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I. I NTRODUCTION
The PANDA experiment [1] is designed to address the
fundamental aspects of QCD by performing hadron spectroscopy 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 4π acceptance, precise tracking, calorimetry, and particle
identification (PID) is designed to accomplish that goal [2].
Hadronic PID for the target region of the PANDA detector
will be delivered by a DIRC (Detection of Internally Reflected
Cherenkov light) counter. It is designed to cover the polar
angle range from 22◦ to 140◦ and provide at least 3 s.d. π/K
separation power up to 3.5 GeV/c, matching the upper limit
of the expected kaon momentum distribution.
II. BARREL DIRC DESIGN
The design of the PANDA Barrel DIRC [3] is shown in
Fig. 1. The concept 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 radiator box and a
compact, prism-shaped expansion volume (EV). The radiator
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.

Fig. 1. Rendered CAD drawing of the PANDA Barrel DIRC design. Major
components are labeled.

A flat mirror at the forward end of each bar is used to
reflect Cherenkov photons to the read-out end, where a 3-layer
spherical lens images them on an array of 11 Microchannel
plate Photomultiplier Tubes (MCP-PMTs). The MCP-PMT
consists of 64 pixels of 6.5 × 6.5 mm2 size and with planned
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Fig. 2. π/K separation power as a function of particle momentum and polar
angle in GEANT4 simulation. The area below the black line corresponds to
the final-state phase space for charged kaons from various benchmark channels
in PANDA. It can be seen that the detector design yields a better than 3 s.d.
π/K separation power for the full Barrel DIRC acceptance range.

electronics it will be able to detect single photons with a
precision of about 100 ps.
A detailed Monte Carlo simulation of the PANDA Barrel
DIRC was created and tuned to the experimentally measured values for the quantum and collection efficiency, gain
uniformity, and timing resolution of the MCP-PMTs. Other
features include the coefficient of total internal reflection
of DIRC radiator bars as a function of photon energy, the
bulk transmission of bars, glue and lenses, the wavelengthdependent refractive indices of all optical components, as well
as the reflectivity of the forward mirrors.
Two reconstruction methods were developed to determine
the performance of the detector [5]. The geometrical reconstruction performs PID by reconstructing the value of the
Cherenkov angle and using it in a track-by-track maximum
likelihood fit. This method relies mostly on the position of
the detected photons in the reconstruction, while the time
imaging utilizes both, position and time information, and
directly performs the maximum likelihood fit. The results of
the time imaging reconstruction of the GEANT4 simulations
are shown in Fig. 2, where the π/K separation power is
shown for different momenta and polar angle of the particles.
With a separation power of 4–16 s.d., the design exceeds the
PANDA PID requirement for the entire charged kaon phase
space, indicated by the area below the black line.
III. P ROTOTYPE TESTS
Multiple aspects of the Barrel DIRC design were tested in
hadronic particle beams during the 2011-2017 period. Several

entries

design options, such as a monolithic expansion volume and a
traditional spherical lens with an air gap, were excluded due to
insufficient performance. The final design configuration with
narrow bars was verified at the CERN PS in 2015 [6] and
confirmed in 2017.
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Fig. 4. Performance of the PANDA Barrel DIRC prototype at the CERN PS
in 2017. Proton-pion log-likelihood difference distributions for proton-tagged
(red) and pion-tagged (blue) beam events as result of the time-based imaging
reconstruction for a beam with 7 GeV/c momentum and 20◦ polar angle. The
π/p separation power from the Gaussian fits is 4.3 standard deviations.

IV. C ONCLUSIONS
The PANDA Barrel DIRC will deliver hadronic PID, in
particular π/K separation, better than 3 s.d. up to 3.5 GeV/c.
The final design features narrow radiators made of synthetic
fused silica, focusing optics with 3-layer spherical lenses, and
a compact prism-shaped expansion volume instrumented with
MCP-PMTs. The latest prototype tests with particle beams at
CERN validated this design.
The production of the optical components, photon sensors
and electronics for the PANDA Barrel DIRC is scheduled
for the 2019-2022 period. The final assembly and installation
should take place in 2023, followed by commissioning with
cosmic rays and proton beams starting in late 2023, leading up
to the first PANDA physics run with antiprotons in late 2024.
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Fig. 3. Photographs of the 2017 prototype in the CERN T9 beam line (top);
close-up of the 3-layer spherical lens between the narrow bar and the prism
(bottom).

The 2017 prototype (see Fig. 3) contained all relevant parts
of the PANDA Barrel DIRC sector. A narrow fused silica bar
(17.1 × 35.9 × 1200.0 mm3 ) coupled on one end to a flat
mirror, on the other end to a 3-layer spherical focusing lens
with a fused silica prism as expansion volume. An array of
3×4 MCP-PMTs attached to the back side of the EV was used
to detect Cherenkov photons.
A wide range of data measurements were taken for the π/p
beam at different polar angles and momenta. The external PID
for charged particle was provided by a time-of-flight system.
Fig. 4 shows an example of the time imaging reconstruction
for a 20◦ polar angle and a 7 GeV/c momentum. The resulting
separation power of 4.3±0.1 s.d. for 7 GeV/c π/p momentum
corresponds to 4.5±0.1 s.d. for π/K momentum, satisfying
the PANDA Barrel DIRC requirement.
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