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a b s t r a c t

The mass composition of high energy cosmic rays depends on their production, acceleration, and propa-
gation. The study of cosmic ray composition can therefore reveal hints of the origin of these particles. At
the South Pole, the IceCube Neutrino Observatory is capable of measuring two components of cosmic ray
air showers in coincidence: the electromagnetic component at high altitude (2835 m) using the IceTop
surface array, and the muonic component above �1 TeV using the IceCube array. This unique detector
arrangement provides an opportunity for precision measurements of the cosmic ray energy spectrum
and composition in the region of the knee and beyond. We present the results of a neural network anal-
ysis technique to study the cosmic ray composition and the energy spectrum from 1 PeV to 30 PeV using
data recorded using the 40-string/40-station configuration of the IceCube Neutrino Observatory.

� 2012 Published by Elsevier B.V.

1. Introduction

The flux of cosmic rays at Earth is known to follow a steep
power-law spectrum over a large energy range. The index of this

spectrum is approximately constant at energies lower than about
3 PeV, where the spectrum steepens in a feature known as the
‘‘knee’’. A further kink in the spectrum, known as the ‘‘ankle’’, oc-
curs around 1 EeV where the spectrum becomes flatter again.
The origins of these spectral changes are still uncertain. Currently,
the most popular model predicts cosmic ray acceleration in shock
fronts via the first order Fermi mechanism [1]. More specifically, at
energies up to � 1017 eV, the source of this acceleration mecha-
nism is often attributed to supernova remnants; a cut-off energy
which depends upon nuclear charge (Z) of the particle accelerated
at the source could be responsible for a mass-dependent knee; the
ankle is then attributed to cosmic rays from extragalactic sources
such as gamma-ray bursts or active galactic nuclei [2–4].
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