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Abstract

We present measurements of ionization energy deposit in Xe;CO2(15%) and of transition radiation in an irregular radiator. The

measurements are performed with prototypes of the ALICE Transition Radiation Detector (TRD) with a beam of electrons and pions of

1–10GeV=c. We also present resulting electron–pion separation performances for the prototype chambers as well as for final, full-size

TRD chambers.

r 2006 Elsevier B.V. All rights reserved.
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1. Introduction

The ALICE Transition Radiation Detector (TRD) will
provide electron–pion separation for momenta above
1GeV=c and particle tracking in the high-multiplicity
heavy-ion collisions at the LHC accelerator at CERN
[1,2]. The electron identification is performed using a
likelihood method [3], which requires as input the knowl-
edge of the spectra of total energy deposit in the
momentum range of interest. For pions (the dominating
background) these spectra are determined by the ionization
energy loss ðdE=dxÞ, while for electrons the additional
contribution of transition radiation (TR) is superimposed.
A realistic implementation of the TRD in the ALICE
simulations (AliRoot [4]) requires measurements of pure
TR spectra. We present recent measurements and simula-
tions on dE=dx and TR performed with ALICE TRD
prototypes. The resulting electron–pion separation perfor-
mances of the ALICE TRD prototypes and final chambers
will also be presented.
e front matter r 2006 Elsevier B.V. All rights reserved.
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2. Experimental setup

The measurements were carried out in autumn 2004 at
the CERN PS accelerator using a mixture of electrons and
negative pions with momenta from 1 to 10GeV=c. The
results are obtained using prototype drift chambers (DC)
similar to the final ALICE TRD chambers, but with a
smaller active area ð25� 32 cm2Þ. They are filled with
Xe;CO2 (15%). The first half of the test beam was devoted
to measurements of energy loss and TR spectra. The
method is similar to the one in Ref. [5] and a sketch is
shown in Fig. 1. Clean samples of pions and electrons are
selected using coincident thresholds on a Cherenkov
detector (Ch) and a lead-glass calorimeter (Pbgl). Three
scintillator detectors (S1–S3) are used for triggering and
four Silicon detectors (SD1–SD4) as position reference.
Three drift chambers (DC2–DC4) provide measurements
of energy deposit with or without radiator in front of them
and are used for electron/pion identification analysis. The
TR photons produced in the radiator in front of the dipole
magnet are detected separated from the beam in DC1. The
absorption of the photons is minimized by using a He-pipe.
The length of the magnet is approximately 0.5m and the
bending radius of the beam is kept approximately constant
in the experiment by varying the strength of the magnetic
field up to about 1 T. We investigated several different
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Fig. 1. Sketch of the beam setup. In a second part of the measurements

the magnet and helium pipe were replaced by a stack of six final, real-size

TRD chambers.
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Fig. 2. Spectra of the ionization energy loss for pions and electrons at

6GeV=c. The symbols represent the measurements. The lines are GEANT

4 simulations.
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Fig. 3. MPV of the ionization energy loss as a function of the Lorentz

factor g. Our values (open symbols) are compared to previous results of a

test beam in 2002 and to the measurements of Fischer [9], Walenta [10],

and Herold [11]. The continuous lines are the simulations; the dashed line

is obtained with an increased Fermi plateau for the GEANT 3 data [7,8].

This modification was introduced to reproduce the data.
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radiator configurations but in this publication we focus on
the standard ALICE TRD radiator (a sandwich of fibers
and foam with 4.8 cm thickness [1]).

In the second part of the test beam the dipole magnet
and helium pipe were replaced by a stack of six final, full-
size TRD chambers.

3. Ionization energy loss

The measurements of energy deposit by ionization are
performed with the three prototype drift chambers DC2-4.
In the Fig. 2, we present the dE=dx spectra averaged over
the three chambers for a beam momentum of 6GeV=c. The
energy calibration has been performed using the most
probable value (MPV) of the pion spectra. The spectra are
compared to simulations with GEANT 4 [6].

In Fig. 3 we present the dE=dx MPV normalized to a
minimum ionizing particle (MIP, g � 4) as a function of
the Lorentz factor g. We extract the MPV of the spectra
from fits with a sum of a Landau function and a Gaussian.
Our data are compared to results of a previous test beam in
the year 2002 with the same prototype DCs. Other
measurements and calculations are also shown. For our
momentum values the pions are in the regime of the
relativistic rise of the energy loss, while the electrons are
already at the Fermi plateau. The agreement with the
different measurements is very good and the new data
confirms the Fermi plateau found in 2002 [7], which is
slightly larger than the calculations with GEANT 3 [8]. The
calculations show also a more pronounced relativistic rise
than the measurements. The data calculated with GEANT
4 reproduces all measurements very well.

4. TR spectra

An extensive measurement of pure TR spectra and the
momentum dependent TR yield was carried out using
different radiator configurations. For space reasons in this
publication we will focus on the standard ALICE TRD
sandwich radiators. All other results will be presented in an
separate paper in preparation.

For each event in DC1 a TR cluster search is performed.
Due to the magnetic field we are able to provide a
separation from the beam of more than three pads for all
momenta, which avoids a contamination of the measured
TR energy with ionization energy. A radiation background
at higher momenta is present also without any radiator. It
can be attributed to synchrotron radiation from the magnet
and is subtracted based on measurements without radiator.
A limitation imposed by the method of measurement is
connected with the limited space point resolution in drift
direction which is directly related to the drift velocity and
the sampling frequency of the employed ADC system [2],
resulting in a limited separation efficiency for close TR
clusters. Measured and simulated TR spectra for the
ALICE TRD sandwich radiator at 2GeV=c are shown in
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Fig. 4. In the simulation we use the theory described in Ref.
[5]. Three parameters are needed, which correspond to the
number of foils N f , the foil thickness d1 and the foil
separation d2 for a regular foil structure. Since the TRD
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Fig. 5. Measured and simulated dependence of the mean number of

detected TR photons hNTRi on momentum. The simulated data shows the

deposited mean number of TR photons (dotted line) and the mean number

of photons detected by the TR cluster search algorithm (continuous line).
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Fig. 4. Measured and simulated TR spectra at 2GeV=c for the ALICE

TRD sandwich radiator. The upper panel shows the distribution of the

energy of single TR photons ðETRÞ. The lower panel shows the distribution

of the total TR energy ðEtot
TRÞ. The simulations include the limited

separation efficiency for very close TR photons.
radiator is not a regular foil structure, the parameters can
only reflect typical dimensions of the radiator materials,
but are not unambiguously determined. Our set of
parameters was chosen to best reproduce our measure-
ments, taking into account also the correction for the
limited cluster separation efficiency: N f ¼ 120, d1 ¼ 15mm
and d2 ¼ 400mm. Fig. 5 shows the momentum dependence
of the mean number of detected TR photons.

5. Electron identification performance

Due to the dE=dx relativistic rise the separation between
the pions and the electrons based only on dE=dx would be
reduced as function of momentum (Fig. 3). That is the
reason why we use also the fact that the electrons produce
TR in this momentum range. The resulting pion efficiencies
can be calculated using a likelihood on the total integrated
energy loss (LQ). In addition, the exponential probability
for the absorption of TR photons in the gas mixture can be
exploited in a bidimensional likelihood (LQX). Here, the
distribution of the time bin with the maximum measured
amplitude is used together with the total integrated charge.
In Fig. 6 we present a comparison of the two methods for
90% electron efficiency. The measurements are averaged
over the three prototypes and the performance is extra-
polated for the final configuration with 6 layers. The pion
efficiency achieved is about 1% in the momentum range
1–2GeV=c, with the expected degradation for higher
momenta, resulting from the saturation of the TR yield
(Fig. 5). There is a sizeable improvement, up to a factor of
1.5, with the bidimensional likelihood. It has been shown
that further improvement can be achieved with a neural
network method [13].
In Fig. 7 we compare the pion efficiency of the full-size

detectors and the prototypes. They are calculated with the
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Fig. 6. Momentum dependence of the pion efficiency for 90% electron

efficiency extrapolated to 6 layers.
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Fig. 7. Comparison of the pion efficiency for 90% electron efficiency for

the prototype detectors with the full-size chambers for six layers. We use

the LQ method. [12]
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LQ method, for 90% electron efficiency and for six layers
as a function of momentum. The data are obtained with
charge spectra averaged over the detectors. The slight
deterioration of the performance of the big chambers with
respect to the prototype chambers may be explained by a
worse signal-to-noise ratio for the real-size chambers.
6. Summary and conclusions

In the ALICE TRD the ionization energy loss and
energy deposited by transition radiation (TR) is used to
identify electrons. Ionization energy loss spectra of
electrons and pions from 1 to 10GeV=c in Xe;CO2(15%)
were measured and compared to simulations. GEANT 4
very nicely reproduces the measured momentum depen-
dence and the spectral shapes. Pure transition radiation
spectra of electrons in the same momentum range were
measured and also show a good agreement with theory.
The pion efficiency achieved with likelihood methods is

about 1% for 90%-electron efficiency and the final
configuration with six layers.
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