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Abstract

X-ray Evolution of M CSNRs

Supernovae (SNe) are extreme astrophysical events at the evolutionary end of massive stars and
accreting white dwarfs. The explosion (core-collapse or thermonuclear/ Type la, respectively) en-
riches the interstellar medium (ISM) with energy ~ 10°'erg and stellar matter: ejected in a for-
ward shock as an expanding shell of hot gas/plasma. This extended structure forms a supernova
remnant (SNR), with a shell, plerion, composite, or mixed morphology. X-rays(  0:2  SkeV)
are emitted from shock-heated ejecta-CSM interactions. SNRs, observed in X-rays, provide
an important diagnostic tool to study various aspects of the local population of SNe: nucle-
osynthesis yields, explosion asymmetries, shock acceleration and CSM (circumstellar medium)
properties.

Our galactic neighbor, Large Magellanic Cloud (LMC) harbors a rich population of SNR,
offering ample opportunities for both compilation and statistical studies on the population.
Numerous multiwavelength (radio, optical, X-ray) surveys have left candidate SNRs, objects
which need additional verification. We examine one such (optical) candidate, J0500-6512 in
the LMC, and perform X-ray imaging and spectral analysis, following the observation (PI: Man-
ami Sasaki) with XMM-Newton. The plasma properties derived from explicit spectral fitting
of the source and instrumental/astrophysical background components correspond to typical
old SNRs in the LMC. Combined with MCELS H  images, this optical candidate is thus con-
firmed as a new MCSNR.

Estimating evolutionary epoch of SNRs requires (analytical or numerical) modeling. We
find that the standard Sedov-Taylor (ST) model suitable for the II phase of evolution, fails for
older remnants in the radiative phase. Therefore, there are some specific models for different
phases and some general models with unified solutions. Further, a Python “calculator” for mod-
eling complete SNR evolution exists, by Leahy & Williams [2017]. An adapted version of this
code (called SNRpy) is employed in this study. A set of SN explosion and CSM parameters are
taken as input for the software to calculate a consistent & continuous, spherically-symmetric
SNR evolution with output (forward and reverse) shock radius, velocity, temperatures, emis-
sion measures (EMs), phase transition times, etc. in a graphical interface. We first implement
the program to verify calculations of the underlying analytical models of Truelove & McKee
[1999], Cioffi et al. [1988] and Cox & Anderson [[1982]. We then come to back to character-
ize the evolutionary state of MCSNR J0500-6512, contrasting it from the pure-ST estimates.
Later, we follow the work of Leahy [2017] who used SNRpy-like models to derive ages, explo-
sion energies and CSM densities of a set of 50 SNRs based on their X-ray size, temperature and
EM. We verify their results, and discuss the role of ISM on SNR evolution. Similar analysis with
a newer set of 8 MCSNRSs is also presented in that context.
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ABSTRACT

The almost complete sample of SNRs in the LMC, following the works of Maggi et al.
[2014], Bozzetto etal. [2017]...., Zangrandi et al. [2024] is later exploited to undertake statistical
studies to derive global properties of the MCSNR population as a whole. Having compiled the
latest and most exhaustive list of confirmed and candidate SNRs in the LMC, we study their
size distributions and spherical symmetry using probabilistic methods of maximum-likelihood
and kernel smoothing. We also explore the (in)dependence of age and size on each other and
on other parameters such as the ambient medium density. The results and conclusions of the
analyses are presented in their respective places.

Part I of this Thesis is the theoretical primer on SNRs: reviews the current state of knowl-
edge about their origins, characteristics, classification, population and evolution, detailing vari-
ous hydrodynamical phenomena involved and the models to explain them. Further, X-ray emis-
sion from shock-heated and synchrotron-accelerated hot plasma in SNRs is discussed in the
light of high-resolution imaging spectroscopy with XMM-Newton, elucidating X-ray optics,
telescopy, imaging and background modeling. In Part II, I describe the methods and results of
analysis: i) on X-ray data of the XMM observation of J0500-6512 using Extended Source Anal-
ysis Software package of the Science Analysis System (XMM-ESAS), and xsPEC for spectral
fitting; ii) with SNRpy; and iii) statistical methods. A summary of the qualitative and quanti-
tative results is placed in the end, along with an outlook on future work.
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