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ABSTRACT 

Two recent balloon-borne experiments have been performed by the Wizard/CAPRICE collaboration in 

order to study the electron and positron components in the cosmic radiation. 

On 1994 August 8-9 the CAPRICE94 experiment flew from norther Canada and on 1998 May 28-29 the 

CAPRICE98 experiment flew from New Mexico, USA at altitude8 corresponding to 3.9 and 5.5 g/cm2 of 

average residual atmosphere respectively. The apparatus were equipped with a Ring Imaging Cherenkov 

(RICH) detector, a time-of-flight system, a superconducting magnet spectrometer with a tracking system 

and a 7-radiation-length silicon-tungsten imaging calorimeter. The RICH used in 1994 had a solid NaF 

radiator while in 1998 the RICH had a CbFlO gaseous radiator. 
We report on the electron and positron spectra and positron fraction at the top of the atmosphere from few 

hundred MeV to 40 GeV measured by these two experiments. 
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INTRODUCTION 
Precise measurements of the electron component of the cosmic radiation provide important information 

about the propagation of the cosmic rays in the Galaxy which is not accessible from the study of cosmic- 
ray nuclear components. In fact, because of their low mass, electrons undergo severe energy loss through 
synchrotron radiation in the magnetic field and inverse Compton scattering with the ambient photons. 

Along with the measurements of electrons, the study of the cosmic-ray positrons, which are believed to be 
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mostly produced in collisions of cosmic-ray nucleons with interstellar matter, provide additional information 
on propagation models. Furthermore, production mechanism and other possible new sources of positrons 

can be investigated. 

Since the first detections of electrons and positrons in the early sixties, many experiments were performed 

to measure these components. Their results, however, show large discrepancies and discordant conclusions 
have been drawn (e.g. see Miiller, 1995). In recent years a new generation of experiments with more 

sophisticated detectors have been performed and their results are in much better agreement (Golden et al., 

1994, Barwick et al., 1997, Barwick et al., 1998, Boezio et al., 2000). In this paper we present the results 

on the cosmic-ray electron and positron -spectra and ratios obtained with the NMSU-WIZARD/CAPRICE 

balloon-borne spectrometer, which flew in 1994 and 1998. 

DETECTOR SYSTEM 

The first version of the apparatus, called CAPRICE94, was launched from Lynn Lake, Manitoba, Canada 

on August 8th, 1994 and it landed near Peace River, Alberta, Canada. The balloon floated at an average 

atmospheric depth of 3.9 g/ cm2 for nearly 23 hours at a mean vertical cutoff rigidity of about 0.5 GV/c. 
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Fig. 1. Schematic view of the CAPRICE94 

apparatus. 
Fig. 2. Schematic view 

apparatus. 

of the CAPRICE98 

The instrument (Figure 1) included from top to bottom a Ring Imaging Cherenkov (RICH) detector 
with a solid NaF radiator having a threshold Lorentz factor of 1.5 (Carlson et al., 1994), a time-of-flight 

system (ToF), a superconducting magnet spectrometer with a tracking system made by a stack of multiwire 
proportional chambers (MWPC) (G o Id en et al., 1991) and two drift chambers (Hof et al., 1994), and a 
7-radiation-length silicon-tungsten imaging calorimeter (Bocciolini et al., 1996). The average maximum 
detectable rigidity (MDR) of this spectrometer was 175 GV/c. 

The second version of the instrument (Figure 2), hereafter called CAPRICE98, was launched from Fort 
Sumner, New Mexico, on 28th May 1998. It floated at an average atmospheric depth of 5.5 g/cm2 for a 
period of 21h at a mean vertical cutoff rigidity of about 4.5 GV/ c and it landed close to Heber, Arizona. For 

this experiment the MWPCs in the CAPRICE94 apparatus were replaced by an additional drift chamber 
providing an MDR of 330 GV/ c and the RICH used a CdF10 gaseous radiator with a threshold Lorentz 

factor of about 19 (Francke et al., 1999). 

DATA ANALYSIS 

The CAPRICE experiments were well suited for the identification of cosmic-ray electrons and positrons 
and the reconstruction of their energy spectra. The combined capabilities of the RICH and calorimeter along 
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with the time-of-flight information permitted the identification of electrons against a background of muons 

and pions and positrons against a vast background of protons, muons and pions. A rejection factor of better 

than IO5 was achieved in both experiments for protons against positrons. Furthermore, the capability of 

&t,ing&hing different particles independently with the different detectors allowed a reliable determination 

of the rigidity dependent efficiency and rejection power of each individual detector, which was essential for 

a precise determination of the energy spectra. 
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In both experiments, singly charged parti- 
cles moving downward were selected using 
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6 1 In both experiments electrons were selected 

with a rigidity at the spectrometer between 

L1 
0.3 and 30 GV/c. In CAPRICE94 positrons 

b i 

were identified between 0.3 and 10 GV/c, 
while in CAPRICE98 between 0.3 and 30 

GV/c. The different rigidity range for the 

positron selection was due to the different 

Fig. 3. Display of a 6.7 GV/c electron in the 
refractive index of the radiator for the two 

CAPRICE98 instrument. From top to bottom 
RICH detectors. This can be seen in Figures 
4 and 5 which show the measured Cherenkov 

are shown the RICH from the side (in the center 

also from above), the tracking system, and the 
angle for singly charged particles as a func- 
tion of rigidity for the CAPRICE94 and the 

calorimeter. Note that the figure is not to scale, 
CAPRICE98 experiment respectively. In the 

e.g. the calorimeter is significantly thinner than 
NaF RICH (Figure 4), due to the lower 

shown in the figure. The circles in the DCs in- 

dicate hits and their radius is proportional to 
threshold, a good positron to proton sepa- 

the drift time. The view of maximum bending 
ration was achieved up to 5 GV/c. The pro- 

ton contamination in the RICH selection was 
(x) is to the left and the orthogonal (y) to the 

found to be less than 0.1% up to 1.2 GV/c 
right. The calorimeter shows the electromag- 

netic shower induced by the electron. 
where protons were below the RICH thresh- 
old. 

Above the RICH threshold, the contamination slowly increased to 2% at 3 GV/c, and then to 30% at 

4 GV/c and 60% at 5 GV/c. Above this rigidity protons became indistinguishable from positrons. In the 

CAPRICE98 experiments, the higher threshold of the gas-RICH permitted the selection of positrons in a 

wider rigidity range. The excellent imaging capabilities of the gas-RICH ( on average 12 photoelectrons were 

detected per ring (Bergstriim et al., 1999)) p ermitted the selection of positrons with a proton contamination 

of about lob4 up to 19 GV/c, increasing to about 1% at 30 GV/c. 
The remaining proton rejection factor was provided by the calorimeter. Conditions to select electromag- 

netic showers in the calorimeter were based on the total detected energy, which should match the measured 

momentum, and on the longitudinal and lateral profiles of the shower. Figures 4 (b) and 5 (b) show the 

singly charged sample after the electron calorimeter selection. Both the proton and the muon/pion contam- 

inations are strongly reduced. The calorimeter criteria were chosen to provide a rejection factor of about 
104, with an efficiency of about 85%, in CAPRICE94 and, because of the high identification capability of 

the gas-RICH in a wider rigidity range, of about 103, with an efficiency higher than 90%, in CAPRICE98. 
Muons and pions were efficiently rejected by the calorimeter (Boezio et al, 2000). 

Figures 4 (b) and 5 (b) clearly h s ow that the combined calorimeter and RICH selections provide a clean 
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identification of the electron and positrons. 
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Fig. 4. Measured Cherenkov angle from 

the CAPRICE94 flight data for (a) singly 

charged particles (356,127 events) and (b) after 

calorimeter electron selection (5087 events). 

RESULTS 

Fig. 5. Measured Cherenkov angle from the 

CAPRICE98 flight data for (a) singly charged 

particles (11,641 events) and (b) after calorime- 

ter electron selection (2395 events). 

The observed number of electrons and positrons were corrected for the selection efficiencies and geometrical 
factors. The resulting differential spectra were extrapolated to the top of the payload using bremsstrahlung 
corrections. From these spectra we subtracted the atmospheric secondary electron and positron fluxes, using 
the theoretical estimates given by Stephens (1981). 
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The corrected electron and positron spec- 

tra were propagated backward to the top of 

the atmosphere by simultaneously solving the 
cascade equations, which describe the prop- 

agation of all the electromagnetic compo- 

nents, namely, primary electrons, positrons 

and secondary gamma rays that result from 

bremsstrahlung of the electron component. 

From this, we obtained the electron and 

. CAPRICE98 
positron spectra which are shown together 

l CAPRICE94 with other experimental results and theoret- 
A Barwick et al. 1997 
0 Clem et 01. 1996 ical predictions in Figures 6 and 7, respec- 
. Golden et al. 1996 

. Golden et al. 1994 
tively. A good agreement is found between 

Q Golden et al. 1987 the CAPRICE94 electron spectrum and the 
0 Muller & Tang 1987 + 

-------s 

recent results by Golden et al. (1994) and 

10 between the CAPRICE94 positron spectrum 
Energy (GeV) 

and the data by HEAT94 (Barwick et al., 

Fig. 8. Positron fraction as a function of energy 1998). Instead, the HEAT94 electron flux 

measured by the CAPRICE experiments along is about 70% higher than CAPRICE94 re- 

with other experimental and theoretical results. sults. It is worth pointing out that a 20% 

The dotted line is the secondary positron frac- systematic uncertainty in the energy estima- 

tion calculated by Protheroe (1992) using the tion can explain this difference. Furthermore, 

leaky-box model. The solid line is the secondary the combined HEAT94 and HEAT95 electron 

positron fraction calculated by Moskalenko and results from 1 to 50 GeV (Du Vernois et al., 

Strong (1998). 1999) on the electron spectrum are in better 
agreement with CAPRICE94 data. 

Also a good agreement at low energies (below about 6 GeV) can be seen between the CAPRICE94 results 

with the prediction of Moskalenko and Strong (1998) modulated using a spherically symmetric model with 

solar modulation parameter 4 = 600 MV. At high energies, the theoretical electron spectrum is higher 

than CAPRICE94 results which could indicate that the injection spectrum is steeper than the one used by 

Moskalenko and Strong (1998). The data can also be reconciled if a lower normalization would be used for 

the calculated spectrum (obtained from experimental data by Moskalenko and Strong, 1998). However, in 
this case the CAPRICE94 data at low energy either would indicate a steeper electron interstellar spectrum 

than determined by Moskalenko and Strong (1998) or would not agree with a spherical symmetric model 
for solar modulation. 

It is worth noticing that the positron spectrum was calculated by Moskalenko and Strong (1998) assuming 

that all positrons were of secondary origin, produced by the interaction of cosmic-ray nuclei with interstellar 

matter. The CAPRICE results are in agreement with a pure secondary origin of the positron component. 

A similar conclusion can be drawn from the CAPRICE results on the positron fraction. Figure 8 shows 

the positron fraction measured in the two CAPRICE experiments along with other experimental results and 

theoretical predictions (Protheroe, 1982, Moskalenko and Strong, 1998) for positron secondary production. 
CAPRICE data do not confirm the possible indication of a primary component near 10 GeV claimed by 

Coutu et al. (1999). However, the data are statistically limited. It is essential to improve the statistics on 
positron measurements in the high energy region. 
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