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Abstract

We report the Suzaku/XIS results of the Galactic oxygen-rich supernova remnant (SNR), G292.0+1.8,
a remnant of a core-collapse supernova. The X-ray spectrum of G292.0+1.8 consists of two type plasmas,
one is in collisional ionization equilibrium (CIE) and the other is in non-equilibrium ionization (NEI).
The CIE plasma has nearly solar abundances, and hence would be originated from the circumstellar and
interstellar mediums. The NEI plasma has super-solar abundances, and the abundance pattern indicates
that the plasma originates from the supernova ejecta with a main sequence of 30–35M⊙. Iron K-shell line
at energy of 6.6 keV is detected for the first time in the ejecta plasma.
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1. Introduction

G292.0+1.8 is one of three known oxygen-rich (O-rich)
supernova remnants (SNRs) in our Galaxy (Goss et al.
1979). “O-rich” indicates that it is originated from a core
collapse (CC) supernova of a massive star (M > 18M⊙).
The fact that G292.0+1.8 has a pulsar and pulasar wind
nebula (PWN) strongly supports this idea (Hughes et
al. 2001, 2003; Camilo et al. 2002; Gaensler & Wallace
2003). Since the SNR is relativly young (∼ 3000yr, Wi-
inkler et al. 2002), it is the best target to observe fresh
ejecta from such a massive star.

The morphology of G292.0+1.8 consists of many small
knots and the central belt-like filaments running from
the east to the west (Park et al. 2002). The central fil-
aments have a normal solar-type composition, suggest-
ing that these are shocked circumstellar medium (CSM).
The knots, on the other hand, have an enhanced metal-
licity; silicon (Si) is enhanced in north-northwest, O
is in southeast, neon (Ne) is in northwest and south-
east, and magnesium (Mg) is in northwest. These are
probably ejecta origin. The asymmetric distribution of
the elements is interpreted to be non-uniform thermody-
namic conditions of the X-ray-emitting ejecta (Park et
al. 2007).

However, the X-ray spectra reported so far are faint
above 3 keV, and hence observed lines have been lim-
ited up to sulfur (S) K-shell line. We therefore ana-
lyze G292.0+1.8 with Suzaku X-ray imaging spectrome-

ter (XIS), which has a large effective area and low back-
ground in 0.4 − 10 keV band. The discovery of an iron
(Fe) K-shell line from ejecta plasma is reported.

2. Suzaku observation and Results

The Suzaku satellite observed G292.0+1.8 on 2011 July
22-23 (PI: K. Koyama) with XIS. The exposure time
after a screening is 44 ks.

Figure 1 shows the XIS image in the 0.8−6keV energy
band. We employ the spectral extraction region avoid-
ing the emission of the PWN. The resulting spectrum is
shown in Figure 2. We see many emission lines in the
spectrum. In the energy band below 3 keV, we identify
the lines of O Lyα, Ne Heα, Ne Lyα, Mg Heα, Mg Lyα,
Si Heα, S Heα. In the energy band above it, on the other
hand, we find line-like features at 3.1, 3.9 and 6.6 keV,
which are likely K-shell transition lines of argon (Ar),
calcium (Ca) and Fe. The Fe line at 6.6 keV is particular
clear, and is first discovered.

We analyze the 0.6− 9 keV band spectrum with phys-
ical models. Park et al. (2004) and Gonzalez & Safi-
Harb (2003) reported that the spectra are significantly
different from position to position. Therefore, the in-
tegrated spectrum of the SNR cannot be described by
any single component model fit. We thus search for a
many-components model, starting from one-component
then adding another component one by one. We fi-
nally obtained the best fit result with 2-components
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Fig. 1. X-ray image of G292.0+1.8 in the energy band of 0.8–6 keV.
The geometric center of the PWN (pulsar) is shown with the cross
mark. The spectral extraction region is shown by the green solid
and dashed lines.

collisional ionization equilibrium (CIE) model plus 2-
components non-equilibrium ionization (NEI) model (2-
APEC + 2-VPSHOCK). The abundances of these plas-
mas are linked to the same type plasmas. In the best fit
model, the CIE plasma has nearly solar abundances, and
the temperatures are 0.17±0.04 and 0.72±0.01keV. The
NEI plasma has super-solar abundances (2 − 15 solar),
and the temperatures are 1.07±0.19 and 2.67±0.41keV.
We also analyze the spatially-resolved spectra. We di-

vide the SNR into 3 regions: the center, north and south.
Most of the best-fit parameters, including abundances,
show no spatial-difference within their large errors (typ-
ical errors for the abundances are ∼ 50%). We how-
ever find the significant spatial-difference in the Fe abun-
dances of the NEI plasma, which are 1.7±0.5, 0.75±0.22
and 1.0±0.4, for the north, center and south regions, re-
spectively.

3. Discussion

In the spectral fitting of G292.0+1.8, we find two type
plasmas in CIE and NEI conditions. Since the CIE
plasma has nearly solar abundances for all elements and
the NEI plasma has super-solar abundances, these would
be the CSM and the ejecta origin of a CC SN, respec-
tively.
We discover Fe K-shell line at 6.6 keV in the ejecta

plasma for the first time (Kamitsukasa et al. 2014). The
energy indicates that ionization state of Fe is around B-
like. This medium ionization state is similar to another
young CC SNR, Cas A, but in contrast to nearly Ne-like
states in young well known Type Ia SNRs, Tycho, Kepler
and SN 1006.
We compare the abundances of the ejecta with those of

CC SN model in various progenitor masses (Woosley &
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Fig. 2. 0.6–10 keV spectrum of G292.0+1.8.The spectrum is analyzed
with the model; 2-CIE (blue) + 2-NEI (red) + Power-law (orange)
+ several Gaussians (dotted line).

Weaver 1995). The observed abundance pattern is glob-
ally in agreement with the model of 30− 35M⊙. These
mass range of the progenitor star confirm the previous
report of M > 20M⊙ (Gonzalez & Safi-Harb 2003; Park
et al. 2004; Lee et al. 2010).

Although Park et al. (2004) and Gonzalez & Safi-
Harb (2003) reported significant spatial variations in the
sub-arcmin scale, we find no significant and systematic
variations in the spatial scale over arcmin. Nevertheless,
we find marginal evidence of spatial variation of Fe in the
ejecta; the north region is enhanced compared to that of
the center region. Since the position of the neutron star
(PWN) is off-set to southeast from the geometrical SNR
center (Park et al. 2007), it would be conceivable that
Fe from the core region would be ejected to the opposite
northwest direction. Our observational result of the Fe
variation is marginal to support this off-set effect due to
large errors. To establish this kick-off scenario, we need
higher quality observations.
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