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A BSTRACT: The PANDA experiment at the future Facility for Antiproton and Ion Research (FAIR)
at GSI, Darmstadt, aims at studying the strong interacting matter by precision spectroscopy. A detector system with excellent particle identification over a large range of solid angle and momentum
is therefore mandatory. Charged hadron identification in the barrel region will be performed by
a compact ring imaging Cherenkov detector based on the DIRC principle (Detection of Internally
Reflected Cherenkov light), designed to separate pions from kaons with at least 3 standard deviations in the momentum range from 0.5 GeV/c to 3.5 GeV/c. We present details of the simulation
of the PANDA Barrel DIRC and a study of the detector performance using a fast reconstruction
algorithm to determine the single photon Cherenkov angle resolution and photon yield for several
design options.
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Introduction

The PANDA experiment at FAIR will perform precision measurements mainly in the charm quark
sector to significantly improve our knowledge about the nature of strong interaction.
The ambitious physics program of PANDA needs detectors for charged particle tracks, an
electromagnetic calorimeter, a muon range system and an advanced detector for charged particle
identification (PID). The detector technology chosen for charged PID in PANDA is the DIRC [1],
where the forward region will be covered by an Endcap Disc DIRC and the central and backward
regions by a Barrel DIRC. The design of the PANDA Barrel DIRC [2] is inspired by the successful
BABAR DIRC [3, 4], up to now the only operating detector of this type. For the PANDA Barrel
DIRC several important improvements such as focusing optics, fast photon timing, and a compact
expansion volume are studied.

2

Baseline design

The particle identification requirements for PANDA and the current design of the PANDA Barrel
DIRC (shown on the figure 1) are described in ref. [2]. Briefly, long rectangular bars made from
synthetic fused silica comprise the barrel and serve as Cherenkov radiator and light guides. There
are 16 bar boxes with 80 bars in total, each of them has a cross-section of 17 x 33 mm2 and length
of 2500 mm. Cherenkov photons, emitted by a particle traversing the radiator bar, propagate along
the length of the bar. Since the bar has a rectangular cross-section, the magnitude of the Cherenkov
angle is conserved during the reflection at the radiator surfaces. A mirror, attached to the forward
end of the bar, reflects optical photons back to the readout end of the bar where they are focused
via a doublet lens and an oil-filled expansion volume on a flat detector plane. An array of multianode photomultipliers, such as micro-channel plate PMTs or flat-panel PMTs is used to detect the
photons and measure the arrival time with a precision of approximately 100ps.
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Figure 2. Simulated hit patterns obtained with single track events for a design option without a focusing
system. The arrows show which bar in the bar box was hit. The local azimuth angle of a track inside the bar
defines the ring shapes.

3

Design options

A number of critical parameters of the baseline design, described above, have not yet been optimized. In addition, several design options, such as the number of radiators (thin bars or wide
plates), different focusing systems and the possible use of prisms, need to be evaluated. The performance of the DIRC in each case, estimated in terms of single photon Cherenkov angle resolution
and photon yield per particle, is to be studied within the PandaRoot simulation
framework [3, 4]. An example of a simulated hit pattern for the simplest design with 5 radiator
bars comprising one bar box and no focussing system obtained for single track events with fixed
momentum and direction of the charged particle is shown on the figure 2.

4

Reconstruction approach

To evaluate the single photon Cherenkov angle resolution, and thus the detector performance, a
reconstruction method was developed. It is based on a proven BABAR-DIRC algorithm [4], which
exploits the unique DIRC feature that the Cherenkov angle can be determined from a photon direction vector and the particle momentum vector, measured by the tracking system, in the following
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Figure 1. The PANDA Barrel DIRC. Shown on the left is an annotated view produced by the CAD design
software while the view on the right shows the implementation in Geant where Cherenkov photon trajectories
inside the bar are visible in orange and hit pixels in red.

way. The known spacial position of the bar, through which the track passed, and the hit pixel on the
photo detector plane uniquely define the photon direction vector. Together with the track direction,
this procedure defines the Cherenkov angle of a photon up to a number of ambiguities, defined by:
the last vertical reflection from the top or the bottom (or both) of the expansion volume; the last
horizontal reflection from the left or right side of the bar; and by reflection from the forward mirror
or not. Each hit pixel yields a number of possible values of a Cherenkov angle, only one being the
correct one. Accumulating hits and plotting the values of difference between the reconstructed and
expected Cherenkov angles in a spectrum enhances most the values around zero. The width of the
obtained distribution represents the single photon Cherenkov angle resolution.
The photon direction vector can be simulated and stored in a look-up table. For this purpose
optical photons are generated at the readout en of the bar with a direction covering the full detector
plane. The mean value of the initial direction vector in terms of its components is calculated by
photons ending up in the same pixel. The direction vectors are then stored in the look-up table,
taking into account the ambiguities listed above.
The use of unique pixel-bar association and look-up tables makes the reconstruction procedure
quite fast and may allow the implementation at an early event selection stage to provide quasionline particle identification information.
As a proof of principle for this reconstruction approach we studied a simplified PANDA Barrel
DIRC geometry, where the fused silica bars were directly attached to the expansion volume without
a focusing system. The reconstruction method has been applied to a sample of simulated events
with single charged pions of fixed kinematic characteristics (momentum, direction). For each pixel
of the hit pattern four initial directions of the photon can be read from the look-up table and combined with the pion direction to obtain the reconstructed Cherenkov angle. We used only those
photons that go directly from the bar to the photo detector plane without any reflections inside the
expansion volume. The resulting distribution for one pixel is shown in figure 3. Plotting the difference between the reconstructed Cherenkov angle for each photon and the expected Cherenkov
angle calculated using the velocity of the pion for a large sample of simulated pion tracks results in
the distribution shown in figure 4. The reconstructed single photon Cherenkov angle resolution, determined from a Gaussian fit to the distribution, is 18 mrad, which is consistent with the expected
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Figure 3. Schematic of the reconstruction procedure. For each pixel photon direction vectors are stored
in the look-up table. Four possible photon trajectories are shown in different colors. The Cherenkov angle
is obtained for each photon, combining the initial photon direction with the charged track direction. The
difference between the reconstructed and expected Cherenkov angle for all types of trajectories is plotted on
the right.

resolution, defined by the size of the bar, detector pixel, and expansion region. Another critical
characteristic of the detector performance is the number of detected photons per charged particle.
Photon yield is determined by the photon detection efficiency, which is limited by the collection
efficiency and quantum efficiency of the photon detectors. This number, obtained by counting the
photons on the photo detector plane, lies between 20 and 60, depending on the polar angle of the
track, which is comparable to the results from BABAR DIRC.
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Summary

The selection of the final PANDA Barrel DIRC design will be based on particle identification performance results such as single photon Cherenkov angle resolution and the number of detected
photons. The first reconstruction attempt using a simplified non-focusing design was quite successful, the obtained resolution and number of detected photons are consistent with expectations.
This makes it reasonable to continue the evaluation of the detector performance for different design
options to choose the best performance and final PANDA Barrel DIRC design.
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Figure 4. Difference between reconstructed and expected Cherenkov angle for charged pions (left), and the
number of the detected photons per track as a function of pion track polar angle (right).

