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In the past fiscal year under the support of the Kyoto University Foundation, our international
(Japan-US) collaboration has embarked on a new endeavor on understanding the phenomena
associated exploding dying stars (supernovae, SNe) and their remnants (supernova remnants,
SNRs). We are attempting to connect the observed properties of SNRs in various wavebands to
the nature of their progenitor stars as well as their circumstellar environment (CSM), in order
to systematically understand the origin of the rich diversity of observed SNRs in the Milky Way
and neighbor galaxies.

To do so, we are developing a simulation framework which can seamlessly connect state-of-
the-art numerical models of stellar evolution, supernova explosion and nucleosynthesis, and
hydrodynamical and plasma evolution in SNRs. We are now in the processing of searching for
characteristic observational aspects, such as broadband X-ray spectra, that can help us
distinguish SNRs with different progenitor origins and impacts by different surrounding
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environments.

Figure 1 - Left: high-resolution synthetic X-ray spectrum of a sub-Chandrasekhar model of Type Ia SNR, comparing the current
spectroscopic capabilities of the Suzaku telescope and the near-future XRISM telescope. Right: a zoom-in view of the Fe-Ka line
emission complex, revealing the detailed structures of the spectrum and its potential of distinguishing progenitor origins.

As an example, we have published a study which investigates the inter-relation among the time-
evolving synthetic X-ray spectra, dynamical properties, and the nature of the exploded white-
dwarf stars for Type-Ia supernova remnants, and compared our numerical results with existing
observational data of [a SNRs (Martinez-Rodriguez, Badenes, Lee et al., Ap], 865, 151, 2018).
We discovered that the bulk properties of [a SNRs are mainly dictated by the difference in the
surrounding environments of the SNRs rather than the subtle distinctions in the white dwarf
explosion (in particular, a sub-Chandrasekhar vs a Chandrasekhar progenitor). However, we
also predicted that the soon-coming era of micro-calorimetric spectroscopy realized by next-
generation X-ray imaging space telescopes such as XRISM and ATHENA (with superior energy
resolutions compared to current instruments such as Suzaku and Chandra) is going to allow for
a detailed diagnostic of progenitor origins of Ia SNRs (see Figure 1).

We are now extending the same technique to core-collapse SNRs from exploded massive stars
by performing a large-scale survey of hydro models encompassing an extensive array of



different massive star progenitors and CSMs (Jacovich, Patnaude, Lee et al., in prep). The results
will be published in a refereed journal in the very near future.

Our results so far have been presented in various occasions, including the international
conference on supernova remnant in June, 2019 at Crete, Greece (Supernova Remnants II: An
Odyssey in Space after Stellar Deaths), and the American Astronomical Society Meeting.

Finally, we very much appreciate the financial support by the Kyoto University Foundation
during the last fiscal year which has been indispensable to the progress of this long-term
project. Thanks to this opportunity, our project has been selected for a KAKENHI C starting from
the fiscal year of 2019.



