▬fi◦♦fi☻╩≤∫

≡ EASIROC⸗☺ꜙכꜟ─ Hold⌐™╣╢↓≤≢⁸Ⱶꜙכ○fi⅜ ⇔√≤⅝─ MPPC─

⌐ HOLD╩⅛↑√⁹ 
 

 

 
 

 7 ⱦכⱶꜝ▬fi ─☿♇♩▪♇ⱪ─  
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 8 ⱦכⱶꜝ▬fi ─☿♇♩▪♇ⱪ─  
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 9│⁸Ⱶꜙכ○fi(50GeV)⅜⁸ ●ꜝ☻╩ ⇔√≤⅝─♅▼꜠fi◖ⱨ ─ ADC ─

≢№╢⁹ ⅜ ADC counts ≢⁸ ⅜▬ⱬfi♩ ⌐⌂∫≡™╢⁹Ɑ♦☻♃ꜟ╟╡╙

⅝⌂♅▼꜠fi◖ⱨ ─ ╩ ╢↓≤⅜≢⅝⁸MPPC─ ™ Ⱨכ◒─ ⅜

╢↓≤⅜≢⅝√⁹ 
 

   
 9 Ⱶꜙכ○fi⌐╟╢♅▼꜠fi◖ⱨ ─ADC  

( │∕╣∙╣─ Ⱨ⁸≡™≈⌐◒כ 

●►☻ ≢ⱨ▫♇♥▬fi◓╩ ∫√╙≢№╢⁹ 

─ ™ ⅜Ɑ♦☻♃ꜟ⁹)  

  

  

 
 10 Ⱶꜙכ○fi⌐╟╢♅▼꜠fi◖ⱨ ─  
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 9─ ADC ⅛╠⁸∕╣∙╣─ Ⱨכ◒─▬ⱬfi♩ ╩●►☻ ≢ⱨ▫♇♩⇔

≡ ⅎ⁸ ╩ ⌐ ⇔√╙─⅜⁸ 10≢№╢⁹ ⅜ ≢⁸ ⅜▬ⱬfi

♩ ⌐⌂∫≡™╢⁹↓─ ╩●►☻ ≢ⱨ▫♇♩⇔√ ⁸●►☻ ─ Mean

─ ⅜⁸(8.3±0.1)p.e. ≢⁸ɨ─ │(5.1±0.1)p.e. ≢№∫√⁹ 

 

 

 ⅛╠─Ⱶꜙכ○fi╩ ™√ ⌐╟╡⁸MPPC─ ⅜3mm×3mm≢⁸Ⱶꜙכ○

fi⅜ ●ꜝ☻╩4cm ⇔√≤⅝⁸ ⅜(8.3±0.1)p.e. ≤™℮ ⅜ ╠╣√⁹Ⱶꜙ

╩fi○כ ⇔≡⁸Ɑ♦☻♃ꜟ╟╡╙ ⅝⌂♅▼꜠fi◖ⱨ ─ ⅜ ╠╣√√╘⁸

⇔√ ●ꜝ☻≤ MPPC╩ ™√♅▼꜠fi◖ⱨ ⌐ ⌂ ⅜№╢↓≤⅜

≢⅝√⁹ ⌐⁸ ◦ꜗ꞉כ╩ ™√ ╩ ℮√╘⌐⁸ ●ꜝ☻╩ ═√◌꜡ꜞⱷ

╩♃כ ⇔√⁹ 
 

 

 

 

 

 MPPC─Ᵽ▬▪☻ ⌐≈™≡ 
 

 ⅛╠─Ⱶꜙכ○fi╩ ™√ ╩ ∫≡™╢ ⌐⁸MPPC─ ╩ ⅎ╢↓

≤≢⁸♅▼꜠fi◖ⱨ ─ ⅜ ∆╢↓≤⅜ ⅛╡⁸MPPC─ ╩0.2mV↔≤⌐ ⅎ

≡⁸MPPC─Ᵽ▬▪☻ ⌐≈™≡─ ╩ ∫√⁹ 

 

 
 11 Ᵽ▬▪☻ ⌐≈™≡( CERN H6)  

 

11─ ⅛╠⁸♅▼꜠fi◖ⱨ ─ ─ ╠╣√ ⅜⁸MPPC─Ᵽ▬▪☻

⌐ ⅝ↄ ⇔≡™╢↓≤⅜ ⅛╢⁹ 

 ♥☻♩ⱦכⱶ─ ⁸ ≢⁸LED─ ╩ ™≡Ᵽ▬▪☻ ⌐≈™≡ ⅛╘

╢ ╩ ∫√⁹ ─╟℮⌐ LED─ ╩ ●ꜝ☻╩ ⇔≡ MPPC≢ ∆╢⁹ⱱכꜟ

♪ ─ │ CERN≢─♥☻♩ⱦכⱶ≤ ∂♃▬Ⱶfi◓⌐⌂╢╟℮⌐∆═≡ ∂ ╩

™≡ ╩ ∫√⁹ 
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 12 ≢─ LED╩ ™√♥☻♩─☿♇♩▪♇ⱪ 

 

13│⁸MPPC─Ᵽ▬▪☻ ╩0.2mV↔≤⌐ ⅝ↄ⇔√≤⅝⌐⁸♅▼꜠fi◖ⱨ ─ ⅜

⇔≡™ↄ ╩ ⇔√ ≢№╢⁹☿ꜟfi≢─♥☻♩ⱦכⱶ≤ ─Ᵽ▬▪☻

─ ≢⁸ ∂ↄ╠™─ ─ ADC ⅜ ╠╣╢╟℮⌐ LED─ │ ⇔≡№╢⁹∕

─√╘⁸ 11≤ 13│ⱪ꜡♇♩─ ─ ─ ⅜ ∂≢№╢⁹LED─ ─

│⁸LED─ │ ⅎ⌂™╟℮⌐⇔≡⁸Ᵽ▬▪☻ ─╖╩ ⇔≡ MPPC─Ᵽ▬▪☻

╩ ═√⁹ 
 

 

 
 13 Ᵽ▬▪☻ ⌐≈™≡( )  

 

13─ ⅛╠⁸♅▼꜠fi◖ⱨ ─ ─ ╠╣√ ⅜⁸MPPC─Ᵽ▬▪☻

⌐ ⅝ↄ ⇔≡™╢↓≤│⁸LED╩ ™√ ≢╙ ⅛╘╠╣√⁹ 

 ─Ᵽ▬▪☻ ⅜№╢─│⁸MPPC─ ╢╟⌐◒כ♩☻꜡◒╛

╙─∞≤ ⅎ╠╣╢⁹ 14│⁸MPPC(S12572◦ꜞכ☼)─○כⱣכ (dV)≤ ─

⌐≈™≡ ⅛╣√╙─≢⁸ 15│⁸MPPC(S12572◦ꜞכ☼)─○כⱣכ (dV)≤◒꜡☻
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◒כ♩ ─ ⌐≈™≡ ⅛╣√╙─≢№╢⁹ ⇔√Ⱨ◒☿ꜟ◘▬☼⅜100ɡm

─ MPPC(S12572- 100C)⌐≈™≡│⁸○כⱣכ ─ ™ ≢─ ™≢⁸ ≤◒꜡

◒כ♩☻ ⅜ ⅝ↄ ╦╢↓≤⅜ ⅛╢⁹ 

 
 14 MPPC(S12572◦ꜞכ☼)─○כⱣכ (dV)≤ ─ [5 ]  

 

 
 15 MPPC(S12572◦ꜞכ☼)─○כⱣכ (dV)≤◒꜡☻♩כ◒ ─ [5 ]  
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 ↕╣√ ●ꜝ☻╩ ™√◌꜡ꜞⱷכ♃ 
 

 ◘fiⱪꜞfi◓ Ɫ♪꜡fi◌꜡ꜞⱷכ♃─◄Ⱡꜟ◑כ │⁸ ◦ꜗ꞉כ≤Ɫ♪꜡fi

◦ꜗ꞉כ─ ⌐╟╢ ╩ ⅝ↄ ↑╢⁹ ⌐ ◦ꜗ꞉כ─ ─ ─√╘⌐⁸

╩ ⇔⌂™ ╩⁸ ≢ ™ ⌐∆╢↓≤≢⁸ ⅛╠─ ╩ ╖

∆↓≤⅜ ⅎ╠╣≡™╢⁹ ≢│⁸ ≢ ™ ≤⇔≡ ●ꜝ☻╩ ™√◌꜡ꜞ

ⱷכ♃╩ ⇔⁸∕─ ◦ꜗ꞉כ⌐≈™≡─ ╩ ∫√⁹ 
 

  
 

 3×3×4cm3─ ⅝↕─ ●ꜝ☻≤⁸MPPC╩ ™√♅▼꜠fi◖ⱨ ─ ◦ꜗ꞉כ

⌐≈™≡─ ╩ ℮√╘⌐⁸1 ⌐ ●ꜝ☻╩3×3⌐9 ═√◌꜡ꜞⱷ3╩♃כ

⇔√⁹ 

 3×3⌐9 ═√ ●ꜝ☻╩ ⅎ⁸ ●ꜝ☻⌐ MPPC╩ ∆╢√╘⌐⁸ ⅝↕⅜

10×10×5cm3≢ ↕5mm─▪ꜟⱵ◔כ☻╩ ⇔√( 16)⁹ ⌐│⁸9 ─ ●ꜝ☻─∕

╣∙╣─ ⌐⁸LED ─ ⅜ ↑≡№╢⁹ 
 

 
 

 16 ▪ꜟⱵ◔כ☻ 
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 17 ▪ꜟⱵ◔3×⁸3⌐☻כ⌐ ═√ ●ꜝ☻Ⱪ꜡♇◒ 

  

 17⌐ ∆╟℮⌐⁸ ●ꜝ☻─ ╡⌐│⁸∕╣∙╣ ╩♩כ◦ ™√⁹ ⌐│⁸

⌐⅝╙≤ ─GR25DM≤2 ≤3 ⌐ M Japan ─ ESR╩ ™√⁹ 

1 ≤ ⌐50ɡm─MPPC(S13360- 3050CS),3 ⌐│⁸75ɡm─MPPC 

(S13360- 3075CS)╩ ™√⁹S13360◦ꜞ⁸│☼כCERN≢─♥☻♩ⱦכⱶ≢ ™√ S12572-

100C╟╡╙ ≡™≈⌐◒כ♩☻꜡◒⁸≢─╙™⇔ ↕╣√ MPPC≢№╢⁹ 18⌐ MPPC

≤  ⁹√╘≥╕≡™≈⌐♩כ◦
 

 MPPC ◦כ♩ 

Layer 1  50ɡ, 3600pixels GR25DM (kimoto )  

Layer 2  50ɡ, 3600pixels ESR140×160S (3M Japan )  

Layer 3  75ɡ, 1600pixels ESR140×160S (3M Japan)  

 

 18  3 №╢ ●ꜝ☻ Layer ⌐ ⇔√MPPC≤  ≡™≈⌐♩כ◦

 

3 ≢27 №╢ ●ꜝ☻≢ ≤⇔√◄Ⱡꜟ◑כ╩∕╣∙╣ ≢ ⇔ ╦∑╢↓≤≢⁸

≢ ≤⇔√◄Ⱡꜟ◑כ⅜ ╘╠╣╢⁹ ⇔√↓≤⌐╟╡⁸◌꜡ꜞⱷכ♃ ╩ ⅜

⇔√ ⌐≈™≡╙ ⅛╢⁹ 
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 Ⱶꜙכ○fi╩ ™√♥☻♩ 
 

 ●ꜝ☻ ⌐≈™≡⁸ Ⱶꜙכ○fi╩ ™√♥☻♩╩ ∫√⁹ 19─╟℮⌐ ●

ꜝ☻─ ⌐⁸◦fi♅꜠כ♃≤ ╩כ●ꜞ♩√⅝≢≢ ⇔√⁹MPPC│◓ꜞ

╩☻כ ™≡ ●ꜝ☻ ⌐ ╡ ↑≡№╡⁸ Ⱶꜙכ○fi│⁸ ●ꜝ☻─4cm╩

∆╢⁹ 
 

 
 19 Ⱶꜙכ○fi╩ ™√♥☻♩─  

 

 

ADC─♄▬♫Ⱶ♇◒꜠fi☺╩ ∆╢√╘⁸ Ⱶꜙכ○fi╩ ™≡ MPPC─○כⱣכ

( V Vop VBR)╩ ═√⁹ 

─♅▼꜠fi◖ⱨ ─ ADC ⅜ 20≢№╢⁹♅▼꜠fi◖ⱨ ─Ⱨכ◒≤Ɑ

♦☻♃ꜟ─ ⅜ ≡™╢⁹↓╣ V ╩ →╢≤⁸Ɑ♦☻♃ꜟ≤♅▼꜠fi◖ⱨ Ⱨ

─◒כ ⅜ ↄ⌂╢√╘⁸ ●ꜝ☻◌꜡ꜞⱷכ♃⌐ ™╢ MPPC│⁸ V +1.5V≢

∆╢↓≤⌐⇔√⁹ 
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 20 Ⱶꜙכ○fi⌐╟╢ ♅▼꜠fi◖ⱨ ─ADC  
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 ELPH≢─ⱦכⱶ♥☻♩ 
 ⱦכⱶꜝ▬fi 

 

 ◦ꜗ꞉כ─ │⁸ ☿fi♃כ≢ ∫√⁹↓↓⌐│⁸

BST ◦fi◒꜡♩꜡fi(1.3GeV)⅜№╡⁸◦fi◒꜡♩꜡fi ꜝ▬♫♇◒(90MeV)

⅜№╢⁹ 

 │⁸GeV●fiⱴכ ≢ ∫√⁹ ⱦכⱶ─ꜝ▬fi ⌐⁸ ╩

21─╟℮⌐ ⇔√⁹ⱦכⱶꜝ▬fi ⌐ ╪∞ ╩ ⅛╠ √ ≢⁸∆═≡─

│⁸EASIROC⸗☺ꜙכꜟ≢ ≤ ╖ ⇔╩ ∫√⁹ 22⅜⁸ ─ ─

≢№╢⁹ 
 

 
 21 ⱦכⱶꜝ▬fi ─☿♇♩▪♇ⱪ 

 

    
 

 22 ⱦכⱶꜝ▬fi ─☿♇♩▪♇ⱪ 
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Trigg er sci  

≈─☻♩ꜞ♇ⱪ◦fi♅꜠כ♃⅜ ⌐ ↕╣√ ⌐⌂∫≡™╢⁹EASIROC ⸗☺ꜙכ

ꜟ ≢⁸ ≈─◦fi♅꜠כ♃☻♩ꜞ♇ⱪ─◖▬fi◦♦fi☻╩≤╡⁸♩ꜞ●כ ⅜ ↕

כ●ꜞ♩⁹╢╣ │⁸ ─2≈─ EASIROC⸗☺ꜙכꜟ⌐ ↕╣╢⁹◦fi♅꜠כ♃─◘

▬☼│⁸45×10×3 3⁹ 

 

EBU(ECAL Baseboard Unit)  

ILC⌐ ↑≡ ↕╣≡™╢◦fi♅꜠כ♃☻♩ꜞ♇ⱪ╩ ™√ ECAL⁹ 

◦fi♅꜠2×4.9×⁸43.4│☼▬◘─♃כ 3⁹ 

 

 

Lead Glass Layer  

⇔√ ●ꜝ☻─◌꜡ꜞⱷ⁹♃כ 

─◘fiⱪꜞfi◓ ◌꜡ꜞⱷכ♃─ ⌐ √╢⁹ 

 

Strip  sci layer  

☻♩ꜞ♇ⱪ◦fi♅꜠כ♃─ ⁹ 

◦fi♅꜠3×10×⁸180│☼▬◘─♃כ 3⁹ 

 

Tail Catcher  

●ꜝ☻◌꜡ꜞⱷכ♃≤ ∂ ●ꜝ☻╩ ™√ ⁹ 

⅝↕│⁸120×120×250mm3⁹ 

 

EASIROC ⸗☺ꜙכꜟ 

─ ╖ ⇔≤ כ●ꜞ♩⌐ ╩ ∆╢⁹ 

 

Clock 

3 ─ EASIROC⸗☺ꜙ⁸⌐ꜟכ ╩ ╢⁹ 
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 ◐ꜗꜞⱩ꜠כ◦ꜛfi 
 Ɑ♦☻♃ꜟ◐ꜗfi 

 

 ●ꜝ☻◌꜡ꜞⱷכ♃─ ╩ ⱦכⱶ─ √╠⌂™ ╕≢ →≡⁸◌꜡ꜞⱷכ♃

─ ─☻♩ꜞ♇ⱪ◦fi♅꜠כ●ꜞ♩─♃כ⌐ ⱦכⱶ╩ ⇔≡⁸Ɑ♦☻♃ꜟ─

╩ ∫√⁹ ꜟ♃☻♦Ɑ─≥↔כꜘ▬꜠│23,24,25 ─ ─ ADC ≢№╢⁹ 
 

 
 23 Layer1 Ɑ♦☻♃ꜟ─ ADC  
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 24 Layer2 Ɑ♦☻♃ꜟ─ ADC  
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 25 Layer3 Ɑ♦☻♃ꜟ─ ADC  
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 100MeV ⱦכⱶ╩ ™√◐ꜗꜞⱩ꜠כ◦ꜛfi 
 

 100MeV─ ⱦכⱶ╩ ™√◐ꜗꜞⱩ꜠כ◦ꜛfi╩ ∫√⁹∕╣∙╣─ ●ꜝ☻─

⌐ⱦכⱶ╩ ⇔⁸└≤≈└≤≈─ ●ꜝ☻⌐≈™≡⁸100MeV─◄Ⱡꜟ◑כ─Ⱨכ◒

─ ─ ╩ ═≡™∫√⁹ ─כꜘ▬꜠ ─♅ꜗfiⱠꜟ⌐≈™≡│⁸∕╣∙╣─

●ꜝ☻ ⌐ⱦכⱶ╩ ⇔√ ╩ ℮↓≤⅜ ⌂⅛∫√⁹↓╣╠─♅ꜗfiⱠꜟ⌐≈

™≡│⁸ ─ ●ꜝ☻⅛╠─◦ꜗ꞉כ─ ╣─Ⱨכ◒─ ╩ ™╢↓≤⌐⇔√⁹ 

 

 

 

 
 

 

 26  Layer1, 2, 3 ─ ⅛╠ √ ♅ꜗfiⱠꜟ─ ┘  

│⁸∕╣∙╣─ ●ꜝ☻─ ⌐100MeV ⱦכⱶ╩ ⇔√♅ꜗfiⱠꜟ 
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6.2.1 ≢ ⇔√Ɑ♦☻♃ꜟ☻◐ꜗfi─ ╩ ™≡⁸Ɑ♦☻♃ꜟ─ ╩ ™√⁹ 

 

 
 27  Layer1 Ɑ♦☻♃ꜟ╩ ™√100MeV ⌐╟╢Ⱨכ◒ 

ⱦכⱶ│꜠▬ꜘכ─ ─♅ꜗfiⱠꜟ⌐  
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 28 Layer2 Ɑ♦☻♃ꜟ╩ ™√100MeV ⌐╟╢Ⱨכ◒ 

ⱦכⱶ│꜠▬ꜘכ─ ─♅ꜗfiⱠꜟ⌐  
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 29  Layer3 Ɑ♦☻♃ꜟ╩ ™√100MeV ⌐╟╢Ⱨכ◒ 

ⱦכⱶ│꜠▬ꜘכ─ ─♅ꜗfiⱠꜟ⌐  

 

 

27, 28, 29 ⅛╠⁸Ɑ♦☻♃ꜟ╩ ™√ⱥ☻♩◓ꜝⱶ─Mean╩ ╘√⁹ 

30─◦Ⱶꜙ꜠כ◦ꜛfi─ ⌐╟╡⁸∕╣∙╣─ ●ꜝ☻─ ⌐ⱦכⱶ╩ ⇔√

─100MeV─◄Ⱡꜟ◑כ ─ ╩53.7MeV≢№╢≤⇔≡⁸◐ꜗꜞⱩ꜠כ◦ꜛfi╩ ∫√⁹ 

─ ⌐╟╡⁸ ─כꜘ▬꜠ ─♅ꜗfiⱠꜟ⌐≈™≡│⁸ 31─◦Ⱶꜙ꜠כ◦ꜛfi

─ ⅛╠⁸≤⌂╡─ ●ꜝ☻⅛╠─ ╣╩0.8MeV≤⇔≡⁸◐ꜗꜞⱩ꜠כ◦ꜛfi╩ ∫

√⁹ 
 



34 

 

 
 30  100MeV ⱦכⱶ⅜ ●ꜝ☻Ⱪ꜡♇◒ ≈≢ ≤∆◄Ⱡꜟ◑כ─◦Ⱶꜙ꜠כ◦ꜛfi  

 
 31 100MeV ⱦכⱶ⅜ √∫√ ●ꜝ☻Ⱪ꜡♇◒─ ─ ●ꜝ☻⌐ ≤∆◄Ⱡꜟ◑כ─◦Ⱶ

fiꜛ◦כ꜠ꜙ  

 

 



35 

 

32, 33 , 34 │⁸ⱦכⱶ╩ ⇔√♅ꜗfiⱠꜟ─◐ꜗꜞⱩ꜠כ◦ꜛfi╩ ∫√ ╩

↔≤⌐╕≤╘√╙─≢№╢⁹ 
 

 
 32 Layer1 ◐ꜗꜞⱩ꜠כ◦ꜛfi  
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 33 Layer2 ◐ꜗꜞⱩ꜠כ◦ꜛfi  
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 34 Layer3 ◐ꜗꜞⱩ꜠כ◦ꜛfi  

 

 

35, 36, 37 │⁸ⱦכⱶ╩ ⇔≡™⌂™ ─♅ꜗfiⱠꜟ⌐≈™≡◐ꜗꜞⱩ꜠כ◦ꜛfi

╩ ∫√ ╩ ↔≤⌐╕≤╘√╙─≢№╢⁹ 

 
 35 Layer1 4 ─♅ꜗfiⱠꜟ─◐ꜗꜞⱩ꜠כ◦ꜛfi  


















































