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Abstract: Due to energy losses in the interstellar medium, cosmic ray electrons at TeV energies carry
information on local (within a few hundred parsecs) accelerators. However, measurements of the spec-
trum of the cosmic ray electrons beyond 1 TeV are extremely difficult due to the rapidly declining flux
and the much more numerous background of nucleonic cosmic rays. The very large collection area of
Cherenkov telescope arrays makes them promising instruments with which to measure these high energy
electrons. While Cherenkov telescopes solve the problem oflow fluxes of cosmic ray electrons in the
TeV range, they still have to deal with the problem of distinguishing electrons from the nucleonic back-
ground. Here we report on first results towards a measurementof the cosmic ray electron spectrum with
the High Energy Stereoscopic System (H.E.S.S.). The improved background supression that is needed
for such a measurement is achieved by an event classificationwith the “Random Forest” algorithm based
on decision trees.

Introduction

Cosmic ray electrons are with about 1% of the flux
in the GeV range a small but peculiar fraction of
cosmic rays. In contrast to hadronic cosmic rays,
they lose their energy rapidly via inverse Comp-
ton scattering and synchrotron radiation leading to
a steep spectrum following a power lawdN/dE ∝

E−Γ with spectral indexΓ ≈ 3.3, which is ob-
served in the GeV range by various balloon and
satellite experiments as shown in Fig. 1. Further-
more, at high energies, the energy of the electron
limits its lifetime,t ∝ 1/E, and hence its propaga-
tion distance. Therefore, at TeV energies, distinct
features of single nearby sources can be expected
in the electron spectrum [1][2]. At these energies,
however, no measurements exist, as the rapidly de-
clining electron flux calls for larger detector areas
than balloon and satellite experiments can provide.
Thus, while interesting theoretical predictions for
the TeV range of the spectrum exist, it has been
impossible so far to measure.
J. Nishimura proposed an alternative approach us-
ing imaging atmospheric Cherenkov telescopes
(IACTs) [8]. They use the earth’s atmosphere
as detector and therefore provide an order of105

larger collection areas. Designed for the measure-
ment ofγ-rays, they can be used to study cosmic
ray electrons, which, likeγ-rays, produce electro-
magnetic showers. The High Energy Stereoscopic
System (H.E.S.S.) is an array of four imaging at-
mospheric Cherenkov telescopes in the Khomas
highlands in Namibia [9]. Its sensitivity and its
large field of view make such a measurement of
cosmic ray electrons in the TeV range now possi-
ble.

Measuring cosmic ray electrons with
H.E.S.S.

For the analysis of cosmic ray electrons, all data
that were taken by the complete four telescope ar-
ray, targeting extragalactic fields to avoid contam-
ination of diffuseγ-ray emission from the galactic
plane, were used. Any known or potentialγ-ray
source was excluded.
While the big advantage of IACTs is their large
collection area, the challenge that is posed by such
a cosmic ray electron measurement is the discrim-
ination of the electrons from the much more nu-
merous hadronic background. Therefore, a sophis-
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Figure 1: The electron spectrum measured with
balloon and satellite experiments. Data are taken
from [3][4][5][6][7]. The energy region accessi-
ble to H.E.S.S. with sufficient statistics, assuming
a spectral index of 3.3, is indicated by the red bar.
Systematic effects may limit the results.

ticated machine learning algorithm was chosen to
separate electron and hadron events. The “Random
Forest” program [10][11] is based on decision trees
and was trained using Monte Carlo simulations of
electrons and off-source data. The input parame-
ters for the training contain camera image informa-
tion like the width and length of the elliptical image
scaled to the expected width and length defined by
simulations, and intensity information. Only those
events are used that triggered all four telescopes in
order to assure that only the best measured events
are chosen for analysis. As the input parameters
are partially energy dependent, an improved per-
formance was achieved by training in five energy
bands. The zenith angle dependence was taken into
account by restricting the data set to zenith angles
smaller than28◦, thus approximately matching the
simulations at20◦.
The Random Forest converts the input parameters
into an outputζ between zero and one, denot-
ing the electron-likeness of the respective event.
A large ζ represents an electron-like event, while
ζ = 0 stands for background events. The Random
Forest method allows for an improved background
rejection shown in Fig. 2. Only about0.5− 2.0%,
depending on energy, of all proton events passing

Figure 2: The distribution of the Random Forest
output ζ for data with energy 0.4-1.0 TeV(solid
line) and background simulation consisting of con-
tributions from protons, helium, nitrogen, silicon
and iron. A clear excess of electron events can be
seen at higher values ofζ that cannot be explained
by background simulations.

the four-telescope cut end up in the electron sig-
nal region ofζ > 0.6. This large suppression of
hadronic background events makes a measurement
of cosmic ray electrons possible in the first place.
In Fig. 2 theζ distribution of data is shown to-
gether with a Monte Carlo simulation of the back-
ground, showing the good agreement at low values
of ζ and a clear signal of an electromagnetic show-
ers atζ = 1.
In order to estimate the remaining background and
extract the number of electrons from the data, sim-
ulated electrons and protons are fitted to the data
in theζ distribution. The simulations are produced
using CORSIKA [12] with SIBYLL as hadronic
interaction model [13]. Modeling the background
with simulated protons only is possible because
heavier nuclei contained in the hadronic back-
ground show an even better classification power
than protons and therefore, background in the sig-
nal region is completely dominated by protons.
This method of fitting electron and proton simu-
lations to the data is demonstrated in Fig. 3 ex-
emplarily for the energy between 0.7 and 1.0 TeV.
A good match between data and electron-proton
combination is observed.
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Figure 3: The distribution ofζ in the signal region
of ζ > 0.6 for data (black) with a reconstructed
energy between 0.7 and 1 TeV and the fitted pro-
ton (green) and electron (blue) simulations in this
energy range. The best fit model of electrons and
protons is shown in red.

This method has the potential to extend the spec-
trum of cosmic ray electrons to energies of several
TeV. While statistical errors are small compared
to direct measurements, systematic effects have to
be taken into account. Prime source of systematic
uncertainties is the usage of proton simulations to
model the data. To quantify this effect, two differ-
ent hadronic interaction models, SIBYLL [13] and
QGSJET [14] are compared. Additionally, confu-
sion with γ-rays might occur asγ-rays and elec-
trons produce very similar air showers in the atmo-
sphere. They can be separated on a statistical ba-
sis by the height of their shower maximumXmax,
which occurs half a radiation length higher in the
atmosphere for electrons than forγ-rays. AsXmax

is not measured precisely enough, a contribution
of extragalacticγ-rays can experimentally not be
excluded. However, theoretical predictions for dif-
fuse extragalacticγ-ray flux lie far below the elec-
tron flux [15].
Ongoing work concerns the in-depth study of sys-
tematic errors and model-dependence of the results
with the goal to derive a reliable electron spectrum.

Conclusion

For the first time, cosmic ray electrons have been
measured with IACTs. A clear signal of electrons
can be seen in the H.E.S.S. data. Therefore, IACTs
seem to be able to extend the measured spectrum

of cosmic ray electrons into the TeV range, where
the shape of the spectrum is completely unknown,
but expected to give information on the existence
of nearby cosmic ray accelerators.
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A. D. Tomasch, E. Torbet, Cosmic-Ray Elec-
trons and Positrons from 1 to 100 GeV: Mea-
surements with HEAT and Their Interpreta-
tion, Astrophys. J. 559 (2001) 296–303.

[6] J. Chang, et al., The Electron Spectrum above
20 GeV Measured by ATIC-2, in: Interna-
tional Cosmic Ray Conference, Vol. 3 of In-
ternational Cosmic Ray Conference, 2005,
p. 1.

[7] S. Torii, T. Tamura, N. Tateyama, K. Yoshida,
J. Nishimura, T. Yamagami, H. Murakami,

37



MEASUREMENT OFCOSMIC RAY ELECTRONS WITHH.E.S.S.

T. Kobayashi, Y. Komori, K. Kasahara,
T. Yuda, The Energy Spectrum of Cosmic-
Ray Electrons from 10 to 100 GeV Observed
with a Highly Granulated Imaging Calorime-
ter, Astrophys. J. 559 (2001) 973–984.

[8] J. Nishimura, Opening talk for the meet-
ing of the TeV gamma rays, Proc.Towards
a Major Cherenkov Detector III, Universal
Academy Press, Tokyo (1994) 1–10.

[9] J. A. Hinton (H.E.S.S. Collaboration), The
status of the HESS project, New Astronomy
Review 48 (2004) 331–337.

[10] L. Breiman, A. Cutler, http:
//www.stat.berkeley.edu/users/
breiman/RandomForests/.

[11] R. K. Bock, A. Chilingarian, M. Gaug,
F. Hakl, T. Hengstebeck, M. Jirina,
J. Klaschka, E. Kotrc, P. Savicky, S. Towers,
A. Vaiciulis, W. Wittek, Methods for multidi-
mensional event classification: a case study
using images from a Cherenkov gamma-ray
telescope, NIM A 516 2-3 (2004) 511–528.

[12] D. Heck, J. Knapp, J. Capdevielle, T. Thouw,
CORSIKA: A Monte Carlo Code to Simulate
Extensive Air Showers, Forschungszentrum
Karlsruhe Report FZKA 6019.

[13] R. S. Fletcher, T. K. Gaisser, P. Lipari,
T. Stanev, Sibyll: An event generator for sim-
ulation of high energy cosmic ray cascades,
Physical Review D 50 (1994) 5710–5731.

[14] S. Ostapchenko, T. Thouw, K. Werner, On
the Semihard Hadronic Interactions in Exten-
sive Air Shower, Nuclear Physics B Proceed-
ings Supplements 52 (1997) 113–115.

[15] P. S. Coppi, F. A. Aharonian, Constraints
on the Very High Energy Emissivity of the
Universe from the Diffuse GeV Gamma-Ray
Background, Astrophys. J. 487 (1997) L9+.

38


