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Abstract

This thesis is a multi-wavelength study of high energy objects interacting with the
interstellar medium (ISM). One such object is the W28 supernova remnant (SNR)
with several sites of TeV (10'2eV) ~-ray emission detected from its boundary by the
H.E.S.S. telescopes. The ~-ray emission is spatially well matched to giant molecular
clouds which surround the remnant. In order to understand the distribution of dense
(n > 10%cm™?) molecular gas in the region, multi-wavelength (A ~12mm and 7mm)
molecular line surveys are presented. Utilising the NH3, CS and SiO molecules, the
broad-scale distribution of the dense and disrupted gas in the W28 region is revealed.
Additional multi-wavelength data towards W28, including radio (A ~ cm), molecular
line (A ~ mm), infra-red (A ~ 107%m), X-ray (A ~ 107'%m) and ~-ray (A ~ 1072 m)
data, are compared and discussed in context with the results of this work. Other high
energy ISM interacting objects, microquasars, are also studied. TeV ~v-ray observa-
tions towards three candidate microquasars with jets and/or jet/ISM interactions are
presented. In all three cases, no significant point-like or extended TeV ~-ray emission

is seen and upper-limits are set.
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Preface

Motivation

Two of the biggest unsolved questions facing modern high energy astronomers are,
“What is the origin of cosmic rays?” and “How are they accelerated to such high
energies?” These questions have remained unanswered for over a century, and finding
the solutions to these age-old cosmic-ray (CR) problems were major driving forces
behind the field of gamma-ray (y-ray) astronomy. Very high energy (VHE) ~-rays
(E, > 100GeV, 1GeV=10%eV, 1eV = 1.6x107*J) are only produced in the most
violent and extreme processes within the universe. With the exception of radioactive
decay, VHE ~-rays are produced via interactions of accelerated charged particles, either
hadrons (protons, a-particles, nuclei) or leptons (electrons, positrons). In the hadronic
framework, y-rays are the by-products of interactions between high energy hadrons,
the so called cosmic-rays, while the leptonic framework is centred on the interactions
of high energy electrons in photon and magnetic fields. Unfortunately, this also means
that, until astronomers can determine the origin of the ~-rays, the origin of the multi-
TeV (1 TeV = 10'2eV) CRs will remain a mystery.

Along the Galactic plane, towards the Galactic centre, lies the W28 supernova
remnant (SNR). The H.E.S.S. telescopes have detected several TeV ~-ray sources sur-
rounding the remnant. These v-ray sources spatially overlap with giant molecular
clouds. W28 provides a unique laboratory to study both dense molecular gas and ~-
ray emission. Studies of the gas and material toward sites of y-ray emission are helpful
in determining the origin of the ~-ray emission and can also provide information on
the high energy particles which spawned them. Dense molecular gas provides a large
target for CRs to interact with, which in turn, produce vy-rays in a hadronic manner.
Not only does dense molecular gas provide evidence supporting a hadronic origin, it
can also provide evidence against a leptonic origin. This makes studies of dense gas
towards sites of y-ray emission a powerful probe into the origin of the y-rays and also

provides information on the CRs in the region.
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Within our Galaxy, the microquasar class of objects are candidate sources of TeV -
ray emission. Relativistic ‘jets’, which manifest from the accretion powered system, are
capable of accelerating particles to very high energies. Therefore, these VHE particle
flows interacting with the interstellar medium (ISM) could provide another source of
Galactic y-ray emission, and another site of multi-TeV CR acceleration.

With these ideas in mind, this thesis is structured around a core theme of high
energy objects, the W28 supernova remnant and several microquasars, which are in-
teracting with the ISM.

Structure of this Thesis

This thesis is a multi-wavelength study of high energy objects interacting with the ISM.
It tackles these issues from both the low energy end of the spectrum, by studying the
dense molecular gas towards the W28 SNR, and the high energy end of the spectrum,
with TeV ~-ray observations towards multiple ISM interacting microquasars.

Chapter 1 introduces the ISM, cosmic rays and the ideas of v-ray astronomy in
broad terms. Chapter 2 discusses the underlying physics of radiative transfer and
discusses how molecular line observations are used to study dense gas. The ammonia
molecule, which has been proven to be an exceptionally useful probe into the dense ISM,
is discussed in detail. Chapter 3 introduces the Mopra millimetre wave telescope and
presents the results of a 12 mm molecular line survey of the molecular clouds towards
the W28 supernova remnant. Chapter 4 presents the results of a 7mm molecular
line survey of the molecular clouds towards the W28 supernova remnant. Chapter 5
presents the results of deep NHj3 observations of the disrupted molecular clouds towards
W28. Chapter 6 discusses the underlying physics of ground based ~v-ray astronomy;,
including the imaging atmospheric Cherenkov technique and the H.E.S.S. telescopes.
The microquasar class of objects is also introduced and the results of y-ray observations
towards three microquasars interacting with the ISM are presented. Chapter 7 is a final
summary of the work presented throughout this thesis and a brief outlook for future

developments.

Public Displays of Results

The results of this thesis are submitted by publication. The work presented for this
thesis, in various stages, has been presented at conferences and workshops around the

world. Here I summarise the contributions of conference posters, conference proceed-
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