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1 Project Details/Science Case
The evolution of spiral galaxies is driven by star formation and matter cycle between the stars and the interstellar medium (ISM). Massive OB stars inject energy through their radiation, stellar winds, and finally by supernova (SN) explosions. Supernova remnants (SNRs) also act as recycling centres, returning elements forged in stars to the ISM. These processes are often correlated in space and time, generating superbubbles (SBs) with sizes of typically 100 − 1000 pc. By studying the physics of SNRs and SBs we will better understand the chemical composition and evolution of galaxies. 
The evolution of SNRs and SBs can best be studied in soft X-ray line and continuum emission, since their interiors mainly consist of very hot plasma (106 - 107 K). However, due to absorption by matter in the Galactic plane, it is difficult to study these soft X-ray sources in our own Galaxy. Instead, for a detailed study of these objects and the entire ISM in a galaxy, we have to look beyond our Galaxy. 

The Large and the Small Magellanic Clouds (LMC, SMC) at distances of only ~50 and 60 kpc, respectively, are located off the Galactic plane so the foreground absorption is low. Therefore, they are ideal targets to study SNRs, SBs, and the hot ISM globally in a galaxy. The proximity enables spatially resolved studies of the objects, and the accurately known distance allows for analysis of the energetics of each of them. In addition, the wealth of wide-field multi-wavelength data available, from radio maps to optical emission-line images as well as infrared surveys and global X-ray mosaics, provides information about the environments in which they are born and evolve. 

With an improved sample of SNRs and SBs in the Magellanic Clouds (MCs) and a detailed study of the gas in the entire Magellanic System, we will be able to study not only the physics of each of the objects in detail but also the global properties of the SNR population and the interstellar and intergalactic gas.  The following aspects are particularly interesting and will be addressed in the proposed project:
· The MCs host very bright core-collapse SNRs like N132D in the LMC or E0102 in the SMC, which are believed to be the results of SNe of very massive stars, as well as a significant population of X-ray faint SNRs, which we have detected in the past years. Another growing class of SNRs is that of Fe-rich remnants, most likely caused by SNe Type Ia. A comprehensive study of these different classes of SNRs will give information on their progenitors, energetics, and interaction with the ambient ISM.
· We recently discovered 16 evolved Fe-rich type Ia SNRs in the MCs (Maggi et al., 2016; Bozzetto et al. 2017). The study of the X-ray and radio emission of the increasing number of type Ia SNRs will allow us to address crucial questions regarding the single and double degenerate scenarios, e.g.: Do double degenerate systems expand faster than single degenerate ones as theoretically predicted by Chakraborti, Childs, and Soderberg (2016)? The new surveys will allow us to test this prediction on a large sample. The results might have significant impact on our cosmological view of standard candles - the type Ia explosions.
· Young SNRs like N132D or E0102 are believed to accelerate particles in their shock waves efficiently and are therefore discussed to be sources of cosmic rays. A detailed analysis of their shocks, their precursors, and the energy budget in the SNRs will help us to understand the acceleration processes and the amount of energy lost as cosmic rays. Improved measurements of the magnetic fields in the SNRs are crucial for the understanding of the non-thermal processes.

· The combined stellar winds and SNe form superbubbles that is filled with hot X-ray emitting gas and is surrounded by warm and cold ISM. The interaction of the shocks of SNe and stellar winds form turbulences in the ISM that result in mixing of hot and colder gas. Interstellar magnetic fields are amplified and newly configured. In addition, the expansion of superbubbles is responsible for the compression and following fragmentation of the colder gas. Therefore, the study of SNRs and superbubbles will allow us to better understand the dynamics in the ISM. Furthermore, it will also help to understand the processes that lead to the formation of molecular clouds and new star-forming regions.

· The study of the distribution of HI gas in the MCs has revealed large coherent structures called giant and supergiant shells. Hot X-ray emitting gas was confirmed inside these supergiant shells, with a relatively high pressure. How these large structures of cold gas can survive the dynamics in the ISM is still not fully understood. A study of the entire ISM from cold to hot, including the distribution of interstellar magnetic fields are important for the study of these large structures in the ISM.

· The Magellanic Clouds together with the Magellanic Bridge (between LMC and SMC), the Magellanic Stream, and the Leading Arm form a gravitationally bound structure called the Magellanic System. The eROSITA survey together with existing ATCA and Parkes HI data as well as new ASCAP data will for the first time reveal the structure and properties of both the hot and cold gas in the entire System in a great detail.
We have been studying SNRs, superbubbles, and the hot diffuse gas in the MCs using ROSAT, XMM-Newton, and Chandra data with additional data at in the optical and radio for many years. 
2 Partners (from eROSITA and CAASTRO)
· Dr. Frank Haberl, Max-Planck-Institute for Extraterrestrial Physics, Germany
· Dr. Jürgen Kerp, University of Bonn, Germany

· Prof. Lister Staveley-Smith, University of Western Australia, Australia
· Prof. Miroslav Filipovic, Western Sydney University, Australia
· Dr. Bärbel Koribalski, CSIRO, Australia
3 External Partners
· Dr. Patrick Kavanagh, Dublin Institute for Advanced Studies, Ireland

· Dr. Sean Points, Cerro Tololo Inter-American Observatory, Chile
4 Data Access Requirements

We will use the eROSITA All-sky survey (eRASS) data in X-rays and radio and optical data from ASKAP, ATCA, Parkes, MWA, and AAT in addition.

5 Resource Requirements

Four Ph.D. students will carry out the studies of the proposed project. Ideally, two students will work in Germany in the eROSITA team and two in Australia under the supervision of the CAASTRO team with a close collaboration between the two teams (two persons for SNR population and physics, one person for the superbubbles/ISM, one person for the gas in the Magellanic System). Regular telecons will be organised. The students will have the opportunities to visit the other team to learn the observational techniques in the other wavelength bands.
6 Student involvement

In addition to the Ph.D. students, B.Sc. and M.Sc. students will be involved for sub-projects.
7 Use of both eROSITA and CAASTRO data

The eROSITA All-sky survey (eRASS) will provide us with an unprecedented full coverage of the MCs in the soft and medium X-ray bands up to 10 keV. In addition, with the currently planned scan geometry of eRASS, the exposures will reach up to a few 10 ks near the ecliptic poles, allowing to detect and study these extended sources in detail, in particular in the LMC. Being member of the eROSITA consortium, we will be involved in the analysis of the data from the very beginning of the mission. The data of the LMC and SMC will be used both to study known objects and to detect new ones continuously.
A multi-wavelength study with complementary radio and optical data is crucial for the understanding of the physics of the SNRs and superbubbles and their impact on the ambient ISM and for the understanding of the distribution of the cold and warm gas. We have been using ASKAP, ATCA, Parkes, and AAT data so far and would like to continue this multi-wavelength approach. In addition, the MWA survey in the 80 to 300 MHz frequency range will be crucial for the radio continuum and polarisation measurements.

8 Schedule of milestones

The schedule of milestones will be used to monitor progress as the project is executed.
	#
	Milestone
	Date
	Person Responsible

	1
	Local X-ray background analysis based on ROSAT SEP/NEP data necessary for MC studies
	2017
	eROSITA: Sasaki

	2
	MWA phase 1 study (70-230 MHz) of the LMC
	2017
	CAASTRO: Staveley-Smith

	3
	Radio study of the Supergiant shell LMC 4 (continuum and HI)
	2017
	CAASTRO: Filipovic

	4
	Radio continuum studies of the MC fields based on various surveys, in particular, ASKAP and MWA phase 1
	2017-2018
	CAASTRO: Filipovic

	5
	Simulation and analysis of MC SNRs or superbubbles with SIXTE and eSASS
	2017-2018
	eROSITA: Haberl, Sasaki

	6
	MWA phase 2 (higher resolution) of LMC and SMC
	2018
	CAASTRO: Staveley-Smith

	7
	Analysis of ASKAP WALLABY data. Additional radio observations.
	Before launch and during eRASS
	CAASTRO: Filipovic, Koribalski, Staveley-Smith

	8
	Study of the brightest SNRs and superbubbles as well as the entire SNR population in the MCs in X-rays, optical, and radio.
	During eRASS
	eROSITA: Haberl, Sasaki

CAASTRO: Filipovic, Staveley-Smith

	9
	Study of the cold, warm, and hot phases of the ISM in the MCs using survey data in radio and X-rays (with additional use of existing optical surveys).
	After the completion of eRASS
	eROSITA: Haberl, Kerp, Sasaki

CAASTRO: Staveley-Smith, Koribalski

	10
	Study of the cold and hot gas in the Magellanic System using radio and X-ray surveys.
	After the completion of eRASS
	eROSITA: Kerp, Sasaki

CAASTRO: Koribalski, Staveley-Smith
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