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PANDA detector system
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PANDA detector system
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The Barrel DIRC detector

 Detection of Internally Reflected Cherenkov light

 PID of charged hadrons in the TS of PANDA

 Polar angle range from 22°-140° 

 momentum range: 0.5 – 3.5 GeV/c

Target spectrometer

Barrel DIRC Disc DIRC
Phase space distribution for kaons from several
PANDA benchmark channels
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The Barrel DIRC detector

 16 segments (bar boxes), with 3
radiators each

 Radiators, synthetic fused silica,
dimensions:
2400 mm x 53 mm x 17 mm (L x
W x T)

 Focusing optics for each radiator

 Synthetic fused silica prism, one
per bar box

 176 micro channel plate
photomultiplier tubes (MCP-
PMTs) in total

p

Baseline design:
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The Barrel DIRC detector

 16 segments (bar boxes), with 1
wide plate each

 Synthetic fused silica,
dimensions:
2400 mm x 160 mm x 17 mm (L
x W x T)

 Focusing optics for each radiator

 Synthetic fused silica prism, one
per bar box

 176 micro channel plate
photomultiplier tubes (MCP-
PMTs) in total

p

Cost-saving option:
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III.  DIRC principle
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DIRC principle
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DIRC principle

DIRC principle



    M. Krebs 13Helmholtz Matter and Technologies

DIRC principle

DIRC principle
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Barrel DIRC optics

Optical components used in the Barrel DIRC

→ Radiator prototype program with industry partners in Europe, USA, Japan;

~30 bars/plates produced by 8 companies using different materials and techniques

(pitch polishing, abrasive polishing, even new idea: extrusion and flame polishing).

→ AOS/Okamoto, InSync, Nikon, Zeiss, Zygo; Heraeus, Lytkarino LZOS, Schott Lithotec.

→ Two solid fused silica prism prototypes (30° and 45° top angle) built by industry.

→ Designed several spherical and cylindrical lenses, 

     with and without air gap, prototypes built by industry.
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Barrel DIRC optics

Quality assurance for prototype radiators

→ Measure the transparency of the material 

→ Determine the attenuation length 

→ Measure reflection coefficient 

→ Determine the surface roughness 
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Barrel DIRC optics

Quality assurance for prototype radiators

radiator

HZc 1532nm
=8 A±0.2 A

R=1−( 4 π⋅cos (θ)⋅n⋅H
λ )

2

Laser beam
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Barrel DIRC optics

→ No 266 nm laser at 
this point

→ Results for InSync, Zygo, Zeiss and AOS/Okamoto
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Barrel DIRC optics

→ Same measurements for two prototype plates
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V.  Prototype performance
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Prototype setup & beam line

12

beam

3
4

5678

1. MCP-TOF front
2. Trigger1/Veto1
3. Disc DIRC
4. Hodoscope

5. Barrel DIRC prototype
6. Trigger2/Veto2
7. FLASH
8. MCP-TOF back

Beam conditions @ CERN/T9:

 Mostly protons, pions and
positrons

 Tunable momentum from 
1.5-10 GeV/c

 Adjustable beam focusing
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 Prototype setup & beam line

Prototype setup in detail

 Remotely
moveable setup

 Bars/plates as
radiators

 Focusing optics

 Fused silica prism

  Array of 15 MCP-
 PMTs

 8x8 pixels, Photonis
Planacon XP85012

 60 PADIWA (FEE)
 cards

 Trigger and
Readout Boards        
(TRBv3)

  Total of 960 pixels
  Total number of

  electronics channels
  in beam line: > 1.5k
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Prototype setup & beam line

Examples of prototype configurations

Narrow bar, 3-layer spherical lens Wide plate, 2-layer cylindrical lens (attached)
(potential cost saver)
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Prototype performance 

Data

7 GeV/c, bar w 3-layer
spherical lens, 125.5° 
polar angle Sim

Standalone geant4 
simulation includes:
 Dead channels
 Quantum efficiency
 Charge sharing
 200 ps time resolution 
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Prototype performance

Examples for a configuration of the setup 

 bar with focusing
 7 GeV/c beam momentum
 125.5° polar angle 

 Photon yield (beam data) between 16-80
 PANDA PID requirement >15

 Single photon Cherenkov angle
resolution (SPR) 10 mrad mostly for
data

 PANDA PID requirement 8-10 mrad
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Prototype performance

s.p. = 3.72 σ

Narrow bar, 3-layer spherical lens, 5 GeV/c beam momentum, 
125.5° polar track angle

pion candidate 

proton candidate 

Color lines
represent particle
tagging from the
TOF system

pions

protons

one event

preliminary

one event
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Prototype performance

CERN 2016 Prototype Test

 main goal: validate the PID performance of the plate design

 CERN T9 area
 beam type: protons and pions
 beam momentum: 8, 7, 6, 5, 4, 3 GeV/c
 TOF PID

 30 degree prism as expansion volume => 9 MCP-PMTs (vs 15 last year)
 different configurations of the DIRC prototype (most of the data are with plate)
 different DIRC prototype angles
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Prototype performance

Mostly used configuration: 
Wide plate radiator, (2-layer cylindrical) or no lens, 30 deg prism, 3x3 array MCP-PMTs 
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Prototype performance

Standalone geant4 
simulation includes:

 dead channels
 quantum/collection  efficiency
 charge sharing
 190 ps time resolution

25 degree polar angle
7 GeV/c

Beam data for pion tag

Simulation  for pions

Hit Patterns: Plate with cylindrical lens
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Prototype performance

Hit Patterns: Plate without lens

25 degree polar angle
7 GeV/c

Beam data for pion tag

Simulation  for pions
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Prototype performance

Time Imaging Reconstruction

beam data with plate @ 7 GeV/c @ 25 degree

s.p. = 3.08 +/- 0.02 �s.p. = 2.81 +/- 0.02 �

with
lens

w/o
lens

Preliminary 
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Summary and outlook

 Baseline design's performance meets PANDA PID requirements

 Simulation and test beam data agree nicely

 Cost saving option (wide plate) is still under investigation

 Another test beam time at CERN is foreseen for Aug 23rd-Sep. 13th 2017

 Wide plate design shall be finally evaluated 

 TDR was submitted to the FAIR ECE in fall 2016 
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Thanks  
for your attention
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Backup slides

Propagation Time of the Cherenkov Ph.

plate w/o
focusing 

plate with
focusing

 pions 
 protons

 pions 
 protons

beam data 
  @ 7 GeV/c 
  @ 25 degree 
  ch 363
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Time Imaging Reconstruction. PDFs

detection time
pion candidate 

proton candidate 

PDFs of proton and pion 
for given pixel

beam data with plate @ 7 GeV/c @ 25 degree
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Detected Photon Yield

geant sim

beam data
plate with lens 

geant sim

beam data
plate w/o lens 

 pions 
 protons

 pions 
 protons
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Threshold Floating

Threshold difference after few hours of data taking:

Significant impact on recorded hit multiplicity

 floating in the range of [-1,+1] mV
 the data were taken with 1-2 mV offset to the threshold value 

due to low amplitude signals

400 == 1 mV400 == 1 mV
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