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ABSTRACT

A Transition Radiation Detector (TRD) has been developed for the PAMELA instrument. PAMELA is
a satellite born magnetic spectrometer aimed at the detection of cosmic-ray antiparticles (positrons and
antiprotons), the measurement of proton and nuclear components of cosmic rays and the search of cosmic
antinuclei. It will consist of a magnetic spectrometer with a permanent magnet and a microstrip silicon
tracker shielded by an anticoincidence system, a scintillator time of flight detector, a 16.3 radiation length
silicon-tungsten calorimeter and a TRD. The TRD detector will provide particle identification, in addition
to the calorimeter measurements. It is composed of 9 active layers made of proportional straw tubes,
interleaved with carbon fibers radiators. We will illustrate the design of this detector, and describe its

performances as determined at particle beam tests.

INTRODUCTION

The investigation of antiparticle, namely positrons and antiprotons, spectra has an important role in
understanding the origin and propagation of cosmic rays. Earlier measurements, carried out with balloon
borne detectors, showed, on both positron and antiproton spectra, a flux larger than expected by secondary
production in the simple leaky box propagation model. More recent results showed a better agreement
with an hypothesis of secondary production but still at energies greater than 10 GeV the measurements by
CAPRICE98 (Bergstrom 2000) need to be extended.

Apart from the technical difficulties of these measurements, in a balloon experiment the fraction of
antiparticles produced in the atmosphere above the detector must be correctly determined and subtracted.
In addition the small rates involved, especially for the higher energy antiprotons, require a longer exposure

time than a tipical flight duration. The PAMELA detector has been designed to overcome these limitations:



it is a satellite borne detector studied to carry out a three year measurement cycle in orbit.

The PAMELA detector is a magnetic spectrometer designed and being built by the WiZard Collabora-
tion (Adriani 1999, Vacchi 2000). This collaboration has been actively present, in the field of antiparticle
measurements in cosmic rays, operating balloon borne detectors for more than a decade: several balloon
campaigns have been undertaken using a superconducting magnet spectrometer. The spectrometer was
complemented, in the different experiments, with a gas Cerenkov and a brass electromagnetic imaging spec-
trometer (Golden 1991, Bellotti 1999), a transition radiation detector (TRD) and a silicon electromagnetic
imaging calorimeter (Golden 1996), a solid state or a gas ring imaging Cerenkov along with the same silicon
calorimeter (Barbiellini 1996, Bocciolini 1996, Francke 1999, Ambriola 1999). The WiZard collaboration
also built and flew NINA, a silicon detector telescope designed to study the galactic, solar and anomalous
components of the cosmic rays in the energy interval 10-200 MeV /n (Sparvoli 2000). The PAMELA detector

concept and design are the result of all these experiences in the field.

THE PAMELA DETECTOR
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Fig. 1. A section of the PAMELA instrument.

In order to reliably measure positrons (antiprotons) spectra it is necessary to identify them in a large



background of protons (electrons). Especially in the former case rejection factors in singly charged particle
identification greater than 10° are required.

The small statistics involved, especially at high energies, require redundancy and long time exposures.
Also a spectrometer is needed with a high maximum detectable rigidity (MDR) in order to be able to
separate oppositely charged particles and to reduce the errors in momentum determination, especially in
the higher region of the spectra.

For these reasons the PAMELA detector is equipped with a silicon tracker spectrometer, having a spatial
resolution of 4 ym which results in a MDR of 740 GV for a mean magnetic field of ~0.4T (Adriani 1999b).
The required hadron rejection is reached by means of an imaging silicon-tungsten calorimeter (Adriani
1999c), and a TRD. The detector stack is shown in fig.1. It is composed from the top to the bottom of:
a time of flight system (TOF), the TRD, the silicon tracking system and permanent magnet (SPE), the
silicon calorimeter (CAL). The tracker system volume will be covered with anticoincidence counters to reject

multiple tracks and particles produced in the satellite shell.

THE TRANSITION RADIATION DETECTOR

The PAMELA TRD has a modular design. It is made of proportional straw tubes of 4 mm in diameter
and 28 cm in length. The tubes are made of a 30 pm thin Kapton foil while a 25 ym in diameter tungsten
wire is streched inside to a tension of 70 g.

The straw tubes are filled with a mixture of Xe and COy (80%, 20%) and operate in semi-sealed mode.
Between the anode wire and the cathode straw wall the operating voltage of 1400 V is mantained. Labo-
ratory tests showed that this mixture and voltage are the best combination in order to maximize the photon
detection efficiency, thanks to the larger percentage of Xe, and to operate the tubes in a moderate gain
region.

These modules are housed in a special frame to form a sensitive plane. The full TRD is made of 9 of
these planes, interleaved with radiator layers, for a total of 32 modules or 1024 straws. To maximize the
acceptance a configuration of 5 planes with 4 modules each, placed on top of 4 planes with 3 modules each,

has been chosen.



Fig. 2. Artistic view of a 32 straw tube module.

From Monte Carlo simulation and the previous experience in designing and operating TRD’s, a carbon
fiber radiator has been chosen for this detector (Barbarito 1992). Carbon fibers are packed in bags of 60 g/1
density and placed in the space left in between consecutive tube planes.

Special care has been put on the mechanical design of the gas feeding system and the high voltage
distribution. Due to small volume available, these functions have been integrated in a specially designed
manifold plate that holds the high voltage pin and ensure gas circulation for each tube inside a module. An
exploded view of a straw tube end and its insertion into the manifold plate is shown in fig.3.

To ensure mechanical stability and proper gas sealing the two 16 straw tube layers are glued face to face
with liquid epoxy.

The tube front end electronics is equipped with a custom VLSI ASIC chip: the CR1.4P (Adams 1999).
This is the same chip used for the calorimeter front end electronics; it is composed of 16 channels, each one
including a charge sensitive amplifier, a shaping amplifier and a sample and hold circuit, which can be read
out via an output multiplexer. The chip output is then sent to a 12 bit ADC for the digitization.

The frond end electronics is controlled by a digital signal processor (DSP) based read out card that also



acquires and elaborates the 12 bit data from the ADC, packs the event from all the data of the front end

card data, and sends it to the main CPU.

Fig. 3. Exploded view of a straw tube connection to the gas manifold plate and HV connector.

Prototype Tests and Performances

Prototypes of TRD straw modules, to be qualified for space usage, have been tested for gas leakage,
mechanical strength, resistance to vibrations and overpressure showing no substantial modification in their
electrical and mechanical characteristics.

Tests have been also done in order to choose the proper front-end electronic technique. From a dedicated
beam test, done at the CERN Proton Synchroton (PS) facility using 3 GeV/c pions and electrons, the charge
integrating electronics (ADC technique) showed better performances, in terms of hadron rejection, than a
fast discriminating approach (Cluster Counting technique).

The perfomances of a full TRD prototype, i.e. 9 sensitive layers and radiators, have been investigated,
along with the other PAMELA detector prototypes, during beam tests performed at both the PS and Super
Proton Synchroton (SPS) at CERN. Electron, pion and muon beams have been used in the momentum

ranges 25 GeV/c at PS and 40+-100 GeV /c at SPS. As shown in fig.4, discriminations based on a likelihood



statistical indicator performed at a pion rejection factor of 5% for an electron detection efficiency better

than 90% in these tests.
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Fig. 4. PAMELA TRD hadron contamination versus electron detection efficiency from a beam test performed at

CERN PS.

CONCLUSIONS

The PAMELA TRD detector has been designed to work for three years in a satellite enviroment and to
reach an hadron rejection factor of 5% for an electron efficiency of about 90%.

Prototypes of the TRD have been extensively tested and qualified for usage in the PAMELA satellite.

Besides beam test campains at CERN showed that the design performances have been obtained for a full

scale prototype.
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