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PREFACE

Everything flows, nothing stands still(Heraclitus)

When the starlight reaches the eyes of the romantic observer, the night sky reveals the im-
pression of a static canvas where all the constellations follow a slow, circular dance from east
to west. Nothing seems to change. Every night Berenice combsher hair, Aquarius treats the
gods with nectar and Orion chases Scorpio continuing their eternal battle. However, a closer
look uncovers a different reality. Every celestial object as well as the universe itself is always
in motion and changing.

Starting from the 15th century B.C., astronomers of severalcivilizations recorded bright,
‘new stars’ which were suddenly appearing in the night sky. These stars were initially in-
creasing their brightness but after a few months they were gradually fading and finally dis-
appearing completely, as ‘mysteriously’ as they had shown up. These transient sky visitors,
which were named, in the Renaissance,‘novae stellae’(the new stars), revealed the first evi-
dence for a non- static Universe and challenged the Aristotelian idea of a crystalline, perfect
and invariable super-lunar Universe.

In the 1920’s the discovery of novae stella in the nebula M31 (also know as Andromeda
galaxy) in combination with the proof, by E. Hubble, that this nebula is extra- Galactic led to
the realization that the stella novae are classified in two classes according to their brightness.
Therefore, in 1931, the astronomers Baade and Zwicky, in order to draw a definite distinction
between these two populations, renamed the brightest ‘stella novae’,‘supernovae’.

Nowadays, we know that supernovae represent the catastrophic explosion that marks the
end point of the evolution of certain stars. During the explosion the whole star or its massive
envelope is shocked heated and expelled with large velocities. The amount of energy released
from this explosion is tremendous and equals∼ 1051 erg. This energy is comparable with
the energy that the sun will radiate during its whole life. The brightness of these fatal phe-
nomena is so large that supernovae can outshine even their entire host galaxies for a period
of several days. Thus, the nearby explosions can even be visible with the naked eye, giving
the impression of a new star, something that confused the astronomers of the ancient and
renaissance years.

Supernovae are, from a scientific point of view, highly important objects, as they are
linked with almost every field of astrophysics, and their nature hosts most of the current cru-
cial astrophysical problems. First of all, supernovae provide useful tools for testing stellar
and binary evolution pathways, as on the one hand they represent the end story of certain
stars, and, on the other hand, they provide a unique (until now) opportunity for a stellar au-
topsy, as their explosive nature reveals the inner and central layers of the star. Furthermore,
the explosion ejects heavy elements, which enrich the gas ofthe interstellar medium. Thus,
the supernovae play a crucial role in the chemical evolutionof the universe and the forma-
tion of new stars, planets and organic beings. Moreover, as their nature hosts strong shock
waves, supernovae are placed as one of the most efficient cosmic ray accelerators of the Uni-
verse. Finally, two recent astrophysical developments have made the nature of supernovae
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even more intriguing: the use of a specific supernova class (Type Ia) for the measurement
of cosmological distances, giving us the opportunity to study the geometry and evolution of
the Universe, and the connection of Type Ib/c SNe with the enigmatic nature of gamma ray
bursts.

Nevertheless, besides the great steps that the astrophysical community has done in under-
standing the nature of supernovae, several important issues remain unclear. Most of them are
related with the nature and the evolution of the progenitor star or binary system and the mech-
anism that triggers the explosion. In this thesis we will present new insights into the unknown
nature of a specific class of supernova named Type Ia SNe. We will show how the interaction
of the supernova ejecta with circumstellar structures, which have been formed through mass
outflows of the progenitor system, affects the evolution andthe properties of the resulting
supernova remnants. Combining these studies with the observed properties of nearby Type
Ia supernova remnants, we obtain important information on the nature and evolution of their
progenitor systems.

Alexandros Chiotellis
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