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Abstract

A prototype Transition Radiation Detector (TRD) with a new configuration was built and tested. The prototype consists of two

individual multiwire proportional chambers (MWPC) that share a thin common central pad readout electrode. Measurements with a
55Fe source and e, p and p of 1.5GeV/c showed a very good energy, position resolution and a better e=p discrimination compared to the

standard structure with a single MWPC. No significant deterioration of the resolutions is observed up to counting rates of

2� 105 particles cm�2 s�1. These results open the possibility of constructing TRDs with a high e=p discrimination and granularity even

for high-counting rate experiments with a reasonable number of layers.

r 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Transition Radiation Detectors (TRD) are proposed for
lepton identification with the CBM experiment [1] at the
future FAIR [2] facility at GSI. Currently, two large area
TRD detectors are under construction for LHC experi-
ments. One of them, the Transition Radiation Tracker
(TRT) of the ATLAS experiment is based on straw tubes
and fulfills the requirement of conserving its performance
up to 20� 106 particles s�1 per straw [3] at moderate
occupancies per event in p–p collisions [4]. The second
one, the ALICE–TRD is based on multiwire chambers and
has a high-granularity readout electrode in order to
maintain its performance up to the highest multiplicity
anticipated in Pbþ Pb collisions at LHC [5]. In contrast,
CBM will be a fixed target heavy-ion experiment in the
e front matter r 2007 Elsevier B.V. All rights reserved.
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energy range of 5–35AGeV. Aimed to look for rare probes
using the unique performance of FAIR in terms of high-
intensity heavy-ion beam, it requires the combined
performance of the two types of detectors mentioned
before, i.e. a high-granularity and a good performance in a
high-counting rate environment.
Simple Multiwire Proportional Chambers (MWPC) are

obvious candidates for high-granularity fast detectors if the
thickness of gas volume is reduced such to reach the
required counting rate performance. Up to intensities of
105 particles cm�2 s�1 no major deterioration of their
performance has been observed [6,7]. However, this
performance was reached decreasing drastically the con-
version efficiency of the transition radiation in a single
layer of such a MWPC-based TRD. In order to circumvent
this aspect, we designed and built several versions of a new
prototype of TRD based on a double-sided pad readout
electrode. The main idea is to increase the conversion
efficiency, conserving the performance and the number of
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readout channels of the prototypes mentioned above. This
can be reached by symmetrizing the counter structure
relative to the readout electrode using a double-sided pad-
plane electrode. The results of measurements with such a
prototype are presented in this paper. The next section
describes the construction scheme of the detector and the
experimental setups used in tests with a 55Fe source and
mixed secondary beams at the SIS accelerator of GSI,
Darmstadt. 55Fe source and in-beam test results in terms of
energy resolution, deposited energy distribution for e
and p and position resolution are presented in Section 3.
Section 4 describes the results in terms of the e=p rejection
factor. The dependence of the most probable value of the
pulse height and charge distributions as a function of
counting rate is presented in Section 5. Section 6 is
dedicated to the conclusions.

2. Description of the detectors and the test setup

2.1. Principal configuration and details of the prototype

A conceptual drawing of the prototype is shown in
Fig. 1. The central readout electrode, dashed line in Fig. 1,
separates the detector into two identical sections. It has a
Double sided
pad planeFlat Cable

Anode
wires

Cathode
planes

Fig. 1. Cross-sections through the detector: (a) parallel and (b)

perpendicular to the direction of the wires.

Fig. 2. A photograph of (a) the chamber structure before mounting the gas fo
pad structure on both sides, the corresponding pads on the
upper and lower surface are connected. The two anodes, up
and down relative to the central electrode, were made from
gold plated tungsten wires of 20mm diameter. The anode–
cathode gap is 3mm and the anode wire pitch is 2.5mm,
respectively. Aluminized mylar ð25mmÞ was used to close the
gas volume providing at the same time the cathode of the
respective MWPC. The photos in Fig. 2 show the inside of
the detector before closing it with the gas windows or outer
cathodes and the central double-sided electrode. Fig. 2 also
shows the gas in- and outlets for each of the detector halves.
The pad size is 5� 10mm2. Three versions of such a detector
were built. One chamber was built with the central readout
electrode made from a PCB of 250mm thickness to test the
basic functionality of the design. The readout electrode had
two rows of nine pads on either side.
A second detector contained a 3mm aluminized mylar

foil (1:8mg=cm2 aluminium layer) without a pad structure
as central readout electrode.
For the third variant of the detector the above-

mentioned double-sided copper pad readout structure
was etched on 25mm kapton foil with the copper
evaporated on it (see Fig. 2b).

2.2. Experimental setup

The detectors were tested using a 55Fe source. Custom
built charge-sensitive preamplifier/shapers (gain: 2mV/fC;
noise: 1800 electrons rms) were used to process the detector
signals which were digitized by an AD811 peak sensing
ADC. The MBS GSI-type data acquisition system has been
used [8]. The source was carefully collimated onto the
central pad to prevent the influence of electric field
distortions at the edge of the chamber.
The in-beam tests were performed in a joint measure-

ment campaign of the JRA4-I3HP Collaboration using the
standard setup for ALICE–TRD tests [5], presented in
Fig. 3. The components used in the analysis of these tests
are: two silicon strip detectors for beam profile definition,
two arrays of plastic scintillators for time-of-flight infor-
mation, a Pb-glass calorimeter and a gas-filled Cherenkov
detector for discriminating between e and p. The signals
delivered by all pads were processed using a new generation
ils and (b) of the central electrode used for the third version (see the text).
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of PASA front-end electronics [9]. They were digitized by
an 8-bit non-linear Flash ADC (FADC) system with
25MHz sampling frequency (0.6 V swing and an adjustable
baseline) in conjunction with the above-mentioned acquisi-
tion system. Mixture of Ar=CO2(70%/30%) and
Xe=CO2(85%/15%) were circulated through the counters
during the source and in-beam tests.

3. Experimental results

3.1. Source measurements

Typical amplitude (energy) spectra obtained in 55Fe
source tests are shown in Fig. 4 (anode wires (Fig. 4a) and
pads (Fig. 4b)) for the first version of the prototype. The
Beam 
exit

M-B 
TRD

Da
TRD

Da 
TRD

Du 
MWPC

Du 
GEM

Cherenkov Lead Glass

Start Stop

Fig. 3. Setup of the test beamline. Results from the three TRDs labeled

M-B TRD (two version 3 types and one version 1 type) are discussed in

this paper (other variants (Da TRD, Du MWPC, Du GEM) are not

discussed here). Start and stop were generated from scintillator arrays of 4

NE102 strips. A gas Cherenkov counter and a lead glass calorimeter are

used for particle identification.
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Fig. 4. The energy spectra of a 55Fe source taking the signal from (a) version 1

version 3, pad plane.
worse energy resolution of 15.4% ðsÞ using the pad
information relative to 8.5% ðsÞ corresponding to the
anode signal is mainly due to the fact that only one row of
pads was readout. Consequently, part of the signal shared
between the two pad rows was missed.
Amplitude spectra for the second prototype are depicted

in Fig. 4c. The energy resolution of 12.5% is mainly due to
larger capacitance of the intermediate electrode compared
to the wires. The pad size is equal with the active counter
surface �22� 50mm2. For such an intermediate electrode
absorption of X-rays is negligible, the measured value is
1.5% at 5.9 keV.
Fig. 4d presents the results obtained with prototype

version 3. The resolution is comparable to the one obtained
for the first version. The measured absorption in the
intermediate electrode is 15%.
While the energy resolution is identical to the one-sided

version, the conversion probability for 5.9 keV X-rays is
increased owing to the second amplification volume in the
double-sided version. The influence on the e=p discrimina-
tion performance will be demonstrated in Section 4.

3.2. In-beam tests

The detectors discussed in this paper are labeled M-B TRD
in the sketch of the experimental setup presented in Fig. 3.
15.4% (σ)
1700 V

0

10

20

30

40

50

200 400

Amplitude (channels)

C
ou

nt
s

b

d

15.4% (σ)
1700 V

C
ou

nt
s

0

10

20

30

40

50

60

70

80

200 400 600 800

Amplitude (channels)

, anode electrode, (b) version 1, pad plane, (c) version 2, pad plane and (d)



ARTICLE IN PRESS

10-4

10-3

10-2

10-1

0 100 200 300 400 500 600

Q (a.u.)

N
or

m
al

iz
ed

 c
ou

nt
s

a

10-4

10-3

10-2

10-1

0 100 200 300 400 500 600

Q (a.u.)

N
or

m
al

iz
ed

 c
ou

nt
s

b

Fig. 5. Charge ðQÞ distributions of electrons (thin line) and pions (thick line) for (a) 1.0GeV/c and (b) 1.5GeV/c using a Xe=CO2(85%/15%) gas mixture

and an anode voltage of 1800V. For both measurements a Rohacell radiator was used.
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Fig. 7. Experimental charge distributions (points) for electrons (a) and

pions (b) fitted with a superposition of Landau and Gauss functions

(dashed lines), for a Xe=CO2(85%/15%) gas mixture and 1800V applied

voltage, used as input for the Monte Carlo simulation.
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Fig. 6. Charge ðQÞ distributions of electrons (thin line) and pions (thick

line) for 1.0GeV/c and a Xe=CO2(85%/15%) gas mixture for a single-

sided high-counting-rate TRD at 1900V anode voltage.
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The prototypes were tested with different gas mixtures,
gas gains, momenta and beam intensities. For all runs a
structure of fibers of 17mm diameter of about 4.0 cm
thickness and Rohacell HF71 of 2.0 cm thickness [5] was
used as radiator. For the rest of the paper this combination
will be called Rohacell.

In order to evaluate the performance of this radiator, a
regular periodic polypropylene foil stack (120 foils, 20mm
thickness, 500 mm gap) was placed in front of one chamber
for one run.

The charge ðQÞ distribution of electrons and pions for 1.0
and 1.5GeV/c momentum, respectively, a gas mixture of
Xe=CO2(85%/15%) and an anode voltage of 1800V are
presented in Fig. 5. The double-sided configuration yields
twice the signal for electrons and pions due to ionization
energy loss. For electrons the signal owing to transition
radiation (TR) is influenced by the increased conversion
probability as well as by the absorption in the central
electrode ð�15%Þ.

The overall effect is that the peak of the deposited energy
distribution due to direct ionization, specific for thin
detectors, disappears, moving to larger values (of PH or
Q) due to the extra contribution of TRs converted with
higher probability in a thicker detector. These conclusions
are supported by the deposited energy distribution
obtained with the single-sided prototype, based on a
simple MWPC, presented in Fig. 6 [7].

The obtained position resolution for the third version of
double-sided TRD prototype is better than 200mm for
particle rates up to 2� 105 particles cm�2 s�1. Details will
be reported in a forthcoming paper [12].

4. Pion rejection performance

The charge distributions presented in Fig. 7 were fitted
using a superposition of a Landau and a Gaussian
distribution. The fits were used in simulations in order to
estimate the pion rejection factor as a function of the
number of layers of such TRD detectors.
The pion rejection factor was extracted using the
likelihood on integrated energy deposit [13]. For an
energy deposit Ei in layer i, PðEijeÞ is the probability to
be produced by an electron and PðEijpÞ is the probability
to be produced by a pion. The likelihood L to be an
electron is

L ¼ Pe=ðPe þ PpÞ
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where

Pe ¼
YN

i¼1

PðEijeÞ

Pp ¼
YN

i¼1

PðEijpÞ.

Here N denotes the number of simulated layers.
The pion efficiency at 90% electron efficiency for

1.5GeV/c momentum as a function of the number of
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Fig. 9. Pion efficiency at 90% electron efficiency at 1.5GeV/c momentum

as a function of the number of layers for an anode voltage of 1700V: (a) a

stack of polypropylene foils with a regular periodic structure 20/500/120;

(b) Rohacell radiator.
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Fig. 8. Pion efficiency at 90% electron efficiency at 1.5GeV/c momentum

as a function of the number of layers for the Rohacell radiator and an

anode voltage of 1800V.
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Fig. 10. The most probable values of the Landau fit of the pulse h
layers for the Rohacell radiator and an anode voltage of
1800V is shown in Fig. 8. For a six layer configuration a
pion efficiency of 3.3% is reached. A direct comparison of
the results obtained with the Rohacell radiator and the
polypropylene foil stack is presented in Fig. 9 for an anode
voltage of 1700V.
For such a regularly spaced radiator an efficiency of

1.1% is obtained for a six layer structure. At the same
voltage, a pion efficiency of 5.4% for a six layer
configuration is reached for Rohacell radiator. The
performance of the regular foil stack is almost a factor of
5 better for the six layer configuration.
If we apply this correction factor to the previous run

(at 1800V anode voltage), the final estimated pion
efficiency for six layer configuration and a 20/500/120
stack foil radiator is 0.7%.
5. Rate performance

In the previous sections the performance of the new
prototype of TRD in terms of energy resolution, position
resolution and pion efficiency was presented. Another
important aspect of the anticipated experiments is the rate
stability of the detectors. The effect of the high-counting-
rate environment on the detector performance was tested
using a mixture of positive particles of 1.5GeV/c momen-
tum in which protons were the dominant component. The
counting rate per detector area was changed by varying the
extraction time of the beam at a given beam intensity.
Using the time-of-flight spectrum, protons were selected for
the pulse height analysis and charge analysis.
The most probable values for the pulse height and charge

were extracted from Landau fits. They are plotted as a
function of counting rate in Fig. 10. Up to a counting rate
of more than �200� 103 particles cm�2 s�1 virtually no
deterioration of these values is observed.
As far as the pion efficiency as a function of counting

rate is concerned, in Fig. 11a and b the pulse height
distributions of hadrons and electrons, at different count-
ing rates (26� 103, 110� 103, and 250� 103 particles
cm�2 s�1), are presented. Within experimental errors no
discernable deterioration is observed. We conclude that
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eight and charge distributions as a function of counting rate.
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Fig. 11. Pulse height distributions of: (a) hadrons and (b) electrons for 26� 103, 110� 103, and 250� 103 particles cm�2 s�1 counting rates.
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these detectors preserve their pion efficiency performance
up to more than 200� 103 particles cm�2 s�1.

6. Summary and outlook

For electron–pion discrimination in high-counting-rate
environment a new prototype of TRD based on a double-
sided pad readout electrode was designed, built and tested.
First results of measurements using a 55Fe source and
mixed beams of electrons and pions have been presented in
this paper.

The performance of this new type of TRD in terms of
counting rate and pion efficiency recommends this princi-
ple of TRD as a solution for high-counting-rate environ-
ment and high-pion efficiency TRDs with reduced number
of channels and material budget at a given granularity.
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