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Plasma Diagnostics for
Non-Standard Supernova Remnants
in the Galactic Center Region
— Origin of Recombining Plasma

and Missing Branch of SNR Evolution—
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Plasma Diagnostics for Non-Standard Supernova Remnants in the Galactic
Center Region — Origin of Recombining Plasma and Missing Branch of SNR
S REH | Evolution—
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[é standard picture of hot plasmas in supernova remnants (SNRs) are described by the shock
heating and following ionization and recombination processes. s star
observational results of SNRs predict that the plasmas have shell-like morphologies and ionization
dominant states. [¢ahdeid ie explore new evidence in the thermal structure of SNR

plasmas, a missing branch in SNR evolution. For this purpose, we investigate the thermal plasmas
for three non—shell-like SNRs in the Galactic center (GC) region. One of the SNRs, G 1.2—0.0, has
peculiar morphology both in the X-ray and radio bands, but the X-ray spectrum is thermal origin.
Another SNR G 357.7—0.1 has jet-induced plasmas; twin thermal plasmas are found in the both
ends of the spiral radio structures. Eehetrygre SN RiXed-8nisrphalogy SNRs
(MM SNRs); the thermal X-rays are found in the central region surrounded by non-thermal radio
shells.

G 1.2—-0.0 is a new X-ray source in the vicinity of the Sagittarius D (Sgr D) H Il region discovered
by the GC mapping project. fda)s are found from the north of the extended area of the H 11
region. Unlike the H Il region, the radio emission is found to have non-thermal origin. ey
spectra are characterized by emission lines from highly ionized atoms, and fitted with optically thin
thermal plasma models with enhanced abundances of heavy elements.
consistent with the object being in the GC distance. féagtseanchh¥n-thermal radio
coincide in position with the size of ~10 pc, and hence this is likely to be a single source, a new SNR
in the GC region.
the standard SNRs. (8 ther
ionization equilibrium (CIE) plasma or a recombining plasma (RP).

G 357.7—0.1 is a mysterious radio source with a bright “head” and faint “tail”, both are connected
by multi-spiral structures, and hence called the Tornado nebula. We discovered two diffuse X-ray
sources at the head and tail of Tornado. Emission lines from highly ionized atoms are found in the
spectra, which are fitted with an optically thin thermal plasma model. f8a} morphologies,
plasma temperatures, interstellar absorptions, and fluxes of these two sources are very similar to
each other. Feayiabmoced imresestichnarte difnolar ttostkat of
Tornado. Eday sloeidCes are twin thermal plasmas associated to Tornado. We interpret the
origin of the X-ray sources to be, unlike the standard SNRs, due to shock excitation of bipolar
outflows from an equatorial supernova explosion of a massive star. [ the
SNR plasma is found to be either a CIE or an ionizing plasma.

W 28 is a MM SNR in the GC region. fda)y emission is very bright with the spectra exhibiting
emission lines from highly ionized atoms. Optically thin thermal plasma in CIE, either
single-temperature or multi-temperature model failed to reproduce the data with line-like and

bump-like residuals at Si Lymana energy and at 2.4—5.0 keV, respectively. [é bur
correspond to radiative recombination continua from He-like Si and S. Simple recombining plasma
model nicely fit the bump structures, but failed to fit low energy bands. fBend spectra can be

fitted with a multi-ionization temperature plasma with a common electron temperature.

All of the three non-standard SNRs have different and distinct nature. Among them, only the
archetype MM SNR W 28 exhibits a clear RP. Since the standard SNRs cannot produce RP, we
further examine the RP structure of W 28. W 28 is found to have different ionization temperatures
among elements: I}
heavier (Fe) elements. fbmiadtion temperatures are interpreted as elemental difference of
ionization and recombination timescales. patally resolved analysis found the radial decreases
both in the ionization and electron temperatures. [és
[d plasma is shock -heated to high temperature, and then electron temperature quickly drops so
that recombining process is now going on. As one plausible scenario, we propose a rarefaction




model: the plasma breaks-out from dense circum-stellar medium into a tenuous interstellar space.
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