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ʕʢʩʧʝʨʠʤʝʥʪ Spin Physics Detector
ɼʚʘ ʪʦʨʮʝʚʳʭ ʜʝʪʝʢʪʦʨʥʳʭ ʢʦʣʝʩʘ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 
ʩʯʝʪʯʠʢʦʚ ʧʫʯʢʦʚʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ Beam-Beam Counters 
(BBCs)ʧʣʘʥʠʨʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʧʝʨʝʜ TOF ʩʠʩʪʝʤʦʡ ʫʩʪʘʥʦʚʢʠ 
SPD ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʯʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.

ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ Beam-Beam Counters ̫ ʚʣʷʶʪʩʷ:

Å ʃʦʢʘʣʴʥʘʷ ʧʦʣʷʨʠʤʝʪʨʠʷʚ SPD, ʦʩʥʦʚʘʥʥʘʷ ʥʘ 
ʠʟʤʝʨʝʥʠʷʭ ʘʟʠʤʫʪʘʣʴʥʳʭ ʘʩʠʤʤʝʪʨʠʡ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 
ʧʨʦʪʦʥʥʳʭ ʧʫʯʢʦʚ;

Å ʄʦʥʠʪʦʨʠʥʛ ʩʪʦʣʢʥʦʚʝʥʠʡ ʧʫʯʢʦʚ;

Spin Physics Detector (SPD) - ʵʢʩʧʝʨʠʤʝʥʪʥʘʢʦʣʣʘʡʜʝʨʝ
NICA (ʆʀʗʀ,ɼʫʙʥʘ),ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡʜʣ ʠ̫ʟʫʯʝʥʠʷ
ʩʧʠʥʦʚʦʡʩʪʨʫʢʪʫʨʳʧʨʦʪʦʥʘʠʜʝʡʪʨʦʥʘʠʜʨʫʛʠʭʩʧʠʥʦʚʳʭ
ʷʚʣʝʥʠʡ,ʠʩʧʦʣʴʟʫʷʫʥʠʢʘʣʴʥʫʶʚʦʟʤʦʞʥʦʩʪʴʨʘʙʦʪʳʩ
ʧʦʣʷʨʠʟʦʚʘʥʥʳʤʠʧʫʯʢʘʤʠʧʨʦʪʦʥʦʚʠ ʜʝʡʪʨʦʥʦʚʧʨʠ
ʵʥʝʨʛʠʠʩʪʦʣʢʥʦʚʝʥʠʡʜʦ27ɻʵɺʠʩʚʝʪʠʤʦʩʪʠʜʦ1032ʩʤ-2 c-1.

ɺ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʧʨʦʪʦʥ-ʧʨʦʪʦʥʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʜʘʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʨʦʝʪ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ ʨʘʟʨʳʚ ʤʝʞʜʫ 

ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ANKE-COSY 

ʠ SATURNE, ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ɹɸʂ 2

ʈʠʩ. 1ïʉʭʝʤʘ SPD

ʈʠʩ. 2ïʉʭʝʤʘ BBCs



Å SPD BBC ʙʫʜʝʪʩʦʩʪʦʷʪʴʠʟ16 ʩʝʢʪʦʨʦʚʩ26

(24) ʪʘʡʣʘʤʠʚʢʘʞʜʦʤʩʝʢʪʦʨʝʚʦʜʥʦʤ

ʢʦʣʝʩʝ. ʂʘʞʜʳʡʪʘʡʣʧʨʝʜʩʪʘʚʣʷʝʪʩʦʙʦʡ

ʦʪʜʝʣʴʥʳʡʠʩʪʦʯʥʠʢʩʠʛʥʘʣʘ,ʩʯʠʪʳʚʘʶʱʠʡʩʷ

ʩ ʧʦʤʦʱʴʶʢʨʝʤʥʠʝʚʦʛʦʬʦʪʦʫʤʥʦʞʠʪʝʣʷ

(SiPM), ʧʦʜʚʝʜʝʥʥʦʛʦʢ ʪʦʨʮʫWLS

ʦʧʪʦʚʦʣʦʢʥʘ.

Å ʆʜʥʦʡʠʟʚʦʟʤʦʞʥʳʭʦʧʮʠʡFEEʤʦʞʝʪʙʳʪʴ

ʠʩʧʦʣʴʟʫʝʤʘʷʚ ʜʘʥʥʦʡʨʘʙʦʪʝʩʠʩʪʝʤʘ

ʩʯʠʪʳʚʘʥʠʷCAEN FERS-5200, ʨʘʟʨʘʙʦʪʘʥʥʘʷ

ʩʧʝʮʠʘʣʴʥʦʜʣʙ̫ʦʣʴʰʠʭʤʘʩʩʠʚʦʚʜʝʪʝʢʪʦʨʦʚ.

Å ʉʧʝʢʪʨʦʩʤʝʱʘʶʱʝʝ

ʚʦʣʦʢʥʦ (WLS) ʩʜʚʠʛʘʝʪ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʡ ʩʧʝʢʪʨ 

ʚ ʩʪʦʨʦʥʫ ʟʝʣʝʥʦʛʦ ʩʚʝʪʘ

Å ʏʠʩʪʦʝ ʚʦʣʦʢʥʦ ʠʤʝʝʪ 

ʙʦʣʴʰʫʶ ʜʣʠʥʫ ʟʘʪʫʭʘʥʠʷ 

Å ʋʩʪʨʦʡʩʪʚʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʣʫʞʠʪ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʤ:

Å ʄʘʪʠʨʦʚʘʥʥʦʝ 

ʧʦʢʨʳʪʠʝ

Å Saint-Gobain Crystals 

BCF92 WLS ʚʦʣʦʢʥʦ

Å ʆʧʪʠʯʝʩʢʠʝ ʢʣʝʠ 

ʉʂʊʅ ɹ, ɽ, ʆʂ-72

Å SiPM OnsemiFC30035
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ʂʦʥʩʪʨʫʢʮʠʷ Beam-Beam Counters

ʈʠʩ. 3ïʉʝʢʪʦʨ BBCs

ʈʠʩ. 4ïʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʝʪʝʢʪʦʨʘ BBC
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ʂʦʦʨʜʠʥʘʪʥʳʡʩʪʦʣʠʢʥʘʦʩʥʦʚʝʨʝʥʪʛʝʥʦʚʩʢʦʡʪʨʫʙʢʠ

ʜʣʠ̫ʟʫʯʝʥʠʷʦʜʥʦʨʦʜʥʦʩʪʠʩʮʠʥʪʠʣʣʷʪʦʨʦʚʚʢʣʶʯʘʝʪ

ʚʩʝʙʷ:

ÅAMPTEK Mini -X X-ray tube
Ag ʤʠʰʝʥʴ, 50 kV / 75 ɛA, 2 ʤʤʢʦʣʣʠʤʘʪʦʨ(5ÁX-ray

ʢʦʥʫʩ)ʥʘʚʳʩʦʪʝ~ 3.5ʤʤʦʪʪʘʡʣʘ

ÅNEMA 17ʰʘʛʦʚʳʡʜʚʠʛʘʪʝʣʴ
ʋʛʣʦʚʦʡʰʘʛ1.8Á, ʦʢʦʣʦ20ʤʢʤʨʘʟʨʝʰʝʥʠʝ(X ʠY ʦʩʠ,

ʤʝʭʘʥʠʯʝʩʢʦʝ)

ÅArduino and CNC Sheild
ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʥʘʷʧʣʘʪʘʜʣʷʘʚʪʦʤʘʪʠʟʘʮʠʠ

ʜʚʠʞʝʥʠʷ

ÅCAEN DT5202
ʀʩʪʦʯʥʠʢʧʠʪʘʥʠʷA7585D ʩʨʘʟʨʝʰʝʥʠʝʤ1ʤʢɸ

Åʉʚʠʥʮʦʚʘʷʟʘʱʠʪʘ

Åʏʝʨʥʘʷʩʚʝʪʦʠʟʦʣʠʨʫʶʱʘʷʢʦʨʦʙʢʘ 4

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ

˾͙ͫ. 5 ς˿ ͔ͨͭͪ͟ aƛƴƛҍ· ·-Ray

ʈʠʩ. 6ïʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ

ʈʠʩ. 7ïArduino & 

CNC shield
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ʄʝʪʦʜʳ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ

Åɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ 

ʩʥʷʪʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ SiPMʦʪ ʪʦʯʢʠ 

ʦʙʣʫʯʝʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʦʡ ï

ʧʦʣʥʘʷ ʠ ʩʝʪʦʯʥʘʷ ʪʝʧʣʦʚʘʷ ʢʘʨʪʘ

Åʇʦʣʥʘʷ ʢʘʨʪʘ ʠʥʬʦʨʤʘʪʠʚʥʘ, ʦʜʥʘʢʦ 

ʩʪʨʦʛʦ ʥʝʵʬʬʝʢʪʠʚʥʘ ʚʚʠʜʫ ʙʦʣʴʰʦʡ 

ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʥʘ ʦʜʠʥ ʦʙʨʘʟʝʮ

Åʉʝʪʦʯʥʘʷ ʢʘʨʪʘ ʩʥʠʤʘʝʪʩʷ ʚ 10 ʨʘʟ 

ʙʳʩʪʨʝʝ, ʥʦ ʩʧʦʩʦʙʥʘ ʦʜʥʦʟʥʘʯʥʦ 

ʧʦʢʘʟʘʪʴ ʥʘʣʠʯʠʝ ʛʣʦʙʘʣʴʥʦʛʦ ʠ ʛʨʫʙʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʜʝʬʝʢʪʘ

Åɸʥʘʣʠʟ ʚʝʜʝʪʩʷ ʧʦ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ 

ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʦʣʦʢʥʦʤ

ἂIἃʚʥʫʪʨ= 30.734 Ñ0.192 ɛA,

ἂIἃʚʥʝʰʥ= 27.005 Ñ0.457 ɛA - 88% ʦʪ ἂIἃʚʥʫʪʨ
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ʇʆ ʜʣʷ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ

üʇʆʫʯʠʪʳʚʘʝʪʬʦʨʤʫʪʘʡʣʘʠʦʪʜʝʣʴʥʦʚʳʜʝʣʷʝʪʚʥʫʪʨʝʥʥʶʶʠʚʥʝʰʥʶʶʦʙʣʘʩʪʠ

ʩʮʠʥʪʠʣʣʷʪʦʨʘ; ʦʙʣʘʩʪʴʢʘʥʘʚʢʠʩWLS-ʚʦʣʦʢʥʦʤʥʝʚʢʣʶʯʘʝʪʩʷʚʨʘʩʯʝʪ.

üʏʪʦʙʳʘʢʢʫʨʘʪʥʦʦʙʨʘʙʦʪʘʪʴʧʠʢʩʝʣʠʥʘʛʨʘʥʠʮʘʭʦʙʣʘʩʪʝʡ,ʢʘʞʜʳʡʧʠʢʩʝʣʴʜʝʣʠʪʩʷ

ʥʘ13Ĭ13 ʤʘʣʝʥʴʢʠʭʯʘʩʪʝʡ. ʇʦʠʭʯʠʩʣʫʧʨʦʛʨʘʤʤʘʦʧʨʝʜʝʣʷʝʪ,ʢʢʘʢʦʡʦʙʣʘʩʪʠ

ʦʪʥʦʩʠʪʩʷʧʠʢʩʝʣʴ.

ʇʦʣʥʘʷ ʢʘʨʪʘ, ʉʂʊʅ ɹ

ʉʂʆ ʙʝʟ ʜʝʬʝʢʪʘ: 0.949 ʤʢɸ

ʉʂʆʩ ʜʝʬʝʢʪʦʤ: 1.278 ʤʢɸ



ü ʆʜʥʘʪʦʯʢʘʩʮʠʥʪʠʣʣʷʪʦʨʘʦʙʣʫʯʘʣʘʩʴʨʝʥʪʛʝʥʦʚʩʢʦʡʪʨʫʙʢʦʡʚʪʝʯʝʥʠʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦʚʨʝʤʝʥʠ;
ʙʳʣʠʩʦʙʨʘʥʳʜʘʥʥʳʝʦʙʦʪʢʣʠʢʝʜʝʪʝʢʪʦʨʘ,ʤʦʱʥʦʩʪʠʠʪʝʤʧʝʨʘʪʫʨʝʪʨʫʙʢʠ(ʨʝʞʠʤ50ʢɺ/ 75ʤʢɸ)

üɹʳʣʠʧʦʩʪʨʦʝʥʳʛʨʘʬʠʢʠʟʘʚʠʩʠʤʦʩʪʠʪʦʢʘʬʦʪʦʫʤʥʦʞʠʪʝʣʷʦʪʚʨʝʤʝʥʠʠʪʝʤʧʝʨʘʪʫʨʳ(ʜʣʷʦʜʥʦʡ
ʪʝʤʧʝʨʘʪʫʨʳʙʳʣʦʦʧʨʝʜʝʣʝʥʦʩʨʝʜʥʝʝʟʥʘʯʝʥʠʝʦʪʢʣʠʢʘ; ʟʥʘʯʝʥʠʷʩʜʨʝʡʬʦʤʤʦʱʥʦʩʪʠʙʳʣʠ
ʦʪʙʨʦʰʝʥʳ;ʪʝʤʧʝʨʘʪʫʨʘʦʢʨʫʞʘʶʱʝʡSiPMʩʨʝʜʳʧʨʠʤʝʨʥʦʧʦʩʪʦʷʥʥʘ)ʩʧʦʤʦʱʴʶKeithley2400

üɿʘʯʘʩʪʝʤʧʝʨʘʪʫʨʘʠʟʤʝʥʠʣʘʩʴʥʘ20ÁC,ʘʪʦʢʬʦʪʦʜʝʪʝʢʪʦʨʘʫʤʝʥʴʰʠʣʩʷʥʘ3ʤʢɸ.

ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ SiPM ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʫʙʢʠ(ʨʝʞʠʤ 50 ʢɺ/ 75 ʤʢɸ)

7

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʭʦʜʠʪ

ʥʘ ʜʚʝ ʨʘʩʭʦʜʷʱʠʝʩʷ ʵʢʩʧʦʥʝʥʪʳ.

ʇʨʝʜʧʦʣʦʞʝʥʠʝ: ʪʝʤʧʝʨʘʪʫʨʘ ʪʨʫʙʢʠ 

(ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʠʰʝʥʠ) ʟʘʩʪʘʚʣʷʝʪ

ʜʦʤʠʥʠʨʦʚʘʪʴ ʦʜʥʫ ʣʠʥʠʶ ʩʧʝʢʪʨʘ

ʥʘʜ ʜʨʫʛʦʡ
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ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ SiPM ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʫʙʢʠ(ʨʝʞʠʤ 50 ʢɺ/ 75 ʤʢɸ)

üɼʦʙʘʚʣʝʥʦ ʘʢʪʠʚʥʦʝ ʦʭʣʘʞʜʝʥʠʝ: ʢʫʣʝʨʳ ʩ ʨʘʜʠʘʪʦʨʘʤʠ;

üʀʥʪʝʛʨʠʨʫʶʱʘʷRC-ʮʝʧʦʯʢʘ: ʬʠʣʴʪʨ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, 1ʤʢʌ ʠ 330 ʆʤ;

üʀʩʪʦʯʥʠʢ-ʠʟʤʝʨʠʪʝʣʴKeithley2400ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ: ʜʦ 10 ʥɸ;

üʇʝʨʝʥʦʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝ ʩ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ;

üʈʘʙʦʪʘ ʩ ʪʨʫʙʢʦʡ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘʧʨʷʤʫʶ, ʥʝ ʯʝʨʝʟ ʧʨʠʣʦʞʝʥʠʝ minix.exe: ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ 
ʚʥʫʪʨʝʥʥʝʛʦ ʪʝʨʤʦʤʝʪʨʘ;

üɺʥʝʰʥʠʡ ʪʝʨʤʦʤʝʪʨ ʚ ʦʙʲʝʤʝ ʯʝʨʥʦʛʦ ʷʱʠʢʘ: 21.3 vs 21.0 ÁC ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʠʟʤʝʨʝʥʠʷ,ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;

ʉʪʘʙʠʣʴʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʣʘʪʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ çʨʘʟʜʝʣʝʥʠʷè, ʦʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʙʨʦʩʳ ʚ ʨʘʡʦʥʝ 
2-6 ʪʳʩ. ʩʝʢʫʥʜ
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ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ SiPM ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʫʙʢʠ(ʨʝʞʠʤ 50 ʢɺ/ 75 ʤʢɸ)

ü ɸʢʪʠʚʥʦʝ ʦʭʣʘʞʜʝʥʠʝ: ʢʫʣʝʨʳ ʩ ʨʘʜʠʘʪʦʨʘʤʠ;

ü ʀʥʪʝʛʨʠʨʫʶʱʘʷ RC-ʮʝʧʦʯʢʘ: ʬʠʣʴʪʨ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, 1ʤʢʌ ʠ 330 ʆʤ;

ü ɸʤʧʝʨʤʝʪʨ AKTAKOM, ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ATH2031;

ü ʇʝʨʝʥʦʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝ ʩ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ;

ü ʈʘʙʦʪʘ ʩ ʪʨʫʙʢʦʡ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘʧʨʷʤʫʶ, ʥʝ ʯʝʨʝʟ ʧʨʠʣʦʞʝʥʠʝ minix.exe: ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʨʘʟʨʝʰʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ 
ʪʝʨʤʦʤʝʪʨʘ;

ü ɺʥʝʰʥʠʡ ʪʝʨʤʦʤʝʪʨ ʚ ʦʙʲʝʤʝ ʯʝʨʥʦʛʦ ʷʱʠʢʘ: 21.0 vs 21.0 ÁC ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʠʟʤʝʨʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;

ʉʪʘʙʠʣʴʥʦʝ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʣʘʪʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ çʨʘʟʜʝʣʝʥʠʷè, ʥʝʩʪʘʙʠʣʴʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ (29 vs 28.8 V ʚ
ʥʘʯʘʣʝʠʚʢʦʥʮʝʥʘʙʦʨʘ;çʚʦʣʥʦʦʙʨʘʟʥʦʝè ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʦʢʘ
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ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ SiPM ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʫʙʢʠ(ʠʩʪʦʯʥʠʢʠ)

ü ɸʢʪʠʚʥʦʝ ʦʭʣʘʞʜʝʥʠʝ: ʢʫʣʝʨʳ ʩ ʨʘʜʠʘʪʦʨʘʤʠ;

ü ʀʥʪʝʛʨʠʨʫʶʱʘʷ RC-ʮʝʧʦʯʢʘ: ʬʠʣʴʪʨ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, 1ʤʢʌ ʠ 330 ʆʤ;

ü ʀʩʪʦʯʥʠʢ-ʠʟʤʝʨʠʪʝʣʴ Keithley 2400 ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ: ʜʦ 10 ʥɸ;

ü ʇʝʨʝʥʦʩ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʝ ʩ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ;

ü ʈʘʙʦʪʘ ʩ ʪʨʫʙʢʦʡ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘʧʨʷʤʫʶ, ʥʝ ʯʝʨʝʟ ʧʨʠʣʦʞʝʥʠʝ minix.exe

ü ɺʥʝʰʥʠʡ ʪʝʨʤʦʤʝʪʨ ʚ ʦʙʲʝʤʝ ʯʝʨʥʦʛʦ ʷʱʠʢʘ: 21.0 vs 21.0 ÁC ʚ ʥʘʯʘʣʝ ʠ ʚ ʢʦʥʮʝ ʠʟʤʝʨʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ;

üʀʩʪʦʯʥʠʢʠ 137Ce, 60Co, 22Na ʠ ʜʨʫʛʠʝ: ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʥʘʙʨʘʥ ʬʦʥ, ʢʦʪʦʨʳʡ ʚʳʯʪʝʥ ʠʟ ʧʦʣʫʯʘʝʤʦʛʦ ʩ ʠʩʪʦʯʥʠʢʘʤʠ 
ʩʠʛʥʘʣʘ;

ʊʦʢ SiPM ʩʦ ʚʨʝʤʝʥʝʤ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʧʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ; ʵʪʦʪ ʧʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʜʘʸʪ ʥʘʙʣʶʜʘʝʤʳʡ ʩʧʘʜ 
ʧʦʨʷʜʢʘ 10%(ʨʝʣʘʢʩʘʮʠʷ SiPM, ʧʘʨʘʟʠʪʥʳʭ ʸʤʢʦʩʪʝʡ ʠ ʪʦʢʦʚ ʫʪʝʯʢʠ ʧʦʩʣʝ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ ʩʤʝʱʝʥʠʷ.)
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ɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ SiPM ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʫʙʢʠ(40 ʢɺ/ 93 ʤʢɸ)

ʇʨʦʙʣʝʤʳ: ʨʘʟʚʝʪʚʣʝʥʠʝ ʧʠʪʘʥʠʷ ʠ ʦʧʨʦʩʘ 
ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʥʘ 8

ü ɸʢʪʠʚʥʦʝ ʦʭʣʘʞʜʝʥʠʝ: ʢʫʣʝʨʳ ʩ ʨʘʜʠʘʪʦʨʘʤʠ;

ü ʀʥʪʝʛʨʠʨʫʶʱʘʷ RC-ʮʝʧʦʯʢʘ: ʬʠʣʴʪʨ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ, 1ʤʢʌ ʠ 330 ʆʤ;

ü ʀʩʪʦʯʥʠʢ-ʠʟʤʝʨʠʪʝʣʴ Keithley 2400 ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ: ʜʦ 10 ʥɸ;

ü ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ ʩ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ;

ü ʈʘʙʦʪʘ ʩ ʪʨʫʙʢʦʡ ʦʩʫʱʝʩʪʚʣʝʥʘ ʥʘʧʨʷʤʫʶ

ü ɺʥʝʰʥʠʡ ʪʝʨʤʦʤʝʪʨ ʚ ʦʙʲʝʤʝ ʯʝʨʥʦʛʦ ʷʱʠʢʘ: 21.0 vs 21.0 ÁC;

ü ʈʝʞʠʤ ʪʨʫʙʢʠ 40ʢɺ ʠ 93 ʤʢɸ

ʆʪʩʫʪʩʪʚʫʶʪ ʷʚʥʳʝ ʚʳʙʨʦʩʳ; ʉʂʆ ʥʝ ʙʦʣʝʝ 1-2%; ɺʳʩʦʢʦʝ 
ʨʘʟʨʝʰʝʥʠʝ (Keithley vs DT5202, ʣʝʞʘʚʰʠʡ ʚ ʦʩʥʦʚʝ ʧʝʨʚʦʡ 
ʢʦʥʮʝʧʮʠʠ), ʢ ʪʦʤʫ ʞʝ Keithley ʧʨʦʱʝ ʧʨʦʛʨʘʤʤʠʨʫʝʪʩʷ ʠ 
ʦʧʨʘʰʠʚʘʝʪʩʷ.
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ü ɺ GEANT4 ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ 
ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʦʙʣʫʯʘʝʤʦʛʦ ʢʚʘʥʪʘʤʠ 
ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʜʦ 22 ʢʵɺ; ʥʝ ʩʧʝʢʪʨ 
ʪʨʫʙʢʠ!).

üʄʥʦʛʦʢʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ ʫʙʠʚʘʝʪ ʣʦʢʘʣʴʥʦʩʪʴ 
ʦʙʣʫʯʝʥʠʷ. 

üʉʮʠʥʪʠʣʣʷʪʦʨ ʦʢʨʫʞʝʥ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ 
ʜʝʪʝʢʪʦʨʘʤʠ. 

üɿʘʜʥʷʷ ʜʝʪʝʢʪʦʨʥʘʷ ʧʘʥʝʣʴ ʧʦʛʣʦʱʘʝʪ 72% 
ʬʦʪʦʥʦʚ, ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʛʨʘʥʠ ðʜʦ 13%. 

üʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʨʘʪʥʦʝ ʨʘʩʩʝʷʥʠʝ, 
ʦʢʦʣʦ 85% ʠʩʭʦʜʥʦʛʦ ʧʦʪʦʢʘ ʧʦʢʠʜʘʝʪ ʜʝʪʝʢʪʦʨ ʠ 
ʤʦʞʝʪ ʩʪʘʪʴ ʚʪʦʨʠʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ.

üʕʪʦʪ ʵʬʬʝʢʪ, ʧʦʤʠʤʦ ʧʨʦʯʠʭ, ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ 
ʨʘʟʥʠʮʫ ʚ ʦʪʢʣʠʢʝ ʜʝʪʝʢʪʦʨʘ ʤʝʞʜʫ ʮʝʥʪʨʘʣʴʥʦʡ ʠ 
ʚʥʝʰʥʠʤʠ ʦʙʣʘʩʪʷʤʠ.

ʄʦʜʝʣʠʨʦʚʘʥʠʝʦʙʣʫʯʝʥʠʷʚGEANT4
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ʆʮʝʥʢʘʢʨʦʩʩʪʦʢʘ

üɺ ʯʝʨʥʦʤ ʷʱʠʢʝ ʨʘʩʧʦʣʘʛʘʣʦʩʴ 2 ʪʘʡʣʘʦʜʠʥʘʢʦʚʦʡ ʛʝʦʤʝʪʨʠʠ, ʩʦʧʨʠʢʦʩʘʚʰʠʩʷʚʜʦʣʴ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʛʨʘʥʠ;

üʈʝʞʠʤʨʘʙʦʪʳ50ʢɺʠ 75 ʤʢɸ (ʥʘʙʦʨ ʧʨʠʟʚʝʜʝʥʚ ʩʪʘʨʳʭ ʫʩʣʦʚʠʷʭ);

üʃʝʚʳʡ ʧʘʜïʢ DT5202 ʧʦʜʢʣʶʯʝʥ ʠʩʭʦʜʥʳʡ SiPM ʩ ʦʙʣʫʯʘʝʤʳʤ ʩʮʠʥʪʠʣʣʷʪʦʨʤ;

üʉʨʝʜʥʠʡ ʧʘʜïʢ DT5202 ʧʦʜʢʣʶʯʝʥʳ ʦʙʘ SiPM (ʪ.ʝ. ʦʙʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ);

üʇʨʘʚʳʡ ʧʘʜïʨʘʟʥʦʩʪʴ ç2 ï1è, ʢʨʦʩʩʪʦʢ: ʧʦʢʘʟʳʚʘʝʪ ʪʦʢ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʩʦʩʝʜʥʝʛʦ.

ʋʯʠʪʳʚʘʷ ʬʦʥʦʚʳʡ ʪʦʢ SiPM ʠ ʨʘʟʨʝʰʝʥʠʝ(ʜʣʷ DT5202)ʚ1ʤʢɸ, ʨʝʟʫʣʴʪʘʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ.
13
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ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʤʝʪʦʜʠʢʠ

üʂʘʨʪʘʩʝʢʪʦʨʘ ʫʞʝ ʚʥʝʩʝʥʘ ʚ ʇʆ;

üʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʟʥʳʝ ʢʘʨʪʳ ʦʙʭʦʜʘ ʩʝʢʪʦʨʘ ʟʘ ʠʪʝʨʘʮʠʶ ʥʘʙʦʨʘ;

üʈʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʯʝʨʥʦʛʦ ʷʱʠʢʘ ʜʣʷ ʩʝʢʪʦʨʘ, ʫʯʠʪʳʚʘʷ SiPM PCB ʠ ʚʳʭʦʜ ʰʣʝʡʬʘ ʧʦʜ ʧʠʪʘʥʠʝ 
ʧʣʘʪʳ; 

üɺʳʙʨʘʥ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʠʩʧʦʣʴʟʫʝʤʘʷ ʵʣʝʢʪʨʦʥʠʢʘ

üʅʝʦʙʭʦʜʠʤʦ ʦʙʥʦʚʠʪʴ ʩʪʦʣʠʢ ʩ ʢʨʝʧʣʝʥʠʝʤ ʯʝʨʥʦʡ ʢʦʨʦʙʢʠ
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ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʪʦʪʠʧʘ Beam-Beam Counter 

ɹʳʣ ʠʟʛʦʪʦʚʣʝʥʧʨʦʪʦʪʠʧBBC: 

üʂʦʣʝʩʦ ʠʟ ʫʩʝʯʝʥʥʳʭ ʩʝʢʪʦʨʦʚ

üSGBCF92WLS ʚʢʣʝʝʥʦʩ
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤʉʂʊʅ ɹ

üɺʢʦʥʥʝʢʪʦʨʚʦʣʦʢʥʦʚʢʣʝʝʥʦʥʘ
ʵʧʦʢʩʠʜʥʫʶ ʩʤʦʣʫ 

üɺʳʧʦʣʥʝʥʘʜʦʧʦʣʥʠʪʝʣʴʥʘʷʥʘʢʨʫʪʢʘ
ʚʦʣʦʢʥʘ (ʪʝʭʥʦʣʦʛʠʷ ʆʀʗʀ), ʯʪʦʙʳ
ʫʩʢʦʨʝʥʥʦʠʩʧʨʘʚʠʪʴ ʜʝʬʝʢʪʥʳʝ 
ʦʙʨʘʟʮʳ, ʥʝ ʚʳʙʨʘʩʳʚʘʷ ʦʙʨʘʟʮʳ

üɼʦʧ. ʥʘʢʨʫʪʢʘ ʧʨʦʢʣʝʝʥʘ ʢʦʧʪʦʥʦʚʳʤ
ʩʢʦʪʯʝʤ (ʦʞʠʜʘʶʪʩʷ ʧʨʦʚʝʨʢʠ ʧʦʪʝʨʴ)

üɺ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʠʜʝʪ ʨʘʙʦʪʘ ʥʘʜ 
ʚʪʦʨʳʤ ʢʦʣʝʩʦʤ

üʈʘʙʦʪʘʚʳʧʦʣʥʝʥʘʩʦʛʣʘʩʥʦ
ʧʨʠʙʣʠʞʘʶʱʝʤʫʩʷʪʝʩʪʦʚʦʤʫʧʫʯʢʫ
(ʦʩʝʥʴ2026)



Motor & holder (SLA)

Bearing & holder (SLA)

Exchangeable 

sandpaper

Moving platform

with sector / clear

fiber connector  

SFU 1204

Stepping

motor
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ʈʘʟʨʘʙʦʪʢʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʏʇʋ ʩʪʘʥʢʘ 

ʄʦʪʠʚʘʮʠʷ:

üʆʪʨʘʞʝʥʠʝʠʨʘʩʩʝʷʥʠʝ
ʬʦʪʦʥʦʚ ʚʦʣʦʢʥʘ ʥʘ ʪʦʨʮʘʭ

üʋʰʣʠʬʦʚʢʠʜʦʣʞʥʘʙʳʪʴ
ʧʦʚʪʦʨʷʝʤʦʩʪʴ

üɼʣʙ̫ʫʜʫʱʝʛʦʩʪʳʢʘʩʯʠʩʪʳʤ 
ʚʦʣʦʢʥʦʤ, ʦʙʘ ʪʦʨʮʘ 
ʢʦʥʥʝʢʪʦʨʦʚ ʜʦʣʞʥʳ ʙʳʪʴ 
ʧʘʨʘʣʣʝʣʴʥʳʤʠ, ʯʪʦ 
ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ 
ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʰʣʠʬʦʚʢʦʡ 
ʨʫʢʘʤʠ

üʐʣʠʬʦʚʢʘ ʦʪʥʠʤʘʝʪ ʙʦʣʴʰʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ

ʉʦʟʜʘʥʳ ʤʦʜʝʣʴ ʠ ʩʘʤ ʩʪʘʥʦʢ;
ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 
ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʣʦʢʠ ʧʠʪʘʥʠʷ 
ʜʚʠʛʘʪʝʣʝʡ, Arduino Uno,
ʜʨʘʡʚʝʨʦʚ L293D ʠ A4988.
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ʈʘʟʨʘʙʦʪʢʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʏʇʋ ʩʪʘʥʢʘ 

üʊʨʝʙʦʚʘʥʠʷ ʧʦʫʛʣʫʨʝʰʘʶʪʩʷ
ʚʳʩʪʨʘʠʚʘʥʠʝʤ ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ
ʧʨʦʬʠʣʝʡʩ ʧʦʤʦʱʴʶ 
ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʦʩʪʘʚʦʢ;

üɼʝʨʞʘʪʝʣʠ ʜʚʠʛʘʪʝʣʷ ʠ 
ʧʦʜʰʠʧʥʠʢʦʚ ʠʤʝʶʪ çʩʘʣʘʟʢʠè, 
ʥʝ ʜʦʧʫʩʢʘʶʱʠʝ ʨʘʟʤʝʱʝʥʠʷ 
ʚʨʘʱʘʶʱʝʛʦʩʷ ʜʠʩʢʘ ʧʦʜ ʫʛʣʦʤ

üʈʝʘʣʠʟʦʚʘʥʘ ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ: 
ʪʦʢ ʜʚʠʛʘʪʝʣʷ, 
ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ 
ʧʦʣʠʨʫʶʱʠʤ ʜʠʩʢʦʤ, ʢʦʩʚʝʥʥʦ 
ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʪʝʧʝʥʴ ʜʘʚʣʝʥʠʷ 
ʢʦʥʥʝʢʪʦʨʘ ʥʘ ʜʠʩʢ

A
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ʈʘʟʨʘʙʦʪʢʘ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʏʇʋ ʩʪʘʥʢʘ 

ʊʨʝʙʦʚʘʥʠʷʢh ʣʠʬʦʚʢʝ:

üʄʠʥʠʤʠʟʘʮʠʷ ʧʦʣʦʩ, 
ʰʝʨʦʭʦʚʘʪʦʩʪʝʡ ʠ ʮʘʨʘʧʠʥ ʥʘ 
ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ (ʷʜʨʝ)

üʅʝʨʘʟʨʫʰʝʥʥʘʷ ʦʙʦʣʦʯʢʘ 
(ʢʣʘʜʜʠʥʛ) 

ʇʨʠʚʝʜʝʥʧʨʠʤʝʨʥʝʠʜʝʘʣʴʥʦʡ
ʧʦʣʠʨʦʚʢʠ,ʥʦʦʜʥʦʡ ʠʟ 
ʣʫʯʰʠʭ, ʯʪʦ ʧʦʣʫʯʘʝʪʩʷ ʥʘ 
ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ, ʩ ʮʝʣʴʶ ʧʦʣʥʦʮʝʥʥʦ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʩʪʘʥʦʢ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʴʶ ʠ 

ʤʠʥʠʤʘʣʴʥʳʤ ʟʘʪʨʘʯʠʚʘʝʤʳʤ ʚʨʝʤʝʥʝʤ
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ʇʝʨʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʩʝʢʪʦʨʘʤʠ ʠ ʂʀ

üʀʟ ʪʨʝʭ ʧʦʣʠʨʦʚʘʥʥʳʭ ʩʝʢʪʦʨʦʚ ʙʳʣ 
ʦʙʨʘʟʦʚʘʥ ʪʝʣʝʩʢʦʧ ïʪʨʦʡʥʦʝ ʩʦʚʧʘʜʝʥʠʝ;

üʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʝʢʪʦʨʘʤʠ ʩʦʩʪʘʚʣʷʣʦ Ḑ3 
ʩʤ;

üʈʝʛʠʩʪʨʘʮʠʷ ʬʦʪʦʥʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ 
ʧʦʤʦʱʴʶ SiPM HamamatsuS14160-1315PS, 
ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ. 

üɺʳʭʦʜʥʳʝ ʩʠʛʥʘʣʳ SiPM ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʩ 
ʧʦʤʦʱʴʶDT5202. 

üɼʣʷ ʢʘʞʜʦʛʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ SiPM ʙʳʣʦ 
ʦʧʨʝʜʝʣʝʥʦ ʥʘʧʨʷʞʝʥʠʝ ʧʨʦʙʦʷ. ʅʘʙʦʨ 
ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʧʝʨʝʥʘʧʨʷʞʝʥʠʠ 
8 ɺ ʠ ʢʦʵʬʬʠʮʠʝʥʪʝʫʩʠʣʝʥʠʷ 50 ʧʦ ʢʘʥʘʣʫ 
ʚʳʩʦʢʦʛʦ ʫʩʠʣʝʥʠʷ.

üʇʦʣʫʯʝʥ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ ʦʪʢʣʠʢ ʪʘʡʣʦʚ
ʩ ʩʝʢʪʦʨʘ ïʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ.



ɿʘʢʣʶʯʝʥʠʝ

üʈʘʟʨʘʙʦʪʘʥʘ ʠ ʘʧʨʦʙʠʨʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʢʦʥʪʨʦʣʷ ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 

ʪʘʡʣʦʚBBC ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ.

üʇʦʣʥʳʝ ʢʘʨʪʳ ʦʪʢʣʠʢʘ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʣʷʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʜʝʬʝʢʪʳ, ʘ ʩʝʪʦʯʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʙʦʣʝʝ ʙʳʩʪʨʳʡ ʤʝʪʦʜ 

ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ.

üʈʘʟʨʘʙʦʪʘʥʥʦʝ ʇʆ ʫʯʠʪʳʚʘʝʪ ʛʝʦʤʝʪʨʠʶ ʪʘʡʣʘ, ʚʳʜʝʣʷʝʪ ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ ʠ 

ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʩʨʘʚʥʠʚʘʪʴ ʦʪʢʣʠʢ ʨʘʟʥʳʭ ʦʙʨʘʟʮʦʚ.

üʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ, ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʫʙʢʠ ʠ 

ʢʨʦʩʩʪʦʢʘ; ʚʳʙʨʘʥ ʨʘʙʦʯʠʡ ʧʦʜʭʦʜ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʩʝʢʪʦʨʦʚ.

üʀʟʛʦʪʦʚʣʝʥ ʧʨʦʪʦʪʠʧ BBC, ʨʘʟʨʘʙʦʪʘʥ ʰʣʠʬʦʚʘʣʴʥʳʡ ʏʇʋ-ʩʪʘʥʦʢ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʢʦʥʥʝʢʪʦʨʦʚ ʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ 

ʩʝʢʪʦʨʥʦʡ ʩʙʦʨʢʦʡ.

*ʇʨʠʥʷʪʘ ʟʘʷʚʢʘ ʥʘ ʫʯʘʩʪʠʝ ʚ AYSS-2026 ʩ ʪʝʤʦʡ çInfluence of optical fiber polishing quality on light collection in the SPD 

Beam-Beam Counter prototypeè; ʆʬʦʨʤʣʷʝʪʩʷʠ ʜʦʧʦʣʥʷʝʪʩʷ ʦʙʟʦʨʥʘʷ ʩʪʘʪʴʷ ʜʣʷ BBC (Q1-2)
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Å According to astrophysicaland cosmologicaldata,about5% of the massof the Universeconsistsof
visible baryonic matter, the propertiesof which are determinedby strong and electromagnetic
interactions. With respectto the two other components,dark matterand dark energy,baryonicmatter
seemsto be a well-studied subject. In fact, despitethe greatadvancesin quantumchromodynamics
madein describingthe interactionof quarksandgluons,the questionof why nucleonsare exactly like
weseethem, remainsopen.

Å This spin is responsiblefor suchfundamental properties of Nature asthenucleonmagneticmoment,
different phasesof matterat low temperatures,the propertiesof neutronstars,and the stability of the
knownUniverse.

Å Since the famous òspincrisisòthat beganin 1987, the problem of the nucleon spin structure
remainsoneof themostintriguingpuzzlesin contemporaryhigh-energyphysics.

The SPD experiment at NICA will cover the

kinematic gap between the low-energy

measurementsat ANKE-COSY and SATURNE and

the high-energy measurements at the Relativistic

Heavy Ion Collider, aswell as the plannedfixed-target

experimentsat theLHC

Fig. 5. NICA SPD and the other past, present, and future 

experiments with polarized protons

Physics behind the research
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Fig. 10. Geometry of tiles, used 
in this work (3 rows & central 

tile). Similar to STAR EPD, but 
higher polar angle granularity

Fig. 11. Tile system with external 
trigger ïtwo scintillators with 

PMTs readout, covered in black 
paper

Although CAEN FERS-5200 has an internal 
coincidence circuit, an external trigger proved to 
be more efficient for measurements oncosmic 
rays. Internal CC is used for radioactive source 
measurements.

Fig. 12. Trigger time 

resolution ~650 ps

BC-

404

Fig. 13. PMT 

Hamamatsu 

H10720-110 

Fig. 14. 4 SiPM calibration

Convolution of Gaussian and Landau functions 

(langaus) used as fit function for resulting 

energy values

Methods and equipment
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Fit

Param-s

Row 1

Matted

Row 1

Tyvek

Row 3

Matted

Row 3

Tyvek

Mean, 

Channels
372.9 346.7 406.9 348.3

Width, 

Channels
28.5 30.0 30.3 27.5

Fit

Params

CKTN

MED E

CKTN

MED B
OK-72

Mean, 

Channels
354.5 387.6 307.2

Width,

Channels
262.2 299.9 249.5

Scintillator cover - Matted VS Tyvek:

Å Matted collects more light (approximately);

Å Matted is more convenient for mass 

production;

Å Chemically matted tiles are more resistant to 

outer interactions and could be easily 

repaired;

Å Tiles are matted by the scintillator 

manufacturer(UniplastVladimir), which is 

also cheap.

Optical cement ïCKTN B, E, OK-72:

Å Viscosity of CKTN MED type B is 

reduced by 50 times in comparison 

with type Eand relatively similarto 

the OK-72 ïmass production 

convenience;

Å CKTN B collects about the same 

number of photons as the E type, but 

significantly more than OK-72;

Å According to data, CKTN series has  

a higher throughput to high-energy 

particles.

WLS fibers ïSGC VS Kuraray :

Å According to experimental 

data, Kuraray Y-11 collects 

more photons than Saint-

Gobain Crystal BCF92;

Å Experiment was performed 

with the same conditions ï

same run, positioning, cosmic 

rays as the source, e.t.c

Fit

Params
BCF92 Y-11

Mean, 

Channels
387.6 599.2

Width,

Channels
299.9 370.2

Tables 1, 2, 3, correspondingly: fit parameters for covers, optical cements and WLS fibers comparisons  

Material selection results
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Åʆʪʯʝʪʣʠʚʦ ʚʠʜʥʘ ʦʙʣʘʩʪʴ ʧʦʥʠʞʝʥʥʦʛʦ ʦʪʢʣʠʢʘ 

ʜʝʪʝʢʪʦʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʦʙʣʘʩʪʠ 

ʧʨʦʣʝʛʘʥʠʷ ʦʧʪʦʚʦʣʦʢʥʘ(ʜʦ 50% ʧʦʪʝʨʴ)

Åʆʙʣʘʩʪʴ ʧʨʦʣʝʛʘʥʠʷ ʚʦʣʦʢʥʘ ʜʝʣʠʪ 

ʩʮʠʥʪʠʣʣʷʪʦʨ ʥʘ ʜʚʝ ʯʘʩʪʠ: ʟʦʥʳ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠ ʩʣʝʛʢʘ ʧʦʥʠʞʝʥʥʦʛʦ ʦʪʢʣʠʢʘ

Åɺʥʝʰʥʷʷ ʯʘʩʪʴ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʧʦʟʚʦʣʷʝʪ 

ʩʦʙʠʨʘʪʴ ʜʦ 85% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʪʢʣʠʢʘ

Åʄʝʪʦʜʠʢʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʚʘʪʴ 

ʬʘʢʪ ʥʝʧʨʠʛʦʜʥʦʩʪʠ ʩʮʠʥʪʠʣʣʷʪʦʨʦʚ ʜʣʷ 

ʧʨʦʪʦʪʠʧʘ ʠ ʜʝʪʝʢʪʦʨʘ

Åʉʥʷʪʠʝ ʩʠʛʥʘʣʘ ʩʦ ʚʩʝʛʦ ʦʙʲʝʤʘ ʩʮʠʥʪʠʣʣʷʪʦʨʘ 

ʥʝʵʬʬʝʢʪʠʚʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʨʝʤʷ ʟʘʪʨʘʪʳ ï

ʥʝʦʙʭʦʜʠʤʘ ʦʧʪʠʤʠʟʘʮʠʷ 

5

ʄʝʪʦʜ 1: ʇʦʣʥʘʷ çʪʝʧʣʦʚʘʷ ʢʘʨʪʘè

ʈʠʩ. 8ïɿʘʚʠʩʠʤʦʩʪʴ ʪʦʢʘ ʢʨʝʤʥʠʝʚʦʛʦ 

ʬʦʪʦʫʤʥʦʞʠʪʝʣʷ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ

ʮʝʥʪʨʘʣʴʥʳʡ

1 (L;R)

2 (L;R)

3 (L;R)

˾Ύ͒



üʊʝʧʣʦʚʘʷ ʢʘʨʪʘ ʦʪʢʣʠʢʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʨʷʜʘ 2, ʩʢʣʝʝʥʥʳʭ 

ʦʧʪʠʯʝʩʢʠʤ ʢʣʝʝʤ ʆʂ-72

üʆʪʢʣʠʢ ʜʝʪʝʢʪʦʨʘ ʠʟʤʝʨʷʣʩʷ ʜʦ ʠ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʣʠ ʜʚʘ ʦʪʚʝʨʩʪʠʷ ʜʠʘʤʝʪʨʦʤ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2,5 ʠ 1 ʤʤ ʠ ʧʨʠʤʝʨʥʦʡ ʛʣʫʙʠʥʦʡ ʚ ʧʦʣʦʚʠʥʫ ʪʦʣʱʠʥʳ ʩʮʠʥʪʠʣʣʷʪʦʨʘ (5 ʤʤ)

üɽʜʚʘ ʟʘʤʝʪʥʘʷ ʨʘʟʥʠʮʘ ʢʘʨʪʠʥʳ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ

ʈʠʩ. 9ïʉʨʘʚʥʝʥʠʝ ʦʪʢʣʠʢʦʚ ʜʦ ʠ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ (ʆʂ-72) 
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ʄʝʪʦʜ 1: ʄʝʭʘʥʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ

ʈʠʩ. 10ïʉʨʘʚʥʝʥʠʝ ʦʪʢʣʠʢʦʚ ʜʦ ʠ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ (ʉʂʊʅ  ɽ) 

üʆʪʢʣʠʢ ʜʝʪʝʢʪʦʨʘ ʪʘʢʞʝ ʠʟʤʝʨʷʣʩʷ ʜʦ ʠ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʜʝʬʝʢʪʦʚ (ʪʨʠ ʦʪʚʝʨʩʪʠʷ 
ʜʠʘʤʝʪʨʦʤ 3 ʤʤ ʠ ʦʜʥʦ ʦʪʚʝʨʩʪʠʝ 1 ʤʤ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʛʣʫʙʠʥʝ 5 ʤʤ)

üʉʨʝʜʥʠʡ ʦʪʢʣʠʢ ʩ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ - 30.6 vs 29.6 Õɸ -ʧʨʠ ʨʘʟʨʝʰʝʥʠʠ ʠʩʪʦʯʥʠʢʘ 
ʧʠʪʘʥʠʷ 1 Õɸ

üʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ A7585D ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʟʥʘʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʬʘʢʪ ʥʘʣʠʯʠʷ ʠʣʠ 
ʦʪʩʫʪʩʪʚʠʷ ʪʦʣʴʢʦ ʢʨʫʧʥʳʭ ʜʝʬʝʢʪʦʚ 7


