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Fig. 1.—True-color image of G292.0!1.8 from the Chandra/ACIS obser-
vation. Red, green, and blue represent 0.3–0.8, 0.85–1.7, and 1.7–8.0 keV,
respectively. Red and blue are weighted the same, while green is weighted
5.3 times the other two colors. The color palette is the weighted sum of these
three colors. A linear scaling was used. This image is from the entire ACIS-
S3 chip, and parts of the remnant extend beyond the chip boundary.

TABLE 1
Energy Bands Used for Generating the EW Images

Elements
Line
(eV)

Lowa
(eV)

Higha
(eV)

O . . . . . . . . . . . . . 510–740 300–510 740–870
Ne Hea . . . . . . 890–970 740–870 1120–1160
Ne Lya . . . . . . 1000–1100 740–870 1120–1160
Mg . . . . . . . . . . . 1290–1420 1250–1290 1620–1700
Si . . . . . . . . . . . . 1750–1930 1620–1700 2020–2120

a The high- and low-energy bands around the selected
line energies used to estimate the underlying continuum.

3. X-RAY IMAGES AND EQUIVALENT WIDTH MAPS

Figure 1 shows an X-ray “true-color” image of G292.0!1.8,
with red indicating the lowest energies and blue for the highest.
The deep blue region south of the central belt is the presumed
pulsar wind nebula, dominating above 2 keV (H01b). Below
2 keV, the SNR is dominated by a complex network of knots
and filaments (yellow and green) on angular scales down to
the instrumental resolution. The striking color contrasts in this
filamentary structure indicate spectral variations in this mate-
rial, produced by varying line strengths. These knots and fil-
aments are bounded by shell-like circumferential filaments sur-
rounding most of the SNR, outside of which is faint diffuse
emission. These features are soft, as indicated by the red colors.
The overall ACIS spectrum (H01b) shows broad atomic

emission line complexes from the elemental species O, Ne,
Mg, Si, S, and Ar, while little emission from Fe is observed.
In order to trace the elemental distribution across the SNR, we
constructed equivalent width (EW) images by selecting photons
around the broad-line complexes (Table 1), using a technique
pioneered by Hwang, Holt, & Petre (2000). Line and continuum
bandpasses were selected for each spectral line of interest. Im-
ages in these bands were extracted with 2! pixels and smoothed
with a Gaussian with . The underlying continuum was′′j p 7
calculated by logarithmically interpolating between images
made from the higher and lower energy “shoulders” of each
broad line. The estimated continuum flux was integrated over
the selected line width and subtracted from the line emission.
The continuum-subtracted line intensity was then divided by
the estimated continuum on a pixel-by-pixel basis to generate
the EW images for each element. In order to avoid noise in
the EW maps caused by poor photon statistics near the edge
of the remnant, we have set the EW values to zero where the
estimated continuum flux is low. We also set the EW to zero

where the integrated continuum flux is greater than the line
flux.
The EW maps for O, Ne, Mg, and Si are presented in Fig-

ure 2 with overlaid contours from the 0.3–8.0 keV band image
for morphological comparison between the elemental distri-
bution and the surface brightness. (The S and Ar EW maps
are too noisy to be useful. High Mg EW values in the extreme
north and south edges of the SNR are due to low continuum
and are insignificant.) The overall spectrum exhibits two broad-
line features for Ne (Hea at ∼0.93 keV and Lya at ∼1.05 keV;
H01b), and we separately present those two line components
in the EW maps. The morphology of the EW maps depends
on the species and does not necessarily trace the overall broad-
band morphology. To investigate the possibility that complex
broad-line features might have resulted in contamination of the
estimated underlying continuum, we have compared the O EW
map with the optical O ii l3727 line data (Tuohy et al. 1982).
The O EW enhancements in the southeast area of the SNR are
in good spatial agreements with the optical data, supporting
the reliability of the EW maps. We also extracted a few sample
spectra from small regions across the SNR in order to make a
more realistic test for the overall validity of the metallicity
structure of the SNR implied by the EW maps. The metallicity
distributions implied by the EW maps are in good agreement
with the actual spectra (Fig. 3). For example, the spectrum in
region 1 shows weaker Ne lines compared with those from
regions 3 and 4, in agreement with the EWmaps. The spectrum
of region 2, which sits on a peak in the Si EWmap, is dominated
by bright Si and S lines. We thus conclude that our EW maps
are reliable despite the inherent uncertainties in the continuum
subtraction. Further quantitative support for the validity of our
EW maps is given in H01a.
The EW maps reveal a variety of chemical structures and

ionization states within the SNR, which vary with the species.
The O EW map indicates strong O emission throughout the
SNR, particularly in the southeastern quadrant, consistent with
the previously known O-rich nature. The Ne EW maps are
particularly interesting. Both Ne maps are enhanced within the
circumferential filaments, suggesting that the material interior
to these filaments is dominated by ejecta. The bright, broad
ridge of emission in the northwest corner of the Ne Lya map
lies to the outside of the corresponding feature in the Ne Hea,
indicating a progression in ionization state with distance from
the shock boundary in this portion of the SNR. This may be
attributed to the progressive ionization by the reverse shock as
seen in SNR 1E 0102.2"7219 (Gaetz et al. 2000; Flanagan et
al. 2001). In the southeastern quadrant, O and Ne Hea are both
strong, while Si and Ne Lya are relatively weak, again sug-
gesting large-scale variations in ionization state and elemental
abundance within the ejecta. The central bar that is prominent
in the broadband images is either a trough or completely absent

RCW 103 with Chandra and XMM–Newton 4447

Figure 1. RGB Chandra image of RCW 103, with red, green, and blue colours corresponding to the energy ranges 0.5–1.2, 1.2–2.0, and 2.0–7.0 keV,
respectively. The image has been smoothed using a Gaussian with a radius of 3 pixels. North is up and east is to the left. An obvious artefact is the ‘crosshairs’
shape almost through the centre that is due to the chip gaps from one of the data sets.

Figure 2. Chandra X-ray broad-band (0.3–10 keV) image overlaid with radio contours from the Molonglo Observatory Synthesis Telescope. 10 contours are
shown in logarithmic scale ranging in levels from 0.05 to 1.7 counts per pixel.
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RCW 103 G292.0+1.8
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CSM

Some SNRs have bright 
CSM-dominated regions.

RGS spectrum of RCW 103

RGS can resolve 
NO lines of CSM.

G292 (0.3±0.1)

no rotation

high speed rotation

Progenitor constraint with N/O

We constraint that 
• progenitor of RCW 103 had a 
medium velocity ( ) and 
low mass( ). 

• progenitor of G292 experienced 
strong mass loss in a binary system.
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