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FAIR and HESR/PANDA at GSIFAIR and HESR/PANDA at GSI
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FAIR and HESR/PANDA at GSIFAIR and HESR/PANDA at GSI
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FAIR

~350 m
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CR
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Drone image of the FAIR construction site (09/2024)
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PANDA Physics ProgramPANDA Physics Program

hybrids, glueballs
& other exotics

hypernuclei

charmonium
spectroscopy

electroweak physics
with D mesons

baryon spectroscopy

hadrons inside 
nuclear medium

nucleon structure with 
e.m. processesp

Excellent PID required, in particular π/K separation
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PPANDA Detector at FAIRANDA Detector at FAIR
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PPANDA DIRC DetectorsANDA DIRC Detectors
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Endcap Disc DIRC  --  Optics and ReadoutEndcap Disc DIRC  --  Optics and Readout
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Endcap Disc DIRC  --  Beam Tests + ResultsEndcap Disc DIRC  --  Beam Tests + Results
Test beam at CERN T9 area in 2018

Pion/proton beam separated by TOF

Quadratic radiator disc (50x50 cm2)

Read out by 3 ROMs with TOFPET2

Measurements

Scans along y → different pixels hit         
→  corresponds to Cherenkov angle

Scans at different beam angles (AOI)

Results

Single photon angle resolution <10 mrad

Reconstr. Cherenkov angle per particle 
shows fair agreement with simulations

Cherenkov angles separated up to    
~8 GeV/c (i.e. ~4 GeV/c for π/K)

Cherenkov angle resolution per photon Reconstructed Cherenkov angle per particle



Disc DIRC  --  Giessen Cosmics Station (GCS)Disc DIRC  --  Giessen Cosmics Station (GCS)



 



Barrel DIRC  --  Optics LayoutBarrel DIRC  --  Optics Layout
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Cherenkov angle distribution at θp = 20º Single photon Cherenkov angle resolution

 

π/p separation power @ 7 GeV/c
Likelihood distribution @ 7 GeV/c

and θp = 20º from time imaging

R. Dzhygadlo et al.,
NIMA 1055 (2023) 168480
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Barrel DIRC  --  Software StatusBarrel DIRC  --  Software Status
Simulation

Realistic material and photon transport description
Transmittance and refraction (λ-dependent)
Geometry with bar/readout boxes and support structures
Photon transport efficiency (with angle and bar-roughness)
Collection and quantum efficiencies (λ) of PMTs
Realistic single photon time resolution
Dark counts and dead time of electronics

Reconstruction of Cherenkov angle
Geometrical

BaBar-like with Look-Up-Tables (LUT)
Does not depend on precise timing but useful for calibration

Time Imaging
Belle II TOP-like with Probability Density Functions (PDF)
Most optimal use of position and time information

Neural networks

Geant4: Time-imaging with simulated PDFs

Simulation model of a DIRC Sector

>3σ π/K separation fulfilled in whole Barrel DIRC 
relevant phase space (underneath the black line)
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Barrel DIRC  --  Mechanical DesignBarrel DIRC  --  Mechanical Design
Mechanical DIRC support based on

Detachable modular structures for bars and prisms/MCP-PMTs

16 bar boxes

Containers of carbon fiber reinforced polymer (CFRP)
Assembled from two L-shaped elements
Slide into mechanical barrel support structure
Fused silica bars inside bar boxes supported by PEEK buttons

16 readout boxes

3D-printed aluminum alloy (light-weight and high-strength) 
2 rails for each box fixed at U-shaped aluminum alloy support ring



Barrel DIRC  --  Radiator Pollution TestsBarrel DIRC  --  Radiator Pollution Tests



Albert Lehmann RICH 2025   --  Mainz, Germany  --  September 18, 2025 19

 
 

Barrel DIRC  --  Radiator Bar ProductionBarrel DIRC  --  Radiator Bar Production
Contract awarded to Nikon Corp, Japan 

For 112 DIRC bars in 09/2019

Production completed in 02/2021 ahead of schedule

Quality assurance tests at Nikon and at GSI

6 wavelength of polarized laser beams available

Measured reflectivity R using ~50 internal reflections 
→ deduction of surface roughness H
Face-side squareness

All bars comply with fabrication specifications
Scalar Scattering Theory 
to deduce the reflectivity
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Laser scanning setup at GSI Darmstadt
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Barrel DIRC  --  MCP-PMT ProductionBarrel DIRC  --  MCP-PMT Production
Contract awarded to PHOTONIS, Netherlands

For 165 2-inch ALD-coated MCP-PMTs in 12/2020
First MCP-PMTs arrived in 05/2022

Quality assurance tests at Erlangen

Measured for (almost) all MCP-PMTs
Gain curve; quantum and collection efficiency
2D(xy) QE and gain scans across full active area
3D-scans (x,y,t) to determine time resolution and quantify 
dark count rate, afterpulse rate, and crosstalk
Rate capability

For few selected tubes lifetime and gain in B-field

Current status
Faced many problems during production phase, e.g.

Vacuum micro-leaks and escalation on some tubes
High DCR and afterpulse rates on several tubes

Series production only ~50% completed

vacuum
micro-leaks

afterpulsesescalation

Production timeline

More details in
Talk of K. Gumber t

on Wednesday
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Barrel DIRC  --  Current Status and PlansBarrel DIRC  --  Current Status and Plans
MCP-PMT series production and QA

~100 tubes delivered → only two-thirds are good

Contract with PHOTONIS canceled in Aug. 2025

Work close to be finalized

R&D on radiator bar gluing

Coupling sensor ─ prism and prism ─ focusing lens

CFRP material tests and calibration system

Optimization of readout electronics

Further optimization of design and specs

Focusing lenses and expansion prisms

Bar boxes, readout boxes

Mechanical support

Cooling, cabling, installation

Continue software optimization

Pre-production of a full-size prototype sector

Assemble and test a complete prototype sector

6 bars, 8 MCP-PMTs, 1 prism, 3 lenses available

Procurement of remaining component 
(electronics, bar boxes, readout boxes)

Standalone cosmics and/or beam tests
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Endcap Disc DIRC
All activities have currently come to a standstill

Key group (Giessen) has disbanded in 2022

Barrel DIRC
Previous plan: component fabrication, assembly, and installation until end of 2023

Significant delays due to Covid19 (2020) and the consequences of Russia/Ukraine war (2022)
Sanction against Russia → lack of financial and manpower resources

PANDA (DIRC) is starting to lose key personal (e.g., due to retirements, etc.)

Outlook
No PANDA detector before 2032

New responsibilities must be defined for Endcap Disc DIRC
Need for new groups and funding

Prototype production and tests for Barrel DIRC sectors will continue
Search for alternatives for the ~50% missing photon detectors (Photek MCP-PMTs, HRPPD, …?)

Need for additional financial resources for final assembly

PANDA DIRCs  --  Status and OutlookPANDA DIRCs  --  Status and Outlook
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