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a b s t r a c t

The design, calibration, and performance of the first radial drift Time Projection Chamber (TPC) are

presented. The TPC was built and installed at the CERES/NA45 experiment at the CERN SPS in the late

nineties, with the objective to improve the momentum resolution of the spectrometer. The upgraded

experiment took data twice, in 1999 and in 2000. After a detailed study of residual distortions a spatial

resolution of 340 mm in the azimuthal and 640 mm in the radial direction was achieved, corresponding to

a momentum resolution of Dp=p ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð1% � p=GeVÞ2 þ ð2%Þ2

q
.

& 2008 Elsevier B.V. All rights reserved.

1. Introduction

Heavy-ion collisions at ultra-relativistic energies offer the
possibility to study the behavior of nuclear matter at high density

and/or temperature where one expects the formation of the Quark
Gluon Plasma (QGP). A valuable tool to explore the early stage of
heavy-ion collisions are electromagnetic probes. They are not
subject to the strong interaction and can freely escape the
surrounding hadronic medium.

CERES/NA45 (Cherenkov Ring Electron Spectrometer) is the
only experiment at the CERN Super Proton Synchrotron (SPS)
dedicated to the study of eþe�-pairs produced in p–A and A–A
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collisions in the low mass range of 0:1 GeV=c2omeeo1:2 GeV=c2.
It was installed in 1990 at the H8 beam line of the SPS North Area
and started its operation in 1991. Systematic studies have been
done using S–Au interactions in 1992 and proton-induced
reactions p-Be and p-Au in 1993. An energy scan of Pb–Au
interactions has been performed in beam times from 1995 to
2000. One of the main achievements of the CERES experiment is
the measurement of an enhanced dilepton yield in S–Au and
Pb–Au collisions as compared to expected contributions from
vacuum decays of hadrons [1–5].

In 1998 the experiment was upgraded with a radial drift
Time Projection Chamber (TPC) [6,7] in order to significantly
improve the mass resolution in the range of the f-meson
from Dm=m ¼ 7% [5] to 3.8% [8,9]. The additional information
from the differential energy loss dE=dx in the TPC further
improved the pion/electron separation capability. At an electron
efficiency of 0:68 the pion misidentification rate dropped from
5� 10�4 to 2:5� 10�5 at a particle momentum of 1 GeV=c [10,11].
The dilepton invariant mass spectra measured after the experi-
mental upgrade with the TPC allowed for the first time to
discriminate between different theoretical approaches [10,12].
Finally, the TPC also opened the possibility to study hadronic
channels. Since then many interesting topics have been addressed
like particle multiplicities, elliptic flow, event-by-event fluctua-
tions, particle correlations, and strangeness analyses (see for
example Ref. [9]).

The upgraded CERES spectrometer, as it was used during the
heavy-ion runs in 1999 and 2000, is shown in Fig. 1. The
main components of the experiment are two Silicon Drift
Detectors (SDD1, SDD2) for vertex reconstruction, two Ring
Imaging Cherenkov Counters (RICH1, RICH2) for electron
identification, and a radial drift TPC for the measurement of the
particle momentum and particle identification. All detector
components of the spectrometer cover full azimuth at polar
angles 8�oyo14�, corresponding to a pseudorapidity range of
2:10oZo2:65.

2. TPC design considerations

The aim of an improved mass resolution required the addition
of a charged particle spectrometer to the existing CERES
experiment, consisting of a magnet system and a large volume
electron tracking device [13,14]. The TPC technology has been
successfully applied for this task in heavy-ion experiments,
combining high resolution tracking with large acceptance, low
material budget, and reasonable cost.

The new spectrometer system had to preserve the polar angle
acceptance and the azimuthal symmetry of the existing experi-
ment. This led to a radial electric field configuration resulting in
the first radial drift TPC ever to be operated. In addition, a
magnetic field configuration with two new magnet coils around
the TPC has been adopted providing a strong radial component for
momentum determination (cf. Fig. 1 and Section 5). With a
momentum dependent curvature in the r–f plane the ionization
electrons drift almost radially outwards to the readout chambers
which are installed on the outer circumference of the TPC.

For significant parts of the drift volume this design implies
crossing electric and magnetic field lines leading to a finite
variable Lorentz angle of the drifting electrons. The drift gas
mixture Ne/CO2 (80%/20%) has been found as an optimum with
regard to small diffusion coefficients and Lorentz angle, sufficient
primary ionization, long radiation length, and detector stability. In
addition, the maximum drift time should be kept low in order not
to compromise the trigger rate without requiring excessively high
drift fields.

3. Mechanical layout

The TPC was installed downstream of the existing spectro-
meter, at a distance of 3:8 m from the target system. A cross-
section of the TPC is shown in Fig. 2. The mechanical stability of
the TPC is provided by a massive backplate and an outer cylinder,
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Fig. 1. Schematic view of the CERES/NA45 spectrometer. The TPC is operated inside an inhomogeneous magnetic field generated by two opposite polarity coils. The electric

field inside the TPC is radial, pointing from the readout chambers to the high voltage cylinder.
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