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Two DIRC Detectors in target spectrometer for particle identification:  
• Barrel DIRC Goal:  

3. s.d. π/K separation up to 3.5 GeV/c   
• Endcap Disc DIRC Goal:  

3 s.d. π/K separation up to 4 GeV/c

The DIRCs in PANDA

Full Coverage: Combination of Barrel and Disc DIRC

Endcap Disc DIRC

Barrel DIRC

antiproton momentum 6.5 GeV/c

Kaon phase space

 3

Endcap Disc DIRC  
 (5o - 22o)

Barrel DIRC  
(22o - 140o)
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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
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EDD Principle

Quadrant

Focusing elements

MCP-PMT
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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

CERN PS/T9 area
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Distance between TOF1 and TOF2 is ~ 29m. 

TOF1 is out of the cave.



ROM3 - Photonis Aqua

Radiator

ROM2 - Hamamatsu

ROM1 - Photonis 2mm

• 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)

EDD Prototype from test-beam 2018

Prototype

Focusing Elements
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EDD prototype sketch

ROM3

ROM2

ROM1

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)

 10

140 150 160 170 180 190 200
310×0

10

20

30

40

50

60

70

80

90

0

50

100

150

200

250

300

Time Diff vs Pixel

ASIC 1

ASIC 16

Time_FEL-Time_Laser [ps]

Pi
xe

l



Time_pixel - xpeak [ps]

Time difference between all pixels and xpeak for FEL2 

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

Time_Pixel52 - Time_Laser [ps]
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Time offset correction with laser
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Optical calibration

= 0  
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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. 
• There are missing channels.  
• Cherenkov angle calculated: θc = arccos(sin θp cos φrel cos φ + cos θp sin φ) 

 15

φ: Azimuthal position of the active FEL θp:  Angle of beam φrel: Angle between the measured photon and 

the trajectory of primary particle
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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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Vertical Scan @ 7 GeV/c

50 100 150 200 250 300 350
Y-Position [mm]

10
20
30
40
50
60
70
80
90Pi

xe
l

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

H
its

/T
rig

ge
r E

ve
nt

s

FEL1 pionPion
Proton

Pixel

50 100 150 200 250 300 350
Y-Position [mm]

10
20
30

40
50
60

70
80
90Pi

xe
l

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

H
its

/T
rig

ge
r E

ve
nt

s

FEL1 protonPixel

 19

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

Pion Proton
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Selected test-beam results for the EDD Prototype: 2018

7 GeV/c
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Selected test-beam results for the EDD Prototype: 2018

Single Photon Resolution [mrad]
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Data hits
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MC Simulation Data
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Selected Test Beam Results for EDD Prototype: 2018
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Readout system of the EDD
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Rigid-flex design



Readout system of the EDD

Requirements: 

• at maximum 100 kHz per channel 

→ converts to 30 MHz per ROM 
FEB/D allows up to 108 events/s 

✓ 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  

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

• Successfully validated PID performance in 
particle beams  

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

2021-2027: Component Fabrication, 
Assembly, Installation  

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

• 2022-2024: Industrial fabrication of first 
quadrant prototype 

• 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 

• 2026-2027: Installation of the Endcap Disc 
DIRC into the PANDA detector and 
commissioning 



Radiator plate in full size

Quality measurements will be done 
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Thank you for your attention
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Backup 
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CAD Drawing

LV cables

HV cables

HV divider



ToFPET2 
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