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Introduction General

The Spin Physics Detector (SPD)

:'L " | =]
4 BM@N (Detector) | &
§ flectromagnetic calorimeter  Magnet  Range system Vertex detector end-cap .

Extroded beum

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

| TRANSVERSE BBC vs CNI Yellow xz_, ndf 122/ 74

- ol B
- The Beam-Beam Counters (BBC) for SPD
Py '71%: Ir 1 ) _
: Fe= . The main purpose of BBC is the permanent
b %% =S monitoring of the beam polarization using the
- T azimuthal asymmetry of the inclusive charged

particles yield.

TDR concept:
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R e T L T e !  Scintillator tiles part at the distance ~1.7 m
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 Correlation between 10 « MCP part is at the distance ~40-45m o
CNI polarimeter and STAR BBC asymmetries.



Introduction TDR version of BBC: scintillation tiles part
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Simulation (pp)

FTF and Py8 generators

All charged, z= 171 cm.

Vs =10 and 27 GeV
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The result of this simulations shows that the in
principle accepted for the internal part of this design

works at the high luminosity of SPD. 4



Simulation (pp) FTF and Py8 generators

The dependence from
the distance from IP

The influence of the magnetic field on detector loads
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The hardware of BBC tests part The stand for BBC measurements

TQDC16 TDC32 TMWR FVME2

TRB-3 (10 ps) The VME based DAQ
A n. TQDC16  pov—f—A

light isolated box

Together with V.Chmil (JINR), Isupov A.Yu. // EPJ Web Conf. 2019.
S.Morozov, E.Usenko (INR) V.10003. P.204

. . The stand for BBC
External trigger by coincidence of , ,

two scintillators with PMTs readout

PMT
Hamamatsu
H10720-110




The hardware of BBC tests part CAEN FERS-5200 readout system

FERS-5200 is an extendable high Citiroc 1A allows triggering down to 1/3 p.e. and provides
speed front-end readout system the charge measurement with a good noise rejection.
based on the DT5202 64-channel Moreover, Citiroc 1A outputs the 32-channel triggers with

module for SiPM. a high resolution timing (better than 100 ps).

e Concentrator DT5215 for the
possibility of expanding the
number of channels to 8192.

Each channel has low (LG) and high (HG) gain
preamplifiers providing a wide dynamic range.

FERS units FERS units

Main Acquisition Modes:

_ _ - SPECTROSCOPY.
Fine for testbeam and Phase0 experiments. «  TIMING.

« SPECT _TIMING. The Spectroscopy + Timing




JINR and MEPhI activities Proposal of BBC design

Tile height 55.7 mm . )
25 tiles in sector (similar to STAR EPD) The BBC prototype options:

» CAEN FERS-5200 readout system

> the sets of 7-tiles scintillator (thickness 10 mm)

prototypes were produced by Uniplast (Vladimir)

* 6 sets with chemical mating

* 6 sets polished (Tyvek covered)

» scintillation optical fibers (WLS and clear)

+  KURARAY
« Saint-Gobain Crystals

> optical cements

+ CKTN Med
« OK-72

» SENSL SiPMs (MicroFC-x0035-SMT)

\/ \ «  3x3 mm? (for tests)
Currently, the selection of materials +  1x1 mm2 (final option)

for the build of 7 detector prototype
sector tiles is underway




JINR and MEPhI activities

Line

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

central

Scintillator:
Optical cement:

Fibers:

SiPMs:

Scintillation detector prototype materials

Materials selection (scintillator, optical cement, fibers, etc)

and prototype tiles testing with material combinations.

Matte vs Tyvek covered
CKTN Med vs OK-72
Saint-Gobain Crystals (SG91AS, SG92S)
VS
KURARAY (Y-11)

3x3 mm? vs 1x1 mm? (final option)

Tuble 1. Optical cements and thelr parameters

Brand Viscosity, | Operating Spectral Refractive
cPs temperature | characteristics index
range
EJ-500 300 From -65 60-85% at 1.574
300-350 nm
to +105 °C 95-100% at
350-600 nm
CKTN MED | 15-10° — 92-06% 1.606
Mark E 300 nm
OK-72 - From -G0 09% at 1.587
to +60 °C | 400-2700 nm




FEE studies results

Tile with two WLS outputs of
single fiber for tests and in
particular for SiIPM calibration
Wltg radioactive sources were
used.

1x1 mm?SiPM

_ Double WLS tile
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3x3 mm? SiPM

The first steps at the work with
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Oth SiPM Vbias=28.00V
1st SiPM Vbias=27.68V

Double WLS tile

Mean 167
RMS 545
Integral  7.715e+05
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The amplitude histograms for both SiPM sizes with the chosen voltage are shown. This
Is not a bad result, but we preferred another the way of calibration.
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FEE studies results

Calibration method (Led source)
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FEE studies results

Tool for bending loss tests

-—=SETTE

Bending Loss (%)
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SG BCF91AS light collection with different curvature
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diameters:
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FEE studies results

Matte and Tyvek tiles (CKTN, SG92S)

Trigger time resolution ~650 ps

E 2|4 120
120~ L Matte_(SiPMO0)_(tile_3); mean:360; rms:158
C Tyvek_(tile_3); mean:302; rms:138 100—
100— ' Tyvek_(tile_1); mean:323; rms:150 C
E w ”| 80{— ‘
80— : ; - ; ;
: 3 & 1 line tiles i3 .‘ W 3 & 1 line tiles
60| w (Tyve k) C iw 4 'W’i ( M atte)
- " il a0l ! | L|
o W (.
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The result of comparison 1 and 3 line tiles. For Tyvek covered and matted

tiles gives the same results. 13



FEE studies results

2l 100
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Matte and Tyvek difference
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80100
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The result is similar, and due to the fact that the option with Tyvek coved tiles carries the
technological complexity of mass production, the option with matted one is more acceptable. 14



FEE studies results

CKTN Med and OK-72 difference

CKTN and OK-72 Comparison (line 1)
LG Run 69

Z|L|J 100
oI
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Time, ns

measurements are |mportant. 15



FEE studies results Saint-Gobain Crystals vs KURARAY

fibers difference. (CKTN optical cement)

Saint-Gobain Crystals fibers KURARAY fibers

Specific Properties of Standard Formulations

Eiber Emission | Emission Decay # of Photons N - 439 528 | Blue to Green Shif
Color Peak, nm A Time, ns per MeV** Y-7(100) sfe 490 e ST R
¥-8(100) green 511 455 =30 Blue to Green Shifter
BCF-10 blue 432 2.7 -8000 v-11(200) green | cae the 476 430 —ar Blue to IZ.__-'-'.:--'.:-.r' Shifter (K-27 l‘-‘.:"r_|.,lc.1l_ o)
BCF-12 blue 435 3.2 -8000 o ;;Qﬁ? 7~ | Long Attenuation Length and High Light Yield
B-2(200) blue fipure | 437 375 =35 UV to Blue shifter
BCF-20 green 492 2.7 -8000 S = i - -
B-3(200) blue 450 351 =>4.0 LV to Blue shifter
BCF-60 green 530 7 -7100
BCF-91A green 494 12 n/a
BCF-92 green 492 2.7 n/a
BCF-98 n/a n/a n/a n/a
** For Minimum lonizing Particle (MIP), corrected for PMT sensitivity
ZW
"7 e 3x3 SiPMs  Kuraray (Y-11); mean:694; rms:262
40
35
30

The difference is visible, but N
more tests are needed. 2
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The first step of high granularity part
of BBC development

FEE studies results

Together with I.Alexeev, D.Svirida (KRI ITEP) Schematic view of the test
5 channels FEE of DANSS experiment (main option for ZDCS)  |oaa—{ el 75

Plastic Scintillator S,PW[Q\ EOEEE = oo T st
4 ‘

40x2x2 (cm3) SiPM2 SIPM3 SiPMA
semel | JsiPmzr | [siPms |

10 pcs Hamamatsu
SiPM (S12572-010P
3x3mm?, 10 um/cell)

— ey

H

SiPM10 262 i 03 OC
Schematic view of the LED

Together with P.Polozov, T.Kulevoy (KRI ITEP)

Corrected dT(SIPM1-SiPM2) The VME based DAQ CAEN Digitizer DT5742
g as000r e — - (16+1 Channel 12 bit 5 GS/s)
30000F | constant 4.091e+04 = 6.325e+01
25000; M.ean 1058 + 0.0 moééééééééééééééééé
20000; Sigma 6.157 + 0.006 e - )
15000
10000 ~150 ps
5000
%06 oo soo 4000 1100 - N i j
Channels (25 ps) Isupov A.Yu. // EPJ Web Conf. 2019. g \
V.10003. P.204 2””;_ ‘ P ;ﬁ/
Phys.Atom.Nucl. E T
DOI101134/81063778822090381 (2022) YU.Gurchin, Allsupov’ VLadyg“’]’ : v ;
S.ReznikOV, A.TerEI(hin, 1.\Volkov TR e e e L

(JINR) 17



Tests at Lab201- VBLHEP Hexagonal granularity detector

8 |Male connector - "‘:;"‘-;‘. )
0022272021 = /\
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2 Housing mppc right

cavity
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10 honey-comb scintillators CAEN Digitizer DT5742
and SiPMs, (16+1 Channel 12 bit 5 GS/s)
FEE boards,

Hamamatsu s
SiPM S14160-3050HS

micro PC control. COSMIC RAYS

u .3 Entries 721
PT2 ¥ Constant  33.14
SiPM 1 =
3 Mean 0.7942
PMT 1 g
k- Sigma  0.6115
PMT o
Hamamatsu i ~400 ps
H10720-110 : % -
CTEPP-UNA FE (Chilé) +‘SiPM Together with E.R. Rozas-Calderon (CTEPP-UNAB)

M.A. Ayala-Torres (SAPHIR-UNAB) 18



Obtained
results

Conclusions

|. The tiles scintillation detector prototype tests with CAEN FERS-5200 system has been started.
The calibration method proved to be efficient. The first result of time resolution is obtained.

ll. Comparison of matted tiles and Tyvek covered have been done. The result is generally similar,
but the use of matted tiles is more technologically valid.

lll. Comparison of different types of optical cement have been performed. OK-72 is technologically
better. For the final choice of optical cement the tests with a large number of samples are required.

V. The study of fibers bending loss were performed. The result for 3 turns of fiber in the progress.

V. The tests with Kuraray WLS fibers, as well as tests with 1x1 mm? SiPMs are continued.

VI. The next step is assembly and tests of 7-tiles sector with selected materials.

S

19



Thank you for the attention!

! Tests in JINR (summer 2023)
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Introduction MCP part

D-120.000.000 Beam pipe SPD ver. 03.03.2021
2466 (RS/ECal) Aluminium alloy 1201 GOST 4784-2019

B128x2 Bellows CF Flange

B83x1,5 Be4xi 1S

-
@203

63 63, 136

1955 (- 110} 1640 (+110) 1790 1640 (+110) 1955 (- 119)

8980

Al1:2) Al1:2)

Custom Half-herted Mountable Flange Metal gasket Removed Flange

Custom Welded CF Flange \ Bolt M8

RF Shield

@130

40

2-new high granularity detectors placed at about +/-4.5m from IP outside
the beampipe. Option with the detector inside the beampipe is cancelled.

-MCP based TOPAZ PMTs
-Good time resolution 50ps
-Tests with laser and with 200 MeV electrons (LINAC-200) has been

Team A.Baldin et al.(JINR) performed.
G.Feofilov et al. (StPSU) -Tests in SPD testzone and at ITS at Nuclotron are under preparation
A.Kubankin et al. (BNRU) -Combined detector (MCP+ Scintillators) for small

angle scattering monitoring and physics
22



Simulation (pp)

Z.Kurmanaliyev
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Simulation (pp)

FTF and Py8 generators

Vs =6.2, 10 and 23.5 GeV,
N = 1*10° events

Vs=6GeV 1=10"cm2s! oOp=9mb

102§—
10 ™~
- E ——
‘o 1 FTF
s v
3] -1
o 10
102 ——
10°2L
! L ! Ll !
0 10 5 20 25

Vs=10GeV  L=10% cm? s Otor = 7mb
10? E
R *
10=
L .
Py8

Vs=235GeV  L=10"cm?s!  Opr=6mb

102E
E .
10 Py8
© E :t{/
g \\\
-1
c 10 E FTF
102
B ——
10-37
| L L L | L1
2 3 6 8 10
8, deg

The pp-elastic scattering
events have been selected for
total energies equal 6.2, 10 and
23.5 GeV. The events rates as
function from the angle
scattering have been estimated
for pp-elastic scattering by
using the FTF and Py8
generators at Luminosity 10

cm-2st for 1/16 part of BBC.

Z .Kurmanaliyev (JINR)
A.Terekhin (JINR)

(see talk at this meeting)
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The prototype The Time-over-Threshold (ToT) method

time-over-threshold (TOT)
comparator signal : e

voltage
S

)
<

i Threshokl
Front-end electronics with ToT technique
- NIM Shaper
(.'1\1)-I||—c”—
The ToT i1s a well-known method which ||_|,_“ TOT Functon
- - < | ol AMPLIFIER
allows to measure the energy deposited in the Vy S
material. DW 5
[]R LVDS Shaper H Lo
R3 BNC H\F;
E > & =
o 2



Extracting correction parameters

FEE ToT (version Ne1)

ToT(2) dT(SiPM1-SiPM2) vs ToT(2)
£ 3000 Entries 822838 Z 1000F ) o
> B - .
E RMS 841.6 % 960?
2000[ € 940F
: 5 020
1500~ 5 900}
- 880
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The time difference histogram

FEE ToT (version Ne1)

dT(SiPM1-SiPM2) vs ToT(2) dT(SiPM1-SiPM2)
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FEE studies results The time difference histogram

FEE ToT (version 03)

dT(SiPM1-SiPM2) vs ToT(2) dT(SiPM1-SiPM2)
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Comparison of FEE ToT versions

ToT Corrected dT(SiPM1-SiPM2)
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FEE studies results The time difference histogram

for FEE DANSS

dT(SiPM1-SiPM2) vs ADC(2) dT(SiPM1-SiPM2
E 4] F Entries 437528
o - e L
S 1040 S -
= B 3 70000— Mean 1027
£ 1035 O -
ch = 60000— RMS 2.582
& 1030 u
e = 50000
S 1025 E
-~ = Entries 437528 40000:_
.'5 20— Mean x 3018 C 250 S
sGiEE. Mean y 1027 30000 p
= RMS x 815 =
BT RMS y 2.582 20000
= %2 / ndf 2.568e+06 / 2335 =
1005 pO 1022 + 0.1923 10000/~
1000 j_l | | | | p1 0.001666 + 6.151e—05 EI | | | |
1000 1500 2000 2500 3000 3500 4000 4500 5000 %580 7000 1020 1040 1060 1080
ADC, channels Channels, 100 ps

Corrected dT(SiPM1-SiPM2) vs ADC(2) Corrected dT(SiPM1-SiPM2)

- ﬂ — Entries 437528
8 1040 % 80000~ Mean 1030
S 5 -
P 1035 :_ O 70000 — RMS 2272
) c F Constant 7.719e+04 + 1.513e+02
C 1030 60000
% = C Mean 1030 + 0.0
g 1025 50000 Sigma 2.249 + 0.003
B - Entries 437528 -
= w20 Mean x 3018 40000
T Q - =
I Mean y 1030 =
TOASE - RMS x 815 30000—
E. RMS 2.272 F ~225
10101 y 20000 S
= x2 / ndf 2.723e+06 / 2370 E
1005 — PO 1030 + 0.1966 10000—
- p1 —3.169e-05 + 6.288e—05 E
LS 10 10§ oo U ARTUN U URUN (SRS URT U I U SO SO TN T T S S 0 S Y oLl A R DY /NS W BT S IS |
1000 1500 2000 2500 3000 3500 4000 4500 5000 980 1000 1020 1040 1060 1080
ADC, channels Channels, 100 ps

Phys.Atom.Nucl., DOI:10.1134/S1063778822090381 (2022) 30



FEE studies results

CAEN digitizer DT5742 (16ch)

16+1 Channel 12 bit 5 GS/s
Switched Capacitor Digitizer
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based on the DRS4 a Switched Capacitor Array. This
technology relies on a set of capacitors that
continuously sample the analog input signals. As
soon as the trigger is issued, capacitors are
decoupled from the input signals with a time interval
from each other that is the sampling period.
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// File Format Version 3.1

// Janus Release 2.2.10

// Acquisition Node: Spact_Timing

// Energy MHistogram Channels: 40%6

J/ Tok/ToT LSB: 0.5 ns

// BRun start time: Thu May 12 12:34:25 2022 UIC

/f'l!i'!"l"'!"!lll!lll'l"l!lltl'!'l!"tl"!'ll

Tstamp us 7rgID Bxd Ch LG HG ToA ns ToT _ns
2.880 0 00 00 39 39 - -
00 01 £l a5 - -
00 02 kL 20 #19.0 8.0
00 03 @2 55 - -
0o 24 30 E] - -
00 0S 40 41 -
00 06 36 12
00 07 s &9 - -
00 08 33 13 - -
00 09 kb | 327¢6 855.0 5.8
00 10 is 160 140.0 14.0
00 12 37 282 4.0 20.0
00 12 45 41 - -
00 13 105 785 71.0 28.0
00 14 a5 14 - -
00 1S 105 768 71.0 28.5
00 16 35 €9 - -
00 17 e 101 855.0 8.3
00 18 33 100 - -
00 19 117 261 71.0 29.5
00 20 s 2 - -
00 21 44 236 83.5 8.5
00 22 s 25 - -
00 23 57 2499 83.0 9.0
00 24 36 32767 - -
00 25 k 4 12 - -
00 26 39 33 - -
00 27 i3 LE] - -

Fig. 3.36: Event List example in Spectroscopy + Timing Mode [Ascil format), where ToA and ToT are expressed in ns.



Tests at Lab201- VBLHEP SAPHIR-UNAB and Cinvestav Teams

Light from prototype (BC404) is

[ rmm———T detected by four SiPM (B1-B4)

| b5 i Different Vbias were explored (55.5,
o BG4 B 56.5,57.5,58.5, 59.5, 60.5 V).

DAQ based on (16 ch) CAEN

A digitizer DT5742 was launched

Hamamatsu SiPM (S13360-3050CS, 3x3 mm?, 50 um/cell)
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readout. Each trigger counter ° f
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