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Abstract 
The Wizard Collaboration is engaged in a program to study the antimatter components of the cosmic rays. A 

silicon-tungsten (S.-W) imaging calorimeter has been developed as part of this program. We present its performance and 

preliminary results, obtained 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 took place from Ft. Sumner, New Mexico. 

1. Introduction 

The main goal of the experiment (named TS93 [ID was 
the measurement of the positron component of the cosmic 
rays in the energy interval 44.50 GeV. The low energy 

limit is determined by the geomagnetic cutoff of the Fort 
Summer parallel (34’N Latitude). 

The determination of the positron flux and energy 
dependence of the positron to electron ratio is relevant to 
understanding the mechanism and models for cosmic ray 

* Corresponding author. 

propagation in the interstellar medium. The experimental 
situation on the ratio R = ~(e+)/[~(e+) + N(e-)] is 
shown in Fig. 1 [2], where data from previous balloon 

flights are compared. 
The TS93 instrument configuration is shown in Fig. 2. 

A superconducting magnet equipped with multiwire pro- 
portional chambers and drift chambers is used as a spec- 

trometer [3,4]. A set of plastic scintillators, installed at the 
upper and lower extremes of the tracking system, provides 
both the trigger for the experiment and time of flight 
(TOF) information with a resolution of 400 ps over = 1.4 
m of path; an energy loss (dE/dx) measurement over a 
thickness of 1 + 1 cm of the plastic scintillators is pro- 
vided as well. 
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Fig. 1. Experimental situation. 
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The two other detectors used in the TS93 flight are a 

Transition Radiation Detector (TRD) and a silicon-tungs- 

ten imaging calorimeter. The TRD consists of 10 layers of 
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carbon fiber radiators, each followed by a large area 

MWPC tan additional radiator was located at the top of the 
stack). The signals from each wire of each chamber were 
individually analysed with cluster counting capability [5- 

71. The calorimeter has 5 silicon planes, sensitive in both 
X and Y coordinates. The planes are interleaved with one 

radiation length of tungsten (I X,(W) = 3.5 mm). 

In order to determine the required pe~ormance of both 
the TRD and the calorimeter for particle identification, the 
signal/background ratio at balloon altitudes has to be 
taken into account. The expected positron to proton ratio is 
e’/p =; 10--4, the positron to alpha ratio e+/fy = lo’-” (in 
the energy range available for TS93). Therefore, the sys- 
tem TRD + Si-W calorimeter must have a greater than 

10e5 separation power for protons and positrons. A draw- 
ing of the experimental detector, launched in Fort Summer, 

New Mexico (The Land of Enchantment) on September 8, 

1993, is shown in Fig. 2. 
A cosmic ray coming from outside the Earth will cross 

approximatiy 3.2 g/cm’ of residual atmosphere and then, 
entering the payload, will find in order the TRD, the top 
TOF counter, the tracking system, the bottom TOF counter 

and finally the Si-W imaging calorimeter. 

2. The Si-W imaging calorimeter 

The sampling layer of the calorimeter is an array of 

8 X 8 pair (X-Y) of detectors (6 X 6 cm*, divided in 16 

strips, each 3.6 mm wide) [8]. The strips in each coordi- 
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Fig. 2. TS93 apparatus configuration. 
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Fig. 3. Rigidity. Non-interacting particles. 
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Fig. 6. Truncated mean multiplied by p’ for cx particles. 

Fig. 4. Truncated mean. Rigidity greater than 4 GV/c. Not 

interacting particles. 
T7 test beam. A detailed description of the design concept 
and of test beam results are given in [8]. 

nate are connected in parallel and the readout is performed 
through 16-channel preamplifiers. Each sampling layer 
consists of two arrays having 12g + 128 readout channels 
[9]. A built-in system [lo], equipped with ADCs and 
digital processors, accomplishes the data acquisition and 
the reduction operations. The Si-W calorimeter perfor- 
mance has been measured with a prototype with better 
containment (9 X0), but smaller lateral size at the CERN 
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3. The Si-W calibration 

An impo~ant step before proceeding to the analysis 
was the calibration of each one of the 1280 readout 
channels. The calibration was done using not interacting 
protons with rigidity R > 4 GV/c (where R =p/Z). These 
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Fig. 5. (a) Not interacting; (b) interacting (Y particles. Numerical values are in mip. 
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Fig. 8. Detected energy. (A) First plane of the calorimeter; (B) top 

scintillators. Fig. 7. Reconstructed track in the calorimeter of one particle 

selected as lithium. Experimental data. Rigidity greater than 4 

GV/c and less than 50 GV/c. Numerical values are in mip. 
stability of the strips and of the noise levels, therefore the 

entire set of data has been normalised with the fitted 
coefficients. About 90% of the strips were fully active with 
a ratio of signal to noise for mip better than 1.5. Of the 

remaining strips, 5% give no useful signal (detector or 

electronics failure); the others can be used in the case of 
high energy deposition. 

In Fig. 3 the rigidity distribution of particles as mea- 
sured in the tracking system is shown; negative values are 

not interacting protons behave like minimum ionising par- 

ticles (mip). We fitted this ADC’s distribution for each 
strip using a Landau tail plus a semi-Gaussian, thus obtain- 
ing the normalisation coefficients for each channel to the 
most probable value of the Landau distribution (in the 

following we define this as energy unit 1 mip). 
During the flight we have observed good temporal 
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Fig. 9. (a) Electron; (b) positron candidates in the TS93 apparatus. 
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Fig. 10. Electra-magnetic shower. 

referred to negative charged particles that show a curvature 
in the spectrometer opposite to that of positive ones. 

4. Preliminary results of particles identification 

A plot of the average energy loss in the calorimeter for 

not interacting particles obtained over 5 out of 10 silicon 
planes with the truncated mean method is shown in Fig. 4. 
The d E/dx distribution clearly shows two peaks. The first 
peak around 1 mip (protons) and the second at 4 mips 
(helium). Typical patterns of not interacting and interacting 
helium nuclei (o particles) as seen in the calorimeter are 
shown in Figs. 5a and 5b together with their numerical 

content related to the released mips in each silicon layer. 
The same truncated mean method, applied to the distri- 

bution of the cx energy loss multiplied by p’ factor gives 

the results shown in Fig. 6; the p value is computed from 

rigidity measurements when applying the helium-4 mass. 

A few events with Z = 3 have been detected as well: the 
calorimeter reconstruction of one of these events is shown 
in Fig. 7. Their energy losses as seen in the first plane of 

the calorimeter and in the top plastic scintillator are shown 

in Figs. 8a and 8b respectively. 

The electron candidates are searched among the nega- 

tive rigidity particles with rigidity value less than -4 
GV/c. The electromagnetic shower development in the 
longitudinal and transverse directions has been studied 

using Monte Carlo calculations previously adapted to the 
test beam data (GEANT code [ll]). The obtained algo- 
rithm has been optimised using the experimental data 
obtained from the test beam prototype. The application of 

this recognition technique allows us to select electron and 
positron events. Fig. 9 a shows an electron candidate with 

energy 4.8 GeV, Fig. 9b shows what has been identified as 
a positron candidate, the TRD information is also shown; 

Fig. 10 is an expanded view of an electromagnetic shower. 

5. Conclusion 

The flight TS93 has collected at float altitude almost 24 
h of useful data. The auxiliary detectors TRD and the 
Si-W imaging calorimeter are adequate to separate the 

positron signal from the large positive hadrons back- 
ground. 
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