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Abstract

HESS J1813-178 is one of the brightest and most compact objects detected by the HESS Galactic
Plane Survey. Within the extent of the TeV emission lies a young Supernova Remnant G12.8-
0.02 and a pulsar wind nebula driven by a pulsar with the second highest spin-down luminosity
of known pulsars in the Galaxy, PSR J1813-1749. The origin of the TeV emission is still not clear.
Because of the young age of the system, the pulsar wind nebula and the Supernova Remnant
overlap and present a good opportunity to examine how the interactions between these two
components influence the acceleration of particles in the system. In previous analyses, a dis-
crepancy in extension has been observed between a point-like component seen in TeV  -rays
measured by H.E.S.S and a extended component in GeV -ray observations from the Fermi-
LAT satellite. In this thesis, 3 dimensional map-based analysis with gammapy is performed to
do a morphological and spectral analysis of this region in GeV and TeV energy ranges, as well
as a joint-analysis of both datasets. A new significant extended emission component in the
TeV energy range, with a morphology close to the GeV energy range, is detected. This analysis
allows a consistent description and a smooth energy spectrum of the region across five decades
of energy. While the question of the origin of the very high -ray emission from HESS J1813-
178 could not be answered yet, this work provides insight into the physical processes present
in the region.
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1 Introduction

In 1912, the Astrian physicist Victor Hess started an experimental study concerning the mea-
surable radiation on earth. The common believe at this time was that the origin of the observed
radiation was -radiation from radioactive substances in the earth’s crust. Following this the-
sis, he used a hot air ballon to measure the radiation at different altitudes up to  5km above
the ground level. He expected to observe an linear decrease of the radiation with altitude.

Up to an altitude of 1km, the experimental data proved the theory to be valid. Starting at
roughly 3km height, he observed increasing radiation with increasing altitude. From these
observation Victor Hess concluded the existence of a highly penetrating radiation component
which originates beyond the earth’s atmosphere. He also concludes that this radiation is not
related to the Sun, as no fluctuations could be observed during an solar eclipse. [1]

In the years following the discovery by Victor Hess, many experiments probed the nature of
this cosmic radiation and, with the help of many different experiments, an all particle spectrum
was derived (figure[1.1). This radiation consists mostly of protons and heavier nuclei, the exact
composition is energy dependent. It covers over 10 orders of magnitude in energy and shows
two distinctive features. A spectral break at 10'6 eV, called the ’knee’, as well as a change
ins spectral slope at 10" eV, referred to as the "ankle’. It is believed that galactic sources,
such as pulsars or supernovae are directly responsible for the cosmic rays below the knee. At
energies higher than 10", the particles can no longer be confined by the magnetic fields of
these objects and stream away from the sources. The origin of the radiation measured above
the ankle is believed to be extragalactic, the ankle is interpreted as a result of energy loss of pro-
tons by scattering of Cosmic Microwave Background (CMB) photons. [2]] The last distinctive
feature that can be observed in the all particle spectrum is the Greisen-Zatsepin-Kuzmin (GZK)
cut-offat 5 10'°eV. This cut-off represents the maximum energy that protons can reach
due to energy loss of interactions with CMB photons [3], [4]. Only heavier nuclei can reach
higher energies. All further spectral changes between the knee and the ankle are interpreted
as changes in the underlying acceleration mechanism of the cosmic ray particles.
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Figure 1.1: The all particle cosmic ray spectrum measured by air shower experiments. For better
visibility, the y-axis was multiplied by E:6. [?]

2 Production mechanisms of high energy ~-rays in
astrophysical sources

The acceleration of cosmic ray particles happens through different processes. The particles can
be accelerated in a continuous way by an ordered field, this acceleration is labeled as inductive
acceleration. Diffusive acceleration happens when the particle is accelerated in bursts in re-
gions with high magnetic field intensity. Another acceleration mechanism that can be observed
is Fermi acceleration, where the charged particle gains energy through the repeated passing of
a shock front.

2.1 Leptonic interactions

An example of an astrophysical source that produces emission mostly through leptonic chan-
nels are pulsars and pulsar wind nebulae. Electrons and Positrons travel along the magnetic
field lines , with a component of the velocity perpendicular to the magnetic field lines, which
accelerates the particle and induces an electromagnetic radiation. These synchrotron emitting
electrons can also scatter of the cosmic microwave background or other photon fields, increas-
ing the energy of these photons up to more than 100 TeV, through inverse Compton scattering.
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Figure 2.1: The -ray spectrum from synchnrotron and inverse Compton scattering on the left.
On the right, the -ray emission produced by inelastic collisions of high energy
protons with interstellar material. 6]

The characteristic shape of photon emission from such a leptonic accelerator can be seen in

figure

2.2 Hadronic interactions

Hadronic interactions can be observed in Supernovae and Supernova remnants. High energy
protons interact with matter close to the acceleration region and produce pions. These pi-
ons then decay into photons, leptons and the corresponding neutrinos. The shape of such a
hadronic accelerator can be seen in figure

3 Evolution of Pulsar Wind Nebulae

3.1 Core collapse Supernova and their end products

The energy output of a star is produced by nuclear fusion. In the beginning of the evolution
of a star, hydrogen is fused into helium. During this process the radiation pressure inside this
iron core counters the gravitation. After most of the hydrogen is used up, the star cools and
contracts, which increases the pressure inside the system and the fusion of helium into Carbon
is started. This cycle continues until the burning of Iron. At this point the reactions become en-
dothermic and the fusion stops. The Fermi energy of the electrons increases until inverse beta
decay is energetically convenient, producing neutrons and neutrinos. The radiation pressure
drops and the core collapses inward. This collapse is abruptly slowed down by the degeneracy
pressure of the neutron gas countering the gravitational force.

This abrupt slowing of the collapse and the energy deposited in the neutrinos drives a super-
nova explosion. This outward moving shock wave then propagates into the interstellar medium
with almost constant velocity. Due to the heating of the ISM a big shell of hot plasma is pro-
duced. This evolutionary phase is called the free expansion phase. After a few hundred years
the shock wave has swept up a significant mass and the energy is divided into kinetic and ther-



Figure 3.1: The different final states after collapse of a massive star, depending on its initial
mass and metallicity. [[7]

mal energy and a reverse shock forms at the interaction region of the ISM and the SNR. The
forward shock heats the ambient gas and ejecta are decelerated, compressed and heated in the
reverse shock. Only the material between the two shock fronts is hot. The SNR is now in the
”Sedov-Taylor” phase. The reverse shock moves inward until it reaches the center of the SNR,
which is therefore filled with shocked-heated ejecta.
The further evolution of the collapsing core depends on the initial mass and the metallicity
of the star (figure [3.1). For stars with an Mass higher than 25M and a metallicity below the
metallicity of the sun, the degeneracy pressure is not sufficient to stop the collapse and a stellar
mass black hole is created.
In case of an initial mass below 25M , the degenerate neutron gas is able to counter the grav-
itational force and the star becomes stable again. These neutron stars are mostly composed of
neutrons, with a surface comprised of charged particles such as electrons or ions.

During the collapse, the Magnetic flux ( g = B=R2) and the angular momentum (L / ! /
R 2) of the massive star is conserved, but the size of the object decreases dramatically, therefore
the rotation period of the star reduces drastically from days to minutes or seconds and the
rotation speed ! and magnetic field strength increase. 8]

3.2 Pulsars

Pulsars are rapidly rotating neutron stars. The pulsed radiation that identifies this object, is cre-
ated due to misaligned magnetic and rotational axis. The rotation of the magnetized neutron
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