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JKCIEPUMEHTAJbHAA YCTAHOBKA

Spin Physics Detector (SPD) - skcnmepument B NICA
(OUAM, HyOna), mnpeaHa3HAYEHHBIM JUIsI  U3YUYEHUS
CIIMHOBOM CTPYKTYpPbl NPOTOHA W JEUTPOHA W APYTHUX
CIIMHOBBIX SIBJICHUH, UCIIOJIb3Ys] YHUKAIBHYIO BO3MOXHOCTb
paboThl C TMOJSAPU3OBAHHBIMU IyYKaMH TMPOTOHOB U
JNEUTPOHOB TIPU DHEPrUU CTOJKHOBeHHH a0 27 I»B wu
ceerumoctu 10 1032 cm2 ¢cL.

Electromagnetic calorimeter ~Magnet  Range system Vertex detector end-cap

Time-of-flight system
Straw tracker

Vertex detector

Beam pipe
Zero degree calorimeter

Range system end-cap

Electromagnetic calorimeter end-cap

Time-of-flight system end-cap

Beam-beam counter

Aerogel

Straw tracker end-cap

B nomApu30BaHHBIX  NPOTOH-NIPOTOHHBIX  CTOJKHOBEHUAX
JNAHHBIA DKCIEPUMEHT MOKPOET KHHEMATHYeCKHHl pa3pbiB
MEXKITY HU3KOHEPTreTUYECKUMHU U3MEPEHUSMHU B
AKCIIEPUMEHTAX ANKE-COSY u SATURNE, u
BBICOKOOHEPTETUUECKUMHU W3MEPEHUSIMH, IIOJYyYECHHBIMH Ha
BAK

 JIBa TOPIIEBBIX ACTCKTOPHBIX KOJeca
CHMHTWIIALIMOHHBIX cueTunkoB Beam-Beam Counters
(BBCs) manupyercs ycranoButh niepen TOF cuctemoit
ycTaHOBKH SPD cHMMETpHYHO OTHOCHUTEIEHO TOYKU
B3aUMOJICHCTBHUSI.

» JlerekTop OymeT COCTOATh U3 BHYTPEHHEN U BHEIIHEH
gacteit: BHyTpeHHne MCP 1 BHEHIHSSI 9acTh U3 OBICTPBIX
CUMHTH/UISIIIHOHHBIX TAWJIOB.

\Scinlillalor tiles

OcHoBHBIMH 3amadyamu Beam-Beam Counters sisisrorces:

* JlokaabHas nojasipumerpusi B SPD, ocHoBaHHas Ha
U3MEPEHUSX a3UMYTAIBHBIX ACUMMETPUI
NOJIIPU30BAHHBIX IPOTOHHBIX MYYKOB,;

*  MOHUTOPUHT CTOJIKHOBEHUH ITYUYKOB;



JKCIEPUMEHTAJbHAA YCTAHOBKA
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SPD BBC 0Oyner coctosts u3 16 cektopoB ¢ 25
TallJlaMM B Ka’KIOM CEKTOpe B OJHOM KOJiece.
Kaxnplii Taitnn npeactaBiseT coOOW OTACIIbHBIMN
HUCTOYHUK CUTHAJIA, CYMTHIBAFOIIMICS C TIOMOIIBIO
KPEMHHUEBOTO (doToOyMHOXKHTETIS (SiPM),
MOAKJIIOYEHHOT0 K onToBOJIOKHY WLS.
KonmnyecTBO KaHAIOB CUYMTHIBAHUS HABOJIUT HAC
Ha wucnoyib3oBaHue FEE cucteMbl cUuThIBaHUS
CAEN FERS-5200, pa3pabotanHoii crieruaibHO
JUIs1 OOJIBIIIUX MACCUBOB JIETEKTOPOB.

Kaxxnas muiara BmeniaeT 64 kaHanga v BKJIIOYAET B
ceoss FEE »nsnexrponuky, AIIIl, Ttpurrepuywo
JIOTUKY, CUHXPOHM3AIUIO, JIOKAJIbHYIO MaMsATh U
uHTepdenc CUUTHIBAHMUS.

e Jlmsa HCCIeI0BaHUN Ha KOCMHYECKOM
U3JIyYeHNH HCIIOJIB3YETCS BHEIIIHSA
TPUTTEpHAsT CHCTEMa, OCHOBAaHHYIO Ha JBYX
CIUHTHILIATOPaX 10x10 cM? co
cunteiBaronMu PMT Hamamatsu H10720-110
¥ BpEMEHHBIM pa3zpetierrem ~650 ric.

* Konnenrparop DT5215 wucnons3yercs s
BO3MO)XHOCTH pacuupeHus KOJIMYECTBA
KaHaJioB 10 8192

USB3.0,1/10 GbE

S
Concentrator ‘

Board upto 128 FERS S
| with a single Concentrator

Detector Array
up to 8192 channels

FERS units FERS units
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i Bb100p MaTepraJioB U TECTUPOBAHUE PABIMYHBIX KOMIIO3ULIUHI IS
MPOTOTHUIA CUAHTHIUIAILMOHHOTO JETEKTOPA BKIIFOYAET CPABHEHUS
1 1 1
fporonncocron 7 s [TokphITHE CUUHTHUILIATOPA: MarupoBanHbIl VS OKpHITHIA Tyvek
OnTuyeckuil Kieu: CKTH MEJ] VS OK-72
I'eomeTpust ceMu TauIoBOro NPOTOTHIIA, OITOBOJIOKHO: Saint-Gobain Crystals VS Kuraray

UCIIOJIb3YEMOTI'0 B TaHHOM paboTe _
SiPMs: 3x3 VS 1x1 mm?



Br100op MmaTepuaJja: marupoBaHHblii VS Tyvek
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3x3 SensL SiPM

Fit Row 1 Row 1 Row 3 Row 3

Param-s Matted Tyvek Matted Tyvek
Mean, Channels 372.9 346.7 406.9 348.3
Width, Channels 28.5 30.0 30.3 27.5

H3-3a 0osiee BBICOKOIO 3HAYECHHMSI TMOJIOKEHHSI NMUKa (pa3HULa B
noyoxkeHusx ot 7% u x0 15%0), a TakiKe CpaBHUTEIbHON MPOCTOTHI B
YCJIOBHUSIX MACCOBOI0 IPOU3BOJACTBA MATHPOBAHHBIX TAWJIOB 110
cpaBHeHHI0 ¢ TYveK mNOKpHITHEM, BAPHAHT ¢ MATHPOBAHHBLIMH
TalJIaMU ABJIsIETCS 00Jiee MPeANOUYTUTEIbHbIM
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Boe10op marepuana: CKTH MEJI E VS OK-/72
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TalJabl M pa3IMYHbIC COCTaBbI KOMIOHEHTOB A/B s
kies OK-72: 76.24/23.66 (datasheet) u 70/30. Uro
kacaercs CKTH, To B 00oux cnydasx U Juisl BCEX

CpaBHEHUM MBI

HCIIOJIb30BAaJIN

cootHomenue 100/3.2 (datasheet).
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3x3 SensL SiPM

Fit Row 1 Row 1 Row 3 Row 3
Param-s CKTN OK-72 CKTN OK-72

Mean, Channels
Width, Channels

412.3
36.2

406.9
30.3

254.4
17.6

He0oub110e pa3jinyue B COOTHOIIEHUN COCTABOB KJIesl MOKET KPUTHUYECKHU BJIMSITH HA CBETOCOOP.
JIJ1s1 MOATBEP KAeHNsI TUNOTe3bI HCIBITAMH cocTaBbl 70/30, 76.24/23.66 n 80/20 OK-72




Boi0op marepuana: CKTH MEJL E VS OK (2
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a) CpaBuenue cocraBoB OK-72 A/B: 70/30 (cunuii), 76,24/23,66 (xenthiii) u 80/20 (KpacHBbIi);

b) 3aBUCHUMOCTD CpCI[HCfI AMIITIMTYAbI OT IPOUCHTHOT'O COACPKAHUA KOMIIOHCHTA A

Row

3 (L;R)
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1x1 SensL SiPM

[lo pesynbraTaMm MCCIEIOBAHHS CTAIO SCHO, YTO CPEIH Eit
nporecTupoBanHbix  cmecet  OK-72  wammyunimii B 70/30 | 76.24/23.66 80/20

pe3yaprar  IOKaspiBaeT  coctaB  (6,24/23,66 (B
COOTBETCTBUM C TACIOPTHBIMH JaHHBIMH), OJIHAKO
COOTHOIIICHUEC KOMIIOHEHTOB HE OKa3bIBACT Width, Channels 22.1
CYILIECTBEHHOTO BIIUSIHUS Ha CBETOCOOD.

Mean, Channels 237.8

284.4 242.7
26.0 20.4

Jlydiee cooTHOIIeHHe KOMIIOHEHTOB KJest — 76.24/23.66 (datasheet)

Bb100p onTHYECKOro KJesi Tpedyer 0oJiee 1eTAJIbHOI0 UCCIEA0BAHUA B Oy1ylieM




Bobi0op marepuasa: cpaBaenue WLS Bo10KOH
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CpaBuenune BCF91AS (dbuonetossiii), BCFI2S
(kentbiid) 1 Y-11 (3eneHslit)

Emission | Emission | Decay Att,
Fiber colour peak, time, | Length,
nm ns m
Kuraray green 476 7.4 [4] >3.5
Y-11
SG Crystals green 494 12 >3.5
BCF91AS
SG Crystals green 492 2.7 >3.5
BCF92S

Row

3 (L;R)
2 (L;R)
1 (L;R)

central

Fit
Param-s

Mean,
Channels

Width,
Channels

Mpbl  cpaBHWIM  BOJIOKHA  Saint-
Gobain Crystals BCF91A, BCF92 u
Kuraray Y-11. Bce oOpa3usl ObLiu
U3TOTOBIIEHBI C  MCIOJb30BAHUEM
CKTH ME/JI. Hccnenosanue
MPOBOAWIOCH C TaljaMU TPETHETO
pana.

3x3 SensL SiPM

Saint-Gobain Saint-Gobain
BCE91A Kuraray Y-11

BCF92

402.3

24.7

481.9 596.3

35.2 43.5

Kuraray Y-11 codoupaer Ha = 33% 0oJjblle cBeTa, 4em
BCF92, u na = 19% 6oabsmie, uem BCF91A ¢
ucnoab3opanueM CKTH ME/] E




Bobi0op marepuasa: cpaBaenue WLS Bo10KOH
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Mps1 cpaBuuiiu BoiiokHa SG BCF92
(xkpacabimM) u Kuraray Y-11 (cunum)
C WCIIOJIb30BaHMEM TaisioB 2 u 3
psina, a TaKxKe:

a) CKTH MEJI mapku E 100/3.2;

0) OK-72 ¢ cocraBom 76.24/23.66

1x1 SensL SiPM

Fit BCF92 Y-11 BCF92 Y-11
Param-s | CKTN R3 CKTN R3 OK-72R2 | OK-72 R2

Mean, 402.3 596.7 284.4 293.0
Channels
Channels

Tak kak BorokHo Kuraray Y-11 coOupaer 0osibIie cBeTa BO
BCeX MCCJeAyeMbIX Cay4asx, Bbioop Y-11 aBasercs
HauboJ1ee 1e1ecoo0pasHbIM




,}IOHOJIHI/ITEJII)HO: PA3HbLIC JJIMHbI BOJIOKOH H I'COMCTPHUS

Central tiles with SG BCF92S signal Central, line 1 and 3 Comparison SG Fast CKTN
LG Run 78
LG Run 77 w 200
Zw 200 - 2l = ne 1: Entri 8192
g5 - CKTN | ~ 5.5 cm: Mean = 4.97165e+02, RMS = 4.42909¢+01, Int = 63453 | Entries 8192 | @@ H Line 1: Mean = 3.77096e+02, RMS = 2.67429e+01, Int = 87122 Mré;'r‘;‘s 1305
180[- CKTN | - 36.5 cm: Mean = 4.24224e+02, RMS = 3.46766e+01, Int = 52325 g‘ea" 200.7 18011 Central: Mean = 4.43673e+02, RMS = 3.63687e+01, Int = 71336 g4y, 211.2
- e - i - T td Dev 279.7 E o .
16012l OK-72 | ~ 22 cm: Mean = 3.44125e+02, RMS = 2.42485e+01, Int = 46889 | nderflow 0 160~ Line 3: Mean = 4.05159¢+02, RMS = 3.15740e+01, Int = 64214 | Integral  8.666e+04
- Overflow 2 -
140 Integral  6.171e+04 140 :T Row
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a) Cursan ot IEHTPaJbHBIX TAWJIOB C pa3JIUYHOM JIJIMHOM BOJIOKHA U KiieeM, b) CpaBHeHue psaga 1, 3 u
neHTpanbHbIX TasioB ¢ CKTH nu BCF92S

: : _ JKCIEPUMEHTAJIBHO HA0JII01aeM
Study Central tiles fiber Line 1, central and line 3 6
lenght comparison geometries comparison 0C/I20JIEHUE aMILTUTYABI CHI'HATA €
Tiles CKTN CKTN OK-72 Line 1 | Central | Line 3 YBCINYCHUEM TJIMHBI ONTTOBOJIOKHA.
L~j55cm | L~365cm | L~220cm AMILUTUTYIHBbIE CIIEKTPHbI TAWJI0B PAa3HOI
Clttlcanjl 497.2 424.2 344.1 377.1 | 443.7 | 405.2 | | reoMmeTpHH HMEIOT Pa3HOe MOJIOKEHHE MHKA.
anneis
Heo0xomuMo nmpoBecTH MCCJIE0BAHUE
Width, 44.3 34.7 24.2 26.7 36.4 31.6 A p A
Channels 3aBHCHUMOCTH IOJIOKEHHUS IMUKA OT
HCKPHUBJICHUA BOJOKHA BHYTPHM Tailjia




I[OHOJIHI/ITEJII)HO: PA3HbLIC JJIMHbI BOJIOKOH H I'COMCTPHUS
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v TexHu4eckoro macnopra Kuraray
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SG BCF92 4.7 NOATBEPKAAET CYyIIECTBOBAHUE
Kuraray Y-11 85 3aBHCMMOCTH ¥ OLIEHMBAET
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3aKkJII0UeHHue

* B nganHO# paboTe NpUBOAATCS PE3Y/IbTAaThl HCNBITAHUS MPOTOTHIIA CIIMHTUIUISTOPHOIO JIETEKTOPa U BHIOOP
MaTepHuaJjioB ¢ nomoIbio cucteMbl cunthiBanus CAEN FERS-5200

* TIpoBeneHO CpaBHEHHE TalJIOB C MATOBBIM ITIOKPHITHEM M ITOKPHITHEM TYyVeK. MaTupoBaHHbIe TaAHIbI
oKazaJMuch 0ojiee I3PEKTUBHBI 0 OOOUM MMapaMeTpaM: KOJUUYECTBY OTPAKEHHOTO CBETa U MPAKTUYHOCTH B
TEPMHUHAX MAaCCOBOTO MTPOU3BOICTBA

* IIpoBeneno cpaBuenue ontuueckux kiie€B CKTH MEJ] u OK-72. HccrnenoBanne BIUSHAS PA3HBIX COCTABOB
A/B Ha cBeTOCOOp MOKa3alio, YTO pa3HUlla B COOTHOIIEHHH A K B c1a00 BausieT Ha cBeTOCcOOp, U 10KA3aJI0,
YTO COOTHOIIEeHHE 76.24/23.66, yka3aHHOE B TEXHUYECKOM IACIIOPTE, ABJAETCH HauboJ1ee 3(P(PeKTUBHBIM.

 IIpoBeneno cpaBHenue WLS Bonokon SG BCF91A, BCF92 u Kuraray Y-11. OnroBoJiokno Y-11 siBisieTcs
OoJjiee MOAXOMAIIMMU ISl HAIIKMX 1eJIel BO BCEX MCCIIEAOBAHUSX, B TOM YUCJIE MIPU UCTIOJIb30BaHUU
pa3IMYHBIX ONTUYECKUX KIIEEB.

* bbu1o npoBeaeHo uccieaoBaHuE TOTEPh HA U3ru0e BoJIOKHA. MccienoBaHue HE COOTBETCTBYET
AKCIEPUMEHTAIBLHBIM JIAHHBIM W3 TEXHUYECKOTO nacropta Kuraray B citydae BojiokHa Y-11. Takxke
AKCIEPUMEHTAIHLHO HAOIIOAAI0Ch OCIA0JIEHUE aMIUTUTYAbl CUTHAJIA B UCCIICIOBAHUAX TAUJIOB C Pa3IMUYHON
IJIMHOM BOJIOKHA.

« XXV Baldin ISHEPP 18-23 Sep 2023: «Material selection of the SPD Beam-Beam Counter scintillation detector prototype», Author, paper is
accepted for the contribution

» AYSS-2023 30 Oct — 3 Nov 2023: «Tile detector congurations testing for the SPD Beam-Beam Counter prototype», Author, paper is accepted
for the contribution

» AYSS-2023 30 Oct — 3 Nov 2023: «The SPD Beam-Beam Counter scintillation detector prototype tests with FERS-5200 Front-End readout
systemy, Co-author, paper is accepted for the contribution

»  XIX Workshop on HESP, DSPIN-23: «Development of the SPD Beam-Beam Counter scintillation detector prototype with FERS 5200 front-
end readout systemy, Co-author
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SensL 1x1 SiPM with factory pin adapter and
mounted | in connector

TOP VIEW SIDE VIEW




SIPM Calibration

3 SiPM Tunning

HG Run 26, 28, 31, 30
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Experiment setup

The Spin Physics Detector collaboration proposes to install a
universal detector in the second interaction point of the NICA
collider under construction (JINR, Dubna) to study the spin
structure of the proton and deuteron and the other spin-related
phenomena with polarized proton and deuteron beams at a
collision energy up to 27 GeV and a luminosity up to 1032 cm=2 s1

Electromagnetic calorimeter ~ Magnet  Range system Vertex detector end-cap

Time-of-flight system
Straw tracker
Vertex detector
Beam pipe

Zero degree calorimeter
Range system end-cap
Electromagnetic calorimeter end-cap
Time-of-flight system end-cap

Beam-beam counter
Aerogel

Straw tracker end-cap

BM@N (Detector)
§ Extracted beam

The SPD BBC is designed to have 16 sectors with 25
tiles in each sector in one wheel. Each tile is a
| separate signal source that should be read using

silicon photomultiplier (SiPM), connected to WLS
. fiber. The amount of readout channels leads us to use

CAEN FERS-5200 front-end readout system, that was
designed for large detector arrays.

The main goals of the Beam-Beam Counters are:

» the local polarimetry at SPD basing on the
measurements of the azimuthal asymmetries of
polarized proton beams;

« the monitoring of beam collisions;

B i




Material selection: CKTN E VS OK-72
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Comparison of OK-72 (green) and CKTN (purple) for a) line 1 (76.24% of A and 23.66% of B)
and b) line 3 (70% of A and 30% of B) tiles

Viscosity, | Operating T
Range, °C

CKTNMEDE 15-103 — 92-96% at 500 nm
OK-72 -60 to +60  99% at 400-2700 nm

Row 1 Row 1 Row 3 Row 3

Param -S CKTN OK-72 CKTN OK-72
Mean, Channels 372.9 254 .4 406.9 412.3
Width, Channels 28.5 17.6 30.3 36.2

Spectral FEIEENER  For the study we used matted tiles and different
Characteristics index compositions of A to B components for OK-72 cement.

1.606 As for CKTN, in both cases and for all comparisons we
' used the same 100 of A to 3.2 of B ratio, as it is written
1.587 in data sheet.

Since OK-72 is easier to apply due to its low viscosity and
extended curing time (compared to CKTN mark E), but
in view of the fact that such a slight difference in ratio of
the cement's components affects on light collection, the
deeper research should be conducted in future




