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We observed the Cygnus Loop from north-east to south-west with the Suzaku Observa-
tory by seven pointings. Dividing the entire fields of view (FOV) into 119 box regions, we
extracted spectra from all the regions and performed spectral analysis for them. We applied
both one- and two-kTe-component non-ionization equilibrium (NEI) models for all the spec-
tra, finding that all the spectra were significantly better fitted by the two-kTe-component
NEI model rather than the one-kTe-component NEI model. Judging from the abundances,
the high-kTe-component must be fossil ejecta while the low-kTe-component comes from the
swept-up ISM. Therefore, the fossil ejecta turn out to be distributed inside a large area (at
least our FOV) of the Loop. We found that the ejecta distributions were asymmetric to the
geometric center: more SiSFe-rich ejecta seem to be distributed in the south of the Loop.
This feature suggests that an asymmetric supernova explosion produced the Cygnus Loop.
We serendipitously found a flare from a point source, 1RXH J205036.4 + 302448 within the
Cygnus Loop. We considered that the identity of this point source is possibly RS CVn.

§1. Introduction and Observations
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Fig. 1. Left: ROSAT HRI image of the entire Cygnus

Loop. The fields of view of Suzaku are shown as white

rectangles. Right: Merged Suzaku XIS1 broad band

image in the 0.2–0.3 keV range of the seven pointings.

White rectangles are the regions where we extracted

spectra.

The Cygnus Loop is
a nearby (540 pc1)) proto-
typical middle-aged super-
nova remnant (SNR). Pre-
vious observations obtained
with the ASCA observatory
revealed evidence of ejecta-
material in the center por-
tion of the Loop7) . In or-
der to reveal the ejecta struc-
ture in this SNR, we ob-
served the Cygnus Loop from
north-east (NE) to south-
west (SW) with the Suzaku
Observatory.

The observations are com-

typeset using PTPTEX.cls 〈Ver.0.9〉
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prised of seven pointings (P8, 12, 13, 14, 15, 16, and 17) performed in 2006 May.
We employed revision 1.2 of the cleaned event data. We excluded data taken in
the low cut-off rigidity <6GeV. The resulting net exposure time was 102 ks after
the screening. As background we used a spectrum obtained from the Lockman Hole
because its observation date, 2006 May 17 was close to that of the Cygnus Loop.
The fields of view (FOV) of our Suzaku observations and the merged Suzaku XIS1
(BI) image is shown in Fig. 1.

§2. Spatially Resolved Spectral Analysis

We divided the entire FOV into 119 rectangular regions indicated in Fig. 1
and extracted spectra from them. To generate the redistribution matrix file (RMF)
and the ancillary response file (ARF), we employed xisrmfgen and xissimarfgen

(version 2006-10-26), respectively. The low energy efficiency of the XIS shows degra-
dation caused by the contaminants accumulated on the optical blocking filter (OBF),
however it was taken into account in the generation of the ARF file.

Firstly, all the spectra were fitted by an absorbed non-equilibrium ionization
(NEI) model with a single temperature. Free parameters are the hydrogen column
density, NH; electron temperature, kTe; the ionization time, τ ; the emission measure,
EM (EM=

∫
nenidl, where ne and ni are the number densities of electrons and ions,

respectively and dl is the plasma depth); the abundances of C, N, O, Ne, Mg, Si, S,
and Fe. Although this model gave us relatively good fits for all the spectra (reduced
χ2 < 1.6), large discrepancies between our data and the model were found especially
in the energy bands around Si- and S-K lines for a number of the spectra (e.g., see, 2
left). Since the emission from both fossil ejecta and the swept-up ISM were detected
in the center portion of the Loop7) , it is natural to consider that we need at least
two components to reproduce our data.

Then, we applied two-kTe-component NEI model for all the spectra. In this
model, kTe, τ , and EM are left as free parameters for both components. NHs for both
components are assumed to be equal and are left as free parameters. Considering
that the swept-up ISM surrounds the fossil ejecta so that we can see the emission
from the swept-up ISM wherever in the Loop, we set metal abundances for one
component to those of the rim regions where the contamination from the ejecta-
material is considered to be negligible9) . Metal abundances of O(=C=N), Ne, Mg,
Si, and Fe(=Ni) for the other component are left as free parameters. This model
significantly improved the fits for all the spectra (e.g., see, Fig. 2 right). We found
that the two components were clearly separated with each other for all the spectra:
high-kTe-component was responsible for the component with variable abundances
while the low-kTe-component was responsible for the swept-up ISM. Also, we found
that the metal abundances of Si, S, and Fe for the high-kTe-component were at least
an order of magnitude higher than those of the low-kTe-component, which clearly
showed that the high-kTe-component represented SiSFe-rich ejecta. In this context,
the fossil ejecta turned out to be distributed inside a large area (at least our FOV)
of the Loop.
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Fig. 2. Left: Suzaku spectra from the black region in Fig.1 right. The best-fit curves of a one-

kTe-component VNEI model are shown with solid lines. The lower panels show the residuals.

Right: Same as left but with the best-fit models of a two-kTe-component VNEI model. The

contribution of each component is shown by the dotted lines only for XIS1.

§3. Results

Figure 3 shows maps of EMs for Si, S, and Fe(=Ni) for the high-kTe-component.
We found that the structures were similar to each other: more SiSFe-rich ejecta
seem to be distributed in the south of the Loop, taking into consideration that
the geometrical center of the Cygnus Loop is located above P155) . Therefore, the
Cygnus Loop is considered to be a result of an asymmetric supernova explosion which
is possibly caused by global convective instabilities2)4) .

Fig. 3. Maps of EMs for Si, S, and Fe(=Ni). The values are in units of 1014 cm−5. White circle in

each image represents the geometric center of the Cygnus Loop.

§4. Point Source Analysis

A point source, 1RXH J205036.4+302448 is detected in P16. We extracted
a light curve and a spectrum from the inner circle in Fig. 4. We subtracted the
background emission from the ring region indicated in Fig. 4. The background-
subtracted light curve of the point source is shown in Fig. 5 left. Then, we found
a flare from the point source. The decay time is estimated to be 3.7±0.6 ksec. We
extracted a spectrum for the point source during the flare (exposure time is 3 ksec).
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Fig. 4. XIS1 broad band image of

P16.

We found that a two-kTe collisionally ionization
equilibrium model well represented the spectrum.
The XIS1 spectrum with the best-fit model is
shown in Fig. 5 right. The best-fit parameters
of the kTe and

∫
nenidV , where dV is the volume

of the X-ray emitting plasma, are also shown in
Fig. 5. The energy of the flare is estimated to be
∼ 8×1031erg sec−1 at a distance of 109 pc11) . We
found that the energy as well as the decay time
of the flare are similar to those of RS CVn8)10) ,
a binary which consists of an F/G star and a K
star.

Fig. 5. Left: Background-subtracted light curve of a point source within P16. Right: XIS1 Spec-

trum from the point source during the flare.
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