.. Im5SmIL FA|R

EEEEEEEEEEEE

VVVVVV

b, Development and Integration of the

A Forward Spectator Detector for t
e ' , CBM Experiment at FAIR

AAAAA

13th Beam Telescopes and
Test Beams Workshop

Otari Javakhishvili
Czech Technical
University in Prague
23.05.2025



OUTLINE

A Introduction
A Design and Concept
A Readout System
A Prototyping and Testing
A Future Plans
A Conclusions



—
o
]

Ay perse The Phases of QCD —10%e T T f
Future LHC Experiments N E . . .
L F CBM@FAIR 55100 Heavy ion collisions
‘ Current Ri o1 0’ ks V--- k= k- T
\ Q = § JPARCHI
3 S C %
6| &
c 10 E 3 GCEES@HIAFY
o B |
= - g PICEMNE0-@SPS
Q10° = e ALIGEB@LHGC --nenves -
(] E LavPs ¢ O——0 ALICE@LHC ———»
b [~ @RAON i VN B
o) C SPHENIX@RHIC ol wok Participants
E 1 04 - HADES@GSI MPD@NICA I W
- = o B e e ae ) before collision after collision
3 ¥ aalna n
10 E STAR FXT PTYETIT STAR@RHIC
E @SPS 2
i P ;
10 d :
Superconductor i %
10 g
’,f " NeJ!fQ’? s(ar' = 1 1 1 1 11 11 J 1 | 1 1 11 11 J 1
atter L S
~— 1 2 3 4567 10 20 30 100 200

Collision energy \'sy, [GeV]

Baryon Chemical Potential

ACBM Experiment
Anvestigates the behavior of matter in high-energy nuclear collisions -
FSeeks to understand how matter behaves under extreme density and

temperature conditions .
Murpose of the Forward Spectator Detector (FSD)
A Detects spectator nucleons to measure collision centrality
A Spectators are non-interacting protons and neutrons 100m
A Travel in the forward direction after collisions R ,
A Provides information for reconstructing the event plane —— ==/

A Helps analyze the geometry and dynamics of the collision

B Experiments
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F A | R 1: Time-Zero Detector & Beam Diagnostics 5: Ring Imaging Cherenkov Detector
2: Silicon Tracking System / Micro Vertex Detector 6: Transition Radiation Detector
3: Superconducting Dipole Magnet 7: Time of Flight Detector

I=== 1L
4: Muon Chambers 8: Forward Spectator Detector




CBM $Setu

ull system test with SIS1 8
beam

Free-streaming readout
implemented and commissioned

Connection scheme, hardware,
and achieved occupancies close
to the final CBM DAQ

top view

mCBM 2025 Can be scaled towards full CBM

High-rate capabilities
demonstrated up to 10 MHz
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R Data rate per subsystem
| B
l- I o':
= 3GB/s 6 GB/s max  avgV
:_ = 250 GB/s 508/s ™ Total (right-y) 4.99GB/s 2.39GB/s
e ' " : - SIS 250GB/s 117 GB/s
o 2 GB/s 4.GB/s
’ - TRD 169GB/s 770 MB/s
= 1.50GB/s 3GB/s == RPC 440MB/s 192 MB/s
= TRD2D 325MB/s 141 MB/s
1GB/s 2GB/s
== MUCH 701 MB/s  62.7 MB/s
500 MB/s 16B/s _ picH 120MB/s 5.5 MB/s
0B/s 5N (g = T0 233MB/s 1.80 MB/s
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PSS
mCBM DAQ with CRIs (prototype for
CBM) in an entry node
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2028 CBM: a fixed target, DAQ room: Green I1«Cube: onlme
high interaction rate, data pre-processing event selection
free-streaming on FLES entry nodes and storage

heavy ion physic
experiment

10 beam particles/s

1 % target (gold) 10.000 optical
=> 10 interactions/s connections

David Emschermann | CBM CM44 Students day | CTU, Prague | 15. September 2024
8

]
&Y



DESIGN AND CONCEPT

Modular design for Based on PMT and Plastic scintillators
edsy maintenance (similar to HADES forward wall)
/i 2 Material choice:

A plastic scintillator

- not very radiation hard, easily
replaceable

A Local producer Nuvia ( part Saint-Gobain)

Custom tuning of scintillator
properties

Mechanical and optical processing

Cooperation in radiation hardness
tests

Detector size (cm):

160 x 128 x 10 _ _
A LYSO crystal ( offered from Jedi experiment)

Modules: 3x3
Small:  4x4 cm? - oXo oM
Medium: 8x8 cm? - central part, possible to anneal

Large: 16x16 cm? _ o _
- need to consider in simulations
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LIGHT DETECTION DEVICES

SIPMs

A Broadcom S4K33CO01

A Onsemi MicroFJ30035
MicroEJ30035 A Onsemi MicroFJ40035

PMTs

A Siemens XP2020
340035 A HAMAMATSU R8900

A HAMAMATSU R1924




READOUT
SYSTEM




CURRENTLY IN USE:

ERE

TRB3, Dirich4 - Readout system ‘ 3
developed in GSI. Well tested, == "5SS —
used in other experiments 4

TRB + DIRICH

NEW ALTERNATIVES

DIRICH 5 standalone DIRICH 5 Dogma
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http://trb.gsi.de/



i1 100n
GMO_L E{l O GND

Y_IN_BIPOLAR

PROTOTYPING
and

[ESTING

Jp2
hm_te_ade



NEW

Several new designs.
Optimized for timing,
fast readout and power
dissipation and small
footprint
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ADJUSTABLE LED DRIVER :j

\ 4

A

Scope

A

Generator — LED “iz** PMT N WEB

Driver

\ 4

A\

Dirich

A Web controlled

A Current adjustment 1.5-50mA

A Current monitoring (OSC_out or average
current measurement

A Trigger infout




PMT time resolution

Signal Generator —»*D— ( PMT ()

Oscilloscope

| ab tests Two single
XP2020 & 150ps vy
R1924 a 300ps

System error a 50ps

Cosmic tests with double xp2020 with
scintillators showed a

of single module time resolution
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Measure P1:hms(F2)
value —

status ¢
mV/div 50.0 #/div 50.0 #/div 50.0 #/di
142.000 mV 2.00 mV/idiv 50.0 pWhi/div i
47.681 k# 47.689 k#

46.8 ns

P2 freq@Iv(C3)
10.00483 MHz
v

86.8 ns

P3:pkpk(C3)
308.61 mv
v

50 #
126.8 ns 297 52 mV

#

P4:wid@Iv(C3)
15873 ns
v

P5.area(C3)
-4.7422710 nWb
v

307.52 mv

P6:hsdev(F1)
>183mV
T

P7-hsdev(F3)
> 242 ps

T

"“ TELEDYNE LECROY

oyoulook™

P

Tbase  -26.8 ns|Trigger &

12 Bits

2kS

200 ns/div Auto 820 m
10 GS/s Edge Negative

Ongoing tests with cosmics
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