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Abstract

A major ingredient of the planned new accelerator complex FAIR, to be constructed at the
GSI, Darmstadt, Germany, is the availability of antiproton beams with high quality and
intensity. Among the experiments which will make use of this opportunity is PANDA, a
dedicated experiment to study antiproton annihilations on nucleons and nuclei. This article
gives an overview on the foreseen techniques to perform charged particle tracking in the high
rate environment of this experiment.
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1 Introduction

With the future FAIR [1] facility at the GSI [2] in Darmstadgermany, beams of antipro-
tons will become available. After production using a prignproton beam, collecting and
cooling, the antiprotons will be delivered to a dedicatedcsyotron/storage ring (named
HESR), where they will be stored, accelerated/decelerat¢lde desired energy, cooled
and used for experiments with an internal target4p, The momentum range of tife
beam will be between 1.5 and 15 GeV/c, i.e. the maxinpprcenter-of-mass energy
will be 5.5 GeV. The design luminosity is0*? cm—2s~!, and a momentum spread of
dp/p ~ 10~* is envisaged. With a somewhat relaxed demand in luminadBiys ~ 105
should be achievable. These parameters translate intorahilation rate of about 10
s~! =10 MHz, thus despite having a moderate multiplicity peméxthe experiment has
to deal with high rates.

2 Experimental Evironment

The antiproton annihilations occuring on the internal ¢trgre to be studied by the
PANDA [3] detector. PANDA is a fixed target experiment whicbnsists of a target
spectrometer surrounding the interaction point and a falvegpectrometer to measure
down to O in polar angle. Figure 1 shows the schematic view (from tip¢ 6d the whole
setup. The figure is taken from [4]. Further details of theegkpental setup can be found
in [4].
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Figure 1: Top view of the PANDA setup.



The requirements to the charged patrticle tracking systeeisasolid angle cov-
erage of nearly 4, the capability to resolve multiple tracks, good spatialotation for
secondary vertices, high momentum resolutiafi%) in a range from MeV/c to several
GeV/c, minimal material budget, high rate capability (trecapancy reaches values of
~ 3 -10* cm~2s7! in the forward region) and robustness against ageing sffeékinally
it operates in a magnetic field. As indicated in Fig. 1, theegxpent applies a solenoid
field (2 T) for the target spectrometer and a dipole field (2 Tonthe forward part.

The components of the tracking system are:

e a microvertex detector (MVD) close to the interaction pdiR), using silicon
pixel/silicon strip detectors

e a central tracker surrounding the MVD, made from straw tubgsas an alternative
under study, using a time projection chamber

e drift chambers in the target and the forward spectrometettfe particles emitted
under small polar angles

In the following, this article focuses on the straw tube cariracker; more information
and details about the other tracking devices can be fourd]in [

3 Thecentral tracker

The straw tube tracker (STT) is a cylindrical object consgbut of several double layers
of straw tubes oriented along the beam axis. It should cdwerddial space from 15 to
42 cm with respect to the beam axis. In the left part of Fig. Bpssible arrangement
using 11 double layers is shown; the beam pipe in the centethemnperpendicular target
pipe are shown as well.

The tubes have a diameter of 6 mm for the inner layers and 8 mrhéoouter layers;
20 um @ W-Re is used for the anode wires, and a mylar/kapton film witked&ating for
the tubes. The counting gas has been chosen to be a mixtud&oA®and 10% CQ, at
normal or slight overpressure. In such a configuration, abe amounts to 0.05% X(X
material budget, and the full device to approximately 1%cligcting cables and support
structures at the downstream/upstream end).

The basic arrangement in double layers is needed to redaeft-right ambiguity of the
passage of a charged particle with respect to the wire. Inghé part of Fig. 2 a relative
comparison of the resolution as a function of the number afbi® layers is shown for
different momenta of the traversing particles, which fasteimulation areu~ emitted



under an angle of 45from the nominal interaction point. The resolution has bern
tracted from the width of a gaussian fit to the appropriapedigtributions [5]. As one can
see, with a number of 1) double layers the requirements for low and high momentum
particles can be satisfied, adding more double layers doesnpoove the overall reso-
lution. Together with an additional information from thertex detector, the momentum
resolution reaches a level of 1.5 to 2% over the whole quotechemtum range.
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Figure 2: Left: The central tracker made from straw tubese $hpport structures are
not shown. Right: Relative comparison of the resolution &sation of the number of
double layers for various particle momenta.

In the left part of Fig. 3 the result of a physics channel usanfgll scale Monte
Carlo [4] with the STT for particle tracking is shown as an exde: theW (3770) reso-
nance, formed in @p annihilation, decays into alDpair. The channel B —KTr*7r* is
reconstructed. Here, the invariant mass distributionasgtet!; thel’ (3770) can be recon-
structed with a resolution afy ~ 10 MeV/c? and a reconstruction efficiency ef4%.
Concerning the gas mixture, He and Ar based mixtures have &tedied in a simulation
[4,7]. Finally, the above mentioned Ar:G®:1 mixture has been chosen since it has a
high number of primary ionisations per track length, andthives a better efficiency and
spatial resolution. The efficiency, measured with a 10 snstraw [6] iIs~99% over the
major part of the tube; very close to the tube wall (last 0.28)nt drops to~75% due
to the low number of primary ionisations along the shortkragece. The drift time is
smaller than 100 ns and thus matches the expected interaates.
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Figure 3: Left: Simulation of a physics channel using ST Qi Photograph of a straw
tube prototype prepared at the LNF.

The spatial resolution of such a detectokid50um in rp. Since the tubes have the

readout only on one side, thecoordinate instead could be obtained by using stereo tubes,
i.e. rotating several double layers by a small so-calledtv angle of 2-3 to resolve the
ambiguities. With this method in principlezaresolution of several mm can be achieved.
Under investigation is the possibility to connect two néigtring tubes, thus allowing a
two-side readout, and to obtain theoordinate by charge division. As discussed in [7],
one could expect a resolution of 7 to 15 mm. Neverthelesgeaept only a resolution in
the order of> 2 cm could be reached in tests with a radioactive source,duithprove-
ment is needed to make this method competitive with the stewlses.
The geometry and the mechanical mounting of the STT is fawmiyplicated due to the
presence of beam- and target pipe and the lack of overaleqsae Fig. 2, right, and Fig.
1) inside the colil of the solenoid. These questions are ntiyreénder study. Finally, the
right part of Fig. 3 shows a photograph of a straw tube prgetyonstructed at the INFN
Frascati laboratories to be used for further R&D.
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