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Introduction General

The Spin Physics Detector (SPD)
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Range system end-cap

Electromagnetic calorimeter end-cap
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: The Beam-Beam Counters (BBC) for SPD
20 '71%: | ) _
i 3= . The main purpose of BBC is the permanent
1 e = L8 monitoring of the beam polarization using the
OE T azimuthal asymmetry of the inclusive charged
P particles yield.
s + event plane detector for HI physics.
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Correlation between 103
CNI polarimeter and STAR BBC asymmetries. 3
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« Scintillator tiles part at the distance ~1.7 m



Introduction TDR version of BBC

\\'..'mullulo: tiles
TDR 2022 TDR 2023
96 tiles 400 tiles
* local polarimetry * local polarimetry

« event plane determination



Simulation (pp) MF effect.

The influence of the magnetic field on the BBC load has been estimated by the simulation of the
pp-interaction in the SPDRoot framework. It presence increases the BBC load. This is especially
observed for =*, and m. For protons the influence of the magnetic field is observed in the range
of the big radiuses.
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. . . reaction have been calculated for case when the
> Taad B o A B=0 and B=1T. The presence of the magnetic
omg T T it field leads to a change of the A up to 22%.
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Layer ID Layer ID Simulation of the pp-scattering in BBC
L B=1T in the magnetic field (A.Terekhin)
B B=0T see talk (Friday 24/05)




Stages of detector production

—» =0 ~ 0o Z
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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?)
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Proposal for prototype BBC design

Tile height 55.7 mm ; .
25 tiles in sector (similar to STAR EPD) The BBC prototype options:
el
| . Readout system: v'"CAEN FERS-5200
. Scintillator: chemical mating
t
ir VS
; polished (Tyvek or Mylar covered)
Il ||| |Optical cement: OK-72vs CKTN Med (mark E or B)
. . |Fibers: Saint-Gobain Crystals (SG92S)
: vs
. : KURARAY (Y-11) | o 1"
; (Y-11) Phase 1
__ SiPMs: v'SensL 1x1 mm? (main option 2023)




The hardware of BBC tests part

Stand for BBC measurements

TRB-3 (10 ps) The VME based DAQ

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

External trigger by coincidence of
two scintillators with PMTSs readout

PMT
Hamamatsu
H10720-110

CAEN FERS 5200

DT5202 (citiroc 1A chip)
DT5203 (picoTDC chip)
e Mmoo i D T5215 (Concentrator)

Uciclclcleiciclc PpmpmiEs SREEREE



The hardware of BBC tests part CAEN DT5202

FERS-5200 is an extendable high speed front-end

readout system.

« 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 Citiroc 1A chip) based on the
64-channel module for SiPM.

Board ‘

: : Citiroc 1A allows triggering down to 1/3 p.e. and provides
Fine for testbeam and Phase 0 experiments. the charge measurement with a good noise rejection.

Channel 31 | Moreover, Citiroc 1A outputs the 32-channel triggers with

Channel 0 - cherge messurement a high resolution timing (better than 100 ps).
[N

ANHI [coh "-—'j:'d w_gain H H
Presmelowgin ; Lo L i [PTrusemionss Each channel has low (LG) and high (HG) gain
preamplifiers providing a wide dynamic range.

1 T3
VW‘*{ = read
p — N i‘E |, High_gain
Prearmp high gain T pp LI e multiplexed output

multiplexed output

Trger Main Acquisition Modes:
Lw « SPECTROSCOPY — (for collibration)

: bu-* D> care viger - SPECT TIMING — (for tests)
. (the Spectroscopy + Timing)
1 | i3 B3 b e . TIMING ____, (forthe free-

streaming mode)

= 0R32_charge
= OR32_charge_OC

T t
bandgap eﬂ:::::rum Dual DAC
| 10-bit DAL —— :
| 10-bit DAC [t—o @
Common to the 32 channels :

Y

= OR32_time_OC




FEE studies results

Calibration method (Led source)

DT5202 with CAEN *g
LED Driver (SP5601) 8
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Materials selection test part Scintillator cover

Matted )
or SensL SiPM (27.34 V.)
PMTs | _____ IRV $.G. (WLS)

I
! or CKTN (opt. cement)

Cosmic raysv Tyvek

The amplitude spectra of the BBC
prototype scintillation tile coated
with Mylar or Tyvek, as well as

21200 _ covered with Matted options.
8 B Langau: peak=236.4; width=278.8
nnnnnnn o - Langau: peak=227.2; width=259.4
1 000__ Langau: peak=370.1; width=274.0
m 800} Fited by convolution of
s - Gauss and Landau

6001 functions “Langau”, _ _
- %2 INDF ~ 1.2 O The option  with
400 : .
- matted tiles is more
200~ priority.
% 500 400 600 800 1000 1200

LG, Channels
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Materials selection test part Optical cement (compositions comparison)

70/30
i 80/20
| | ‘ The choice of optical
| = S cement is also important.
'W \ The candidates were OK-
ghili s | [
| * Wbt oo/ A , 72 and CKTN. From the
0 0 a0 N 400 Lo 0 m‘E,L'mm:B:)J b ] 4 t«‘n »‘\;m'ln‘::np:s:?mk ':-, pOI nt Of VI eW Of m aSS
production, the ratio of
Light collection peak position on components and their
dependence of A component amount . fl .. tant
for optical cement. influence is important.
CKTN ]
é = -;IllLl.(}.:lmn.'l\H:b —— = — D ThIS influence IS
B 2 LGttt ;3 i3 B “, 413’«;‘ S h owe d . D ataS h e et
B 011G cheanst Has 2 S0E ! L2 1412 03336 . .
yenod 4™ : ratio will be used and
3.2/100 closely monitored.
3.6/100

Amountof composton A, %

an 1o

on m m
0L LG, channels



Materials selection test part Optical cement and WLS

Kuraray ¥Y-11

g £ |
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The results of tests of Saint-Gobain Crystals (SGC) and Kuraray

WLS fibers with different types of cement are presented.

O CKTN mark B paired with SGC fiber are the most appropriate
candidates for prototype assembly. More detail (P.Teterin)

0 R 1 1300
0, LG, channels
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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)

14



Prototype assembling test part Trigger logic parameters for DAQ

% o - o0 x 1-st Citiroc 1A Both Citiroc 1A
File FWupgrade GUlIMode Help
JANUS QCAEN was used were used
@ FERSDSZ@@ Ver. 5202 - Rel.3.2.4 - 22/08/2023
«|® ® o o|¢ 8 nEless B rmprz
Plot Type Statistics Type A
[spect LG ~| [pHA Cnt ~| i
Connect HV bias RunCtrl AcgMode Discr Spectroscopy Test-Probe Regs  Statistics Log
BO B1 B2 B3 B4 BS B6 B7 BS B9 B10 B11 B12 B13 B14 B15
Acquisition Mode
sl — O >
Enable ToT 2
] CHANNELMASK Brd [0 ~]
Bunch Trigger Source Enable all Disable all
Veto Source Lz lE[«lsTs7 ’
Validtion Source [&]o [0l [t 1a]1s X
. e 16| 17] 18] 19] 20| 21] 22 23
Validation Mode 24 25| 26| 27| 28] 28] 30] 31 AND2—0R32 OR32_AN D2
Trigger ID Mcde 32| 33| 34| 35| 36| 37| 38 39 Parameter Parameter
40| 41| 42| 43| 24| 45] 46] 47
Trigger Logic AND2_OR32 [~ 48| 49 50| 51| 52 52 | 54 55 .
Majory Leve RG] 30 57| 58 9| s0] o1 o2 | o3 1 our of working
g e - Pixel Map Done
Periodic Trigger Period COR32_AND?
Tref Source e D2 Time Stamp 3600.860 s Time S 3600.410 s
Tref Window TOuws i Ime tamp .
Tref Delay -400 ns Trlgger—lD ek Trigger-ID 7332
T0-Out Trg Rate 2.717 cps Trg Rate 2.867 cps
Trg Reject 0.51% Trg Reject 0.05%
Ch Enable Mask Chip 0 OxFFFFFFFF Ox3FFF 4
nable Mask Chip I X | X AR Tot Lost Trg 35 Tot Lost Trg
Ch Enable Mask Chip 1 (OxFFFFFFFF Ox0 -
X - Event Build 0.00% Event Build 0.00%
Readout Rat 245.409 B/s Readout Rat 258.667 B/s
Stetus @  [Ready to start Run #241 Run © ny @ T-ORR
L ate 0.000 cps
T-OR Rate 0.000 cps

The tests were performed in self-triggering ~3.8k counts/channel ~4.1k counts/channel

mode. The 2 trigger logic options were tested. _ _
1 chip was used for the first case, for the other ~ The first case, a more hard trigger, used to
demonstrate the following results.

case the channels were allocated to two chips. 15



Prototype assembling test part Amplitude spectra of two sectors

(AND2_OR32)

1-st sector 2-nd sector
@ 300 : @ 300
T N ‘ [ Entries 62008 || Z ~ [(Entries 61985 |
250 — | 250 —
: : Langau: peak = 249.7, width = 248.3
200— 200— Langau: peak = 233.0, width = 270.7
: = Langau: peak = 204.6, width = 280.3 : Langau: peak = 244.7, width =242.4
= s Langau: peak = 248.3, width = 293.9 — Langau: peak = 348.8, width =281.8
150 __ = Langau: peak = 242.4, width= 2948 150 __ Langau: peak = 330.5, width =276.2
— m———  Langau: peak = 330.5, width=283.8 — « Langau: peak = 387.0, width =322.4
- e [angau: peak = 353.1, width= 301.5 : Langau: peak = 277.4, width =244.2
100 — « Langau: peak = 207.0, width=272.2 100 —
— s Langau: peak = 290.8, width = 254.1 —
50— 50—
I | 1Ir|| ‘ S pbini
ok "' PR R T R N R l J. "lnL LA ALRITR T I T TCVRRTOrT e 0 TLC T T T T N N B Bhitin b, il bl e i Mo o
0 200 400 600 800 ]OOO 1200 1400 0 200 400 600 800 1000 1200 1400
0|0, LG, channels 0|1, LG, channels

O the amplitude spectra from seven tiles for each prototype.
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Prototype assembling test part

Comparison of sector pairs

The amplitude increases
with increasing radius. There
are 2 unusual channels, but
the debugging process of
mass production continues.

The radius dependence

central

In addition, the use of multi-
channel connectors should
exclude the possible problems
of single connectors.

17



Prototype assembling test part Correlations

LG correlations ToT correlations
<= 1w - S— . . : —300 g2 . —{160
§ ~ . - :._. _ = =, Entries 39275 [E" - Entries 39275
B - . - - © == - -
E’ 1000 — . .= Mean x 327.5 1550 %{ 35: - - = - Mean x 1718 || —140
3 -_.r = = |Meany 308.5 ol A Mean y 16.37
o ama - - -
S 2 "|Std Devx 148.4 & e
- 200 -
L 25 :— — 100
ﬁuu:— 150 20— 80
400 L 100 ® i—- o0
: 10} 40
200 — 50 E
L SI— 20
00-_ a0 oo 0 800 1000 1200 0 007' : é = l|0 EE ]'5 L ‘2|0 =t 2[5 b=t 3|0 == 3]5 == 0
012, LG, channels 012, ToT, ns
LG vs ToT (channel Ne3) LG vs ToT (channel Ne2)
by Entries 39275 {60 el Entries 39275 .
: Mean x 308.2 | : ‘;E Mean x 329
= Mean y 16.59 | {50 S Mean y 17.39
Std Devx 136.2 . |sdpevx 1487 || 1%
‘ StdDevy 3.602 | 49 2| i StaDevy 3791
A | L B
: w 30 .‘nE
b
15| 20
20 E
F
I“E 10
y 10 b
i e st
v Y T ) 1200 0 I‘} 200 400 600 800 1000 II!NI Y
013, LG, channels 012, LG, channels

O Offline software for the data from FERS5200 (n*DT5202->DT5215) is developped
O Correlation of energy deposition for 2 channels, as well as the time information for this
channels. ToT for the free-streaming mode of DAQ

U The collibration of ToT is required 18



Hits

Hits

Prototype assembling test part

FERS DT5202 working options.
Data rate (different thresholds)

T-Discriminator Threshold = 200 (for HG)

300

250

200

100

50

=)

300

250

200

150

3.27 Gb/hour

- ,M]{ . Envies  215191]| £ E_ Entries 215191
: fl,v"ﬁh peaicintegral 75 fu el wn =n| - The comparison of the
f—'h,)lﬂ’ i*u‘\{ ' H — amplitudes and ToT
E_m ”\Iil H histograms depending
: 11" on the T-Discriminator
3 'i”k\" thresholds.
C I '
? lhi'k‘l:';';}}t;lﬂrlk E

> fw i '“"]}JEB'J""'@(':'};:LG!'C;i;sn'ds S I_'| =

iG T-Discriminator Threshold = 200 (for LG) TiT <1 Mb/hour
- Entries 40202 = ZZ%_ Entries 40202
— Mean 306.8 2000 — Mean 17.3
: saver || ks ssow_sss|| [ Calibration of the
3 ol energy channels of
- b DT5202 is required
3 . Q determining the
g nf- optimal thresholds for
1 ] DT5202 is required
R L e T = 4
0|5, LG, channels 0|5, ToT, ns
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FEE studies

The generator tests

Time difference

£ _ dt_ 2
5 r
8 14000 — Entries 102537
- Mean 4,256
r Std Dev 0.01029
12000— £ ndf 2531741
C Constant 1.4026+04 + 59176401
10000 — Mean 4.256 +0.000
C Sigma 0009181+ 0.000026
8000 —
6000{—
4000/— C/\/Z ~7 pS
2000—
ol I I L

L L R P P R L L P
4.16 4.18 4.2 4.22 4.24 4.26 4.28 4.3 4.32 4.34
time [ns]

The ToT signals (cosmic rays tests)

D&Elsmaaala?

Cps s Channel (Board 0)

Mean RS

DT 5203 (picoTDC chip)

s m m w = J

c m s mm =
!uu-l

Together with M. Buryakov (JINR),
S. Buzin (JINR),
A. Dmitriev (JINR)

20



Results Current status

1. New geometry of the outer part of BBC is defined.
2. Prototype materials are selected
« Scintillators manufacturer (Uniplast-Vladimir).
« Scintillator cover, optical cement, and WLS types.
3. Two 7-tiles prototypes designed, manufactured and carrying out testing
4. FEE and digitizer option for Phase0 and Phasel (possibly) are selected.

5. Software for the data analysis and simulation is developed.

21



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

Now : 124 mm diameter w | w
Need: 83 mm diameter f

Mgt T M RS
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.
th ne echa cs22




Extended design The 8-tiles prototype

Sandwich support:
Carbon fiber+foam plastic
3 layers for prototypes

5 layers for detector

The trapezoids have
already been done



Schedule of works The manpower involved

2024 year 2025 year 2026 year
Ne HanmeHosaHve 1-st quarter|  2-nd quarter 3-rd quarter 4-th quarter 1-st quarter 2-nd quarter 3-rd quarter 4-th quarter 1-st quarter 2-nd quarter
March April - May June [July August September|October November December|January February March|April  May June [July August September|October November December| January | February [March|April| May |June

1 |Estimation of light loss on fiber bending

Manufacturing and testing of samples with various optical
cement options

Selection of final assembly components

Production of a three-layer hase for & prototype
Assessment of the strength of the base

Development of 2 sector prototypes [2*7 tiles] 5
6.1 |Astimation tests B B C g rou p . 1
6.2_|Calibration of the energy scale of DT5202 VB L H E P - 7+ 1 (H I S| mu I at| on S) 1|
6:3 | Determining the optimal thresholds for DT5202 . |
Determination of temperature dependence and its consideration . 5 z
g DLNP  : 2 (simulations)
65 [Prototype testing 1 2 - 1]
6.6 Data processing and interpretation of results M E P h I . abo Ut 10
[ 7 [Tests with Hamamatsu SiPM (1.3x1.3 mm*2) . 1]
Development of the inner part of the detector (the space * N Ot JI N R e ?
between the tube and the proposed BBC concept)
9 |Development of mapping_a for the BBC subsystem
Development of 2 detector prototype wheels [2*(8*16)
=256 tiles]
10.1 |Production of the prototype frame
102 | Production of a five-layer base for a prototype
103 |Implementation of composite sleeves for fixings, and miling
104 {Installing the base into the frame
Development and manufacture of optical connector modules
(WLS <-> transparent fiber)
Development and manufacture of connectors (transparent fiber
<->SiPM)
*y 107 Development and manufacture of a printed circuit board (PCB)
for SiPM
10.8 | Checking the performance of connectors and PCB
109 | Prototype testing (test beam)
10.10 | Data processing and interpretation of results
Coordinating the output of detector cables to the BBC control
room
12 |Assembly of 2rings of a full-scale detector
121 |Manufacturing of the frame (2 parts)
12.2 |Manufacturing of a five-layer hase for the detector
123 | Implementation of composite sleeves for fixings, and miling
124 |Installing the base into the frame
1255 |Full camera testing
126 | Data processing and interpretation of results
13 | Dismounting of detectors
14 |Transferring detectors to SPD

15 |Installation of detectors
16 |Cross check and tests

o|on [~ |w

10

XX

105

10.6

1

No




Conclusions

|. The R&D phase for the scintillation tiles is almost finished.

ll. The main task for 2024 is to produce and to test the 8 tiles prototypes.

lll. The manufacture of 2 small BBC wheels (128 tiles each) for SPD Phase 0 is planned
for the end of 2024.

Risks 2024-2025:
« FERS5200 CAEN availability. We have only 3 DT5202 boards.
« Radiation conditions for HI collisions. Simulation for beam pipe& small BBCs& Bi+Bi is

required.

Risks >2024:

» New electronics (localized in RF) is needed: FEE, digitization, L1.

S
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Thank you for the attention!
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T-Discriminator Threshold = 200 (for HG)

Time Stamp 3599.318 s
Trigger-ID 48752418
Trg Rate 5.862 kcps
Trg Reject 56.77%
Tot Lost Trg 27697364
Event Build 0.00%
Readout Rat 926.554 kB/s
T-OR Rate 0.084 cps

3.27 Gb/hour

T-Discriminator Threshold = 200 (for LG)

Time Stamp 3600.860 s
Trigger-ID 6884
Trg Rate 2.717 cps=
Trg Reject 0.51%
Tot Lost Trg 35
Event Build 0.00%
Readout Rat 245.409 B/s
T-OR Rate 0.000 cps
<1 Mb/hour

O Triggers of consecutive channels are sent to an AND logic operator
(e.g. CHO&CH1, CH2&CH3, etc.). The 32 outputs are then sent to an

OR logic operator.

0 OR32_AND?2: Triggers of each Citiroc-1A (32 channels each) are
sent to an OR logic operator. The 2 output signals (one for each
Citiroc-1A) are then sent to a logic AND operator.



Temp
sans

A5202

Temp-feedback

Whias

SiPM
x32

:

Bias
«~ 20-100V

Vset, Vmon, Imon

TP-IN(E]) n Pulser |«

Sh.Time

Peak
Stretcher

THE | /

.T.

w2

TDC

ADC

TRG[31:0]

FPGA i

CLE, TRG, DATA

(o]
—@

TDlink

Eth 10/100

@ UsB 2.0

E +5V

)

Al
Ci=0-15751F

b-bit adj. - 25fF pitch

.

CIH - 15DF

High Gain Preamplifier

Voltage gain=-C;, / G

Jd

Al
0y=0-15751F

6-bit adj. - 25fF pitch

.

C.] = 15pF

Voltage gain=-C;,, / Gy

Low Gain Preamplifier

Channel 31

|

Channel 0

Charge measurement

| bandgap |

sEnsOr

Commen to the 32 channels

J LA
J\M‘I ™ read
fh \_r:ngain |-.i2 > Low_gain
oAt Preamp low gain T e T rultiplesed output multiplexed output
.N'. I LA
read
b N E |, High_gain
High gai .
Preamp h]gh gain L PD —r mulﬁn::xe?:ulnul multiplexed output
\ Trigger
fh read
- I Mask 5 _ﬁriszer I>—:» Charge_trigger
L rrultiple
output
432
o] | [ IB—bTime_trigger
| DAL |
Temperature

Dual DAC
- = OR32_charge
| 10-6it DA [r— } b OR32_charge_0OC
| 10-bit 0AC [ @ E‘.—= OR32_time_DC
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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.



FEE studies results

CKTN Med and OK-72 difference

CKTN and OK-72 Comparison (line 1)

w100 LG Run 69
s = CKTN: Mean = 3.72594e+02, RMS = 2.82562e+01, Int = 54625 Entries 8192
90 Mean 132.6
= Std Dev 212.1
80— Integral  5.433e+04
for 1 line tiles
60~
50 — :
»'%“'W
. y "
TZMWWWM Wm
00_ - ‘1c‘)o‘ ‘2(‘10‘ - ‘sc‘)o ‘4c‘10 500 600 TKN Mutwm Muﬁ’kw%oo
Trigger time resolution ~650 ps E, Chamnels
CKTN and OK-72 Comparison (line 3)
Z 100 LG Run 68
CKTN vs OK_72 Tlo o i CKTN: Mean = 4.09961e+02, RMS = 3.18254e+01, Int = 25917 E'gns‘s 23_,]5?5
g o ISttd :}e,;, 11_222 soi Eltt%;’:\‘{ 25529333
o . ol for 3 line tiles
e for 3 line oo
100~ tiles 0F | MH”J‘ 1
of “H i M i
i 30 j‘— | Iﬂlf ﬂl: 1] : l u llﬂ
o Ll ™
: 6/\2~1.4ns S | Mf,-,ﬂuj.,m
20k 105—; J ‘n\'h I(N ‘J\ Hr'w'h"fl‘:ﬂ”wl W10 I L L
X oF A I I Lt
_ 0 100 200 300 400 500 600 700 800 900 1000
20 — E, Channels
[ Jh..l I 1

ot e %%~ There is uncertainty with optical cement, so additional

Time, ns

measurements are |mportant. 31



The efficiency of single channel output

ES

1-st WLS output

2-nd WLS output

Sum of WLS outputs

i . z 2500 = :
= =1 = = = 600
T By T ?},\\. T : )
2500 ) b 00 / ETT I
2000 I o J| Ijﬂdr:
1so0- | _ /|
5 | i 1000 '
1500+ I - _ 1
L ] 1000 lﬁ ROH
10 | : |
C 5 G
- kY S0 . [ r
e N C g 400
il PETEErS AT B - i — N i PP | ik -\.-ul_.h.' ‘T - Eal
Ol 2w 00 4w S0 G0 W s 900 0500 200 300 400 500 600 J00 80 900 2004
E, Channels E, Channels [J: Ll lLrrnnln rrrrllon | |
lo0 2000 300 400 5000 600 TOD O ROO 900
E. Channels
£ 3500 —
T E CyMMa KaHAJIOB
3000 —
2500 F- O/IHH BbIBO/I
2000 -
1500 |-

CKTN (opt. cement)
SensL SiPMs (~27.34 V.)

Single WLS Tile
Double WLS Tile

PMTs a

\ |

Cosmic raysv

The efficiency estimate is about 90%.

1000 —

' I Ll L I | - I i1l I LAl I | - I Ll I Ll 1 L I
200 300 400 500 600 700 800 900 1000

E, Channels

Ll I Ll
100
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Ways to reduce the cost of the BBC

Amount of fiber loops

Mumber of REG phuT-ans 1000 events

10 - I H
: i —|— Regisireiad if 1 op 19.223340
I “nslm- ¥ loops 15647154
0= ﬁ:lﬁ |

="

T I R N R T 50

For more details, see
https://indico.particle.mephi.ru/event/389/con
tributions/382%9 attachments/2283/4212/-

12-- pdf

ean,
Channels 86.7 202.6

Hiltx

. A3, LG, channels: Hits
. A, Lz, channels;Hits

BCF92,
OK-72:
1 loop

3 loops

013, LG, chanmels

Experimental data: Light collection of
second row tiles with SG BCF92 and OK-72,
but: 1 (blue) and 3 (red) rows of WLS fiber,
starting from the same depth
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FEE studies results Fibers bending loss

~ 30
£ @ Saint-Gobain BCF92S
2 - m Saint-Gobain BCF91AS
;.,‘, 25~ ¥ Kuraray Y-11
:a [
5 —
8 C
20
15
Tool for bending loss tests -
10
F
0_ 11 II| 11 III| 11 II|I I| IIII I| 11
0 10 20 30 40 50 60 70 80 a0 100

Bending Diameter D (mm)

Difference between d1 and d4

diameters:
Kuraray (datasheet)
SG BCF91AS - 6.0% 100 e
SG BCF92S —4.7% s o
Kuraray Y-11 — 8.5% g gg ;
for 1 rotation (inside the tiles is 3) "o — 50 100 150 200

Bending Diameter D (mm)




FEE studies results Saint-Gobain Crystals vs KURARAY

fibers difference. (CKTN optical cement)

Saint-Gobain Crystals fibers KURARAY fibers
Specific Properties of Standard Formulations
Eib Emission | Emission Decay # of Photons . - - .
roer Color | Peak, nm | Time, ns per MeV** T.-:I",ghﬁl A | jcé -

Y-8(100) 3.0

BCF-10 blue 432 27 -8000 — Y T F—Er—
Y-11(200) 476 | 430 3.5 gth and High Light Yield

BCF-12 blue 435 32 ~-B000 S
2 (900} 37 37 =35

BCF-20 green 492 27 -8000 e : e -
B-3(200) 45 351 =40 J Blu er

BCF-60 green 530 7 -7100

BCF-91A green 494 12 n/a -

BCE-92 green 492 27 n/a Kuraray Y-ll fl ber COI IeCtS

BCF-98 n/a n/a n/a n/a more photonsl

** For Minimum lonizing Particle (MIP), corrected for PMT sensitivity

dN
E

° s 3x3 SiPMs  Kuraray (Y-11); mean:694; rms:262
40—
Table 1. Optical cements and their parameters -
Brand Viscosity, | Operating Spectral Refractive 35—
cPs temperature | characteristics index -
range 0E-
EJ-500 300 From -G53 60-95% at 1.574 25 f_
300-350 nm = 1 ’
to 105 °C 95-100% at 20—
350-600 nm 1sE- |
CKTN MED | 15 10° = 92-06% 1.606 - *
Mark E 500 nm 104
OK-72 — From -G0 90% at 1.587 s kbt i

200 400 600 800 1000 1200 1400 1600 1800 2000
E, Channels



FEE studies results Material selection: Optical cement
Run138 Run 139

170 . [Integrai 28510204 ] rtegral 1 9860 +04

o g w120 -
.- 5EMO - —T Y
= S.G.(f . 1= I . SRCY
; ————u — AN DOOK = 3951 mah = 2616 = = Y 1 1 — AN poak = 552.3 Wil = 3492
3 100 V-11 SEM1 S 10 I ¢ s
J E l 'l'_ -
- — O Do T L e e A ’ S'G' — Largau poak = 3550 wiih = 208.0
T f SeM2 F S
S.G.(f) —— Largau peok = 304.¢ = 2473 | - o
)| - ( ) Langau: peak = 304 & mah 3 - Y 11 — At paak s 3137, WS & 2377
- SPM3 ; P
1 ) SN2

Largau: peak = 341.0. wicth = 261.3 | !
Il e | Gl | Langms o w23 =211 |

00 4 600 TR00 1000 1200 0 : : =SB TR UTR IO
200 400 &0 RO0 HELH 1200
channels

ROW 2 . channels

[inhgrai 2457evd.

[ S.G.(f) | = Lovmucpaskr 238 1w o 2088

counts

1x1 mm?2 SMTPA SiPM
Vbias~27,37V calibration for all

counts

"  Orcyrcreue BusHus SiPMs
" MuHHMA/ILHOE pa3IHuUHe CHIHAMA I8 paziHuHoro B
| |

25% pasnuuue CHrHAMA JJ/Is Pa3sIHUHOr0 BOMoOKHa (m <L A

¥-11

E.G.“:} 0'{‘?2 ot e T o y 'li‘i‘-‘- |u ! “M ) ) a0 00 00 1200

1
N
PMT ¥-11 channels
mmm  sc.(n SKTN (new] T-Threshold = 300 T-Theshold = 200
]

channels
|
ToT
ToT
5 N Ermes
€ 0_SPM; mean:10; ms:§ 2 Ertries
2 $50F q : < [woan 108 g 0_SiPM; mean:20; rms:3
) g 1_SPY; mean:11; ms.5 3 P —— ma:q |Maan 1
Cosmic rays 400F 2.5PW; meant0; meS fene, gqe| 0 SO00 !
¥ " [ A 2_SiPM; mesnct® ms:3 oo, gam
33505 L
o 000F J
300) / {
! ¢
250 L
9 30004 i <
200 \ ]
150F 2000+ ;l Pl \
100F If /0
10004 f’[ f
S0 i \
Y J l
e Eo O AN o

W 4 50 6 T 80 0 10 20 30 40 5 6 70 80
channels channels



Simulation (pp)

FTF and Py8 generators

All charged, z= 171 cm.

Vs =10 and 27 GeV

" E 5=10 GeV
o C . L=1e31cme!
E 250 s PYTHIAS
) C - » FRITIOF
o L L]
@ 200— *
C .
150 L = 1e31 cm™? s7!
: oo Oor = 37.9 mub
C oa ot
100 . N = L*c = 379000 s
- "
50:_ ..:: *"ﬁ...
- oormnnny .
[]I_ | | | | NI B Loyl |T'|-'-;|

Z .Kurmanaliyev (JINR)

|||1U||||20||||30||||4.U 50 ||Es[]| ?UIIIBU

r,cm

All charged, z=171 cm.

P ; . Vs=27 GeV
ETOOO . L=1e32cm?s™
6000 * PYTHIAS
@ =
50001 *
4000F- ° L = 1e32 cm? st
- o] = 40.0 mub
3000 tot -1
c . N = L*o = 4000000 s
2000 "..\’.
1000
= ....“N. R . fr—
OI_ | II|III|IIII|IIII|IIllllllllm.I-I
10 20 30 40 50 60 70 80

r, cm

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. 37



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 > & =
= 3



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
- I Entries 822838
1000 = 860} Mean x 2304
B 840 Mean y 966.1
500 = RMS x 842
. 820:— RMS vy 23.75
0_ » b . f 210 [ @ = A S T T T A SR
500 1000 1500 2000 2500 3000 3500 4000 500 1000 1500 2000 2500 3000 3500 4000
Channels, 25 ps ToT, channels (25 ps)
dT(trig-SiPM1) vs ToT(1) dT(trig-SiPM2) vs ToT(2)
7 o —ToT(D)/P 1850
2 1850F 1 = po + py » exp -2 g E 2 =po +py xexp IO/
2 1800F 2 1800 . A
e - i1 S - f2
S - ll
S 1750 Enlries 22635 ‘cf: 1750 - Entries 837838
< - tean x 3281 | = o ~ Mean x -
5 1700 — Maan y 17es | © 4700 = Mean ¥ 1736
- RMS x 560.9 ~ RMS x B
1650 & RMS y 42.01 1650 — RMS v 56.94
- " Indf 5.144e+07 /44085 = ¥ indf 67637/ 56102
- pl 1877 = 0.5388 1600 ) 1832 +0.4339
1600 p1 ~361.3 £ 0.BEZ5 s Pl -5E2 + D.3978
550 o v o o Ly oy | LR IRRTEE 15508k Loaaa Lo Loaa o o VS 50 R B0
1000 2000 3000 4000 5000 500 1000 1500 2000 2500 3000 3500 4000

ToT, channels (25 ps) ToT, channels (25 ps)



The time difference histogram

FEE ToT (version Ne1)

dT(SiPM1-SiPM2) vs ToT(2) dT(SiPM1-SiPM2)
= 1000F — — £ 80000f h1d_dt Ip1
9 - : : 3 [ Entries 822838
o B § = @)
= _ . ERTAT 60000 Mean O66.5
= 900 : ¥ TEntries “ 872838 [
5__6 ! : 2 = Bean x 2306 4{] D"_‘J.D R HMS 2405
c oo ¥ e -
go] - RMS ¥ 23.82 [ "‘600 pS
- Y indf 97728407 ! BASE2 -
8501 ;:1 i T;au.ai ;21592 20000
N wt -139.5 & 1.802 i
T el T [P F::2 ...... 3.15'51.:11'&6 'D
EDDEDU 2000 1500 2000 2500 3000 3500 4000 850 900 950 1000 1050 1100 1150 1200
ToT, channels (25 ps) Channels (25 ps)
Corrected dT(SiPM1-SiPM2) vs ToT(2) Corrected dT(SiPM1-SiPM2)
. " n hid _dt_|p?
:.{ 1000 c 80000 Enlries 822638
i - S - Mean oTo.E
é 95[}'_ EUDUD | — RMS 1E6.76
S C i ¢! Fndi 2327 1 45
S C e s i Constabt24Z2e+04 + 1.156a+02
u. B daan ¥ M2 _ ons st = 1.1568+
"5 900 n Mean v q70.5 40000 = Mexan 9788 + 0.0
C RMS x 4328 [ Slgma 16.55 £ 0.04
BED :_ :;M.I'E:T 0 26e+06 { E.I:Edii EUDUD —_
C ] 9794 £0.3434 i ~400 pS
- pl  0.0001E + 00001398
e T Y NN O NN O T T TS Y o s o o o |
UDEDD 1000 1500 2000 2500 3000 3500 4000 CEED 900 850 1000 1050 1100 1150 1200

Channels (25 ps)
A.V. Tishevskiy et al., J.Phys.Conf.Ser, V.1690, 012051 (2020) 4

ToT, channels (25 ps)



Comparison of FEE ToT versions

ToT Corrected dT(SiPM1-SiPM2)

(2] N
3000 Ent 822838 H Entd 822838
E F nres 8 80000¢ M’:afs a7o.s8
g o Mean 2307 c H - - '6
2500 S5 70000H B™M 16.7
(@) o RMS 841.6 8 H x=7nar 2091 7 30
r GOOOO E Constant 8.245e+04 + 8.878e+01
2000 :_ 50000 H mMean 979.8 + 0.0
: H sigma 16.54 = 0.01
1500 40000
g g
1600 V.1l 30000
g 20000f- ~400 PS
S00F F
. 10000 =
(o) E AR M P | PEEPE bl S TN R R N 'Y L t| 1 1 1 L L " ] M 1 N X 1
500 1000 1500 2000 2500 3000 3500 4000 700 800 900 1000 1100
Channels, 25 ps Channels (25 ps)
& as500F Entries 321106 - ©E Entries 321106
E = =
S  4oc00f Mean 4228 = 7Oo00F Mean sza.2
8 3soof- RMS 417 8 6000~ RMS 16.24
3000F- 5000
2s00F- 4000 E—
=E V.2 sooof- ~400 ps
1500 -
g 2000
1000 -
E 1000
500 E
] Pod—"FEs 558440 556453 705676567700
Ls60 4660 4560 5060 5560 6000 o = S so 1 1050 11
Channels, 25 ps Channels (25 ps)
" %) —
g soooE- | EPtries 638006 E 45000 g Entries 638006
=] E Mean 3923 5 40000 Mean 1058
o B8OOO0OE- o =
O E RMS 1267 O 35000F RMS &.189
Egelelel oy S x2 / ndf 6666 f 54
BOODE— 30000 | constant 4.091e+04 + 6.3256+01
E 25000F | Mean 1058 + 0.0
SODDE_ V. 3 20000 F | Sigma 6.157 + 0.006
4000 =
s000E- 15000
2000E- 10000E- ~150 pS
‘lOODE— 'l 5000fF
OE.. PP & WP T A W A P B PR A W BT A .| obE . . . v ... T LA
1000 2000 3000 4000 5000 6000 700 800 9S00 1000 1100

Channels, 25 ps Channels (25 ps) 41



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) )



FEE studies results

16+1 Channel 12 bit 5 GS/s
Switched Capacitor Digitizer

b © abilanasniin | °

Dusktop Digitizer £

L0l

IS d
O0CeRRO @ CEEGEOE®
@ ®.®- L al/

[ TR i TH AL

CAEN digitizer DT5742 (16ch)

BALARR R AR RMA ARG

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.

L4

3

=1

o
II%H T

TTTTTTTT

Entries

Hamamatsu SiPM (S12572-010P)

* FEE of DANSS experiment
450 Entries 7210
400;_ ﬁt Integral 5761
350

- Constant 404.3
300?
2501 Mean 0.2972
200;_ Sigma  0.3674
150
100} ~250 ps

sof-

E]1_0‘ I5IIIII1|OI

Time, ns
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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
Blg000— Mean 1513
- T'[ RMS 64.66
- | \‘ Integral  7.489e+05
5000(— | |
E )
4000(— *\ th : : —
S 0™ SiPM Vbias=28.00V
3000:—; ’l\ 1st SiPM Vbias=27.68V
20003—( }1*\
1000
o AN
e e L il

1 1 1 S T - - - L 1 1
100 200 300 400 500 600 700

llLIJII
900 1000

E, Channels

Z|L|.l
oo

6000

5000

4000

3000

2000

1000

FERS and tiles tests

3x3 mm? SiPM

The first steps at the work with

|II||III|IIII|IIII|I|II|IIII|III

Oth SiPM Vbias=28.00V
1st SiPM Vbias=27.68V

Double WLS tile

Mean 167
RMS 545
Integral  7.715e+05

e bt Vv L 1 M
300 400 500 600 700

T AR |
900 1000

E, Channels

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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Tests at Lab201- VBLHEP

8 Male connector
0022272021

rd Mylar

6 RA conn

5 Tapa hexagon right
cavity

4 MPPC PCB and
support

3 S14160-3050HS

2 Housing mppc right
cavity

1 Single H exagon

Hamamatsu SEsses

SiPM S14160-3050HS

CTEPP-UNAB FEE (Chile) + SiPM

Hexagonal granularity detector

\\’:\.\\,\\" I
RN 2
MILLENNIUM INSTITUTE\‘/ &
FOR SUBATOMIC PHYSICS "&==="
AT HIGH-ENERGY FRONTIER " gy
\

4 SAPHIR

10 honey-comb scintillators

CAEN Digitizer DT5742

;Ir:_l(é ilPl\/éS, (16+1 Channel 12 bit 5 GS/s)
oards,
micro PC control.
COSMIC RAYS
é m:;- Entries 721
PMT2 ;: Constant  33.14
SiPM 1 3
25;— Mean 0.7942
PMT 1 nE
155_ Sigma 06115
PMT SiPM 4 12: ~4OO pS
Hamamatsu : . .
H10720-110 ’ 5 5 T

Together with E.R. Rozas-Calderon (CTEPP-UNAB)



Tests at Lab201- VBLHEP

N
Af BC404
; s -
B2 B3 B4
Hamamatsu SiPM (S13360-3050CS, 3x3 mm?, 50 ym/cell)
The prototype (in blue) was “'[=m—— (=250
p | aced b e I ow th e tr| g g er Sl Ehrgtscitjlelt(eg\g: Z'f?.'c'ﬁﬁcy (A=450 nm)
counters (in yellow), which *** | ',_Q-O'O" %

provided the start signal for data

20

10

readout. Each trigger counter s

was made of a BC404 .

scintillator plate (10x10x2 cm?)

and one Hamamatsu (H5783) ol 2 : ! I

PMT (A1, A2).

\\J\;.\\\
MILLENNIUM INSTITUTE\\‘ ' ;%\
FOR SUBATOMIC PHYSICS =

AT HIGH-ENERGY FRONTIERK’:".J
SAPHIR =

Overvoltage (V)

Entries

SAPHIR-UNAB and Cinvestav Teams

Light from prototype (BC404) is

detected by four SiPM (B1-B4)

Different Vbias were explored (55.5,
56.5, 57.5, 58.5, 59.5, 60.5 V).

DAQ based on (16 ch) CAEN
digitizer DT5742 was launched

Entries 2766
— Std Dev 0.9892
H . . X2 / ndf 109.2/79
100 op = T97 £ 17 ps J Constant  94.87 + 2.44
L P Mean 7.424 + 0.019
L Sigma 0.928 + 0.016
80
60
40—
20

10 11 12
Time, ns

Together with M.A. Ayala-Torres (SAPHIR-UNAB)
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