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1. Overview of the PANDA Endcap Disc DIRC
Test-beam analysis and final results from 2018

Read-out system of the EDD
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/ The DIRCs in PANDA :

/ Two DIRC Detectors in target spectrometer for particle identification:
« Barrel DIRC Goal:
3. s.d. m/K separation up to 3.5 GeV/c
« Endcap Disc DIRC Goal:
3 s.d. /K separation up to 4 GeV/c

Kaon phase space

c 6 350
%
3 s 300
£
2 48 250
e B 200
S 3
150
2
100
1] 50
l“'ll'll 1 1 11 1 1 | namin O
0 20 40 60 80 100 120 140 160 180
polar angle [°]

Full Coverage: Combination of Barrel and Disc DIRC

Barrel DIRC  Endcap Disc DIRC
(220 - 1400) (50-220)




Overview of the EDD :

/- 4 independent quadrants,
highly polished fused silica (Quartz), 20 mm
thickness in z direction, 1056 mm outer radius
» Holding Frame:
Stabilizing cross for all 4 independent
quadrants
» Focusing optics:
Focusing elements convert angle to position
information, fused silica bars and expansion
volume
 ASIC based readout electronics:
Each readout module (ROM): 5 ASICs ,1 MCP-
PMT.
 Sensors: 96 MCP-PMT sensors with highly
segmented anode

» TOfPET2 ASIC readout:
24 (ROM)s per quadrant , ~28,800 pixel
ToFPET2: compatible with positive signals

Readout electronics Fused silica disc

Holding frame




EDD Principle

Focusing elements
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Design of the EDD

optics made of synthetic fused silica
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Test-beam area at CERN PS/T9: 2018

/ TOF particle identification
TOF1 is out of the cave.
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Distance between TOF1 and TOF2 is ~ 29m.




; EDD Prototype from test-beam 2018 _

Focusing Elements % . =10} ROMS - Photonis Aqua

i ROM2 - Hamamatsu

ROM1 - Photonis 2mm

je— Prototype —]

« Radiator (fused silica) size is 500 mm x 500 mm x 20 mm
« 9 Focusing elements (FELs), 3 Readout modules (ROMs), 3 Photosensors (MCP-PMTs)
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~ EDD prototype sketch

A B & C: Beam levels
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; Time offset correction with laser :

One focusing element is connected to two different ASICs.
(1 FEL = 96 Channels, 1 ASIC = 64 Channels)
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; Time offset correction with laser :

Pixel 52 has the largest amount of events, xpeak is chosen as a reference time.

Time difference between all pixels and xpeak for FEL2
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Time offset correction with laser

Before correction

After correction
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Optical calibration :

. . g tan
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/ Trigger selection @ 10 GeV/c _
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; Time cut :
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« Time cut applied in maximum coincidence region, 40 ns - 45 ns to reduce background.
e There are missing channels.
« Cherenkov angle calculated: 6. = arccos(sin 6, cos ¢, c0s ¢ + cos 6, sin @)

6p: Angle of beam Qrel: Angle between the measured photon and ¢: Azimuthal position of the active FEL

the trajectory of primary particle




Fitting data @ 10 GeV/c

N

#Entries

#Entries

= histcherenkov1_5 ® - histcherenkov1_56
450 E_ Entries 3969 -fg) 300 :_ Entries 3010
400 Mean 0.8808 é = Mean 0.8572
350 Std Dev 0.08002 250~ Sztd Dev 0.07444
= 2/ ndf 1427 1 67 - 2 / ndf 715.5 /71
S00E" Prob 0 200F Prob 0
250 PO 84.37 + 6.66 - PO 54.43 = 4.44
200F- p1 _68.97 + 6.52 150 p _45.84 + 4.50
150 = p2 102 = 4.5 - p2 210.5 = 8.9
= p3 0.8271+ 0.0009 100 p3 0.8226 = 0.0003
100~ p4 ~0.01721 0.00064 . p4 0.009589 = 0.000352
50F- 501
B L PRSI i . NI TR R P T TR i i : [N BRI RR
86 07 08 09 1 11 12 13 14 86 07 08 009 1 11 1.2 13 1.4
Cherenkov Angle [rad] Cherenkov Angle [rad]
. histcherenkov1_209 @ 1000 histcherenkovi_379
1400F- Entries 9526 | & - Entries 5337
- Mean 0.8401 e 800 Mean 0.8425
1200 Std Dev 0.05468 - Std Dev 0.05801
1000 = %2 I ndf 1898 / 69 = ¥2 / ndf 933.7 /64
- Prob 0 6001~ Prob 0
800 pO -71.27 =+ 5.03 B PO -16.65 = 5.15
600 pi 118.6 + 6.2 400— p1 42.98 + 6.13
- p2 1504 + 30.4 B p2 757.1+19.2
400E b3 0.821= 0.000 soob p3 0.8278 = 0.0002
200 p4 0.008387 + 0.000091 - p4 -0.00805 + 0.00016
5 | o b b b | _. ] T
Bs o1 12 13 14 86 07 o8 o 11 12 13 14
Cherenkov Angle [rad] Cherenkov Angle [rad]

16



; Selected test-beam results for the EDD Prototype: 2018 _

/ Y Scan @ 10 GeV/c
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Trigger selection @ 7 GeV/c _
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i I hdiff
Z 500 : =" S | Entries 1803576
c 1 O | Mean -3.701e+04
ie) — " Std Dev 636.2
400 o I ' x2 / ndf 362.4/83
o : : Prob 1.422e-36
1 /iy Constant 266.8 + 3.6
. Mean ~3.758e+04 = 5.552e+00
300 : Sigma 3123+ 4.5

200

100

-~

1 A d J f el L Mol oodin ol
-36000 -35000
Time_TOF1-Time_TOF2 [ps]

0—39000

Misidentification: 2 %
Separation power: 3.09087 s.d.

e

18



; Selected test-beam results for the EDD Prototype: 2018 _

/ Vertical Scan @ 7 GeV/c
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; Selected test-beam results for the EDD Prototype: 2018 _

/ Angle Scan @ 7 GeV/c
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; Selected test-beam results for the EDD Prototype: 2018 _
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/ Data hits :

/ MC Simulation Data
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7 Data hits _

/
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; Selected Test Beam Results for EDD Prototype: 2018 _

Dispersion Effect
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Readout system of the EDD _

Rigid-flex design

PCB 1:

Adapter PCB 2:
Board ASIC Board

P 110 mm - E E L 62 mm

MCP-
PMT

60 mm

Analog

Analog

Signals Signals
Routing and 5 ASICS, 320 ch.
3 Connectors) %]
HV Input 3 Connectors ( 3 v
TOFPET V2 5 g 2 5 ASICs, 320 Channels
(total 320 Pins) S £ 4
w TP
PCB 3: E gt
o O
=g 209 mm
FPGA Board =
Low Voltage Input “NE"‘ 51.832mm
(|
Optical link (bi-directional Versatile Link 34 932
Clock Input / Synchronization 40 mm : : mml
fy 18.032mm

Connectors to adapter PCB
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/ Readout system of the EDD \

/ 12 DAQ-Boards in total

PANDA DAQ

PANDA clock _
Requirements:

« at maximum 100 kHz per channel

— converts to 30 MHz per ROM

FEB/D allows up to 108 events/s

v DAQ-Board allows up to 2.5-108 events/s
> 8 ROMs per DAQ-Board

> 3 DAQ-Boards per Quadrant

> 12 DAQ-Boards in total

(96 FEE-Boards)
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Summary of PANDA EDD _

* The PANDA EDD is a key component of the
PANDA PID system

e Design features are high polished fused
silica components and compact assembly

* Successfully validated PID performance in
particle beams

e Simulations predict separation of /K more
than 3 s.d. at 4 GeV/c
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Outlook of EDD

/2021-2027: Component Fabrication,
Assembly, Installation

e 2021-2022: Industrial production of MCP-
PMTs Production and QA of readout
electronics

e 2022-2024: Industrial fabrication of first
quadrant prototype

e 2021-2024: Industrial fabrication of 4
independent quadrants and mechanical
support frame, gluing of focusing
elements/plates, detailed scans of all
sensors assembly of readout units

» 2025: Completing the quality assurance of
components

e 2026-2027: Installation of the Endcap Disc
DIRC into the PANDA detector and
commissioning
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; Radiator plate in full size _

<4 Quality measurements will be done
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Thank you for your attention
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/- CAD Drawing _
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