u
NICA

The first results of test of the SPD Beam-Beam Counter

scintillation detector prototype

A.V.Tishevsky

LXXIV International conference Nucleus-2024: Fundamental problems and applications
3 July 2024



Introduction General
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TDR 2023 (Phase 1) Sf_jickerend-tap
2 wheels with ~ v
400 tiles each (416?) 25 tiles in sector (similar to STAR EPD") « Scintillator tiles part at the distance ~1.7 m
-. )
X The Beam-Beam Counters (BBC) for SPD
Oy
%3 + event plane detector for HI physics
) + local polarimetry
% The main purpose of BBC is the permanent
= monitoring of the beam polarization using the
] azimuthal asymmetry of the inclusive charged
A particles yield.




Proposal for prototype BBC design

Connector of Transmission box for CAEN FERS 5200
WLS-to-clear fibers clear fibers to SiPMs front-end readout

: i system
IN Process IN Process

The BBC prototype options:
ROWS Scintillator: Uniplast (Vladimir)
chemical mating vs polished
3 (L;R)
Optical cement:  OK-72 vs CKTN Med
2(LR) ) Fibers: Saint-Gobain Crystals
S
1 (LiR) KURARAY (Y-11)
0
SiPMs: v/ SensL 1x1 mm?(main option of 2023)

Readout system: v' CAEN FERS-5200



The hardware of BBC tests part Stand for BBC measurements

CAEN FERS 5200 is an extendable high
speed front-end readout system

DT5202 (citiroc 1A chip)
DT5203 (picoTDC chip)
DT5215 (Concentrator)

..O'Q'G"@@\BGG'?‘ e =~ = 1 o
',éédéédé@--— '-."-_‘ = {"'-—_ = Site

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

« DT5203 (with picoTDC chip) for high-
resolution multi-hit time measurements.

« DT5202 (with two Citiroc 1A chips) based on
the 64-channel module for SiPM.

USB3.0,1/10 GbE ( g

=

Concentrator
Board

‘ up to 128 FERS
with a single Concentrator

| T [

Detector Array
up to 8192 channels '

% _) ) Citiroc 1A allows triggering down to 1/3 p.e. and provides

\LIL [] / the charge measurement with a good noise rejection.
11//% . Moreover, Citiroc 1A outputs the 32-channel triggers with
;o e a high resolution timing (better than 100 ps).
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The hardware of BBC tests part

Citiroc-1A block scheme

Channel 31

Channel 0 Charge measurement
=
J\N\_I > ; | read
-:ah Low gain E’D Low_gain
Preamp low gain T PD multiplesed autput multiplexed output
JW“'{ ﬁ = | read
p o i, High_gain
High dla‘ .
Preamp high gain T pp LT mulﬁp:sm?:mm multiplexed output
Trigger
]_WV“ _lsh read >
51- H Mask RS fr D—: Charge_trigger
DAL ultiplened
output
432
I IB—BTime_trigger
DAL
Temperatur re
| bandgap | | "o ‘ Dual DAC . = OR32_charge
| 10-tit DAC - 5 OR32_charge_OC
| 10-bit DAC @ E_= OR32_time_OC
Comman to the 32 channels : ®

CAEN DT5202

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

Time of Arrival (ToA) and
Time over Threshold (ToT).
ToT is giving a rough
estimation of energy.

The Timing mode will be used for
testbeam and Phase 1 tests, because
only this mode has access to the CAEN
FERS system for free-streaming mode.

Main Acquisition Modes:

SPECTROSCOPY

« SPECT TIMING
(the Spectroscopy + Timing)

« TIMING

—» for collibration

—> for tests

— for testbeam and Phase 1 tests




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 7



Materials selection test part Optical cement and WLS

Kuraray Y-11 SGC BCF92
g oKz £ OK-12_]
3000 _ .m;;
|
| 1] , oKIN | cxn | gt , kTN | cxn
15 Fit parameters | OK-72 Fit parameters | OK-72
mark E| markB : . ! markE| mark B

Mean, channels| 263.7 | 340.3 | 378.4
Rms, channels | 212.6 | 240.7 | 265.4

’JJ | rLLLL Mean, channels| 312.8| 429.7 | 569.1 H
j][L | 28.2|268.7| 349 o

Rms, channels

r :
5000 r .."nJ- r ILI—LH 1’1" fOI’ 31 o
_ pall by hase 1 - E for
. ase e
|:._ 1 1 | 1 1 1 | 1 1 1 | 1 1 1 _‘_l_:_'-lu—rmm._'L_‘_— ) I 1 1 1 i 1 1 1 I I 1 _I_t‘-l_:l'_‘_“—i:{b-wl- 3 PrOtOtype
) A1} HiK N 114} 126K teStS N LK1 B KK Ty 12
(6, LG, channels 0H. LG, charnels tests

The results of tests of Kuraray WLS fiber and

- K 7 T Saint-Gobain Crystals (SGC) WLS fiber with
5 s H,--—ﬁﬂmaié oo different types of cement are presented.
o ~ .
- £ ™ O CKTN mark B paired with Kuraray WLS
:-,_ /" Light collection peak “‘x_l fiber are the most appropriate candidates
mi /~ position on dependence of for future teStbear_n- _ _
I O aLLC O CKTN mark B paired with SGC WLS fiber
e optical cement. are the most appropriate candidates for
B i . s . T prototype assembly tests.
Amant ol cpretin A, % O Datasheet ratio will be used and closely

monitored for mass production. 8



Prototype assembling test part View of two sectors

Scintillator:

Optical cement:

Fibers:

SiPMs:

Selected options:

Uniplast-Vladimir (chemical mating)

CKTN Med mark B

Saint-Gobain Crystals (SG92S)

SensL 1x1 mm? (tests temperature £ 25.3 °C)




Prototype assembling test part Trigger logic parameters for DAQ

1-st Citiroc 1A
was used

Both Citiroc 1A

B Janus - [m} X

@ FERSESZ@(@ Ver. azuztjraf,\aul-zjzﬁfzuza 0 CAE N

were used

« 0@ | o o & (8N Fle|e 8RB rmwba :
Plot Type Statistics Type _
[spect LG <] [Pacnt ~] o

Connect HV_ bias RunCtrl AcgMode Discr Spectroscopy Test-Probe Regs Statistics Log
BO B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12 B13 B14 B15

Acquisition Mode SPECT_TIMING ~

Enable ToT = K - - *
CHANNEL MASK  Brd
Veto Source ]E]E]JZIE]JZJTITJT
- - 8 9 |10 |11 1213 14| 15
Validation Source .ﬁ] =helhel ERIE C
Validation Mode DISABLED ~
- 2zl alela AND2_ORG? OR32_AND?
Trigger Logic Do v % PRyl e oy Parameter Parameter
Majority Level OR64 56| 57| 58| 59| 60| 61| 62| 63
— n " ND2 OR32 Pixel Map Done
Periodic Trigger Period : :
e One chip was used for the first case, for the other
MAJ32_AND2 .
Tref Window T.0us
e case the channels were allocated to two chips
TO-Ou _v -
- 1 our of working
Ch Enable Mask Chip 0 [OxFFFFFFFF ox3FFF —— Time Stamp 3600.860 = Time Stamp 3600.410 s
Ch Enable Mask Chip 1 |DxFFFFFFFF ‘DxD Trigger-lD 6884 Tr|gger-| D 7332
Trg Rate 2.717 cps Trg Rate 2.867 cps
Status @ ‘Readylo start Run #241 Run & Hy ©
Trg Reject 0.51% Trg Reject 0.05%
Tot Lost Trg 335 Tot Lost Trg 4
. Fvent Build 0.00% Event Build 0.00%
The tests were performed for Hybrid
; . . . Readout Rat 245.405 B/s Readout Rat 258.667 B/s
mode with self-triggering opportunity. R Rate N —
: . g ate . cps

The 2 trigger logic options were tested.

~3.8k counts/channel

~4.1k counts/channel
10



Prototype assembling test part

Amplitude spectra of two sectors
(AND2_OR32)

1-st sector 2-nd sector
% 30 w300
E - Entries 62003 E - Enties 61985

250 |— 250 —

I L] —
200 Langau: peak = 294.6, width = 2803 s Langau: peak = 2457, widh = 2483

Langau: peak = 2483, width = 293.9 I~ Langau: peak = 239.8, width = 260.1
Langau: peak = 242.4, width = 294,83 - Langau: peak = 247.7, width = 234.6

W Langau: peak = 330.5, width = 283.8 B Langau:pesk = 3464, width = 2862

- Langau; peak = 353.1, width = 301.5 ~ Langau: peak = 330.5, width = 276.2

: Langau: peak = 297.0, width = 272.2 | ! , Langan: peak = 387.0, width = 322.4
100 — Langau: peak = 290.8, width = 254,1 100 — | Langau: peak = 2774, width = 244.2

— B " i “ ‘L

C N i ‘(‘ﬂl.ﬁlul |
30 — 0— w‘\‘n LM

- - W tW"'l |

B AL |
b- J - Imﬁ Illuﬂlhh |I \;i | il
" i, l
Dtkuu 't PP A T iy \ (]!EIIJJl i J{ Ao s il oot it
0 200 400 600 800 1000 1200 1400 0 600 800 Sl 1200 1400
010, LG, channels 0I1, LG, channels
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Prototype assembling test part

Amplitude spectra of two sectors
(OR32_AND2)

1-st sector 2-nd sector
— ; 2 0 -
i | Entries 39009 | g " Enffies 39276
|- s 150 —
— Langau: peak = 289.6, width =277.2 - Langau: peak = 282.9, width = 248.5
— Langau: peak = 252.1, width = 268.6 = Langau: peak = 255.6, width = 285.3
= — Langau: peak = 243.5, width = 287.3 — Langau: peak = 250.2, width =271.1
— Langau: peak = 326.1, width = 312.5 100— Langau: peak = 302.9, width = 266.8
= Langau: peak = 352.4, width = 301.1 i (1 Langau: peak = 3263, widih = 285.6
B ~———— Langau: peak = 3019, width = 2749 i ‘ ‘| I Langau: peak = 389.8, width = 320.9
M

——— Langau: peak = 289.5, width = 260.3 | | Langau: peak = 287.5, widih = 251.4
B 50 l 'c"‘;l (T
- S ' ‘;r“
- | '; I
L i Jl l{\ 1
L h lh%\r‘ J i |

.. | ki hi' l” it
Mm | | | ol gl el ]I' T TR f y |
wndlll | Lo L1 A St b bl bl L L L B il D e P
200 400 600 800 1000 1200 1400 0 600 800 1000 1200 1400
00, LG, channels 0132, LG, channels

The same spectra are shown for 2-nd trigger logic. In both cases, the signals between the
channels are different for each prototype. This is expected, but it is important to compare the

pairs that worked.
12
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Prototype assembling test part

Entries 78617
Mean 368.8
Std Dev 167.4
Underflow

Overflow 413

Integral 7.82e+04
Langau: peak = 207.0, width = 272.2

————  Langau: peak = 387.0, width = 322.4

200 o w0 800 1000 1200
0110, LG, channels

Entries 63003

Mean 3945
Std Dev 1755
Underflow 0
Overflow 419

Integral 6.2580404
———— Langau: peak = 330.5, width = 2838

———— Langau: peak = 346.4, width = 286.2

200 a0 00 300 1000 1200

0i6, LG, channcls

Overfl 119
Integral _4.124e+04
————  Langau: peak = 254.7, width = 273.8

———— Langau: pesk = 239.8, width = 260.5

20 0 0 0 1000 1200

1 Left
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2243 \

The radius dependence
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| |
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! o
i Jo
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E '
.2 —
A
v
[ Entries ' 62003
Mean s
Std Dev 1675
Underfiow 0
Overflow a1
Integral _ 6.1680+04

———— Langau: peak = 294.6, width = 280.3

Langau: peak = 249.7, width = 248.3

0 w0 00 10X 1200
010, LG, channels

Hits

Hits

Hits

Entries
Mean

Std Dev
Underflow
Overflow

20

——— Langau: peak = 290.8, width = 254.1

———— Langau: peak = 277.4, width = 244.2
150

00 w 00 . 00 1000 120
0112, LG, channels

72958

359.1
161.8

0
318

Integral _7.2640+04

300 — 2
Entries 62866
Mean 4118
= Std Dev 181.1
Underflow 0
Overflow 460
Integral  6.241e+04

Langau: peak = 353.1, width = 301.5

———— Langau: peak = 330.5, width = 276.2

100

©
\ fix
i
0 N L ]
0 200 o 600 800 1000 1200
018, LG, channels
300 — 2
Entries 40417
& Mean 3242
of Std Dev 1536
= Underflow 0
B Overflow 125
I Integral __4.029e+04
2001— Langau: peak = 228.8, width = 217.1
= — Langau: peak =224.5, width = 1839
150
100|—
sof—
of |
o 00 w00 @0 500 1000 1200

04, LG, channcls

1 Right

There are 2 unusual channels,
but the debugging process of

mass production continues.

Comparison of sector pairs (AND2_OR32)
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Prototype assembling test part Comparison of sector pairs (OR32_AND?2)

The radius dependence

1
Entries 48719

z 2
= Entries 50092 =
Mean 376.5 A = Mean 366.5
Std Dev 1733 £ Std Dev 168.3
Underflow 0 o — L Underflow 0
Overflow 357 129 H & Overflow 253
Integral __5.064¢+04 | : Integral __ 4.8470+04
———— Langau: peak = 301.9, width = 274.9 44.0 H Langau: peak = 289.5, width = 260.3
1.00 H
———— Langau: peak = 389.8, widih = 3209 | ———— Langau: peak = 287.5, width = 251.4)
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w pd o o 200 0 00 500 1000 1200
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Std Dev 1809 = E Entries 44097
160 — Underflow 0 180 — Mean 416.1
Overflow 343 o = 3::! De“v 187. ;
Integral 4. = jerflow
el eg: 3380404 o Overflow 477
1 | +
1ok ——— Langau: peak = 326.1, width = 312.5 ntegral __4.362¢+04
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0|
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P . e 2 5

z Entries 29927 = Entries 29891
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Overflow 121 Overflow

106
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A\ 4 doka
° . a5 yUOY Whiie
PR S T - . H 0p ™ o @0 00 1000 1200
. x © o o o LG t_hmmll"" = f Entries 39009 OM, LG, channels
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Std Dev 169 1 h
1 Left Urootow 0 1 Right
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2
Integral __3.8780+04

Langau: peak = 289.6, width = 277.2

Langau: peak = 282.3, width = 236.7

In addition, the wuse of multi-channel
connectors should exclude the possible

| L. . " | problems of single connectors.
O 010, LG, channels 14



Prototype assembling test part Correlations (AND2_OR32)

LG correlations ToT correlations
, 1 — 20 & —1160
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2 P
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5 Mean x 307.7 e ® - Mean x 328.5
R Mean y 16.34 || 50 LB Mean y 17.14
) — — 40
StdDevx 1362 ||| - £1 = po + pL*exp | o StADeVX 1486
25 StdDevy  3.602 “0 = X ot e A StaDevy  3.780
. i A 30
20 fr 20{— ) i
30 - ‘
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15 15; 20
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Correlation of energy depogltlon for 2 channels, + The correction of the ToT is required
as well as the time information for these channels. 15



Prototype assembling test part Correlations (OR32_AND?2)

LG correlations ToT correlations
u o - Z s
H Entries 23058 — 4 = Entries 23059 | —o90
= (=]
£ Mean x 330 PREE - Mean x 17.19
] 1w [ae! - - -
3 Mean y 323 | |2 s Mean y 16.52
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« The optimization of the thresholds is required 16



Time of Arrival ( ToA)
AND2_ OR32

Prototype assembling test part

ToA 1 (between a reference signal A (ToA 1 —ToA 2)
and the 2-nd input pulses)

= B Entries 41360 = = _ Entries 38275
Mean 397 - Mean —0.004354
B Std Dav 1544 s — St Dav 0.6334
u __ gncefflow 0 E Undesflow 4]
B warflow 240 - Crerflaw i
B Integral 4.1360+04 - Integral  3.927e+04
— SN0 _—
iy — : E  ——  [Enties 9275
- e e
- oo 3 ot o
| = E Integral 04
Wy — [RILET E ;_
- - 2 scale (-1;2)
d 1 JLE L :_ é_
00 f— - ‘m§
B 1 1 1 1 L T N P - N R B PRI Er——— T i
am 75 R0 RS EL] Ela] 40 410 415 43X 15 3 [1] 5 n 5 I 15
012, ToA, ns 02, Delia ToA, ns
ToA 2 (between a reference signal
and the 3-rd input pulses) Logarithmic scale of A (ToA 1 — ToA 2)
g e — Entries 41318 E B B Entries 39375
- B Mean 397 - C Mean 0.004354
: Std Dev 1.522 d Sid lI:IEV 0.6334
- e e
: Integral 4. 1312404 E B ac kg roun d Intagral 39272404
o |— = ~3.5% (1344 entries)
- 0 =
__- 1 (1] =
3000 [— jrlj' __
1t e L | L P I T I P | 1 1 TR B BT | L L I E_ PR L | ’_!_‘ L L
am s 380 J4s EL ) Jus L L 45 41 415 4 -13 - 5 lir 13
013, ToA. ns 02, Delta ToA, ns
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Time of Arrival ( ToA)
OR32_AND?2

ToA 1 (between a reference signal A (ToA 1 — ToA 2)
and the 2-nd input pulses)

Prototype assembling test part

Fo Enlries 29927
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= 2 S — Entries 23059
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Conclusions Future plans Obtained results

|. The scintillation detector prototype tests with CAEN FERS-5200 system has been
started.

lI. The tests were performed for Hybrid mode with self-triggering opportunity. Several
trigger logic options were tested. The first results of Citiroc 1A chips synchronization
are promising. The tests with several DT5202 boards are in progress.

lIl. The result for the ToT function has been presented. Correction of the ToT function

and optimization of thresholds are required.

O Tests with several DT5202
To do list Q obtain the optimal thresholds

O obtain the temperature coefficient
19
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Stages of detector production

—» - =0 ~ o Z

® n n

w ~ n O ~ 5 O ——~ 0O O

1-st Stage 2-nd Stage 3-rd Stage (final)
14 tiles (167) 2 wheels with 112 tiles each (1287) 2 wheels with 400 tiles each (4167?)

3 5D prases rmazng >
2

2




Extended design Additional tile for sector.
The 8-tiles prototype.

Now : 124 mm diameter —» ———m =
Need: 83 mm diameter y
futfot Aa Vet s gt

T A

Meapket’ T W s
e T

T We get the opportunity
\C*D/ to use an additional tile
20 . due to the diameter
\(_ )/ decreases of the beam

pipe.

O One of the plans for

this year is to

: assemble and test

2024 8-channel prototypes

with new mechanics.
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Simplified block diagram of the DT5202 FERS-5200 unit
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FERS DT5202 working options.
Data rate (different thresholds)

Prototype assembling test part

T-Discriminator Threshold = 200 (for HG) 3.27 Gb/hour

300

£ c #1]{ _ Enties  215191|| = W“E_ Entries 215191
250 r[" l”llh peak Integral 75K Mean 114.4 E Mean 24.71 The Comparison Of the
E 1 StdDev 1657 e vl Dev _ )
" 'h)w \‘W t wf] ot 27 amplitudes and ToT
E_M “||1| B histograms depending
: *ill M on the T-Discriminator
F I thresholds.
50} &[z;lkl t;
F rlgtl;l:th“ 1000
00_ zcln() ' 4(‘)0 = %ﬂhﬁr%&&é&ﬁ"'%m“ﬁﬁ'Jil“"121(1'0' * '14|00' o T T TERa——
t 0|5, LG, channels N . e f‘_‘_‘_liﬁ
L. ToT
iG T-Discriminator Threshold = 200 (for LG) [l <1 Mb/hour
z 300; —— Z:%_ Enties 40202
250 :— Mean 306.8 2000 E_ Mean 17.3
- StdDev 137 18002— StdDev 9595
Ooi I‘12‘&)0‘ : .14IOOI ' 20005 — 2(|)0 : 250
0|5, LG, channels 0|5, ToT, ns
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FEE studies results

Saint-Gobain Crystals vs KURARAY
fibers difference. (CKTN optical cement)

Saint-Gobain Crystals fibers KURARAY fibers
Specific Properties of Standard Formulations
Fiber Emission | Emission Decay # of Photons N - P 28 | Blue to Green Shift
Color Peak, nm A Time, ns per MeV** -7 (100} sfe o e ST R
¥-8(100) green 511 455 =30 Blue to Green Shifter
——— — 452 27 8000 Y-11(200) | green 476 | 430 | >35 | P e A i e o)
BCF-12 blue 435 3.2 -8000 ngth and High Light Yied
B-2(200) blue 437 375 =35 UV to Blue shifter
BCF-20 green 492 2.7 -B0O0OO o : : -
-3(200) blue A5(C 351 =40 UV to Blue shifter
BCF-60 green 530 7 -7100
BCF-91A | green | 494 12 n/a Kuraray Y-11 fiber collects more photons
BCF-92 green 492 2.7 n/a S
BCF-98 n/a n/a n/a n/a ° 5 Kuraray (Y-11); mean:694; rms:262
** For Minimum lonizing Particle (MIP), corrected for PMT sensitivity 40
35

3x3 SiPMs

Light collection peak 2
position on dependence of
A component amount for  xf

Tuble 1. Optical cements and their parameters

optical cement.

III|II \lIIll[lIIWIIIIIIIH‘III]I[III

Brand Viscosity, | Operating Spectral Refractive 15
cPs temperature | characteristics index m
range 5
EJ-500 200 From -65 60-95% at 1.574 m
300-350 nm 2.5/100 200 400 600 1000 1200 ﬁ@[‘h %‘om%sgﬁ:mzjﬁ?o
to 1105 *C |  95-100% at LAY » Channets
350-600 nm i
CKTN MED | 15-10° — 92-0G% 1.60G
Mark E 500 nm
OK-T2 — From -G 90%, at 1.587
to 460 °C 400-2700 nm
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