
ȭɧɝɞɜɚɐɑɕɝɞɎɟɪɥɔɑ ɖɚɚɜɐɔəɌɞəɧɑ 

ɐɑɞɑɖɞɚɜɧ Ɏɧɝɚɖɚɏɚ ɜɌɓɜɑɤɑəɔɫ: ɚɞ ɏɌɓɚɎɧɡ 

ɘɔɖɜɚɝɞɜɟɖɞɟɜəɧɡ ɐɚ ɛɚɗɟɛɜɚɎɚɐəɔɖɚɎɧɡ

ȷ.ȴ.ɄɑɡɞɘɌə

ÅȯɌɓɚɎɧɑ ɐɑɞɑɖɞɚɜɧ, ɚɞ MWPC ɖ MPGD

ÅȯɌɓɚɎɧɕ ɩɗɑɖɞɜɚəəɧɕ ɟɘəɚɒɔɞɑɗɨ (GEM)

Å MicroMEGAS

ÅȻɚɗɟɛɜɚɎɚɐəɔɖɚɎɧɑɘɔɖɜɚɝɞɜɔɛɚɎɧɑɐɑɞɑɖɞɚɜɧ

Åȯɔɍɜɔɐəɧɑ ɛɔɖɝɑɗɨəɧɑ ɐɑɞɑɖɞɚɜɧ

ÅȰɑɞɑɖɞɚɜɧ əɌ ɚɝəɚɎɑ ɘɚəɚɗɔɞəɧɡ ɌɖɞɔɎəɧɡ ɛɔɖɝɑɗɑɕ
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ȯɌɓɚɎɧɑ ɐɑɞɑɖɞɚɜɧȻɚɗɟɛɜɚɎɚɐəɔɖɚɎɧɑ ɐɑɞɑɖɞɚɜɧ

Ƚɞɚɔɘɚɝɞɨ 1 ð10  $/ɝɘ2 10-100 $/ɝɘ2

ȶɚɗɔɣɑɝɞɎɚ 

ɘɌɞɑɜɔɌɗɌ
<10-3 X0 10-3 - 10-2 X0

ȻɜɚɝɞɜɌəɝɞɎɑəəɚɑ

ɜɌɓɜɑɤɑəɔɑ
100 ð1000 ɘɖɘ 1 ð100 ɘɖɘ
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ȸəɚɏɚɛɜɚɎɚɗɚɣəɧɑ ɛɜɚɛɚɜɢɔɚəɌɗɨəɧɑ 

ɖɌɘɑɜɧ
1978 ɏ., Ȱɒɚɜɐɒ ɄɌɜɛɌɖ(Georges 

Charpak )

ȹɚɍɑɗɑɎɝɖɌɫ ɛɜɑɘɔɫ 1992 ɏ.

ȿɝɞɜɚɕɝɞɎɚ MWPC

ȷɔəɔɔ ɩɖɎɔɛɚɞɑəɢɔɌɗɚɎɔ 

ɝɔɗɚɎɧɑ ɗɔəɔɔ ɩɗɑɖɞɜɔɣɑɝɖɚɏɚ 

ɛɚɗɫ Ɏ MWPC
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ȸəɚɏɚɛɜɚɎɚɗɚɣəɧɑ ɛɜɚɛɚɜɢɔɚəɌɗɨəɧɑ 

ɖɌɘɑɜɧ

ȮɜɑɘɑəəɌɫ ɝɞɜɟɖɞɟɜɌ ɝɔɏəɌɗɌ Ɏ MWPC

Ȯ ɓɌɎɔcɔɘɚɝɞɔɚɞ ɘɑɝɞɌ ɚɍɜɌɓɚɎɌəɔɫ ɛɑɜɎɔɣəɚɕ ɔɚəɔɓɌɢɔɔ ɘɚɒəɚ Ɏɧɐɑɗɔɞɨ 
ɞɜɔ ɓɚəɧ ɛɚ Ɏɜɑɘɑəɔ ɚɍɜɌɓɚɎɌəɔɫ ɝɔɏəɌɗɌ: ɍɧɝɞɜɌɫ ɓɚəɌ Ȭ, ɛɜɚɘɑɒɟɞɚɣəɌɫ 
ɓɚəɌ Bɔ ɘɑɐɗɑəəɌɫ ɓɚəɌ C.

ȽɔɏəɌɗ ɚɞ 
əɌɖɗɚəəɚɏɚ 
ɞɜɑɖɌ
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ȸəɚɏɚɛɜɚɎɚɗɚɣəɧɑ ɛɜɚɛɚɜɢɔɚəɌɗɨəɧɑ 

ɖɌɘɑɜɧ

ɉɠɠɑɖɞɔɎəɚɝɞɨ ɜɑɏɔɝɞɜɌɢɔɔ Ɏ 

ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɛɚɞɚɖɌ ɣɌɝɞɔɢ

Ⱥɍɦɑɘəɧɕ ɓɌɜɫɐ ɔɚəɚɎ, 

əɌɖɌɛɗɔɎɌɪɥɔɡɝɫ Ɏ 

ɐɜɑɕɠɚɎɚɘ ɓɌɓɚɜɑ, 

ɩɖɜɌəɔɜɟɑɞ ɩɗɑɖɞɜɔɣɑɝɖɚɑ 

ɛɚɗɑ, ɣɞɚ ɛɜɔɎɚɐɔɞ ɖ 

ɛɌɐɑəɔɪ ɖɚɩɠɠɔɢɔɑəɞɌ 

ɟɝɔɗɑəɔɫ ɔ 

ɩɠɠɑɖɞɔɎəɚɝɞɔ 

ɜɑɏɔɝɞɜɌɢɔɔ.

25.08.2026ȷ.ȴ.ɄɑɡɞɘɌə  Ȱɔɝɖɟɝɝɔɚəəɧɕ ɖɗɟɍ

5



ȸɔɖɜɚɛɚɗɚɝɖɚɎɌɫɏɌɓɚɎɌɫ ɖɌɘɑɜɌ (micro -strip gas 

chamber (MSGC)

1989, Anton Oed

ȻɜɚɎɚɗɚɣɖɔ Ɏ MWPC əɑɎɚɓɘɚɒəɚ əɌɞɫəɟɞɨ ɝ ɤɌɏɚɘ ɘɑəɨɤɑ 1 ɘɘ. 
ȻɜɚɍɗɑɘɌ ɛɜɚɝɞɜɌəɝɞɎɑəəɚɏɚ ɜɌɓɜɑɤɑəɔɫ ɔ ɍɧɝɞɜɚɐɑɕɝɞɎɔɫ ɚɝɞɌɑɞɝɫ 
əɑɜɌɓɜɑɤɔɘɚɕ.
ȹɚ ɩɗɑɖɞɜɚɐɧ ɘɚɒəɚ ɔɓɏɚɞɚɎɔɞɨ ɘɑɞɚɐɚɘ ɗɔɞɚɏɜɌɠɔɔ əɌ ɔɓɚɗɔɜɟɪɥɑɕ 
ɛɚɐɗɚɒɖɑ.
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ȸɔɖɜɚɛɚɗɚɝɖɚɎɌɫɏɌɓɚɎɌɫ ɖɌɘɑɜɌ

Ⱥɞəɚɝɔɞɑɗɨəɚɑ ɓəɌɣɑəɔɑ ɖɚɩɠɠɔɢɔɑəɞɌ 

ɏɌɓɚɎɚɏɚ ɟɝɔɗɑəɔɫ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɛɚɞɚɖɌ 

ɣɌɝɞɔɢ (ɠɚɞɚəɧ 8 ɖɩȮ) ɐɗɫ MSGC c 

ɜɌɓɗɔɣəɚɕ ɛɚɐɗɚɒɖɚɕ

ȴɚəəɧɕ ɞɚɖ ɣɌɝɞɔɣəɚ ɞɑɣɑɞ 
ɣɑɜɑɓ ɛɚɗɟɔɓɚɗɔɜɟɪɥɟɪ
ɛɚɐɗɚɒɖɟ, ɛɚɩɞɚɘɟ ɑɑ 
ɘɌɞɑɜɔɌɗ ɐɚɗɒɑə ɔɘɑɞɨ 
ɐɚɝɞɌɞɣəɚɎɧɝɚɖɟɪ 
ɩɗɑɖɞɜɚəəɟɪ ɛɜɚɎɚɐɔɘɚɝɞɨ 
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ȸɔɖɜɚɛɚɗɚɝɖɚɎɌɫɏɌɓɚɎɌɫ ɖɌɘɑɜɌ

ȼɌɓɜɟɤɑəɔɑ ɩɗɑɖɞɜɚɐəɚɕ ɝɞɜɟɖɞɟɜɧ 

ɔɓ-ɓɌ ɔɝɖɜɚɎɧɡ ɜɌɓɜɫɐɚɎ

Ȼɜɔ əɌɗɔɣɔɔ Ɏ əɌɗɑɞɌɪɥɑɘ 

ɛɚɞɚɖɑ ɝɔɗɨəɚ 

ɎɓɌɔɘɚɐɑɕɝɞɎɟɪɥɔɡ ɣɌɝɞɔɢ 

(ɌɐɜɚəɚɎ) ɎɚɓəɔɖɌɑɞ əɑəɟɗɑɎɌɫ 

Ɏɑɜɚɫɞəɚɝɞɨ ɛɑɜɑɡɚɐɌ 

ɛɜɚɛɚɜɢɔɚəɌɗɨəɚɏɚ ɜɑɒɔɘɌ 

ɟɝɔɗɑəɔɫ Ɏ ɔɝɖɜɚɎɚɕ ɛɜɚɍɚɕ. 

ɉɗɑɖɞɜɚɐɧ MSGC, 

ɔɓɏɚɞɚɎɗɑəəɧɑ ɛɚ 

ɞɚəɖɚɛɗɑəɚɣəɚɕ ɞɑɡəɚɗɚɏɔɔ, 

ɜɌɓɜɟɤɌɪɞɝɫ ɚɞ ɑɐɔəɔɣəɚɏɚ 

ɛɜɚɍɚɫ.
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ȹɚɎɚɑ ɛɚɖɚɗɑəɔɑ ɘɔɖɜɚɝɞɜɟɖɞɟɜəɧɡ ɏɌɓɚɎɧɡ ɐɑɞɑɖɞɚɜɚɎ (MPGD)

1996, ȯɌɓɚɎɧɕ ɩɗɑɖɞɜɚəəɧɕ ɟɘəɚɒɔɞɑɗɨ (Gas Electron Multiplier, 

GEM), ɀɌɍɔɚ ȽɌɟɗɔ

1996, MicroMEGAS , ɋəɔɝ ȰɒɔɚɘɌɞɌɜɔɝ, Ȱɒɚɜɐɒ ɄɌɜɛɌɖ

ȯɌɓɚɎɧɕ ɩɗɑɖɞɜɚəəɧɕ ɟɘəɚɒɔɞɑɗɨ, ɝɞɜɟɖɞɟɜɌ 

ɩɗɑɖɞɜɔɣɑɝɖɚɏɚ ɛɚɗɫ ɔ ɔɓɚɍɜɌɒɑəɔɑ əɌ ɩɗɑɖɞɜɚəəɚɘ 

ɘɔɖɜɚɝɖɚɛɑ
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ȯɌɓɚɎɧɕ ɩɗɑɖɞɜɚəəɧɕ ɟɘəɚɒɔɞɑɗɨ

ȯɉȿ ɫɎɗɫɑɞɝɫ ɜɌɝɛɜɑɐɑɗɑəəɚɕ ɟɝɔɗɔɎɌɪɥɑɕ ɝɞɜɟɖɞɟɜɚɕ. Ȼɚɐ əɔɘ ɘɚɒəɚ 
ɜɌɝɛɚɗɌɏɌɞɨ ɜɑɏɔɝɞɜɔɜɟɪɥɟɪ ɝɞɜɟɖɞɟɜɟ ɗɪɍɚɕ ɖɚəɠɔɏɟɜɌɢɔɔ. ȯɉȿ ɘɚɒəɚ 
ɜɌɝɛɚɗɌɏɌɞɨ ɖɌɝɖɌɐɚɘ, ɣɞɚɍɧ ɟɎɑɗɔɣɔɎɌɞɨ ɖɚɩɠɠɔɢɔɑəɞ ɟɝɔɗɑəɔɫ. ȾɌɖɒɑ ɖɌɝɖɌɐ 
ɔɓ əɑɝɖɚɗɨɖɔɡ ȯɉȿ ɛɚɓɎɚɗɫɑɞ ɝɟɥɑɝɞɎɑəəɚ ɝəɔɓɔɞɨ Ɏɑɜɚɫɞəɚɝɞɨ ɛɑɜɑɡɚɐɌ 
ɛɜɚɛɚɜɢɔɚəɌɗɨəɚɏɚ ɜɑɒɔɘɌ ɟɝɔɗɑəɔɫ Ɏ ɔɝɖɜɚɎɚɕ ɛɜɚɍɚɕ, ɛɚɝɖɚɗɨɖɟ 
ɖɚɩɠɠɔɢɔɑəɞ ɟɝɔɗɑəɔɫ ɖɌɒɐɚɏɚ ɚɞɐɑɗɨəɚɏɚ ȯɉȿ Ɏ ɖɌɝɖɌɐɑ əɑɎɧɝɚɖ. 
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ȯɌɓɚɎɧɕ ɩɗɑɖɞɜɚəəɧɕ ɟɘəɚɒɔɞɑɗɨ

ɉɠɠɑɖɞɔɎəɧɕ ɖɚɩɠɠɔɢɔɑəɞ ɟɝɔɗɑəɔɫ (ɖɚɩɠɠɔɢɔɑəɞ 

ɟɝɔɗɑəɔɫ, ɖɚɞɚɜɧɕ çɎɔɐɔɞè ɝɣɔɞɧɎɌɪɥɌɫ ɝɞɜɟɖɞɟɜɌ) ɔ 

Ɏɑɜɚɫɞəɚɝɞɨ ɔɝɖɜɚɎɚɏɚ ɜɌɓɜɫɐɌ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ 

əɌɛɜɫɒɑəɔɫ əɌ ȯɉȿ Ɏ ɚɐɔəɌɜəɚɘ, ɐɎɚɕəɚɘ ɔ ɞɜɚɕəɚɘ ȯɉȿ
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ȯɌɓɚɎɧɕ ɩɗɑɖɞɜɚəəɧɕ ɟɘəɚɒɔɞɑɗɨ

Ȼɜɔɘɑɜ ɝɔɏəɌɗɚɎ, ɚɍɜɌɓɚɎɌəəɧɡ əɌ Ɍəɚɐɑ ɛɜɔ ɜɑɏɔɝɞɜɌɢɔɔ ɐɎɟɡ 

ɍɗɔɓɖɔɡ ɞɜɑɖɚɎ ɩɗɑɖɞɜɚəɚɎ. ȽɔɏəɌɗ ɚɍɜɌɓɟɑɞɝɫ ɛɜɔ ɐɎɔɒɑəɔɔ 

ɩɗɑɖɞɜɚəɚɎ Ɏ ɔəɐɟɖɢɔɚəəɚɘ ɓɌɓɚɜɑ.
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ȯɌɓɚɎɧɕ ɩɗɑɖɞɜɚəəɧɕ ɟɘəɚɒɔɞɑɗɨ

ȳɌɎɔɝɔɘɚɝɞɨ ɖɚɩɠɠɔɢɔɑəɞɌ ɟɝɔɗɑəɔɫ (ɚɞəɚɝɔɞɑɗɨəɚɏɚ 

ɟɝɔɗɑəɔɫ) ɚɞ ɛɚɞɚɖɌ ɣɌɝɞɔɢ (ɠɚɞɚəɧ 8 ɖɩȮ) ɐɗɫ 

ɚɐɔəɌɜəɚɏɚ ɔ ɞɜɚɕəɚɏɚ ȯɉȿ. 

25.08.2026ȷ.ȴ.ɄɑɡɞɘɌə  Ȱɔɝɖɟɝɝɔɚəəɧɕ ɖɗɟɍ

13



MicroMEGAS

ȸɑɞɌɗɗɔɣɑɝɖɌɫ ɝɑɞɖɌ

ȽɣɔɞɧɎɌɪɥɌɫ 

ɝɞɜɟɖɞɟɜɌ
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I.Giomataris
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I.Giomataris
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SM1

SM2

Beam

MuonWall

MuonWall

E/HCAL

E/HCAL

RICH

Target

Micromegas: sx~90mm

The COMPASS Spectrometer

GEM: sx~70mmB.Ketzer
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COMPASS GEM

ȽɞɜɟɖɞɟɜɌ ɐɑɞɑɖɞɚɜɌ
ȯɉȿ əɌ ɜɌɘɖɑ 25ɡ25 ɝɘ2

ȻɜɚɝɞɌɎɖɌ ɘɑɒɐɟ ȯɉȿ
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CMS   Compact Muon Solenoid  

ECAL

Tracker

HCAL

4T solenoid

Muon 
chambers

Total weight: 12,500 t

Overall diameter: 15 m

Overall length 21.6 m

Magnetic field 4 T

First operation during 2008

pp collisions at 10 TeV CM energy in 2009 
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ȳɌɖɗɪɣɑəɔɑ(ɏɌɓɚɎɧɑ ɘɔɖɜɚɝɞɜɟɖɞɟɜəɧɑ ɐɑɞɑɖɞɚɜɧ)

ȯɌɓɚɎɧɑ ɘɔɖɜɚɝɞɜɟɖɞɟɜəɧɑ ɐɑɞɑɖɞɚɜɧ ɛɚɓɎɚɗɫɪɞ ɔɓɘɑɜɫɞɨ 

ɖɚɚɜɐɔəɌɞɧ ɠɚɞɚəɚɎ ɘɫɏɖɚɏɚ ɜɑəɞɏɑəɚɎɝɖɚɏɚ ɐɔɌɛɌɓɚəɌ ɔ 

ɞɜɑɖɚɎ ɓɌɜɫɒɑəəɧɡ ɣɌɝɞɔɢ ɝ ɞɚɣəɚɝɞɨɪ 50-100 ɘɖɘ ɔ Ɏɜɑɘɑəəɧɘ 

ɜɌɓɜɑɤɑəɔɑɘ 1-10 əɝ

ȭɧɝɞɜɚɐɑɕɝɞɎɔɑ MPGD ɐɚɝɞɔɏɌɑɞ 106ɣɌɝɞɔɢ/ɘɘ2ɝ

ȼɌɐɔɌɢɔɚəəɧɑ ɛɚɎɜɑɒɐɑəɔɫ (ɝɞɌɜɑəɔɑ) əɑ ɚɍəɌɜɟɒɑəɧ ɐɚ 

Ɏɑɗɔɣɔə ɛɚɞɚɖɌ ɓɌɜɫɐɌ 20 ȶɗ/ɝɘ2

ȿɘɑɜɑəəɌɫ ɝɞɚɔɘɚɝɞɨ ɩɞɚɕ ɞɑɡəɚɗɚɏɔɔ ɛɚɓɎɚɗɫɑɞ ɝɚɓɐɌɎɌɞɨ 

ɐɑɞɑɖɞɚɜəɧɑ ɝɔɝɞɑɘɧ ɛɗɚɥɌɐɨɪ ɐɚ ~100 ɘ2 (CMS, ATLAS)
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ȻɚɗɟɛɜɚɎɚɐəɔɖɚɎɧɑ ɐɑɞɑɖɞɚɜɧ

ȸɌɞɑɜɔɌɗɧ:

Çȶɜɑɘəɔɕ ðɤɔɜɔəɌ ɓɌɛɜɑɥɑəəɚɕ ɓɚəɧ 1,12 ɩȮ

ÇȯɑɜɘɌəɔɕ ðɤɔɜɔəɌ ɓɌɛɜɑɥɑəəɚɕ ɓɚəɧ 0,67 ɩȮ

Ç Ȭɜɝɑəɔɐ ɏɌɗɗɔɫ -ɤɔɜɔəɌ ɓɌɛɜɑɥɑəəɚɕ ɓɚəɧ 1,35 ɩȮ

Si Ge GaAs

EG[eV] 1.12 0.67 1.35

n i(300 K) [cmĭ3] 1.45 Į 1010 2.4 Į 1013 1.79 Į 106

n i(77 K) [cmĭ3] 2.30 Į 10ĭ20 3.17 Į 10ĭ7 7.74 Į 10ĭ32
p-n ɛɑɜɑɡɚɐ

ɚɍɑɐəɑəəɌɫ ɓɚəɌ

ɜɌɍɚɞɌ ɛɜɔ 300ȶ

ɚɡɗɌɒɐɑəɔɑ

ɐɚ 77ȶ
ɔɘɛɗɌəɞɌɢɔɫ Cr

ɜɌɍɚɞɌ ɛɜɔ 300ȶ
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ȻɚɗɟɛɜɚɎɚɐəɔɖɚɎɧɑ ɐɑɞɑɖɞɚɜɧ

ȻɜɑɔɘɟɥɑɝɞɎɌ:

ȻɜɚɝɞɜɌəɝɞɎɑəəɚɑ ɜɌɓɜɑɤɑəɔɑ ɐɚ ~1 ɘɖɘ

ȭɧɝɞɜɚɐɑɕɝɞɎɔɑ ɔ Ɏɜɑɘɑəəɚɑ ɜɌɓɜɑɤɑəɔɑ (ɝɍɚɜ ɓɌɜɫɐɌ ~1-10 əɝ)

ȺɞɝɟɞɝɞɎɟɑɞ ɏɌɓɚɎɌɫ ɔəɠɜɌɝɞɜɟɖɞɟɜɌ

Ȯɧɝɚɖɚɑ əɌɛɜɫɒɑəɔɑ ~100 Ȯ, Ɍ əɑ 1 ɖȮ- 5 ɖȮ

ȹɑɐɚɝɞɌɞɖɔ:

Ƚɞɚɔɘɚɝɞɨ ð10-100 $/c ɘ2

ȼɌɐɔɌɢɔɚəəɌɫ ɝɞɚɕɖɚɝɞɨ ?
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ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ:

p-n ʧʝʨʝʭʦʜ, ʜʠʦʜ

n- ʠ p- ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ (ʩʣʝʚʘ) ʚ ʪʝʨʤʠʯʝʩʢʦʤ

ʨʘʚʥʦʚʝʩʠʠ (ʩʧʨʘʚʘ). Ec ʠ Ev ï ʛʨʘʥʠʮʳ ʟʦʥʳ

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ, ɽf ï ʫʨʦʚʝʥʴ

ʌʝʨʤʠ

ʆʙʲʝʤʥʳʡ ʟʘʨʷʜ, ʧʦʣʝ ʠ

ʧʦʪʝʥʮʠʘʣ ʚ p-n ʧʝʨʝʭʦʜʝ

ʚ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ

ʧʦʣʷ

n pi

ʉʦʙʩʪʚʝʥʥʳʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢ

Pin-ʜʠʦʜ
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ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ:

p-n ʧʝʨʝʭʦʜ, ʜʠʦʜ ïʛʝʥʝʨʘʮʠʷ ʪʦʢʘ 

ʧʨʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠʦʥʠʟʠʨʫʶʱʠʭ ʯʘʩʪʠʮ

ʵʣʝʢʪʨʦʥ-ʜʳʨʦʯʥʘʷ ʧʘʨʘ ʩʦʟʜʘʝʪ ʪʦʢ

ʧʨʠ ʜʨʝʡʬʝ ʚ ʦʙʝʜʥʝʥʥʦʡ ʟʦʥʝ
ʋʩʪʨʦʡʩʪʚʦ ʤʠʢʨʦʧʦʣʦʩʢʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ

ʩ p-n ʧʝʨʝʭʦʜʘʤʠ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʧʦʣʦʩʢʘʤʠ ʚ ʢʦʥʪʘʢʪʝ ʩ p-ʠʤʧʣʘʥʪʘʤʠ

(DC-coupled)
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Belle II ͍ ͔ͪ΄͙ͤͤ·͚ ͔͔͒ͭͭͦͪ͟ VXD

4 ɝɗɚɫ ɖɜɑɘəɔɑɎɧɡ ɘɔɖɜɚɛɚɗɚɝɖɚɎɧɡɐɑɞɑɖɞɚɜɚɎ (SVD)
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Belle II ͍ ͔ͪ΄͙ͤͤ·͚ ͔͔͒ͭͭͦͪ͟ VXD
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Belle II ͍ ͔ͪ΄͙ͤͤ·͚ ͔͔͒ͭͭͦͪ͟ VXD
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Belle II ͍ ͔ͪ΄͙ͤͤ·͚ ͔͔͒ͭͭͦͪ͟ VXD
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ȻɚɗɟɛɜɚɎɚɐəɔɖɚɎɧɑ ɘɔɖɜɚɛɚɗɚɝɖɚɎɧɑ

ɐɑɞɑɖɞɚɜɧ Ɏ ȴɋɀ
ȶɚɚɜɐɔəɌɞəɧɑ ɐɑɞɑɖɞɚɜɧ ɜɑəɞɏɑəɚɎɝɖɚɏɚ ɔɓɗɟɣɑəɔɫ ɝ 
Ɏɜɑɘɑəəɧɘ ɜɌɓɜɑɤɑəɔɑɘ (ɐɗɫ ɂȶȻ Ƚȶȴɀ, ɝɞɌəɢɔɫ 1-3, ɝɑɖɢɔɫ 
çȻɗɌɓɘɌè):

GINTOS ð ɐɑɞɑɖɞɚɜ ɔəɞɑɏɜɔɜɟɪɥɑɏɚ ɞɔɛɌ, ɝɑəɝɚɜ 

GaAs:Cr , 1024 ɖɌəɌɗɌ, ɤɌɏ 50 ɘɖɘ

SciCODE ðɐɑɞɑɖɞɚɜ ɛɜɫɘɚɏɚ ɝɣɑɞɌ ɠɚɞɚəɚɎ ɝ 
ɩəɑɜɏɑɞɔɣɑɝɖɔɘ ɔ Ɏɜɑɘɑəəɧɘ ɜɌɓɜɑɤɑəɔɑɘ, ɝɑəɝɚɜ Si, 
1024 ɖɌəɌɗɌ, ɤɌɏ 50 ɘɖɘ

ȶɚɚɜɐɔəɌɞəɧɑ ɐɑɞɑɖɞɚɜɧ ɐɗɫ ɔɓɟɣɑəɔɫ ɍɧɝɞɜɚɛɜɚɞɑɖɌɪɥɔɡ 
ɛɜɚɢɑɝɝɚɎ (ɂȶȻ Ƚȶȴɀ, ɝɞɌəɢɔɫ 1-3, ɝɑɖɢɔɔ çȰɔəɌɘɔɣɑɝɖɔɑ 
ɛɜɚɢɑɝɝɧè):

DIMEX-Si ð ɚɐəɚɖɚɚɜɐɔəɌɞəɧɕ ɐɑɞɑɖɞɚɜ, Siɝɑəɝɚɜ, 2048 

ɖɌəɌɗɚɎ, ɤɌɏ 50 ɘɖɘ

DIMEX-Si2D ð ɐɎɟɡɖɚɚɜɐɔəɌɞəɧɕ ɐɑɞɑɖɞɚɜ, Si ɝɑəɝɚɜɧ, 5120 
ɖɌəɌɗɚɎ, ɤɌɏ 100 ɘɖɘ

Ȯəɟɞɜɑəəɔɕ ɞɜɑɖɑɜ ȶȸȰ-4:
12 ɐɎɟɝɞɚɜɚəəɔɡ Si ɝɑəɝɚɜɚɎ 22ɡ100 ɘɘ, ɤɌɏ 50 ɘɖɘ ɛɚ phi , 
250 ɘɖɘ ɛɚ Z, ~10000 ɖɌəɌɗɚɎ (ɚɍɝɟɒɐɑəɔɑ)
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ȻɚɗɟɛɜɚɎɚɐəɔɖɚɎɧɑ 

ɘɔɖɜɚɛɚɗɚɝɖɚɎɧɑɐɑɞɑɖɞɚɜɧ Ɏ 

ȴɋɀ

GINTOS
ȸɚɐɟɗɨ 
ɜɑɏɔɝɞɜɌɢɔɔ

ASICs DMXG64C

SciCODE ð ɘɚɐɟɗɨ ɜɑɏɔɝɞɜɌɢɔɔ

ASICs SciCODE64C
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ȻɚɗɟɛɜɚɎɚɐəɔɖɚɎɧɑ 

ɘɔɖɜɚɛɚɗɚɝɖɚɎɧɑɐɑɞɑɖɞɚɜɧ Ɏ 

ȴɋɀ
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ȻɚɗɟɛɜɚɎɚɐəɔɖɚɎɧɑ ɘɔɖɜɚɛɚɗɚɝɖɚɎɧɑ

ɐɑɞɑɖɞɚɜɧ Ɏ ȴɋɀ

GINTOS ð ɔɓɚɍɜɌɒɑəɔɑ əɑɛɜɚɓɜɌɣəɚɏɚ ɖɜɌɫ
Ƚȴ əɌ ȮɉȻȻ-3, ɝɜɑɐəɫɫ ɩəɑɜɏɔɫ Ɏ ɝɛɑɖɞɜɑ ~17 ɖɩȮ

ȻɜɚɔɓɎɚɐəɌɫ, FWHM å 20.5Ñ0.1 ɘɖɘ

SciCODE: ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝʘʤʧʣʠʪʫʜʥʳʝʩʧʝʢʪʨʳʜʝʪʝʢʪʦʨʘ

ʧʨʠʨʘʟʣʠʯʥʳʭʵʥʝʨʛʠʷʭʧʫʯʢʘʉʀ (10, 12, 14 ʠ 16 ʢʵɺ),

ʧʦʣʫʯʝʥʥʳʝʤʝʪʦʜʦʤʯʠʩʣʝʥʥʦʛʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ

ʠʥʪʝʛʨʘʣʴʥʳʭʨʘʩʧʨʝʜʝʣʝʥʠʡ. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝʨʘʟʨʝʰʝʥʠʝ~5 ʢʵɺ

(FWHM)

SciCODE ð ɍɧɝɞɜɚɐɑɕɝɞɎɔɑ, 1 
ȸȯɢ ɛɜɔ 10% ɛɜɚɝɣɑɞɌɡ25.08.2026ȷ.ȴ.ɄɑɡɞɘɌə  Ȱɔɝɖɟɝɝɔɚəəɧɕ ɖɗɟɍ
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X-rays

ȶɌəɌɗ ɜɑɏɔɝɞɜɌɢɔɔ

ȽɞɜɔɛɚɎɧɕɐɑɞɑɖɞɚɜ

X-rays

Ȼɔɖɝɑɗɨəɧɕ (ɘɌɞɜɔɣəɧɕ) ɐɑɞɑɖɞɚɜ

ɀɗɔɛ-ɣɔɛ ɝɎɌɜɖɌ

Ȱɑɞɑɖɞɚɜɧ ɛɜɫɘɚɏɚ ɝɣɑɞɌ ɠɚɞɚəɚɎ

ȳɃȿɀȺȼȸ.ȿȽ.ȶɚɘɛ. 1

ȶɚɘɛ. n

Ƚɣɑɞɣɔɖ 1

Ƚɣɑɞɣɔɖ n Ȯ
ɧ
ɡ
.
ɍ
ɟ
ɠ
ɑ
ɜ

Mythen, SciCODE, Pilatus, 
Eiger, Medipix

ȳɃȿɀȺȼȸ.ȿȽ.

ȬɂȻ ɔɗɔ/ɔ ȮɂȻ

ɃɌɝɞɚɞɌ ɐɗɫ ɔɓɘ.Ɏɜɑɘɑəɔ

ȬɘɛɗɔɞɟɐɌ ɔɗɔ TOT, 
Ɏɜɑɘ.ɘɑɞɖɌ, əɚɘɑɜ ɖɌəɌɗɌ

TimePix, 
VMM, Tiger

Si sensor, d=320 mm
Readout Chip

Bumps 18 mm

Pixel 172 x 172 mm2 Wirebonds

Si sensor, d=320 mm
Readout Chip

Bumps 18 mm

Pixel 172 x 172 mm2 Wirebonds
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Ô Ƚɣɑɞ ɠɚɞɚəɚɎ

Ô 1 ɏɗɚɍɌɗɨəɧɕ ɛɚɜɚɏ

Ô 6-ɍɔɞ ɂȬȻ/ pixel

Ô 75 x 75 ʤʢʤ2

Ô 256 x 256 ɛɔɖɝɑɗɑɕ

Ô Ʉɟɘ  100-200* e - RMS

Ô ȶɚəɠɔɏɟɜɔɜɚɎɌəɔɑ: 4/8/12 ɍɔɞ ɝɣɑɞɣɔɖɌ

Ô ɃɌɝɞɚɞɌ ɓɌɛɔɝɔ ɖɌɐɜɚɎ: 23/11/8 ɖȯɢ

Ô ɉɠɠɑɖɞɔɎəɚɑ ɘɑɜɞɎɚɑ Ɏɜɑɘɫ

Ô EIGER: 200-600əɝ (ɓɌɎɔɝɔɞ ɚɞ ɜɑɒɔɘɌ ɟɝɔɗɑəɔɫ) 

Eiger

c
o
u
n
te

r

+1

E

I

Threshold Vcmp
Adj. Gain 

Å 2X4 ȴȽ

ÅȺȰȴȹ ȽȱȹȽȺȼ 4X8 CM 2

ÅȾȺȷɅȴȹȬ ȽȱȹȽȺȼȬ 320 ȸȶȸ

ÅȽȻȱɂȴȬȷȴȳȴȼȺȮȬȹȹȬɋ ȽȴȽȾȱȸȬ ȽɃȴȾɇȮȬȹȴɋ 

Ƀȱȼȱȳ 10ȯȭ/Ƚ ETHERNET

Eiger ɘɚɐɟɗɨ ɝ 

ɩɗɑɖɞɜɚəɔɖɚɕ ɝɣɔɞɧɎɌəɔɫ 

ɍɑɓ ɝɑəɝɚɜɌ
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Ô Ȱɑɞɑɖɞɚɜ ɍɚɗɨɤɚɕ ɛɗɚɥɌɐɔ ɘɚɒɑɞ ɍɧɞɨ əɌɍɜɌə ɔɓ ɘəɚɏɔɡ 

ɘɚɐɟɗɑɕ

Ô ȭɗɌɏɚɐɌɜɫ çɛɌɜɌɗɗɑɗɨəɚɘɟè ɐɔɓɌɕəɟ ɛɜɚɔɓɎɚɐɔɞɑɗɨəɚɝɞɨ 

ɝɔɝɞɑɘɧ əɑ ɓɌɎɔɝɔɞ ɚɞ ɖɚɗɔɣɑɝɞɎɌ ɘɚɐɟɗɑɕ

Eiger

24 x 23 cm 

3072 x 3072 

pixels
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Si sensor, d=320 mm
Readout Chip

Bumps 18 mm

Pixel 172 x 172 mm2 Wirebonds

Si sensor, d=320 mm
Readout Chip

Bumps 18 mm

Pixel 172 x 172 mm2 Wirebonds

ɻʠʙʨʠʜʥʳʡ ʤʘʪʨʠʯʥʳʡ ʜʝʪʝʢʪʦʨ

(Hybrid pixel detector) ɸʢʪʠʚʥʳʡ ʧʠʢʩʝʣʴ ïʜʝʪʝʢʪʦʨ ʠ 

ʵʣʝʢʪʨʦʥʠʢʘ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʥʘ 

ʦʜʥʦʤ ʢʨʠʩʪʘʣʣʝ
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ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʧʨʠʙʦʨʳ:

ʩʪʨʫʢʪʫʨʘ ʄʆʇ

p-ʄʆʇ

ɺ ʩʦʩʪʦʷʥʠʠ deep depletion ʄʆʇ ʷʯʝʡʢʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʜʝʪʝʢʪʦʨ

Gerhard Lutz, ñSemiconductor radiation detectorsò, 
25.08.2026ȷ.ȴ.ɄɑɡɞɘɌə  Ȱɔɝɖɟɝɝɔɚəəɧɕ ɖɗɟɍ
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ȼɑɎɚɗɪɢɔɫ ɢɔɠɜɚɎɚɕ ɎɔɓɟɌɗɔɓɌɢɔɔ
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ȶȸȺȻ ɘɌɞɜɔɢɧ (CMOS image sensor, CIS)

25.08.2026ȷ.ȴ.ɄɑɡɞɘɌə  Ȱɔɝɖɟɝɝɔɚəəɧɕ ɖɗɟɍ

44



ȶȸȺȻ ɘɌɞɜɔɢɧ (CMOS image sensor, CIS)

ȽɞɜɟɖɞɟɜɌ CIS ɛɔɖɝɑɗɫ
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ȽɞɜɟɖɞɟɜɌ CIS ɛɔɖɝɑɗɫ
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ȶȸȺȻ ɘɌɞɜɔɢɧ (CMOS image sensor, CIS)
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ȼɑɏɔɝɞɜɌɢɔɫ ɓɌɜɫɒɑəəɧɡ ɣɌɝɞɔɢ ɝɑəɝɚɜɌɘɔ ɝ 

ɌɖɞɔɎəɧɘɔ ɛɔɖɝɑɗɫɘɔ (active pixel sensors, APS)
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ȼɑɏɔɝɞɜɌɢɔɫ ɓɌɜɫɒɑəəɧɡ ɣɌɝɞɔɢ ɝɑəɝɚɜɌɘɔ ɝ 

ɌɖɞɔɎəɧɘɔ ɛɔɖɝɑɗɫɘɔ (active pixel sensors, APS)
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