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A Focussing Disc DIRC design for Particle Identification
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Abstract A Focussing Disc DIRC with dispersion correction is a novel Cherenkov
detector design which is proposed for the PANDA experiment at FAIR. Cherenkov
photons travel inside a circular disc towards the edge and then enter into one of circa
hundred optical elements around the rim that correct the chromatic dispersion of the
Cherenkov light and focus the photon onto the element readout plane. This design can
achieve positive kaon identification in the momentum range of up to 4+6 GeV/c in the
confined space and high magnetic field of the PANDA target spectrometer endcap.
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1 Introduction

For the PANDA [1] antiproton experiment at the future FAIR laboratory, investigating
the charmed quark sector with high luminosity and high precision, the detectors that
provide particle identification (PID) are a crucial element.

The PANDA target spectrometer is almost hermetically sealed to avoid solid angle
gaps, and to keep material volume low, there is little spare space inside. The prospect of
using thin radiator sheets, and placing the readout elements outside of the acceptance
(and potentially outside the magnet return yoke) favours the use of DIRC [2,3] designs
as Cherenkov imaging detectors for PID.

In a DIRC type Cherenkov detector, photons confined by total internal reflection
between parallel surfaces are transported to the edge of the radiator volume with
their Cherenkov angle information intact. With typically 50+-100 reflections the light
scattering loss per surface reflection has to be minimised, requiring a local (for any
millimetre-sized area) surface roughness not exceeding several nanometres RMS.
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PANDA Target Spectrometer Disc DIRC seen from target Lightguides with LiF - 3D visualisation

Fig. 1 Left: Endcap angular range highlighted in the PANDA TS, with arrows showing the
Disc DIRC location. Middle: Schematic front view with the optical readout elements circling
the Cherenkov radiator plate. Right: Edge detail. Each element starts with a lithium fluoride
plate for dispersion correction, followed by an amorphous fused silica lightguide with curved
top surface to focus the light onto a readout plane at the right.

Given the momentum range that PID needs to cover in the PANDA Target Spec-
trometer (TS, Fig. 1) endcap, the design has to improve over current DIRC detectors
(i.e. BaBar [2]). Hence it is suggested to include an optical focussing property and
correct for the wavelength-dependent Cherenkov angle.

2 Focussing Lightguide Dispersion Correcting Disc DIRC

For the Focussing Lightguide Dispersion Correcting Disc DIRC in PANDA (Fig. 1 mid-
dle and right), amorphous fused silica is used for radiator disc and the lightguides, and
lithium fluoride for the dispersion correction plate. Both materials remain sufficiently
transparent in the expected radiation field for PANDA [4]. The light crosses LiF-silica
boundaries twice, making the chromatic correction angle-independent to first order.
For the expected angle range, photons undergo total internal reflection on the light-
guides’ focussing surface, and as the light remains within the dense optical medium,
the phase space for the light propagation is not reduced. The photon detector pixels
are long rectangles as only the position information in the dispersive direction is used.

The optimisation of the detector has to obey several boundary conditions. The
space available for the optical components is limited, and external mechanical and
physical conditions are imposed on the radiator thickness. Investigation of suitable
photon detectors is ongoing [5]. Placing a Multi Channel Plate (the candidate detector
type) into the strong magnetic field of B=1+2T inside the T'S magnet return yoke
requires to orient the lightguide focal plane perpendicular to the field lines.

For the lightguide focussing surface (Fig. 2) the cylindrical curvature has been
parametrised with a fifth order polynomial. Quantities like lightguide length, orienta-
tion of the focal plane, and radiator disc thickness are fixed before the optimisation,
which determines an overall minimum for the focus spot sizes of the different angles on
the focal plane. For a disc thickness of 15mm the individual standard deviations are
well below 1 mm for the instrumented area.

For non-PANDA applications the chromatic correction may not be required. See
Figure 2 bottom right for a possible lightguide shape not using any LiF plate.

Charged particles emitting Cherenkov radiation and photon propagation have been
simulated for the Focussing Lightguide design, and the detector resolving power derived
in analysing the photon hit patterns.
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Fig. 2 Side views of Focussing Lightguides (lengths in mm where given) imaging onto a 48 mm

focal plane length. The focal plane inclination is set to 70 degrees to be perpendicular to the

magnetic field lines. Top right: visualising the effect of the LiF plate, the dispersion effect on

the angles is exaggerated. Bottom right: lightguide without dispersion correction plate.

Table 1 Error contibutions for the Focussing Lightguide design shown in Figure 2 left.

Error value [0]  Error source

3.1+6.2mrad  detector granularity of 1.5 mm pixel size (¢ component only)
0.9+4.3mrad finite spot size of curved lightguide focussing, 15 mm radiator thickness
l.4mrad angular straggling of saturated particle p=2GeV/c
0.4mrad tracking precision upstream of DIRC radiator disc for p=2GeV/c
0.1mrad track curvature in B field, 2GeV/c and ¥ = 18 degrees at target vertex
5mrad  chromatic error uncorrected (constant PDE for A=300nm--600nm)
<l.5mrad maximum chromatic error with LiF correction plate

The charged particle trajectory includes angular straggling, and the wavelength
dependence of the refractive indices is parametrised with Sellmeier coefficients. Ide-
alisations in the optical simulations include the assumption of perfectly parallel disc
surfaces, no bulk light absorption, and 100% reflectivity for total internal reflection.
These effects can be investigated separately and largely factored in into the results.

The photon pattern analysis is seeded with particle vertex information, smeared
to the resolution of the upstream tracking detectors. Differential response vectors are
computed, one tracking parameter (or 3) offset at a time, with artificially high photon
number, using the simulation code. The photon emission parameters are varied in
a deterministic way to ensure that the difference vectors are not governed by noise.
Particle vertex parameters and 3 are then fitted simultaneously.

Event sets are recorded for two different particle types of same momentum. The
_ Ima-—mp| _ _|ma-—msz]|
- op ~ (0a/240B/2)
mean m; and standard deviation o; values of the S=v/c distributions of the two particle
types. Figure 3 shows the results for the separation of pions and kaons, the charged
particles pair of most interest for PID in PANDA.

In multiple particle events, vertex information provided by the upstream PANDA
tracking detectors allows to narrow down the area where Cherenkov photons can be
expected, even before the PID step, and thus allows to select the photons belonging
to one specific particle only. Shower particles, however, have no tracking, and so their
photons cannot be identified and removed from within the kaon photons area. Figure 4
shows the effect of shower photons on the reconstructed kaon mass.

detector resolving power orps is then derived from the
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Fig. 3 Left: Detector resolving power as a function of momentum, shown for two particle
at target vertex angles, for a DIRC detector with 128 lightguides and 4096 detector pixels,
1.5x40 mm? in size with 32 pixels per lightguide. Right: Angle-dependent upper momentum
limit for crgs > 4 pion-kaon resolving power for ¥ = 5+-22 degrees target vertex angles. The
black dots show the result for the reference design of 128 lightguides, each 40mm thick, and
1.5 mm pixel size. Calculations with half and double the pixel number are shown as lines.
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Fig. 4 Background study with Cherenkov light from Barrel Calorimeter shower leakage [6] into
the disc superimposing a seeded kaon pattern. For the reconstructed kaon mass the distribution
width increases by 10-15%. No timing info has been used here for background photon filtering.
The coma effect in the lightguide imaging biasing the acceptance area position for kaon photons
causes the kaon mass shift.

3 Conclusion

A disc DIRC fitting inside the PANDA endcap can achieve positive kaon identification
up to p=4-+6 GeV/c and is only moderately sensitive to background photons.
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