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1 Introduction

The IceCube Neutrino Observatory is a high-energy neutrino detector located near
the Geographic South Pole [1]. Covering a volume of about one cubic kilometer and
located between 1450 m and 2450 m below the surface of the ice, it is the largest neutrino
detector built to date. Its main objective is the detection of astrophysical neutrinos
and the characterization of their sources. Other objectives include indirect detection of
dark matter, research on neutrino oscillation, searches for exotic particles, and detection
of the neutrino burst from a Galactic core-collapse supernova. The planned IceCube
Upgrade will include acoustic emitters to improve the positional accuracy by measuring
the propagation delay of acoustic signals [2]. In this thesis, the control electronics of
such an acoustic module will be implemented and used to obtain information on its
spatial orientation.

1.1 The IceCube Neutrino Observatory

Neutrinos are elementary particles with a very small mass [3]. Because they only inter-
act weakly and are electrically neutral, they arrive undeected and unscattered from
their source. Therefore, they are an important instrument in astrophysics but their
characteristics, especially the small cross Section for interaction with matter, require
large-scale detectors in order to detect a meaningful number of neutrinos. The thick-
ness of the Antarctic ice cap is about three kilometers, which makes it, combined with
its excellent optical properties, a suitable operating site for such a detector [1].

IceCube is built on the principle that neutrinos can interact, with a very low prob-
ability, weakly with the nuclei of ice molecules [4]. The charged secondary particles
resulting from these interactions move faster than the phase velocity of light in ice
and therefore generate Cherenkov radiation [1]. These Photons can subsequently be
detected by the in-ice detector array of IceCube.

An illustration of the di�erent parts of the detector is shown in Figure 1.1. The
subsurface in-ice array of IceCube is responsible for the detection of photons caused
indirectly by neutrino interactions [1]. It consists of 86 strings, each with 60 Digital
Optical Modules (DOMs), for a total of 5160 optical modules containing a photo-
multiplier tube (PMT), allowing for photon detection within a volume of around a
cubic kilometer. The detector is suitable for detecting neutrinos in the energy range of
O(TeV) � O (PeV).

Eight specialized strings of sensors in the center of the in-ice array form the more
densely instrumented DeepCore sub-array [1]. Most of the DeepCore DOMs are equipped
with PMTs with a 35 % higher quantum e�ciency, lowering the energy threshold to
about 10 GeV. Additionally, the cosmic ray air shower array IceTop is a surface level
array of 162 ice-�lled Cherenkov tanks [6]. Its purpose is the detection of air showers
initiated by cosmic rays in the atmosphere.
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