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Abstract

The WiZard Collaboration is involved in a program studying the antimatter components of the cosmic rays. A transition
radiation detector and a silicon-tungsten calorimeter with imaging capabilities have been built as part of this program. We
present the combined performance of these two detectors for positron identification during a balloon flight on September 8,
1993, The flight was dedicated to the measurement of the positron spectrum in the energy range 4-50 GeV and was
launched from Ft. Sumner, New Mexico. © 1997 Elsevier Science B.V.
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1. Introduction

The WIZARD collaboration has performed an
experiment—named TS93 [1]—to measure the spec-
trum of the positron component of cosmic rays in the
energy interval 4-50 GeV. The low energy limit has
been determined by the geomagnetic cutoff at the
launch site (Ft. Sumner parallel, 34°N latitude) and
the upper limit has been imposed by the 25 hours of
exposure time. The experiment was flown on
September 8th, 1993 at about 36 km of average
altitude.

This measure is part of a larger program to study
fluxes of both antiprotons in the 1-20 GeV energy
range and positrons in the 4-50 GeV energy range,
by different flights, with higher accuracy in particle
identification with respect to past experiments [1].
The program deals with open questions in cosmic
ray physics and particle astrophysics related to the
origin of antiparticles, production and acceleration of

particles, their propagation and confinement mecha-
nisms inside the Galaxy.

The particular objective of the TS93 experiment
was to measure the e*/e” ratio in the region of 10
GeV and above, that is in an energy interval where
all the observations produced to date are affected by
uncertainties connected with the subtraction of a
significant background due to the high flux of pro-
tons respect to positrons.

The experimental situation on the ratio R=
N(e*)/[N(e*) + N(e™)] is shown in Fig. 1 [2],
where data from previous balloon flights are com-
pared. Results obtained with the present experiment
have been published separately [3].

A drawing of the experimental payload is shown
in Fig. 2. A cosmic ray coming from outside the
Earth crosses approximately 4.5 g/cm? of residual
atmosphere before entering the payload. A supercon-
ducting magnet equipped with multiwire propor-
tional chambers and drift chambers is used as a
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Fig. 1. Experimental situation on the positron data.
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Fig. 2. Balloon flight complete detector housed in the container.

spectrometer [4,5]. A set of plastic scintillators, in-
stalled at the upper and lower extremes of the track-
ing system, provides both the trigger for the experi-
ment and the time of flight (TOF) information with a
resolution of 400 ps rm.s. over 1.4 m of path; an
energy loss (dE/dx) measurement over a total
thickness of 2 cm of the two plastic scintillator
layers is provided as well. The detectors used for
positron identification in the TS93 flight are a transi-
tion radiation detector (TRD) and a silicon tungsten
imaging calorimeter (Si—Cal). Since the e*/p ratio
is known to be in the range from 1073 to 107%, we
need to rely on an apparatus which has a probability
to identify erroneously a proton as a positron of the
order of 10™% or less. For this purpose the Si—Cal
was employed in conjunction with the TRD, requir-
ing for both the devices a rejection factor against
protons of the order of 1073, The rejection factor
against hadrons can be defined either as:

Rh/e =e,/e.

where e,, e, are the efficiencies for hadrons and
electrons respectively, and e, usually is 90%; or as:

R, w=e./e,

Sometimes the hadron contamination at 90% elec-
tron efficiency is also used as rejection factor indica-
tor, which simply corresponds to e,,.

In this paper we describe the performances of the
two detectors, both separately and combined. We
will show that during the flight it has been possible
to achieve an overall proton rejection factor R of the
order 10~°—namely R’ = 3 X 10*—as required.

2. TRD general description

The transition radiation detector is placed on the
top of the magnet spectrometer inside the balloon
payload container, usually referred to as ‘gondola’,
and has an active area of 76 X 80 cm?, chosen to
match at best the acceptance of the rest of the
apparatus (Fig. 2). A detailed description of the
detector has already been published in [6].

The TRD peculiar characteristics, common to
other detectors that have been operated in similar
experimental conditions, are the reduced weight (237
kg) and the limited electric power supplied (100 W
for 2560 electronic channels); nevertheless its perfor-
mances are equivalent to analogous devices working
in accelerator experiments.

The detector consists of ten carbon fiber radiators
each followed by a multiwire proportional chamber
(MWPC) housed inside an aluminum box (Fig. 3).
The total radiation and interaction lenghts are 0.13
X, and 0.05 A, respectively.

Each radiator consists of a light and stiff alu-
minum frame containing four polyethylene bags filled
with carbon fiber segments, and it has overall dimen-
sions of 80 X 80 X 5 cm®. The radiator density has
been fixed to the optimal value of 0.060 g/cm®. The
first (top) TRD module has an additional identical
radiator to get nearly the same radiation yield as the
following ones. The same setup has been used in the
prototype exposed to test beam and a similar one is
generally used by many other authors, when space is
available.

The proportional chambers have an active surface
of 76 X 80 cm? and an anode—cathode gap fixed to 8
mm in our design. Each anode plane is equipped
with 256 gold plated tungsten wires, 25 wm thick,
stretched to a tension of 70 g with 3 mm spacing. In
these conditions, at the typical operation high voltage
(2.95 KV), no intermediate anode to cathode spacer
is needed to prevent wire instabilities.
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Fig. 3. TRD artist’s view with inner chambers and radiators details.

No windows external to the cathode planes have
been used in this chamber design. In order to prevent
cathode plane deformations, due to possible unbal-
ance of the chamber gas pressure with respect to the
external one, the cathode foils have been reinforced
externally by a set of thin fiber glass strips stretched
across the external frames. With this solution the
amount of material between the chamber gas volume
and the radiator is quite negligible and, in addition,
no electric field non-uniformities have been observed
when the inner pressure is kept below 50 ubar above
the outer pressure.

The chambers are filled with a xenon (80%)-
methane (20%) mixture chosen to give optimal TR
photon conversion. with low &ray background pro-
duction. With such a mixture the electron drift veloc-
ity results to be about 300 ns/cm at the operational
high voltage supply.

The high voltage supplied is remote controlled
and adjustable in steps of 1 V up to 5000 V. The
adjustable voltage was used to correct the variations
in operating temperature and pressure during the
flight by monitoring the stability of the reference
signal amplitude of the chambers produced by X-ray
Fe>® sources.

The ten TRD modules are inserted in a light
aluminum rack secured inside an aluminum box.
This box, designed to withstand a 10 G shock, is
sealed by a flange which allows only a short terminal
part of the MWPC printed boards to come out just to
be connected to the read-out electronics boards as
shown in Fig. 3. The box ensures both mechanical
stability and shock protection of the inner detector.

During the TRD operation the xenon—methane
mixture in the chambers and the methane in the box
are permanently flown. The two flows (about 20 1/h
and 2 1/h respectively) are regulated by two
electro-valves. A unit MKS 1250A remotely controls
these valves by two pressure transducers in order to
keep the differential pressure between the chamber
and the box volume to 50 ubar, and between the box
and the gas contained in the balloon payload to 20
ubar, The control unit compares the signal level
(0-5 V) of the transducer to a reference voltage that
can be set remotely by a DAC. This signal results to
grow linearly with pressure in our range. In this way
accurate planarity of cathode planes is ensured inde-
pendently from pressure variations inside the pay-
load container.

We have chosen to flow methane into the box in
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order to have a limited X-ray absorption in the space
before the cathodes and inside the radiators and also
to limit the deterioration of the chamber gas mixture
caused by the diffusion of the external gas through
the mylar cathode planes.

3. TRD electronics description

Detection of transition radiation (TR) photons was
based on the ‘cluster counting’ method first intro-
duced by Fabjan et al. [7]. In this method, photoion-
ization charge clusters are counted when the corre-
sponding anode signal amplitudes overcome a given
threshold. This solution was mainly suggested by the
simplicity of the relative electronics, given the large
number of channels involved, and by the possibility
to easily turn to a design based on low power
consumption components. An additional reason for
the cluster counting choice was the well known
stability of the rejection factor with respect to changes
of the threshold set on the cluster amplitude [6,8] or
to possible chamber signal amplitude variations (for-
seen within a few tens of percent). This feature is
very important in our experimental conditions be-
cause of the pressure and temperature changes inside
the payload and on account of limitations on the
flow of control signals.

The front-end and read out electronic components
of each chamber are mounted on a single mother
board directly connected to the anode plane printed
board connectors (see Fig. 3). The read-out and
control signal levels are loaded on a ribbon cable
bus, common to all the chambers, which is con-
nected to a CAMAC interface module. On the same
electronic board, a gate signal from the trigger logic
is distributed to each channel. The power supply is
regulated on each board to +5 V.

In order to reduce the power consumption to
about 40 mW /channel corresponding to an overall
power of about 100 W, as assigned to the TRD
during the flight, we have developed a new front-end
electronic channel based on hybrid circuitry technol-
ogy. The main interesting feature of the front end
channel is the low power consumption, namely 35
mW with 50 MHz bandwidth.

The channels of each chamber are grouped into
blocks of 16 on single cards mounted on the mother

board by special connectors. The single channel
consists of a hybrid circuit preamplifier and an am-
plifier—discriminator chain. The discriminator output
is delayed by 110 ns and sent to an AND-gate in
time with the external trigger gate G. This trigger
signal is derived from the time of flight counters and
is set to a width of 350 ns to fully account for the
drift time of the clusters of electric charge, released
by the TR photons, towards the anode wire. The
pulses passing the AND-gate are counted by a 4 bit
counter and transferred to the CAMAC interface
module to be read out into the on line computer. All
the components used immediately downstream the
hybrid circuits are based on HCMOS family, to get
both low power consumption and fast switching, in
order to correctly count the cluster pulses.

The amplifier provides two outputs: one is sent to
the discriminator; the other one is sent to a buffer
stage and is used to monitor the gain stability of the
chamber. In the chamber operation conditions dis-
cussed above, the pulse of an ionization cluster
produced by a 5.9 keV X-ray has a nearly symmetric
shape of 30 ns FW.H.M. and amplitude of about
100 mV on a 50 W load. The overall double pulse
resolution of the channel, which is very important for
a correct cluster counting ability, has been measured
by test signals of 10 ns width and was 25 ns.

4. Results of the TRD beam calibration

We have used a pion/electron beam, described
previously in [6,8], to test a prototype of the TRD
having the same parameters and equipped with the
electronics described above. The beam momentum
was varied from 1 to 5 GeV /c in steps of 1 GeV /c.

The threshold of the discriminator for cluster
counting was set to a voltage level (80 mV) corre-
sponding to a TR photon of about 5 keV, where the
pion contamination at 90% electron -efficiency
reaches a broad minimum as already verified in [8].
All chambers were continuously calibrated during
their operation by a Fe** (5.9 KeV) and a Cd'%” (22
keV) X-ray source. The resulting charge collected on
any wire was linear with photon energy up to 22
KeV. At the high voltage used (2.95-3 kV) the gas
gain was slightly above 10°.
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Additional tests were performed to study the
chamber response with respect to variations in tem-
perature and pressure as expected during the flight.
The temperature has been varied from 17°C up to
40°C and the signal pulse height from the Fe®
source was measured. In order to keep constant the
pulse height, the high voltage correction factor to be
applied is on the average about —10 V/°C. The
pressure dependence of the signal was also studied in
the range 870—1000 mbar, yielding a correction ratio
on the high voltage of about 12.5 V /mbar.

The pion contamination versus the electron effi-
ciency was investigated for different analysis ap-
proaches. For the purpose four parametric procedures
1. counting of planes fired in the track,

2. counting of clusters in the track,

3. likelihood method,

4. geometric mean of the number of chambers fired
(n,,) and total clusters (n,,), namely g=I[n -
nad

and a non-parametric procedure:

— neural network technique.
where implemented.

In the first procedure we analyzed the particle hit
pattern in the ten chambers and for both kind of
particles we counted the wire planes where at least
one hit along the track is recorded. We then applied
a variable cut on the two count distributions and
calculated the pion contamination and relative elec-
tron acceptance.

In the second procedure we counted the hits
belonging to the track only, although hits not farther
than one wire from the track were also accepted. In
this way most hits originated by &-rays, ejected by
the particle at large angles with respect to its trajec-
tory, are disregarded. In the third case we used the
same likelihood procedure introduced by Cherry [9]
to distinguish different mass particles whose signals
are pulse height analyzed. In the last case we simply
calculated the geometric mean of the number of
chambers fired and the total number of clusters
detected along the track. We can see that this method
gives much better results than the first two methods
and it is equivalent to the third one but simpler to
apply. In fact with this electronics we can achieve a
pion contamination of about 2 X 10™3 at 90% elec-
tron acceptance beyond y =6 X 103, (R’ = 500) as
we can notice in Fig. 4. Finally a careful multidi-
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Fig. 4. Pion contamination versus particle Lorentz factor of the
TRD.

mensional analysis has been carried out by a neural
network (NN) based method. In this case we got a
rejection factor still of the order of 2 X 1073 at 90%
pion acceptance, but sensibly lower than the previous
methods while approaching to 100% acceptance
[10,11]. For cross check reasons we have used the
last two methods in this flight performance analysis

5. Silicon-tungsten imaging calorimeter general
description

The silicon tungsten detector (Si—Cal) developed
for the TS93 flight (Fig. 2) has been configured to
add three orders of magnitude in hadron rejection
power to the rest of the spectrometer [12,13]. It acts
as a high granularity track and shower imaging
device. It allows to measure the shape and the energy
left by developing showers as well as the shower
starting point and the direction of the originating
particle. All these features have been also combined
with the specific requirements of low weight and low
power consumption.

The complete device consists of five ‘xy’ layers
of silicon detectors, interleaved with four planes of
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tungsten 3.5 mm thick (1 X,). A single sensitive
layer is an array of 8 X 8 pair (x—y) of detectors,
each having a total area of 60 X 60 mm? and a
thickness of 380 um; their pitch is 3.6 mm (for a
total of 16 strips per detector). The ‘y’ layers are
mounted back to back with an on-line pin structure
and perpendicular strips to give x and y coordinates.
These pairs of detectors are held in a special package
which allows a minimal dead area for the sensitive
layer (5% of the total surface). The strips of each
detector are daisy-chained longitudinally to form one
strip 48 cm long; since the strip capacitance of each
detector at full depletion is 70 pF, the total input
capacitance to the preamplifier comes out to be 560
pF on the average. A multilayer board is used to
patch all the detector and carries also the frontend
electronics and the related wiring.

In order to be qualified for the balloon flight, the
mechanical structure of the calorimeter has been
designed to support 10 G vertically and 5 G horizon-
tally. Moreover, the calorimeter has to hold the
weight of the above tracking system and of part of
the magnet; this requiring a solid and compact struc-
ture as less heavy as possible. The basic element of
the internal mechanical structure is an anodised alu-
minum honeycomb base plate with four steel posts
which follow the structure of the tracking system. A
series of threaded columns, S mm diameter, welded
on each side of the base plate allow the assembly of
the silicon layers, the tungsten planes and the elec-
tronics. An internal top cover, made of Ergal (an
aluminum alloy), tightly compresses the entire struc-
ture, thus preventing from any kind of oscillation and
distributing the stresses over the four posts. The
whole structure is sealed by an aluminum cover, 2
mm thick. It provides the termal insulation and the
protection from light and dust. The environment is
kept dry by a nitrogen flux.

A cooling device, a vacuum-proof stainless steel
(1 mm thick) box containing 25 1 of water, has been
applied on the external side of the base plate, in
order to keep the internal environment cooler than
the payload, whose temperature varies from 10 to
38°C during the flight. The concept of this device is
based on the evaporation of water in almost vacuum
conditions (about 4 mbar at floating altitude); since
the pressure inside the payload is mantained at 1
atm, the box is connected to the outside through a

flexible pipeline. An electrovalve, normally open,
placed along this line, prevents from any depressuriz-
ing hazard.

6. Silicon-tungsten imaging calorimeter electron-
ics description

The design of a dedicated front-end electronics
has been carried out in order to satisfy the require-
ments for a balloon flight. The basic unit consists of
a 16 channel module providing the analog circuitry
for the charge amplification and sample-and-hold of
each channel, as well as the logic to drive the
sample-and-hold itself and the multiplexed output. A
post-amplifier is provided for each channel so that
the signal may be read at two different amplification
gains (X1 and X16), with the maximum output
level (3.5 V) corresponding to 28 and 450 mip
(minimum ionizing particle) respectively. The shap-
ing time (7 us) has been designed in order to opti-
mize the signal-to-noise ratio.

The whole data acquisition system [14] has been
integrated in the detector; it receives analogue sig-
nals from the pre-amplification modules, controls the
digitization of the signals and performs a pedestal
and zero suppression analysis, providing the result-
ing information to the flight control computer. Each
plane has 16 programmable 12 bit ADCs, a 4 k-words
double port memory (DPM) and one digital signal
processor (DPS) acting both as a sequencer and as a
CPU. In this way all the functions of each plane are
executed in parallel. All DPSs are controlled by a
master computer (GMX) that performs the execution
of housekeeping tasks such as pedestal measurement,
zero suppression threshold calculations and pream-
plifier linearity tests. The GMX writes the data on a
dual port memory located in a CAMAC crate from
which the flight control computer gathers the infor-
mation to be transmitted to ground.

7. Calorimeter calibration results

An important step before proceeding to the analy-
sis of the data collected by the Si—Cal is the calibra-
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Fig. 5. Rigidity distribution of the in-flight detected particles as
measured in the tracking system.

tion of its 1280 readout channels. In flight the cali-
bration has been done using non interacting protons
with rigidity R > 4 GV /c (where R =p/Z). These
non interacting protons behave like minimum ioniz-
ing particles (mip). We fitted the ADC’s distribution
for each strip using a semi-gaussian function plus a
Landau tail, thus obtaining the normalization coeffi-
cients for each channel.

During the flight we have observed good temporal
stability of the strips and of the noise level, therefore
the entire set of data has been normalized with the
fitted coefficients. About 90% of the strips were
fully active with a ratio of signal to noise for mip
better than 15. Of the remaining strips, 5% gave no
useful signal (detector or electronics failure); the
others could be used in the case of high energy
deposition only.

In Fig. S the rigidity distribution of the detected
particles as measured in the tracking system is shown.

8. Particle identification performances during the

flight

In the present analysis, flight data have been used
to evaluate the signal /background discrimination ca-
pability of the detectors during the flight. TRD and

Si—Cal flight performances in turn have been evalu-
ated using a pure sample of real events selected by
means of stringent cuts on the discriminating vari-
ables of the remaining detectors of the apparatus. In
particular the TRD (Si—Cal) results have been worked
out using data selected by the TOF, the spectrometer
and the Si—Cal (TRD).

8.1. TRD performances

During the flight the payload pressure and tem-
perature were carefully monitored to adjust accord-
ingly the high voltage supply of the TRD chambers
in order to keep the reference signal from the *Fe
source to a value as stable as possible. The TRD
particle identification capability has been measured
using the information from the rest of the apparatus,
and particularly the calorimeter. For this purpose we
have selected a sample of electrons identified with
high accuracy (the estimated contamination of this
sample is 10™2). The selection criteria were based on
the negative curvature inside the magnetic field and
on the electromagnetic shower developed in the
calorimeter. Additional selection criteria were ob-
tained by a Monte Carlo simulation, based on accel-
erator test data.

The response variation of the TRD to the elec-
trons selected by the calorimeter has pointed that its
performance have changed during the flight due to
pressure and temperature variations, despite the im-
plemented feedback on high voltage. We took into
account these variations subdividing the data set into
three more omogeneous sub-samples relative to dif-
ferent time intervals and defining the cuts selecting
the electron sample at fixed acceptance. In Table 1,
both proton contamination and rejection factor, ob-
tained using the geometric mean procedure, are
shown at an electron acceptance ranging from 50%
to about 70%. Results obtained by means of neural
network techniques can be found in [15,16].

In Fig. 6 we show the cluster number distributions
for protons and electrons selected by the criteria
described above. In Fig. 7 we show the average
cluster count for the same particles at various 7y
Lorentz factors: in both cases the detector behaviour
is consistent with the typical one published for tradi-
tional TRDs.
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Table 1

Proton contamination and electron cut efficiency applied in different time intervals using the geometric mean g. The results for the cuts
corresponding to about 50% and 70% electron efficiency are shown, respectively.

Time intervals (seconds) Cuts e~ efficiency p* contamination Rejection factor
t < 45000 g=325 46 + 2% 0.29 + 0.02% 343 +£ 39
45000 < t < 85000 g=325 54 + 2% 0.49 + 0.02% 204 + 14

t > 85000 g=>425 47 +2% 0.17 + 0.03% 581 + 103

All evts (var cut) 50 + 2% 036 + 0.01% 279 + 16

t < 45000 g=225 67 + 2% 177 £ 0.02% 56.5+26
45000 < t < 85000 £22>250 69 + 2% 1.45 + 0.02% 69.0+24

t > 85000 g=325 71 +2% 1.00 £ 0.01% 100+ 7.0

All evts (var cut) 69 + 2% 1.45 £ 0.02% 69.0 +2.0

From both analysis procedures we can realize that
the rejection factor of the TRD is slightly worse than
that obtained using the beam calibration data. This
reduced performances can be attributed to different
factors which showed up during the flight. To keep
the gas gain to about 10* and to save at best the
proportional behaviour of the chambers we did have
not to exceed 3 kV in the H.V. supply, while the
pressure ranged from 870 mbar to 1000 mbar and the
temperature from 25°C to 38°C. Due to these pres-
sure variations and the above H.V. limit, we had to
run for one third of the flight with a discrimination

Event frequency
2
T

03 -

Number of clusters

Fig. 6. Cluster distributions for protons (solid line) and electrons
(dashed line) selected by the criteria described in the text.

threshold ranging from 4 to 7 KeV rather than the
optimal 5 KeV, thus spoiling the rejection factor by a
factor two.

Other factors contributing to reduce in flight the
performances obtained in the test beam have been:

(1) to speed up the acquisition rate and to reduce
the dead time due to the data transmission, we
decided to read only the first five wires fired for
each chamber. For this reason during the flight we
lost useful information at 10% probability when
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Fig. 7. Average cluster counts for electrons and protons in the
TRD.
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spurious signals were collected on these channels
while the good ones were ignored since they oc-
curred on the subsequent wires;

(2) during the flight, the top chamber manifested
a quite noisy behaviour due to mechanical vibrations
occurred to some wires, thus we excluded it from
acquisition. In this way we had to run with nine out
of ten chambers;

(3) to minimize spurious hits due to pick up e.m.
noise from the other devices, just occurring at the
beginning of the acquisition gate for the cluster
counting, we had to delay it by about 30 ns, thus
loosing about 12% of the useful counts.

In order to compare the in-flight rejection factor
with that obtained with test beam data, we scaled
down the calibration count distributions for pions
and electrons accordingly to the reduced perfor-
mances of the chamber data. The procedure was
straightforward for all the cases described above,
because we collected calibration data also in these
anomalous conditions. For Case (1), in particular, we
runned a Monte Carlo simulation describing the TRD
behaviour after randomly cancelling each chamber
response at the same rate as that of the occurring five
wires fired (10%).

The rejection factor R against hadrons was 1.45
X 1072, at an acceptance level for electrons of 70%,
in reasonable agreement with the flight results.

8.2. Silicon calorimeter performance

Real data sets of pure signal and background,
selected by means of the TOF, the spectrometer and
the TRD have been used to evaluate the performance
of the Si—Cal during the flight. The discrimination of
positrons from protons has been performed taking
into account a set of 12 discriminating variables.
They have been developed in order to describe the
features of the e.m. cascade inside the detector as
well as possible. Moreover they are built as being
maximally invariant with respect to position within
the detector, while retaining the largest amount of
information contained in the pattern.

Besides some fundamental discriminating vari-
ables—as the total energy released by the showers in
the silicon layers and the total number of hit strips in
the calorimeter—other variables have been built in

order to discriminate at best an electromagnetic from
a hadronic shower. These variables describe some
typical features characterizing the two kinds of cas-
cades, both energetic and topological, due to the fact
that, while an electron (or positron) induced shower
is easy to describe, a hadronic cascade is much more
complicated because of the variability of the
hadron—nucleus interaction. All the adopted vari-
ables have been previously tested and optimimized
on Monte Carlo simulated samples of events in order
to obtain the most satisfactory results; the behaviour
of these variables is clearly energy dependent.

One of the features to distinguish electronic ver-
sus hadronic showers is the trasversal development.
While a hadronic shower has an unpredictable devel-
opment, the transversal development of an e.m.
shower is quite regular and is well described by the
Moliére theory, stating that 99% of an e.m. shower,
at any energy, is contained in a cylinder of ratio
R =3.5 Ry, where Ry is the Moliére radius, whose
value is fixed for each material and is 0.69 cm for
tungsten. This well defined feature of the e.m. cas-
cade has been used for constructing different vari-
ables useful for our analysis, like the ratio between
the energy released in a cylinder of radius 1 Ry, and
the total energy deposited.

Another important difference between the two
cascades is the symmetry. While an e.m. shower is
rather symmetric, a hadronic one can have strange
and different patterns in the detector.

Finally, the energy released by one of the secon-
daries in a hadronic shower can be very high—in
case of pion, for instance—whereas secondaries in
an e.m. shower are always electrons and positrons
releasing relatively smaller energy deposits.

Applying one- and two-dimensional cuts (as a
function of the particle rigidity) on these variables a
proton rejection factor of 455 + 21 at 0.79 + 0.02 of
efficiency is achieved, as it is described in [3]. These
results permit a satisfactory signal identification in
this experimental context. A different data analysis
approach of the TS93 calorimeter data, based on
artificial neural network techniques, can be found in
[15,16].

Fig. 8a shows the reconstructed hit pattern of a
positron candidate of 5 GeV energy as it appears in
the TRD, tracking system and calorimeter respec-
tively; Fig. 8b shows a proton candidate.
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Fig. 8. Particle patterns in the TS93 apparatus: a) a positron
candidate of 5 GeV energy; b) a proton candidate.

8.3. Overall rejection factor

Combining the TRD rejection factor (the lower
part of Table 1) against protons—i.e. R’ = 69.0 + 2.0

— with the corresponding rejection factor for the
Si—Cal—i.e. R’ = 455 1+ 21—we obtained the over-
all proton rejection factor of the entire apparatus
R =3 X 10% at 0.55 + 0.02 of efficiency. With this
identification performance we have been able to
minimize the proton background in the positron sam-
ple as we have shown in [3].

9. Conclusions

The flight TS93 has collected almost 25 hours of
useful data at float altitude. Using real data we
determined the rejection factors of each ancillary
TRD and Si—Cal detectors during the flight. An
overall rejection factor of positrons against protons
R =3 % 10* (R of order 10~°) was achieved, which
is able in our experiment to separate unambiguously
the positron signal from the large positive hadron
background in the momentum range 4-50 GeV /c.
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