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Introduction

/ ;) BM@N (Detector)
$ Extracied beam

; i -
o E-cooling

Straw tracker  Magnet Range system

MicroMegas
Beam pipe

(Phase 1)

Zero degree calorimeter

BBCMCP detector
Range system end-cap

The Beam-Beam Counters (BBC) for SPD

. Straw tracker end-cap

+ local polarimetry
+ event plane detector for HI physics

Scintillator tiles part at the distance ~1.7 m

General

TDR 2023

2 wheels with
400 tiles each (416)

e ' = B ==

Now : 124 mm diameter
Need: 83 mm diameter

We have the opportunity to use an
additional tile due to the decreased
diameter of the beam pipe.




Prototype assembling part

BBC Sector (1/16 of wheel) design

7857

26 tiles

8 channel
prototype

Additional
sector’s tile

Grooved carbon backplate

Sandwich bases for BBC

Infrastructure layers (grooved)

Plastic foam
sandwich base
(heavy )

Supporting

thickness ~ 30 mm

Honeycomb
sandwich base
(hardness under tests)



Proposal for prototype BBC design

Connector of Transmission box Eront-end
[ WLS-to-clear fibers for &
v A : clear fibers to SiPMs
AN Y= . Readout
== A ) IN Process under tests
)90 @
@\ L\

~

o o S

WLS-SiPM test connector couple

Readout system: v"CAEN FERS-5200

REFERENCES [1-2]

Selected options:

Scintillator: Uniplast-Vladimir (chemical mating)

Optical cement: CKTN Med mark B

WLS Fiber: Saint-Gobain Crystals (SG92S) _ Final option is
KURARAY (Y-11)
SiPM: SensL 1x1 mm2 (MicroFC-10035 SMTPA) for
Phase 1l &2

reduced sector prototype x2 5



The hardware for BBC tests DT5202 CAEN FERS 52X X unit

CAEN FERS 52XX is an extendable Stand for BBC measurements
high speed front-end readout system My

e DT5202 based on the
64-channel  module
for SiPM.

]
!
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DT5202 (x2 Citiroc 1A chip)
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Main Acquisition Modes:

e SPECTROSCOPY —— for calibration

e TIMING _____» for future tests “‘_*rNDZ—OR?Z”
rigger logic

« SPECT_TIMING — for current tests

(Spectroscopy + Timing)

The tests were performed for SPECT_TIMING
mode (Hybrid) with self-triggering opportunity.

The Timing mode will be used for testbeam Main tasks of Hybrid mode are:

and Phase 1 (perhaps) tests, because only
this mode has access to the CAEN FERS = test of the self-triggering option
system for free-streaming mode. = the signals analysis

= the dependence of the amplitude to the ToT
6



Prototype assembling test

1-st sector prototype

Hits

Langau: peak = 60,7, width = 93.0

—
s Langau: peak = 2205, width = 162.8
= Langau: peak = 2396, width = 188.5
— Lanpau: peak = 225.6, width = 192.7
Langaw: pek = 272.6, width = 193.6
Langau: peak = 316.5, width = 243.0
Langau: peak = 290.1, width = 227.4
w— | 1y peak = 296.0, width = 227.2
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There are 2 specific channels,
but the debugging process of
mass production continues.

Hits
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Amplitude spectra of two sectors

2-nd sector prototype
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200 400 600

w— | angau: peak
e Langau: peak =
« Langau: peak -
e Langan: peak =
Langau: peak =
Langau: peak =
Langau: peak =
— L pan: peak

The stable tiles were taken

for following tests

= T10, width = 100.9
M4 8 width=234.5
2389, width = 1824
208.1, width = 139.4
2816, width=224.2
2007, width =213.7
2430, width = 1764
=249.3, width = 196.5

LG. channels



(M3, LG, channels

[T

013, ToT, ns

Prototype assembling test

LG correlations

Entries 39275
Mean x 330.2 N
| Mean y 309.1 ]
" | Std Dev x 146 |||
StdDevy 1331 || —

[LLLx) 1200

012, LG, channels

LG vs ToT (channel Ne3)

Entries 39275
Mean x 307.7
Mean y 16.34
Std Devx 136.2
skl Std Devy  3.602
2(|)0 4(‘)(} ‘ 600 I I 800 ‘ ‘ 10‘00 1200

013, LG, channels

Correlation of energy deposition for 2 channels,
as well as the time information for these channels.
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013, ToT, ns

The 1-st step for working with

the timing mode

ToT correlations

B
(=]
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35— = = M 17.18|| |
= & e = - ean X 140
sl = | Meany 16.37
- = —120
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ToT vs Qin
140,00
12000 — o gl
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E 0,00
= g . . ¥=31,514In(x) + 45,127
40,00 ToT Ilnearlty. R?=0,9853
2000 CAEN [3]
0,00
0,00 2,00 4,00 6,00 8,00 1000 12,00 14,00
Qin (pC)

« The calibration of the
charge scale is required



Application of DT5215 concentrator The 2-nd step for working with

the timing mode

= SPD is planned to operate without TO (start) so
we need to work with free-streaming mode.

= CAEN FERS 52XX gives us an opportunity to work

in this mode.

Hits acquisition ranges

Tref may be provided by é

- outer generator (T0O) Comcentrator
- inner generator (PTRG) Board ooz =r,.,

Tref period

\ 4

&
<

S

Detector Array
p to 8192 channels

FERS units FERS units

—
5000 10000 15000 20000 25000 30000

<«<—> Tref delay

€ > Tref window




Tests with different unit-
concentrator links configurations

Application of DT5215 concentrator

DT5215
Generator
(signal)
\ 4
Inner FERS
generator —|—>
(Tref)
\ 4
Data LINKS (0 & 1)

Concentrator to boards opto-fiber connection

£ 600 % 700
T T
ST ; I
soor link[0]-unit[0,1,2] 600
500
400(— Unit0
s 400
3001 B,
Jnit 1
B 300
2001
C — Unit2 200
1007 100
0 L L — oo b e b b b by b s 0
0 10 20 30 40 50 60 70 80 90 100

ToA, ns
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Application of DT5215 concentrator Tests with SiPM’s array

Hits around Tref signal

(closest to reality)

LY l Jl \/ o \4\ h WM il o
nnnnn | T
L wu bbby

array SRR b/ Any other
nﬂ\‘g‘._’i: /,;4’/
i - .y /

Hits time structure * Continuous data

reading can be

made only with

fine-tuning of

patcd | patiod | peiod | pefio board parameters,

L poor data quality
o was observed

Signal, 75 kHz

Tref period

lll (connected

. ol to generator)

requires



New FEE & Readout electronic

Prototype of a system based on FPGA

XILINX VIRTEX-5

Konuyecrso kaHanos
MonspHocTb cirHana
Pa3peluenue

Mopor AuCKpUMUHALM

BhICOKORONETHBIA UCTOYHUK

Pexum paboTbl
Yacrota cpabarbisaHmii

Bpems thopmupoBaHus
(LwennupoBakme)

BpemeHHbIe MeTKM

WHTepcbeiic canam

16 (0o 20)
nonoXutensHas
18nc

NPOrpaMMUpyeMblit 12-Th BUTHIIA
Ha KaX[bli KaHan

20- 30 B, py4Haq noacTpoiika
o 8 kaHanos

HenpepbIBHOE CYUTLIBAHHE
[0 2Ky

20 HC, (UKCUPOBAKHOE

48-BUTHBI CYETUMK, LLar 3 He

Ethernet 100/1000

Simplified block diagram

TDC based on FPGA

Eth100/1000

TRG[16:0]
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Front-end units
(SiPM supply, signal reading)
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New FEE & Readout electronic The prototype test

ToT #1

Waveform Graph E:l

2 X 8 channels prototype

10-] L

0- D " " T ' ' " " " ekt at L
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000

ToT #2 [ Fogm |

D-I 1 1 1 1 1 1 1 T 1 — = — 1
0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000
Time

* The tests have started,

optimization of the analog board required
« Comparison of prototype results

with DT5202 CAEN FERS unit

13



Methodical tests The method of assembled sector

fast check

Optical connector (26 + 1) _ _ _ _
WLS <-> Clear Fiber + SGF The side glow fiber (SGF) is one of the option for

the fast check of a larger part of the signal path
(WLS <-> Clear Fiber <-> SiPM <-> DT5202 unit)

@ 2mm

WLS groups (8 + 9 +9)

Agency “A”

checked (MS2000)
path |

Max. quantity = 9 WLS

A quick check method for the assembled sector will allow us
to verify if the fiber within the sector is undamaged and
monitor fiber degradation over time. The complete sector will
be divided into 3 groups of 8 or 9 tiles, and SGF will be
attached to the fibers at different 3 spots, according to
different distances to these spot locations. 14



Methodical tests The scan by SGF length

The contact area is 10 mm

3000

Bending of SGF
' (contribution <10%)

2500

=]
]
(=]
=

Kuraray (Y-11) Saint-Gobain Crystals

2 |
(5G92S) _‘% 1500 i —@— 0 Kuraray (Y-11)
mm\channel 0 8 9 10 c | —o—3
40 2831 840 643 600 2 1000 i S
250 1747 438 325 295 : 10
500 906 200 140 128 500 :
625 441 a0 55 50 0 I
0 10 200 300 400 500| 600 700
Fiber length, mm :
! Preliminary

For the experiment we attached WLS fibers in several
SGF spots: at 40-, 250-, 500- and 625-mm distance SGF loses ~75% of its light
from LED, that was emitting light into the SGF end. intensity at a length of 500 mm

15



Methodical tests Study of wavelength shifters

Relative light absorption & Light collection efficiency e8Crs2 eVl
: " Pulse NSNS
e VI T-130 I 2 ve.
analyzer Eggs ;0.

Light path in WLS, mm

Bending loss measurement

Y1l @BCF-92
0,2

e 8
Pulse EEIam.
PMT-130 g o ;
analyzer [N EREE ERRES
g o ¢
0,02 é
Dependence on the number of loops
Pulse |
PMT-130 5 e
analyzer i
_;EB 0,85 i
34
E ;1.7 V= -0,0499% 1 i
0 l 2 Num3berofl400ps 5 6 7
T gt | acrsz gimm
Light yield 1 0.33
Bending loss @ D30mm, % 10 8 Experiment’s setups and summary are presented at
Light absorption @ 1m, % 60% 50% slide: the results justify our plans to use BCF92 fibers

Trailing edge, ns 24 12 for prototypes and Y-11 fibers for the experiment.



Coordinate table with X-ray tube:

Methodical tests Tile homogeneity study

s
Row 3 tile with _
SG BCF92 WLS fiber

Imon, pA

s Pb bricks for |
radiation shielding |

Arduino with CNC shield
and drivers

20 40 60 80
X, mm

AMPTEK Mini-X X-ray tube Detector response VS. coordinate
Ag target, 50 kV / 80 pA, 2 mm collimator (5° X-ray cone) with ~ 2 cm from tile (pre“minary)

NEMA 17 stepping motors
Angular step 1.8°, 20 & 40 um resolution (X and Y axis correspondingly)

Arduino and CNC Sheild L For now, we assume that tile is homogeneous
Microcontroller board, enables movement automatization

CAEN DT5202 enough, so we could clearly see reduced
A7585D power supply with 1 A resolution detector response at points, where WLS fiber is
glued into. More detailed research is required.

17



Results Current status

I.  The 8-channel prototype has been assembled, the self-triggering option of CAEN FERS-
52XX system has been tested. The work of the ToT function has been shown, the

calibration of the charge scale for estimate of ToT linearity is required.

Il. FEE and digitizer option localized in RF has been developed. The comparison of new
electronics with CAEN FERS-5202, and future upgrades (perhaps) are required.

lIl. First tests with DT5215 and DT5202 with free-streaming mode has been started.

I\VV. One of the possible methods of express sector checking has been proposed. The loss of

light of side glow fiber has been about 75% at a length of 0.5m. Several fiber

manufacturers needs to be considered.
To do list

O Test of clear fiber (Saint-Gobain Crystals and Kuraray manufacturers) attenuation
O Test with new connector and transmission box

O Test of tiles and sector homogeneity 18



: : 124xe+W interactions for the SPD BBC
Simulation (PHQMD generator) detoctor Srototype

Beam 124Xe with energy 3 GeV/n collides with the W target.

Y ; i The detector has the shape of a solid disk with an inner radius of 45 mm and an
Condition of the simulation outer radius of 322 mm. Distance from target to detector ~ 3m.

8 = o
1°<0<6.2° 2 N\ EE
T
i \
10° /
| «M’W ‘\\ e
1* % kl‘rﬂ,w"f R’\W qmlz;\wwm
i ; o i it ; 'P],;f " \%
£ = 10 H ot 14y f"“*[‘ifmw Wl‘l.] W i “‘“J : %W\.!l I
5500007' Iﬂ J .| IJI ¥ .:i | i ‘ ‘ HI[Ih 'h\‘ i
- - G T i, T
oo | Laverage particles number in 1000 T T
o event=o RN T
20000/ h T VE e = ‘
10000; \_\ﬁ L :‘3 103;_ -
0y T R S T 30 e R e e L
Multiplicity, particles in event 10 E-
10
particles p m+ m 2H 3H 3He ‘He ] ; """""""
1 2 3 5 6
% 7426 | 403 | 618 | 516 | 1.26 | 0.98 0.52 Theta, ®
average As a result of the simulation, a distribution of the
momentum | 302 | 090 | 093 | 296 | 312 | 3.10 3.19 multiplicity of particles in events was obtained. It can
GeVin be seen that the detector has a high multiplicity. The

average particles number in the event s
approximately 9. 19



SPD Phase0 BBC Plans 2024-2025:

1. Xel124+ W collisions (FT mode)

2. Being very optimistic:
Xel24 +Xel24 collisions (Collider mode)

D-1720.000.000 Beam pipe MPD ver. 04.02.2021
Aluminium alloy 1201 GOST 4784-2019

CF Flange
D 128x2 BE3x1,5 B6ux BE3x15 Bellows D128x2 g

[FRT TR S -

2065 7530 1790 7530 2065

@203

8980

Needs:

2 Wheels 128 scintillator tiles each
-scintillator -yes
-WLS — yes
- mechanic support -no
DT5202 -yes - SIPM— yes
DT5215 -yes - optical connectors — no
- optical cables -no
- transmission boxes -no




Conclusions

|.  The main task for 2024 to produce and to test the 8 tiles prototypes is almost finished.

lIl. The R&D phase for optical and transmission connectors is continues.

lIl. The manufacture of small BBC wheels (128 tiles each) for SPD Phase 0 is planned

for the mid of 2025.

S
2
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Thank you for the attention!
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Stages of detector production

—» - =0 ~ o Z
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w ~ n O ~ 5 O ——~ 0O O

1-st Stage 2-nd Stage 3-rd Stage (final)
16 tiles 2 wheels with 128 tiles each 2 wheels with 400 tiles each (4167?)
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Counts

The hardware of BBC tests part
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Materials selection test part Scintillator cover

External trigger by coincidence of

: two scintillators with PMTs readout
The amplitude spectra of

the BBC prototype
scintillation tile coated with
Mylar or Tyvek, as well as

covered with Matted options. T
H10720-110
' Matted ]
| : I or SensL SiPM (27.34 V.)
The “FersRun” framework PMTs | — . Mylar zl(GTN (WLS)
has been designed. - or (opt. cement)
Cosmicrays Tyvek
£1200[
g B Langau: peak=236.4; width=278.8
o — Langau: peak=227.2; width=259.4
1000,— Langau: peak=370.1; width=274.0
800 Fited by convolution of
sool- Gauss and Landau O The option with matted
- functions “Langau®, tiles is more priority for
400 X2 INDF ~ 1.2 :
. mass production.
200}
% 260400 600 B0 1006 9200

sorr for

LG, Channels 26



Materials selection test part Optical cement and WLS

SGC BCF2 Kuraray ¥-11
:é .~|1.E .:+|\ _: ] _E 1500 . |:||\ _; .
||4'4:; T _
|
il o | ckn |
| J . . CKTN | CKTN
2000 Jl i Fit parameters | OK-72 I Ul Fit parameters |OK-72
| Joll L markE| markB J ; markE| markB
H Mean, channels| 263.7| 340.3 | 3784 | rLLLL Mean, channels| 312.8 | 429.7 | 569.1
/ Rms, channels | 212.6] 240.7| 2654 | J]]L | Rms, channels [228.2| 268.7 | 324.9
=l
b L,
"R _ for W'_ J]I'x S, for
E CLa ”T"i““_‘:q__iﬁ e Prototype R P N I T e _‘—."—'?::.:.j_.—_,w_;.—ﬁ Phase 1
- ( . M, 1 Ei.l.'l'li"lﬂl.‘i: tests a . o o III:::..I.G. l.'|':i|.'||'|l.‘:.\-“ tests
CKTN
. = i P o] .
1! | et The results of tests of Kuraray WLS fiber and
= -~ . ELHEL . . . .
J moF- fﬁ’ x\ Saint-Gobain Crystals (SGC) WLS fiber with
- / N different types of cement are presented.
= : yp
x3 /" Light collec O\ -
= i g T SOTCERONPEaK . S O CKTN mark B paired with SGC WLS fiber
A3 /  position on dependence of %, . :
“= /  Acomponentamountfor are the most appropriate candidates for
e/ optical cement. ¢ prototype assembly tests.
STy _ | e O CKTN mark B paired with Kuraray WLS
- =i : L it i, fiber are the most appropriate candidates
0 Datasheet ratio will be used and closely for future testbeam.

monitored for mass production. 57
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Each channel has low (LG) and high (HG) gain

Simplified block diagram of the DT5202 FERS-5200 unit

A5202
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3
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-

TDlink
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@ use 2.0

E +5V

preamplifiers providing a wide dynamic range.

O Triggers of consecutive channels are sent to
an AND logic operator (e.g. CHO&CH1,
CH2&CHS3, etc.). The 32 outputs are then
sent to an OR logic operator.
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L
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Citiroc-1A block scheme
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=
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= Charge_trigger
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