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Abstract

We present Suzaku results of the two Galactic supernova remnants (SNRs), G350.1−0.3 and
G349.7+0.2. The spectra are well described by two optically thin thermal plasmas: a low-temperature
(low-kT ) plasma in collisional ionization equilibrium and a high-temperature (high-kT ) plasma in non-
equilibrium ionization. We found Al and Ni from both the SNRs for the first time. Since the low-kT
plasma has solar metal abundances, it is thought to be of interstellar medium origin. The high-kT plasma
has super-solar abundances, hence it is likely to be of ejecta origin. The abundance patterns of the ejecta
components are similar to those of core-collapse supernovae with the progenitor mass of � 15–25 M� for
G350.1−0.3 and � 35–40 M� for G349.7+0.2. We found extremely high abundances of Ni compared to Fe
(ZNi/ZFe � 8). Based on the measured column densities between the SNRs and the near sky background,
we propose that G350.1−0.3 and G349.7+0.2 are located at the distance of � 9 kpc and � 12 kpc, respec-
tively. Then the ejecta masses are estimated to be � 13M� and � 24M� for G350.1−0.3 and G349.7+0.2,
respectively. These values are consistent with the progenitor mass of � 15 − 25M� and � 35 − −40 M�
for G350.1−0.3 and G349.7+0.2, respectively.

Key words: X-rays: individuals: G350.1−0.3 — X-rays: individuals: G349.7+0.2 — X-rays: ISM

1. Introduction

G350.1−0.3 and G349.7+0.2 are Galactic Supernova
Remnants(SNRs). The previous results such as the pres-
ence of CCOs (Lovchinsky et al. 2011; Lazendic et
al. 2005) and the associations with molecular clouds
(Gaensler et al. 2008; Frail et al. 1996) suggest that the
SNRs are core-collapse (CC) SNRs. The metal abun-
dances in the ejecta should provide crucial information
for the mass of the progenitor stars. Previous works,
however, have limited statistics to study the ejecta ele-
ments. This paper presents the most accurate Fe and Ni
abundances in the two CC-SN candidates, G350.1+0.3
and G349.7−0.2. For the studies, we used the Suzaku
satellite (Mitsuda et al. 2007) because it has the high-
est sensitivity for diffuse X-rays in the Fe and Ni K-shell
band at 5–10 keV.

2. Suzaku Images and Spectra

We found in Fig.1 that G350.1−0.3 has a distorted shape
and G349.7+0.2 is concentrated in the southeast, that
are consistent with the Chandra images (Lovchinsky et
al. 2011; Lazendic et al. 2005). We extracted the source
spectra from the white ellipse shown in Fig.1. The back-
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Fig. 1. Suzaku images of G350.1−0.3 and G349.7+0.2 in the
1.0–10.0 keV band. Color scale shows X-ray counts in 8.3”×8.3”.
The cross marks are the positions of the CCOs

ground (BG) spectra were extracted in the surrounding
region. From Fig.2, we found Al and Ni Kα lines from
both the SNRs for the first time.

3. Background Estimation

Since both the SNRs are located near the inner Galactic
disk, the BG is dominated by the Galactic ridge X-ray
emission (GRXE) (e.g Uchiyama et al. 2013). Cosmic X-
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Fig. 2. The spectra of G350.1−0.3 and G349.7−0.2. The spectra
from the source and BG regions are shown in black and blue,
respectively.

ray Background (CXB) (e.g. Kushino et al. 2002) and
Foreground Emissions (FE)(e.g Uchiyama et al. 2013)
also come into the source regions as background emis-
sions. To make BG model, we fitted the BG spectra
with the sum of FE, GRXE and CXB models.

4. Model Fitting

The spectra are well described by two optically thin
thermal plasmas; a low-temperature (low-kT ) plasma
in collisional ionization equilibrium (CIE) and a high-
temperature (high-kT ) plasma in non-equilibrium ion-
ization (NEI). The parameters are listed in Table 1. We
detected Al and Ni for the first time from the SNRs.

Table 1. The best-fit parameters for source spectra.

Component Parameter∗∗ G350.1−0.3 G349.7+0.2
Absorption NH (1022 cm−2) 3.3 ± 0.1 6.4 ± 0.2
CIE kT (keV) 0.48 ± 0.04 0.60 ± 0.04

Abundance (solar) 1 (fixed) 1 (fixed)
EM∗ (1013 cm−5) 1.3 ± 0.3 1.3 ± 0.3

NEI kT (keV) 1.51±0.09 1.24 ± 0.03
Abundance (solar) Mg 3.7 ± 0.5 3.6 ± 1.1

Al 1.4 ± 0.5 0.6 ± 0.4
Si 4.0 ± 0.3 1.10 ± 0.14
S 2.8 ± 0.2 0.72 ± 0.04
Ar 2.7 ± 0.3 0.71 ± 0.07
Ca 3.7 ± 0.4 0.67 ± 0.10
Fe 1.4 ± 0.2 0.63 ± 0.05
Ni 12 ± 7 5.3 ± 2.0

net (1011 s cm−3) 3.5 ± 0.4 20 ± 3
EM∗ (1012 cm−5) 2.1 ± 0.3 9.1 ± 0.9

χ2/d.o.f. 873/659 = 1.32 664/587 = 1.13
∗The emission measure in unit of nenHV/4πd2, where ne, nH,
V and d are the electron density, the hydrogen density,
the emitting volume and the distance to the source, respectively.
∗∗Errors are at the 90% confidence level.

5. Discussion

5.1. Origins of the Plasmas and Abundance Patterns

Since the low-kT component is in CIE with the solar
abundances, it would be inter-stellar medium heated
by a blast wave. The high-kT plasma has super-
solar abundances, hence it is likely to be of ejecta ori-
gin. From Fig.3, the abundance patterns of the ejecta
component (high-kT plasma) agree with CC models
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Fig. 3. Metal abundances in the ejecta of G350.1−0.3 and
G349.7+0.2 relative to Si as a function of atomic number. The
dotted lines represent CC models (Woosley & Weaver 1995).

(Woosley & Weaver 1995) with main sequence masses
of � 20M�(G350.1−0.3) and � 40M� (G349.7+0.2).

The high ratio ZNi/ZFe � 8 is not predicted by the
theoretical model by Woosley & Weaver (1995). The ob-
served high ratio can be explained if a significant fraction
of Ni was ejected from the core region possibly due to
an asymmetric explosion. In fact, Maeda et al. (2007)
reported that a large amount of Ni is ejected from the
core of SN 2006aj as a result of an asymmetric explosion.

5.2. Distance Estimation and Ejecta Mass

We assume that the interstellar gas density is propor-
tional to the stellar density of the Galactic disk given
by Kent et al (1991). The NH of the GRXE is ap-
proximated by the absorption to the Galactic Center
(8.5 kpc). Integrating the gas density along the line of
sight, and using the NH ratio of GRXE and SNR, we
estimated the distances to be �9 kpc and �12 kpc for
G350.1−0.3 and G349.7+0.2, respectively. The ejecta
masses are estimated to be �13 f1/2M� for G350.1−0.3
and �24 f1/2M� for G349.7+0.2, where f is a filling fac-
tor. These are roughly consistent with those estimated
by the abundance patterns of 15−25 M� and 35−40 M�,
respectively.
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