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6 
m

 
Detector: 

•  fixed p-target 

•  antiproton beam: 

• momentum resolution 

• maximum luminosity 

•  hadrons in matter 

•  hypernuclei  

Physics: 

•  hadron spectroscopy 

•  nucleon structure 

Disc DIRC 

PANDA @ FAIR 2 

PROTONS 

PANDA @ RICH2016 
•  Jochen Schwiening, 
•  Albert Lehmann,  
•  Sergey Kononov, 
•  Matthias Hoek, ...  
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Disc DIRC    

PANDA @ FAIR: Particle Identification 3 

PROTONS 

@15 GeV/c 
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Disc DIRC 

ANTIPROTONS 

Disc DIRC 

The Disc DIRC: a compact forward PID detector (2 cm radiator plate) 4 
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•  4σ π/K separation up to 4 GeV/c 

•  continuous beam with interaction rates up 
to 20 MHz 

•  strong magnetic field (~1 T) 

•  high radiation level and photon dose 

•  high-precision and large-area optics 

•  high time resolution (<100 ps) , high data 
rate and channel density 

•  very limited space 

Disc DIRC: Special  Panda Requirements 5 

Disc DIRC 
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6 

Modularity: 
4 independent sub-detectors 
4 identical fused silica plates 

Single Photon Detection: 
108 identical readout modules (ROM) 
       MCP-PMTs with ~3x100 customized    
        anode strips 
324 light focussing elements 

Fast Detector: 
32k readout channels @ <100 ps  

Disc DIRC: Modularity 6 
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Disc DIRC: Optical concept and analytic photon reconstruction 7 

Analytic reconstruction formula: 

particle 

trapped  
photons 

€ 

z(ϕ') = z(ϕ,αFEL ) = z arctan tanϕ
cosαFLG
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Disc DIRC: Optical concept and analytic photon reconstruction 8 

€ 

z(ϕ') = z(ϕ,αFEL ) = z arctan tanϕ
cosαFLG
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Reduction of dispersion vs. photon statistics 9 

For every charged track  
(2 cm fused silica): 

•   ~2000 generated photons 

•   photons selected by bandwidth filter 

Filter Detected 
Photons Nph. 

Performance 
σchrom./√Nph. 

> 300nm 48 0,66 
360-465 nm 22 0.41 

Photon statistics: 

Cherenkov angle: 

λ = 300-700 nm 

€ 

cosθC =
1
nβ

€ 

dN 2

dkdx
= αz2 sin2θC

dispersion 
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10 

Full time-ordered simulation and reconstruction (Panda-Root/ Geant4) 
Single and Accumulated hit pattern  /  Likelihood analysis for optimum PID 
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12 reflections 

Inverse optics 

8 reflections 

From Simulation to Reality…  :   The Quartz Radiator 11 

straight view 

Specifications:  
Fused silica, TTV ≤ 15 𝜇m, roughness 1.5 nm RMS, 
available radiator for beam tests: 50x50x2 cm³ 

Top View: 
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Optical quality of radiator plate 
12 

•  Scan of thickness profiles for coplanar surfaces up to 1x1 m² 

•  Sub-𝜇m precision for the profile and 𝜇rad precision for the slope m precision for the profile and 𝜇rad precision for the slope rad precision for the slope 
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Radiation hardness of fused silica (from Nikon) 
13 

•  Radiation hardness studies for different NIFS-types with a 60Co source @ 1000 Gy 

•  No degradation above 300 nm even for dry fused silica samples (NIFS-V) 
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Focussing light guide (FLG) 14 
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15 Focussing light guide (FLG) 

•  FLGs can be produced according to 
our specifications 

•  3 FLGs available; more are ordered 

laser 

lin
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FLG 

coupling 
prism 

CCD 
chip 

•  optical precision matches pitch of the MCP-PMT anode 
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Optical system: Non-adhesive bonding vs. glue 

old dSiPM 
design 

light-guides  
are to scale 

K. Föhl (VIC 12) 
new MCP-PMT 
design 

O. Merle (RICH 13) 

16 

•  non-adhesive bonding of prism and FLG is perfect 

•  it prevents losses or defocusing of traversing photons 
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17

robustness 

FEA of Stress on Quartz Optical System (expanded scale) 
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5.1. Requirement definition and analysis 55
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Figure 5.5.: The magnetic field in the xy-plane at z=200 cm (a) with the approximate
shape of the EMC support frame (see Fig. 5.4). The corresponding field map in the
yz-plane at x=0 (b) contains the outline of the DIRC volume to provide orientation.
The z-axis is defined by the beam direction, x is horizontal and y vertical.

Sensors: Custom made MCP-PMTs (Photonis and Hamamatsu) 
18

Issues: 

•  radiation hardness 

•  enhanced lifetime 

•  restricted wavelengths by band pass  
   filter 360-465 nm (reduced dispersion 
   and enhanced tube lifetime) 

•  magnetic field strength and orientation 

•  anode 3x100 strips, 2 inch 

2016 JINST 11 C05002

Figure 1. Mode of operation of an MCP-PMT: incident photons are converted to photoelectrons via the
photoe�ect. The electrons are driven into the tiny pores of the micro channel plate by an externally applied
high voltage where they kick out secondary electrons. The channel walls are designed to provide a high
multiplication probability. In most applications two micro channel plates are placed behind each other with
the channels being tilted by some degrees against each other. This so-called Chevron geometry allows for
higher gains and prevents backflow of ionized gas atoms towards the photocathode. Depending on the device
and the voltage settings, Chevron MCPs can deliver gains of more than 106. After the multiplication, the
electron avalanche is detected by a set of readout anodes or with di�erent techniques.

Figure 2. Lamor radius of electrons for di�erent magnetic flux densities and transverse kinetic energies.

Our setup consists of an aluminum box that holds two magnet walls. Each wall is equipped
with four very strong neodymium permanent magnets as can be seen in figure 3. They have a
size of 65 ⇥ 65 ⇥ 30 mm3 and consist of an NdFeB alloy. Special tooling was required to put the
magnets safely into place as they generate surface fields of over 500 mT. An MCP-PMT can be
installed between the magnet walls. The entire active area of the MCP-PMTs can be illuminated via
an optical focusing unit that receives pulses of single photons through a single mode fiber guided
through one magnet wall. Both the position of the sensor and of the focusing unit can be controlled
precisely from the outside via positioning screws. The outside frame is designed to be completely
light tight. Moreover it allows repositioning the magnet walls. Six di�erent setups with di�erent

– 2 –
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Scan of laser spot on MCP-PMT 19 

2016 JINST 11 C05002

Figure 5. This shows the � values of the fits to the distributions from figure 4. The distributions narrow by
about a factor of 2 from 0 to 65 mT.

3.2 Hamamatsu

This section shows the results that were obtained with the Hamamatsu device. We read out two
anodes and recorded 30.000 pulses at each position of the laser head. The Hamamatsu tube contains
a protective foil that is integrated in front of the first MCP. This foil has been employed to protect
the photocathode against ion backflow which can ultimately lead to degradation of the quantum
e�ciency. The downside of this is a reduced detection e�ciency. For the same reason the tube also
requires a greater high voltage of 3400 V compared to only 2600 V for the Photonis tube. A visual
inspection of typical single photon pulses lead us to choosing 150 mV as a suitable threshold for
repeating our pulse counting analysis. Figure 6 shows the results we obtained. The charge collection
of the anodes as a function of magnetic field and point of impact of the photons has also been studied
as can be seen in the subplots A) and B). Firstly one notices an increase in count rate with increasing
magnetic field strengths as indicated by the green plateau in subplot C). This increase has also been
observed for the Photonis tube and must be caused by the rising magnetic field. Image shifts can
be seen clearly in both subplots B) and C). Again, these image shifts (which can be tracked by
following the intersection of the curves for both anodes) are caused by misalignment between the
sensor axis and the magnetic field lines. The �-values in subplot B) indicate that an increase in
the magnetic field strength causes the spatial charge distribution to narrow down as observed in the
case of the Photonis device.

3.3 Event-Based Analysis

In addition to the measurement of the count rates, an event-based approach has been conducted.
This allows to estimate the single photon resolution by charge centroiding. The position of impact

– 6 –

2016 JINST 11 C05002

Figure 4. The figure shows the count rates of four neighboring, randomly chosen anodes as the laser was
scanned across them. The threshold for this counting experiment was 20 mV. 15.000 laser pulses were
recorded at each individual position of the laser. The distributions were fitted with a Gaussian distribution.
The scans were done with increasing magnetic field strength. All scans were done with the same light
intensity and were started at the same position of the laser head. The contraction of the distributions with
increasing magnetic field strength and shifts of the entire image can be seen. Another interesting feature is
the increase in count rate at the maximum of the distributions as the external field is applied.

– 5 –
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Figure 4. The figure shows the count rates of four neighboring, randomly chosen anodes as the laser was
scanned across them. The threshold for this counting experiment was 20 mV. 15.000 laser pulses were
recorded at each individual position of the laser. The distributions were fitted with a Gaussian distribution.
The scans were done with increasing magnetic field strength. All scans were done with the same light
intensity and were started at the same position of the laser head. The contraction of the distributions with
increasing magnetic field strength and shifts of the entire image can be seen. Another interesting feature is
the increase in count rate at the maximum of the distributions as the external field is applied.
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2016 JINST 11 C05002

Figure 8. The upper plot shows the reconstructed point of impact of the single photon as a function of the
position of the laser for the Photonis device averaged over all 15.000 events recorded at each position and
the RMS of the corresponding distribution. The underlying data was recorded at 0 mT. Unlike in the case of
the Hamamatsu tube, the centroiding was only done with the anode signals that exceeded the threshold for
a given trigger. The lower plot shows the same for the case of 65 mT. Here, more events are present where
only one anode exceeds the threshold, charge sharing can not be evaluated and a step fuction appears. Also
the RMS is significantly reduced. It has to be mentioned that the reconstruction is only meaningful in the
section between 1 and 3 mm. Outside of this region the neighboring anodes are already necessary in the
reconstruction process.
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2016 JINST 11 C05002

Figure 8. The upper plot shows the reconstructed point of impact of the single photon as a function of the
position of the laser for the Photonis device averaged over all 15.000 events recorded at each position and
the RMS of the corresponding distribution. The underlying data was recorded at 0 mT. Unlike in the case of
the Hamamatsu tube, the centroiding was only done with the anode signals that exceeded the threshold for
a given trigger. The lower plot shows the same for the case of 65 mT. Here, more events are present where
only one anode exceeds the threshold, charge sharing can not be evaluated and a step fuction appears. Also
the RMS is significantly reduced. It has to be mentioned that the reconstruction is only meaningful in the
section between 1 and 3 mm. Outside of this region the neighboring anodes are already necessary in the
reconstruction process.
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Charge cloud vs. magnetic field  20 
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•   PHOTONIS 3x100 2” 
•   4 neighbouring anodes 
•   position reconstruction from measured charge ratio 
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2016 JINST 11 C05002

Figure 7. A) The reconstructed position of the single photon impacts (given by eq. (3.1)) for all positions of
the scan at 65 mT with the Hamamatsu tube. This curve could be used to calibrate the position reconstruction
algorithm. In order to achieve a linear dependence over the full range of the scan, the neighboring anodes
would have to be included in the reconstruction. B) shows one central column of A). The obtained distribution
has been fitted with a Gaussian and a very narrow peak is observed.

have shown very good position resolutions and proof that threshold and charge information in
combination su�ce to achieve the necessary resolution for the EDD. The event based analysis with
the Hamamatsu tube shows a better spatial resolution which comes at the price of an increased
channel density and charge sharing between multiple anodes for each hit. Both of these lead
to increased data rates in a high energy physics experiment. Additional tuning of geometrical

– 9 –

MCP-PMT Position Resolution (Hamamatsu) 21 
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Magnetic field dependence; TOFPET readout  22 MCP Magnetfeldtest

PhD Meeting 1808.07.2016

MCP Magnetfeldtest

PhD Meeting 1708.07.2016
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Lifetime studies and rate capabilities … (Talk by Albert Lehmann) 
23
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Test Beam CERN 2012:  
First PID results 24 

Radiator: float glass 
FLGs:      acrylic glas 

  30x 16-channel MA-PMTs 
480x  readout channels 
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25 

25 
Fused Silica Prototype: Test Beam CERN 2015: Resolution Studies 

•  joint test beam of the Barrel and Disc DIRC 
prototypes (Talk by J. Schwiening) 

•  mixed hadron beam up to 10 GeV/c 

•  common system for data taking (TRBv3) 
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26 

26 
Fused Silica Prototype: Test Beam CERN 2015: Resolution Studies 

Laser Calibration 

Readout Modules 

Readout Modules 
side view 

•  joint test beam of the Barrel and Disc DIRC 
prototypes (Talk by J. Schwiening) 

•  mixed hadron beam up to 10 GeV/c 

•  common system for data taking (TRBv3) 
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• 10 GeV/c mixed hadron beam 

• 7° angle of incidence 

• Single-photon resolution confirmed 

27 
Fused Silica Prototype: Results of Resolution Studies 

Resolution limited by position and resolution of beam 
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28 

  * Mean and single photon resolution for different hadron angles @10 GeV/c 

* Position and resolution agree with simulation 

28 
Fused Silica Prototype: Test Beam CERN 2015: Resolution Studies 
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Outlook: Test Beam DESY Oct. 2016 

•  3D printed readout modules 

•  quartz optics (50x50 cm2 plate) 

•  precise electron beam (position & angle) 

•  TOFPET readout system 

quartz bars (2 of 3) 

MCP-PMT 

FLG 

Aim: 

Measure single photon resolution and photon yield 
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Summary and Outlook 

•  fused silica prototype has been constructed and tested 

•  emission angles of individual Cherenkov photons have been measured 

with a precision of 6-12 mrad (They are limited by test beam setup) 

•  a new prototype is under construction and will be tested in Oct. 2016 
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