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Abstract

A compact RICH detector has been developed and used for particle identification in a
balloon-borne spectrometer to measure the flux of antimatter in the cosmic radiation. This
is the first RICH detector ever used in space experiments that is capable of detecting unit
charged particles, such as antiprotons. The RICH and all other detectors performed well
during the 27 hour long flight.

1 Introduction

The goal of the Cosmic AntiPanicle Ring Imaging Chercnkov Expenment (CAPRICE) is
to accurately measure the flux of antimatter (antiprotons and positrons) and light isotopes
in the cosmic radiation and to continue the search for anunuclei. The NMSU/WiZard
CAPRICE balloon-borne magnet spectrometer [1] includes a superconducting magnet, a
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time-of-flight system of scinuUators, a tracking system of drift chambers [2] and multiwire
proportional chambers, an electromagnetic calorimeter [3-4] and a RICH detccior [5]. The
spectrometer flew 8-9 August 1994 from Lynn Lake, Manitoba, Canada, for 27 hours and
collected data for more than 6 million cosmic ray panicles. This paper describes the
principle of the solid radiator RICH detector and its performance during the flight

2 The RICH Detector

The principle of the RICH detector is shown in figure I (5]. When a charged particle
traverses the detector from above Cherenkov light is emitted in a solid radiator of NaF. The
cone of Cherenkov light refracts out of the crystal and is expanded in a nitrogen volume
before entering into the photosensitive part of the detector through a thin quartz window.
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Figure J.A schematic view of the NaF RICH detector. A p=0A8 event is indicated. The
Cherenkov light emitted in the NaF crystal is detected in a photosensitive MWPC with pad
readout.

The Cherenkov photons produce
phoioe lee irons through photoeffect with the
photosensitive gas tetrakis-(dimeihylamino)-
ethylene (TMAE) (6). The photoclectrons arc
amplified in a mulliwire proportional chamber
and the induced pulse in the cathode pad plane
gives an image of the Cherenkov light.
A single 4 GeV kinetic energy proton event at
nearly perpendicular incidence is shown in
figure 2. The hits in the centre are due to
ionization of the chamber gas by the proton
and it is surrounded by a ring of Cherenkov
lighL The Cherenkov angle can be calculated

Figure 2. A single 4 GeV kinetic energy
proton event at nearly perpendicular inc.
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from the image and is used for particle identification as it is tin accurate measure of the
particle velocity. For £= 1, charge one particles 10-20 photoclecirons arc delected per event,
depending on the incidence angle [5]. This is the first RICH detector used in space
experiments that is sensitive to unit charged panicles, e.g. antiprotons.

3 Experimental Results

The spectrometer flew 8-9 August 1994 for 23 hours at a float altitude between 36-38 km.
All detectors performed well and data were collected for more than 6 million cosmic rays.
Figure 3 shows the reconstructed Cherenkov angle as a function of rigidity for accumulated
events at 36-38 km altitude. Figure a) shows 120000 charge one particles and b) 8000
charge two panicles, where the charge is selected by the two scintillators. The good particle
identification capability of the RICH is clearly visible.

Figure 3. Reconstructed Cherenkov angle as a function of rigidity for a) Z=l particles and
b) Z=2 particles.

The threshold for emission of Cherenkov light in NaF is P=0.75. However, the particles
need to have P>0.85 to have the image of the Cherenkov light well separated from the
ionizauon with the geometry used in the CAPRICE RICH detector. Figure 4 shows the
resolution (r.m.s.) of the reconstructed Cherenkov angle as a function of P for protons at an
incidence angle of 9°±3° (the most probable incidence angle). As can be seen in the figure,
the Cherenkov angle resolution is nearly constant 12 mrad for particles with a beta larger
than 0.9. Figure 5 shows the resolution (r.m.s.) for protons with a rigidity of 3±0.5 GV/c
(0=0.94-0.97) as a function of incidence angle towards the RICH. Zero means perpendicular
incidence. The resolution increases with the incidence angle from 9 mrad at perpendicular
incidence to 18 mrad at 20° incidence. All results presented in this paper have their origin
in data collected during the flight.
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Figure 4. Reconstructed Cherenkov angle
resolution as a function of beta for Z=l
particles.
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Figure 5. Reconstructed Cherenkov
angle resolulioon as a function of
incidence angle for Z-l particles.

4 Conclusion

A compact RICH detector has been developed and used for particle identification in a
balloon-borne spectrometer to measure the flux of antimatter in the cosmic radiation. This
is the first RICH detector ever used in space experiments that is capable of delecting unit
charged particles, such as antiprotons. The RICH and all other instruments performed well
during the flight. The analysis is still in an early phase and we hope to improve the
resolution of the RICH even further.
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Abstract

A silicon-tungsten calorimeter has been developed and flown in a balloon borne
experiment in conjunction with a Ring Imaging Cherenkov Detector and a superconducting
magnet spectrometer. This instrument is referred to as the WiZard/CAPRlCE experiment.
The objectives of this experiment were to measure the flux of low energy antiprotons,
positrons and light nuclei in the cosmic radiation. The calorimeter is made of 8 x, y silicon
sampling planes interleaved with 7 tungsten absorbers (7 radiation lengths); it provides the
topology of the interacting events together with the measurement of (he energy released by
crossing panicles. Results of its performance during the flight are given.

1. Introduction.

The calorimeter here described is an upgraded version carried out for the Cosmic
AnUParticle Ring Imaging Cherenkov Experiment (CAPRICE) on balloon, to measure ihe
flux of low-energy antiprotons and positrons and of light isotopes in the cosmic radiation.
This is part of the WiZard Collaboration program of balloon flights dedicated to the study
of cosmic rays. A first, smaller version of the calorimeter with a different read-out system
was flown in 1993 from Fort Sumner. New Mexico, to measure the flux of electrons and
positrons in the cosmic rays (flight TS93 (I)).
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The 1994 experimental set-up tor the balloon flight pay load consists of a
superconducting magnet, a tracking system (made of Multiwire Proportional and Drift
Chambers [2,3]). a tune of flight system of scinwllators and a Ring Imaging Chcrcukov
(RICH) detector [4.51. The Silicon Tungsten imaging calorimeter is located at die bottom,
below ihe tracking system; it operates in conjuction with the RICH to recognize and
separate particles and nuclei by distinguishing between hadronic and electromagnetic
showers and by measuring the energy released in each sampling layer.

2. The Detector

The calorimeter is composed of 8 sensitive silicon planes, with an active area of
(48x48) cm*-, interleaved with 7 layers of tungsten absorbers, each layer one radiation
length (XQ) thick, for a total of 7 Xo A single plane is a matrix of 8x8 silicon modules
mounted on a G10 motherboard. Each module is composed of two 380 îm thick silicon
detectors having an active area of (6 x 6) cm^, divided in 16 conductive strips. 3.6 mm
wide, and mounted back to back with perpendicular strips to provide double coordinate (x-
y) read-out. The strips of each detector are connected to the neighbouring ones to form
single strips 48 cm long. This arrangement defines one single read-out channel: one plane
has. therefore. 256 channels, fed into two sets of eight front-end modules. 16 channels
each, for x and y coordinates. The whole calorimeter has 2048 channels. Details about the
characteristics of the silicon detectors, are published, together with the results of beam
tests, in Refs. (6,7.8).

The flight configuration has been designed in order to place in Che same
mechanical structure all the required servicing devices. Figure 1 shows the complete
arrangement which includes a cooling box and a dedicated CAMAC crate containing all the
read-out and silicon power supply modules.

8iO

Themucally insulating cover

520

CAMAC Crate

Figure 1. The complete arrangement of the calorimeter with its cooling box and the
dedicated CAMAC Crate (dimensions are m mm).
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The front-end of the caJonmcter consists of a 16-channel module, providing the
analog circuitry for the charge amplification and the sample-hold of each channel, as well
as the logic to drive the sample-hold and the multiplexed output. Sixteen front-end modules
are needed to handle the signals from the detectors of each plane for both coordinates. Each
channel features a charge preamplifier, with a JFET in the input stage, a semi-gaussian
shaping network with a peaking lime of 7 |is and a conventional sample-bold circuitry.

A single CAMAC read-out driver provides the signals needed to perform the
multiplexed read-out of all the front-end modules upon receipt of a trigger signal. A gate
pulse is sent to the conversion units to scan theix operation causing the analog input to be
sampled by an 8-bit ADC. The address of the actual channel is simultaneously put on a bus
thai connects all the conversion units. All the 256 channels of a plane are scanned at 1 MHz
rate, in two subsequent cycles for the two amplifications. Thus, a complete read-out
sequence takes 512 n s.

The conversion and buffering units, standard CAMAC modules, one for each
calorimeter plane, also perform an optional zero-skip of the data and store them into buffer
memories that are accessed by the controlling computer in the final stage of read-out.

3. Ground tests and flight performance

The expected performance of the calorimeter has been investigated through a
Monte Carlo simulation program based on tht GEANT code [9]. The simulation has been
carried out in order to minimize the electron contamination over antiprotons and to
maximize the selection efficiency of the latter particles. Simulated data have been analysed
using a stochastic discrimination technique, also combined with a neural network. The
actual response of the whole calorimeter and its efficiency have been measured with
cosmic rays during ground tests triggering with an independent scmiillator telescope.

The CAPRICE balloon flight took place in August 1994 from the base of Lynn
Lake, Manitoba, Canada; about 6 million events have been recorded at a floating altitude
above 36 km. Preliminary results arc presented at this same Conference 1101. The
calorimeter performed well over the entire flight and no re-calibration procedures from
ground were needed, thus showing its good stability over time. The capability of this
detector to provide the "image" of the events and of the energy deposited by crossing
panicles and nuclei is clearly shown in the following figures related to flight events: Figure
2 shows a non-interacting proton of 0.5 GeV kinetic energy; Figure 3 shows a stopping He
nucleus of 133 MeV/n kinetic energy; Figure 4 illustrates an electromagnetic shower
produced by a 1 GeV electron. From the ground ii was possible to monitor the behaviour of
each silicon strip. This was done by plotting the average deposited energy for each strip.
Figure 5 shows, as an example, the plot of the deposited energy in four adjacent strips.
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