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Abstract

Supernova remnants (SNRs), interstellar bubbles, and superbubbles are generated either by stellar
winds, by one or multiple stellar explosions, or by a combination of these and are driven by the expansion
of strong shock waves propagating into the interstellar medium (ISM). The evolution of SNRs and bubbles
as well as the distribution of the hot phase of the ISM can be studied best in soft X-ray line and continuum
emission, since these plasmas are very hot (106 – 107 K). We present recent results of our studies of SNRs
and superbubbles in the nearby galaxies, in particular in the Large Magellanic Cloud. In addition, we will
discuss the prospects of ISM research with the eROSITA telescope onboard the Spectrum-RG satellite
scheduled for launch in 2015.

Key words: Shock waves – ISM: bubbles – ISM: supernova remnants – X-rays: ISM

1. Introduction

The interstellar medium (ISM) of galaxies like our Milky
Way is filled with matter with various temperatures and
densities. The hottest phase is created by a combination
of strong stellar winds of massive stars and supernova ex-
plosions, resulting in stellar bubbles and supernova rem-
nants (SNRs), which are extended structures with high
temperatures (106 − 107 K). In all these objects, strong
shock waves propagate into the ISM and thus heat and
ionise the interstellar gas. Since stars are found to form
in associations or clusters, these objects are correlated
in space and time and can thus form extended struc-
tures called superbubbles with extents of 100 – 1000 pc,
surrounded by a shell of colder, dense gas. In addition,
in these shock waves, elements forged in the interiors of
a star or in supernova explosions are expelled and dis-
tributed in the ISM. Supernova remnants and superbub-
bles are also often argued as candidate sites of Galactic
cosmic ray acceleration. Therefore, SNRs, stellar bub-
bles, and superbubbles are among the prime sources for
the dynamical and chemical evolution of the ISM and
hence the main engines of the the galactic matter cycle.

Owing to their high temperatures SNRs and super-
bubbles can best be studied in soft X-rays. However,
since soft X-rays are in particular susceptible to interstel-
lar absorption, the study of these sources in our Galaxy
is difficult. Therefore, we study the sources in nearby
galaxies in order to improve our understanding of each

of these objects by studying, e.g., the SNRs in nearby
spiral galaxies like M33 or M31 (Ghavamian et al. 2005;
Long et al. 2010; Sasaki et al. 2013) as well as the global
properties of the hot gas in a galaxy (e.g., Tyler et al.
2004; Kuntz & Snowden 2010; Mineo et al. 2012, Ducci
et al. 2014).

2. Large Magellanic Cloud

The Large Magellanic Cloud (LMC) is an irregular
galaxy with spiral structures and is one of the closest
neighbours of our Galaxy. Its proximity with a dis-
tance of 48 kpc (Macri et al. 2006) and modest extinc-
tion in the line of sight (average Galactic foreground
NH = 0.6× 1021 cm−2) make it the ideal laboratory for
exploring the ISM in a galaxy. In addition, it is known
to host a large number of H ii regions, bubbles, and su-
perbubbles of various sizes (Henize 1956; Davies et al.
1976). We therefore study SNRs and superbubbles in
the LMC to understand their emission and the under-
lying physics. We have completed the study of two su-
perbubbles (N 158, Sasaki et al. 2011; N 206, Kavanagh
et al. 2012, see Fig. 1) and various SNRs (e.g., Grondin
et al. 2012; Kavanagh et al. 2013; Bozzetto et al. 2013;
Maggi et al. 2014; Bozzetto et al. 2014).

Recently, we have analysed archival XMM-Newton
data of 30 Doradus C, which is known to emit both
thermal and non-thermal X-rays. It allows an extremely
deep X-ray view of a superbubble since seveal hundred
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Fig. 1. Two-colour images of the superbubbles N 158 (left) and
N 206 (right) in the LMC (continuum-subtracted MCELS
Hα image in red, exposure-corrected XMM-Newton image in
green). The analysis of the physics of these superbubbles were
published in Sasaki et al. (2011) and Kavanagh et al. (2012).

Fig. 2. Combined XMM-Newton EPIC image of 30 Doradus C in
false colour with red = 0.3 – 1 keV, green = 1 – 2 keV, and blue
= 2 – 7 keV (Kavanagh et al., in prep.). The small circular
structure at RA = 05h 36m 17s, Dec = –69◦ 13′ 28′′ is the new
LMC SNR J0536–6913. Note the variable X-ray background
in the region.

ks of XMM-Newton observations have been accumulated
up to now. While thermal X-ray emission is usually
observed in superbubbles, non-thermal X-ray emission
has been detected only in a few Galactic and extragalac-
tic superbubbles. The deep XMM-Newton data confirm
the themal and non-thermal spectral components found
in previous studies (Bamba et al. 2004; Smith & Wang
2004; Yamaguchi et al. 2009). We have in addition dis-
covered a thermal source with a circular morphology at
the southern rim of 30 Doradus C, which is most likely a
SNR, located outside but close to the superbubble (see
Fig. 2, Kavanagh et al., in prep.).

3. eROSITA

The next planned German X-ray mission is the ex-
tended Roentgen Survey with an Imaging Telescope Ar-
ray (eROSITA), which is a German medium-band X-ray

telescope onboard the Russian satellite Spectrum-RG to
be launched in 2015 (Merloni et al. 2012). eROSITA will
perform a survey of the entire sky in the X-ray band of
∼0.3 – 10.0 keV with moderate spatial and spectral res-
olution, comparable to that of XMM-Newton. This will
be a major improvement to the ROSAT all-sky survey,
which mapped the entire sky in soft X-rays in the 1990s.
In the soft X-ray band (below 2 keV) the eROSITA
survey will be about 20 times more sensitive than the
ROSAT all-sky survey.

The planned scan geometry of eROSITA will achieve
a very high exposure at the ecliptic poles while the rest
of the sky will have an average exposure of ∼3 ks. Since
the LMC is located only a few degrees distant from the
south ecliptic pole, the entire galaxy will be oberved with
exposures higher than ∼20 ks. This will allow us to
study the complete sample of diffuse or extended objects
and the global distribution of the hot ISM in a galaxy.
Therefore, eROSITA will for the first time provide us
with detailed information in the X-rays about nearby,
highly extended sources, a complete sample of SNRs,
interstellar bubbles, and superbubbles in our Galaxy and
in the Magellanic Clouds, and the hot ISM in general and
will thus allow us to better understand the physical state
and the evolution history of interstellar plasma.
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