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ABSTRACT
We report and discuss new measurements of the intensities and energy spectra of cosmic-ray
electrons and positrons over the energy range 4.5 to 50 GeV, and of the all-electron flux to 100
GeV. These measurements have been obtained with the first balloon flight of the HEAT magnet

spectrometer in 1994. The results are consistent with an essentially secondary origin of galactic
positrons.

INTRODUCTION

Previous measurements of electrons (e* + €7) up to roughly 1000 GeV (Prince 1979, Nishimura et
al. 1980, Golden et al. 1984, Tang 1984) have shown that their intensity amounts to about 1% of
the flux of protons around 10 GeV, but decreases more rapidly with energy (<E-3-1) than the proton
spectrum (<E-27). Separate measurements of positrons and electrons have only been possible at
much lower energies and have indicated a "positron fraction" (e*/(e* + ¢7)) around 10% in the region
1-50 GeV (Fansclow et al. 1969, Agrinier et al. 1969, Buffington et al. 1975, Miiller and Tang
1987, Golden et al. 1987, 1994, and 1996, Barbiellini et al. 1996, Barwick et al. 1995 and 1997a).
These observations have led o a number of conclusions, but have also left some key questions
unanswered:

1)The predominance of negative electrons requires acceleration in primary sources.

2) The steepness of the observed energy spectrum is usually explained as a consequence of
radiative energy losses during propagation through the interstellar medium. However, there are
several problems: The energy spectrum of electrons at the source is not known a priori, nor is it
known that electrons and nuclei originate at the same acceleration sites; the energy dependence «<E-06
of the containment of nuclei may be difficult to reconcile with the observed shape of the electron
spectrum (Tang 1984); and the “leaky box" approximation which -is-usually used, assumes an
unreasonably high density of electron sources in the galactic disk (Cowsik and Lee 1979).

3) The small flux of positrons appears to be esentially consistent with a secondary origin.
However, a small primary contribution of positrons cannot be excluded with certainty. This
question is discussed by Coutu et al. at this conference (paper 0G 7.1.3.).

Progress in our understanding of these issues requires measurcments of electrons and
positrons scparately, and over as large an energy range as possible. This was the motivation for the
construction of the High-Energy Antimatter Telescope (HEAT) which was flown on balloons in
1994 and 1995. In the following, we shall present and discuss results from the 1994 flight, but by
the time of the conference,we hope to also have the analysis of the 1995 flight available.
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The detection efficiency ¢ is comprised of contributions from all selections made in the
acceptance of electrons, including the instrument trigger. To determine e, a full Monte Carlo
simulation of the instrument is made, based on the GEANT software package, and including
experimentally determined fluctuations in detector response. The simulation also determines the
geometric factor AQ of the instrument; AQ = 495 cm2qr. Whenever possible the efficiencies
obtained by the simulation are cross-checked with measurements and visual inspection of the raw
data. Finally, small corrections to the resulting spectrum are applied which are due to the limited
energy resolution of the detector (resulting in "spillover” from one energy bin to the next), and due

to the transformation from the measured energy E’to energy E at the top of the atmosphere.
Table 2 shows the

resulting energy intervals, Table 2
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Thus, the total systematic error is well below 20%. The error in the lowest energy data point is
possibly larger, due to the proximity of the geomagnetric cut-off energy.

DISCUSSION

In Figure 1, we compare our results with previous measure-
ments for which absolute intensities have been given for
positrons and electrons separately, and in Figure 2, we com-
pare the all-electron encrgy spectrum (e* +e) with previous
results, also including measurements which did not employ

a magnet spectrometer for charge separation (Meegan &

Earl 1975, Silverberg 1976, Freier et al. 1977, Prince 1997,
Nishimura et al. 1980, Tang 1984). We find that all results
individually exhibit simjlar spectral slopes over the energy
range of concern, but that our overall (e* + ¢7) intensity is
lower than that of some of the previous investigations by a
factor of about 1.5. There are two likely contributors to this
Systematic discrepancy. First, the absolute energy calibra-
tion of individual experiments may be uncertain by up to 10%.

Fig. 1 Differential energy spectra of
elecirons and positrons
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Multiplication of the intensities with E3 (as in Figure 2), accen- Energy (GeV)
tuates this uncertainty to about 30%. Second, the assessment ° (l}ufnngmn 75
of the absolute detection efficiency of the instrument is notori- oldensé  w HTAT

ously difficult and does involve some intuitive judgment, although the more recent investigations,
such as ours, benefit in this respect from more detailed Monte Carlo simulations than were
previously available.

If we fit the spectra to single power laws, we find spectral indices a = 3.4 £ 0.2 and 3.10 *
0.08 for positrons and electrons, respectively, over the energy range 4.5 to 50 GeV. Thus, the
positron spectrum appears to be slightly steeper than that of electrons. If all positrons are of
interstellar secondary origin, one expects that radiative energy losses lead to a power-law index at
high energy that is larger by unity than that of the production spectrum, i.c., o «3.7 for production
spectra of the form E27. The spectrum of electrons, on the other hand, should steepen less

239

‘

— T T O Buffington 75
=4 S ] All-clectrons 7 Meegms
- L s pr,
b *l‘t&u h ” *f . {' g * ' ¢ Nistimura 80

" é i * v Tang 84
" Ho : e
» éi é‘} ﬁ t } ' ]
L) toy |
1 1
.
- ' . .
- llo 10? 10 encrey (GeV)

7 trum of all-electrons (e* + €°)
’ Py 2 Differential energy spec .
St tic slope with a = 3.1 if electrons are mostly groduc_c;i lat théos:r:fcsm
Stes mocler and ith the same source spectrumn characterized )311? = 1. However s
:?‘ - nu‘:lct::xla:l%pv;ls T e mer o 5 apecr ll?(())ngct;xjat rcflllcsézs a transition from the

ot 103 5 law but rather to a spectra ] on from the
) .m- ";pccd“u 'r‘:((:!c:o‘:i?;'?cgclligosgfarr :mdulan'on) toa spcctrun;l tl\llz;t ll:n ;f;;:)l\)/, csdte;;éc:;il 3;1:31 o

(m i c a - . -

o the ibclusion sug hdzlzaaj}?f)}:)]stggcic\:ond balloon flight of this instrument.

om rmuls throu e (i:xl]lfcligstil?:t t(l)lc slightly steeper spectrum of positrons, as compared to that of
Oon

%, 18t be expe 0SItrO! arc chotluna.lltly SCCOHdaIy paIllClCS.
ﬁm 0 €Xp cted lfp S ns p
' .“ll"y. we obscrve that a CO"IpaIl on Wlﬂl dlc b&lblﬂduons Of [Iotheloe 1982 al [o] indicates that
S ( ) S
te n ty os1trons 1§ Cl SC y p p
the absolu mntensi Ofp S. 1 O to what ma be ex CCth if Uldced all ositrons are

interactions in rstellar
subsequent to nuclear in e
::\‘xcl::ﬁj uccor(?ing to Protheroe is shown as a dashed line gu

This work was s orted y NA A W aCkHOWICd ¢ the nc .
upp b: S . € £ services Of the IJSBI baUOO TCW
1S

:FERENCES )
}/‘(\lg:xsxlz{ ]\é et al. Lett. Nuovo Cimento, 1, 53 (1969)

arbiellini, G. et al. A&A, 309, L15, (1996)
gf‘;wmiccl::ms'.%vfcx al. Phys. Rev. Len., 75, 390, (1995)
Bfl ick. S. W. et al. ApJ Lett., in press (19972) 4(19970)
Bﬁiok' S: W. et al. Nucl. Igtg. & A;!egz.,FsutAr;}neigg o X1975)
on. A.. Orth, C.D., & Smoot, G. F., ApJ, 199, |
23{{‘;;,%‘3{‘- e Apjc' 213%&23;':151193711 & Meyer, P., ApJ, 158, 771, (1969) Freier,
¢ w. J .. Hartman, R. C., Hildel ,R.H,
;mcs;ﬂﬁa\:nch '& Waddington, C. J., Api, 213, 859, (1977)
Golden, R. L. et al., ﬁpi, jszégzﬁgw(?g% N
,R.L.etal, , , N
82}322 R. L. ct al., ApJ, 457, L103, (199163 1979
Meegan, C. A., & Earl, J. A., ApJ, 197, 2987,)(
Mulier. D.. & Tang, K. A;;J3.831329.4 128,9% )
ishim ,J. etal, ApJ, , )
lljlflsr?cl:‘ ES ApJ, 227, 616, (1979)
Protheroe, R. J., ApJ, 254, 391, (1982)5 1972)
Schmidt, P., J Geophys. Res., 77, 329 s 11976)
Silverberg, R. E., J. Geophys. Res., 81, ,
Tang, K. K., ApJ, 278, 881, (1984)

240




	Muller0001.tif
	Muller0002.tif

