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

Introduction larger collection areas. Designed for the meast
ment of~-rays, they can be used to study cosn
Cosmic ray electrons are with about 1% of the flux ray electrons, which, like-rays, produce electro
in the GeV range a small but peculiar fraction of magnetic showers. The High Energy Stereoscc
cosmic rays. In contrast to hadronic cosmic rays, System (H.E.S.S.) is an array of four imaging
they lose their energy rapidly via inverse Comp- mospheric Cherenkov telescopes in the Khor
ton scattering and synchrotron radiation leading to highlands in Namibia [9]. Its sensitivity and it
a steep spectrum following a power laldv /dE large field of view make such a measurement
E~T with spectral indeX" ~ 3.3, which is ob- cosmic ray electrons in the TeV range now pos
served in the GeV range by various balloon and ble.
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- Measuring cosmic ray electrons with
tion distance. Therefore, at TeV energies, distinct H.E.S.S.
features of single nearby sources can be expected
in the electron spectrum [1][2]. At these energies, For the analysis of cosmic ray electrons, all d:
however, no measurements exist, as the rapidly de-that were taken by the complete four telescope
clining electron flux calls for larger detector areas ray, targeting extragalactic fields to avoid conta
than balloon and satellite experiments can provide. ination of diffusey-ray emission from the galacti
Thus, while interesting theoretical predictions for plane, were used. Any known or potentigray
the TeV range of the spectrum exist, it has been source was excluded.
impossible so far to measure. While the big advantage of IACTs is their larg
J. Nishimura proposed an alternative approach us- collection area, the challenge that is posed by s
ing imaging atmospheric Cherenkov telescopes & cosmic ray electron measurement is the discr
(IACTs) [8]. They use the earth’s atmosphere ination of the electrons from the much more n
as detector and therefore provide an orded @t merous hadronic background. Therefore, a sop
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Figure 2: The distribution of the Random Fore
output ¢ for data with energy 0.4-1.0 TeV(soli
line) and background simulation consisting of cc
tributions from protons, helium, nitrogen, silico
and iron. A clear excess of electron events can
seen at higher values g¢fthat cannot be explaine
by background simulations.

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 the four-telescope cut end up in the electron <
separate electron and hadron events. The“Randomnal region of¢ >p 0.6. This Iae e suDpression E
Forest” program [10][11] is based on decision trees had gl back d i 9 K PP

and was trained using Monte Carlo simulations of adronic background events makes a measurer
electrons and off-source data. The input parame- of cosmic ray ele.ctrpns.possmle n 'the first plas
ters for the training contain camera image informa- In Fig. 2 the( distribution gf datg is shown to
tion like the width and length of the elliptical image  96tN€" With @ Monte Carlo simulation of the bac
scaled to the expected width and length defined by ground, showmg_the good agreement at IO‘.N vall
simulations, and intensity information. Only those of¢ and_a clear signal of an electromagnetic shc
events are used that triggered all four telescopes in ersat = 1. . . 3
order to assure that only the best measured eventsIn order to estimate the remaining backgroundcl
are chosen for analysis. As the input parameters extract the number of electrons from the data, si
are partially energy dependent, an improved per- _ulated el_e ctrons and protons are fitted to the ¢
formance was achieved by training in five energy n 'Fhec distribution. The _S|mulat|ons are produc_(
bands. The zenith angle dependence was taken inta>"Y C.ORS|KA [12] with SIBYLL as hadronic
account by restricting the data set to zenith angles m"ceragtlon model [13]. Model'mg the _backgrour
smaller thar28°, thus approximately matching the with §|mulateq pr°t°r.‘3 on!y Is possible _becaL
simulations apo°. heavier nuclei contained in the hadronic bac

The Random Forest converts the input parametersground show an even better cla55|f|cat|pn pov
into an output{ between zero and one, denot- than prqton_s and therefore, ba_ckground in the <
ing the electron-likeness of the respective event. 'rl]'ﬁlisrﬁelgaog cﬁofﬁ?riet(ael?;g?g;'gﬁgd rtgoﬂrgf%r
A large ¢ represents an electron-like event, while lations to the data isgdemonstrated Fi)n Fig. 3¢
¢ = 0 stands for background events. The Random emplarily for the enerav between 0.7 anin 0 Te
Forest method allows for an improved background piartly 9y ' '

rejection shown in Fig. 2. Only aboQt5 — 2.0% A good match between data and electron-pro

depending on energy, of all proton events passing combination is observed.
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Figure 3: The distribution of in the signal region

of ¢ > 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 ~-rays might occur as-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 maximukf,, .,
which occurs half a radiation length higher in the
atmosphere for electrons than fprays. AsX, 4.

is not measured precisely enough, a contribution
of extragalacticy-rays can experimentally not be
excluded. However, theoretical predictions for dif-
fuse extragalactig-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

(1]

[2] T. Kobayashi,

(3]

[4]

5]

[6]

of cosmic ray electrons into the TeV range, whe
the shape of the spectrum is completely unknoy
but expected to give information on the exister
of nearby cosmic ray accelerators.
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