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SUMMARY

This thesis is focused on the study of a specific class of supernovae, named Type Ia (or
thermonuclear) supernovae. In particular, we attempt to gain information about their origin
through the study of the interaction of these supernovae with circumstellar structures that
have been shaped by their progenitor systems. But before we start the description of the aim
and the parts of this work, let’s take things from the beginning by clarifying what is a Type Ia
supernova.

Stars, like people, are used to live in pairs. A pair of two stars is calledbinary system.
And as it is happening with the human relationships some binaries are boring and there is no
interaction between the two components, some other interact influencing the evolution of each
member while, finally, in some other cases the interaction ofthe two members is explosive.
In the last category belongs the class of supernovae named asType Ia supernovae. In this
case the explosive member of the binary is a white dwarf (the compact remnant of a low mass
star) composed of carbon and oxygen. Through mass accretionfrom the companion star the
white dwarf increases its mass whereas the density in the itscenter goes up to levels capable
to ignite the carbon. As the nuclear fusion of carbon occurs under degenerate conditions (the
pressure is independent of the temperature) the burning process is not regulated, leading to
a runaway fusion which burns almost the entire white dwarf. The energy released from this
thermonuclear burning disrupts the star creating a Type Ia supernova explosion. The velocity
with which the material of the dead star is expelled is supersonic and thus a shock wave is
formed and it sweeps up the material that surrounds the star.The resulting structure of the
expanding stellar material together with the swept up gas iscalled asupernova remnant.

Although, the idea that Type Ia supernovae are the result of the thermonuclear explosions
of mass accreting carbon-oxygen white dwarfs can explain the main observational features
of this class of supernovae, the nature of the companion star, the mass transfer process and
the explosion mechanism itself remain unclear. Two main binary evolution paths that lead to
a Type Ia explosion have been suggested: The so calledsingle degenerate scenarioin which
the white dwarf accretes mass from a normal star (main sequence star or a giant) and the
so calleddouble degenerate scenariowhich suggests that the explosion is triggered by the
merging of two carbon- oxygen whited dwarfs. The question iswhich of these scenarios is
true, or do both of them occur in Nature?

A way to start thinking how to approach this issue is to imagine that we are a kind of
astro-inspectors. Our aim is to investigate a crime of passion between a pair of stars, known
with the code name ‘Type Ia supernova’. The first thing that wecan think to to look for
witnesses. Unfortunately there are no witnesses, as till nowadays we have not observed any
binary that ended up as a Type Ia supernova. Then the second thought is to search for traces
that were left behind at the crime scene. The theory of binaryevolution predicts that different
progenitors of Type Ia supernovae are characterized by different mass outflows. These mass
outflows are expelled out of the system and interact with the surrounding material. Thus,
different types of binaries that lead to a Type Ia supernovae, shape differently their ambient
medium. Subsequently, the interaction of the supernova shock wave with these modified
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circumstellar structures will affect the properties of thesupernova explosion as well as these
of the resulting supernova remnant. In this sense, traces ofthe nature and evolution of Type Ia
progenitors progenitors will be reflected in the observed properties of the Type Ia supernovae
and supernova remnants.

This method of gaining independent information on the origin of Type Ia supernova is the
backbone of this thesis. In particular, we perform hydrodynamic simulations and we study
the effects of the interaction between the supernova ejectaand circumstellar medium, which
affects the morphology, the dynamics and the emission properties of the Type Ia supernovae
and their remnants. Considering possible mass outflows of the progenitor system and using
current models for Type Ia supernova explosions, we model well observed Type Ia supernovae
and supernova remnants and inferring from that their possible origin and evolution that would
be able to reproduce their observed characteristics.

The Type Ia supernova remnant that shows the most profound evidence of such a super-
nova ejecta - circumstellar medium interaction is the Galactic remnant of the supernova SN
1604 (also known as Kepler’s supernova). Observations in several bands reveal that in the
north-west region the remnant interacts with a dense shell which contains at least one solar
mass of nitrogen rich material. The density and the chemicalcomposition of the shell cannot
be attributed to local density gradients of the ISM and pointtoward a circumstellar origin.
In Chapter 2, we argue that the ambient medium around Kepler supernova has been shaped
by an giant donor star with an initial mass of 4- 5 M⊙. The motivation for this suggestion is
that stars with this mass, in this evolutionary phase are characterized by strong nitrogen rich
stellar winds. Based on this assumption we performed two-dimensional hydrodynamic sim-
ulations. The results are in good agreement with the observed kinematic and morphological
properties of Kepler’s supernova remnant.

Traces of supernova- circumstellar medium interaction canbe less obvious as they are in
the case of Kepler’s supernova. Another Galactic supernovaremnant this of SN 1572 (also
known as Tycho’s supernova) reveals no straightforward evidence for such an interaction.
However, its dynamics and its emission in the X- ray band cannot be reproduced at the same
time under the assumption that the remnant is evolving in a non- modified, homogeneous
medium. In Chapter 3 we modeled Tycho’s supernova remnant under the assumption that it
had an interaction history with a small, dense wind bubble, formed by the progenitor system.
The dynamic properties and synthetic X-ray spectra of our models provide a better match
with the observations, than the case of the homogeneous ambient medium model that has
been suggested in the existing literature.

The Galactic supernova remnant named RCW 86 is much more peculiar than the two
aforementioned objects. Its morphology deviates substantially from a spherical shape (it
looks more like a box-shaped remnant) and its properties show a large spatial variation. The
type of this supernova is still unclear. However, recent observations favor a Type Ia origin.
In Chapter 4, we investigate the properties of this remnant using the observations of the X-
ray telescope XMM- Newton. We find the emission properties ofthe remnant as well as the
large differences that it reveals in different regions, which can be explained by a supernova
exploding in a non- spherical symmetric cavity. Such a cavity can by created by fast winds
which emanate by the surface of the white dwarf. This scenario is consistent with a single
degenerate origin of RCW 86. In addition, we performed hydrodynamical simulations to
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investigate if such a scenario can reproduce the dynamics and emission properties of the
remnant. The results of the modeling are in agreement with the overall properties of RCW
86, while its anisotropy of observables can be explained by the different time that has passed
since the interaction with the dense wall surrounding the cavity.

Another dimension to this thesis involves the study of X-rayemission at the early su-
pernova phase (first 150 days after explosion) from the different environments that surround
the Type Ia supernova (Chapter 5). We performed hydrodynamic numerical techniques and
we calculated the expected X-ray emission from the supernova’s shock wave with ambient
medium for considering two possible progenitor scenarios:The case in which the ambient
medium is a wind bubble formed by the slow wind of a giant donorstar and the case cir-
cumstellar medium is shaped by the interaction of a slow stellar wind with a fast moving
material emanating from periodical explosions at the surface of the white dwarf, known as
nova explosions (the system that reveal the novae plus stellar wind outflows are known as
symbiotic novae). The aim of this research is to compare the results of these simulations with
the current observations of the X-ray emission during the early phase of Type Ia supernovae,
imposing possible constraints on the ambient medium aroundthe explosion center. We find
that the lack of X- ray emission during the early phase of TypeIa supernovae places an upper
limit on the mass loss rate of the giant donor star equal to2 × 10−6 M⊙ yr−1, while it is
in agreement with a symbiotic binary progenitor. Interestingly, in our simulations, we also
found that the properties of the circumstellar medium formed by symbiotic novae reveals in-
triguing similarities with the ambient media observed in the optical in a number of Type Ia
supernovae such as SN 2006X and PTF 2011kx.


