The PANDA Barrel DIRC
Roman Dzhygadlo† for the PANDA Cherenkov Group
† GSI

Helmholtzzentrum für Schwerionenforschung, Darmstadt, Germany
Email: r.dzhygadlo@gsi.de

I. I NTRODUCTION
The PANDA experiment [1] is designed to address fundamental questions of hadron physics using high-intensity
cooled antiproton beams with momenta between 1.5 and
15 GeV/c and a design luminosity of up to 2 × 1032 cm−2 s−1 .
A sophisticated detector system with an acceptance close to
4π, precise tracking, calorimetry, and particle identification
(PID) was designed to accomplish that goal [2]. The Barrel
DIRC (Detection of Internally Reflected Cherenkov light) will
provide hadronic PID for the target region with the goal to
separate kaons and pions with at least 3 standard deviations
(s.d.) for momenta up to 3.5 GeV/c and polar angles between
22 and 140 deg.

Plate Photomultiplier Tubes (MCP-PMTs). Each MCP-PMT
has 64 pixels of 6.5 × 6.5 mm2 size and, in combination with
the FPGA-based readout electronics, will be able to detect
single photons with a precision of about 100 ps.
Detailed Monte Carlo simulations and multiple reconstruction algorithms [5] were developed to determine the expected
PID performance of the system. The parameters of the simulation were tuned to the experimentally measured values for
relevant quantities, such as quantum and collection efficiency,
gain uniformity, timing resolution of the MCP-PMTs, and
characteristics of the optical materials. The separation power
of above 4 s.d. was achieved for the entire π/K phase space
which exceeds the PANDA PID requirement.
III. P ROTOTYPE TESTS
All relevant aspects of the design were tested in particle
beams at CERN [6]. The latest campaign at CERN in August
2018 was the final design validation for the Barrel DIRC with
a mixed hadronic beam.

Fig. 1. Rendered CAD drawing of the PANDA Barrel DIRC design.

II. D ETECTOR DESIGN AND PERFORMANCE
The design of the PANDA Barrel DIRC [3] (see Fig. 1)
is inspired by the BaBar DIRC counter [4]. It is constructed
in the form of a barrel using 16 optically isolated sectors,
each comprising a bar box and a compact, prism-shaped
expansion volume (EV). The bar box contains three synthetic
fused silica bars of 17 × 53 × 2400 mm3 size, positioned
side-by-side with a small air gap in between them. A flat
mirror at the forward end of each bar is used to reflect
the Cherenkov photons to the read-out end, where a 3-layer
spherical lens images them on an array of 8 Microchannel

Fig. 2. Photographs of the 2018 prototype of the Barrel DIRC in the CERN
T9 area.

Fig. 2 shows a photo of the prototype in the T9 beamline
at the CERN PS. The Barrel DIRC prototype contained all
important parts of PANDA Barrel DIRC sector. A narrow
fused silica bar (17.1 × 35.9 × 1200.0 mm3 ) was used as
radiator. It was coupled on one end to a flat mirror and on
the other end to a 3-layer spherical focusing lens with a
fused silica prism as expansion volume. An array of 2×4
PHOTONIS Planacon XP85012/A1 MCP-PMTs attached to
the back side of the EV was used to detect the Cherenkov
photons.

Netherlands BV started in 2021 and the first units were delivered in the spring of 2022. All quality assurance (QA) results
provided by the vendors are complimented by detailed QA
measurements at GSI (bars) and Erlangen University (MCPPMTs). The next components scheduled for series production
are the lenses and prisms, with an expected start date in early
2023.

Fig. 4. Photographs of the Nikon bars at GSI (top) and PHOTONIS Planacon
MCP-PMT (bottom).

Fig. 3. Example of the performance of the PANDA Barrel DIRC prototype at
the CERN PS in 2018: Number of detected photons (top) and π/p separation
power (bottom) as a function of the beam polar angle at 7 GeV/c momentum
for simulation and experimental data.

A wide range of data were taken for the π/p beam at
different polar angles and momenta. Fig. 3 shows the observed
performance for the Barrel DIRC prototype as function of
the polar angle at 7 GeV/c momentum. The number of
Cherenkov photons produced by tagged protons ranges from
12 to 68 and is in a good agreement with the simulation.
The time imaging reconstruction method was used to evaluate
the PID performance. In the most demanding forward region a
separation power of 5.0±0.2 s.d. was reached for 7 GeV/c π/p
momentum, corresponding to 5.2±0.2 s.d. π/K separation at
3.5 GeV/c momentum, satisfying the PANDA Barrel DIRC
requirement.
IV. C OMPONENT PRODUCTION
The series production of the PANDA Barrel DIRC components started in 2020. The contract for the fabrication of
the DIRC bars was awarded to Nikon Corp., Japan. Between
Feb. 2020 and March 2021 a total of 112 bars were delivered
to GSI. The series production of the MCP-PMTs at Photonis

V. C ONCLUSIONS
The technical design of the Barrel DIRC was completed.
We will discuss details of the design and results of the design
validation using prototypes in a mixed hadron beam at CERN
as well initial detailed QA measurement results for the series
production of the bars and MCP-PMTs.
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