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We observed the northeastern limb of the Cygnus Loop with the Suzaku observatory
by four pointings. Dividing the entire fields of view (FOV) into 190 box regions, we ex-
tracted spectra from all the regions and performed spectral analysis for them. A single-kTe

non-ionization equilibrium model fairly well represented our data sets. The abundances
obtained are all depleted relative to their solar values wherever in our FOV: the column-
density-weighted mean abundances are C∼0.3, N∼0.1, O∼0.1 Ne∼0.2, Mg∼0.2, Si∼0.3,
S∼0.2, Fe∼0.2 times their solar values. The values are roughly consistent with those ob-
tained by previous ASCA observations, which confirms that the X-ray emitting plasma is
predominantly originated in the interstellar medium. Although metal abundances are defi-
cient at any regions, we found relatively enhanced regions in abundances of N, O, and Ne in
northern parts of our FOV. We found that emission measures were especially enhanced just
behind the shock front in southern parts of our FOV, which suggested possible evidence of
the interaction between a blast wave and a preexisting cavity wall.

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

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

white rectangles. Right: Merged Suzaku XIS1 broad

band (0.2–0.3 keV range) image of the four 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). Its
low neutral hydrogen column
density (several ×1020

cm−2 3)) and large appar-
ent size (2◦.5 × 3◦.54)) en-
ables us to study the soft X-
ray emission from the Cygnus
Loop. The extended 0.2–
12 keV energy range of the
Suzaku X-ray CCD camera,
XIS combined with their su-
perior energy resolution al-
lows us to detect emission
lines from highly-ionized C

typeset using PTPTEX.cls 〈Ver.0.9〉
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and N for the first time. We observed the north-east (NE) of the Cygnus Loop
by four pointings (NE1∼4) during the science working group (SWG) observing time.
The fields of view (FOV) are shown in Fig. 1 left. In our first paper7) , we already
presented the results of analysis for NE2-region. We here present the results of the
analysis for all the four FOV.

The observations were performed on 2005 November 23, 24, 29, and 30 for NE1,
2, 3, and 4, respectively. We employed revision 0.7 of the cleaned event data and
excluded the time region where the attitude was unstable. Furthermore, we excluded
data taken in the low cut-off rigidity <6 GeV. The net exposure time was 84 ks after
screening. We subtracted a blank-sky spectrum obtained from the Lockman Hole
since the observation date of the Lockman Hole (2005 November 14) was close to
that of the Cygnus Loop. Figure 1 right shows the Suzaku XIS1 (BI) image which
is not subtracted the background emission.

§2. Spatially Resolved Spectral Analysis

C
-b

an
d

C
 V

I
N

 V
I

N
e 

IX

M
g 

X
I

O
 V

II
I

O
 V

II

Fe
 L

Fig. 2. Suzaku XIS1 spectrum of the entire FOV.

A spatially-integrated spec-
trum obtained with the XIS1 is
shown in Fig. 2. There are a lot
of emission lines clearly detected
as was previously mentioned by
our first paper7) .

We divided the entire FOV
into 190 rectangular regions in-
dicated in Fig. 1 right and ex-
tracted spectra from them. To
generate the response matrix file
(RMF) and the ancillary re-
sponse file (ARF), we employed
xisrmfgen and xissimarfgen

(version 2006-10-26), respectively. The low energy efficiency of the XISs 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.

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=

∫
nenHdl, where ne and nH are the number densities of electrons and protons,

respectively and dl is the plasma depth); the abundances of C, N, O, Ne, Mg, Si, S,
Fe, and Ni. We set the abundance of Ni equal to that of Fe. This model gave us
fairly good fits for all the spectra (reduced χ2 < 1.2).

§3. Results
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Fig. 3. Maps of the best-fit parameters. The values of NH, kTe, and EM are in units of 1022cm−2,

keV, and 1019cm−5. The values of metal abundances are in units of solar abundances.

O
N

Ne

Fig. 4. Two spectra with similar ratio of OVIII to

OVII: Black mark comes from Reg-A in Fig. 1 where

the metal abundances show typical values while Red

mark comes from Reg-B where abundances of N, O,

and Ne are enhanced. They are equalized in inten-

sity of the continuum emission so that we can easily

compare the line intensities relative to the contin-

uum emission in each spectrum.

We present maps of the
best-fit values in Fig. 3. The
values of kTe increases from the
shock front (∼0.15 keV) toward
the inner region (∼0.3 keV) of
the Loop for NE1-3. The ion-
ization state is far away from
the collisional ionization equi-
librium (CIE) wherever in our
FOV. These plasma structures
match a view from the ASCA
observations5)6) . We note that
the kTe-gradients in NE1-3 can-
not be seen in NE4.

We found that the values
of EM just behind the shock
front in both NE1 and NE2 were
higher than those in the other re-
gions.

All the metal abundances
are lower than the solar values at any regions. Apparent enhancements of abun-



4 H. Uchida et al.

dances of N, O, and Ne are seen in both NE3 and NE4. The line emissions of N,
O, and Ne relative to the continuum emission (i.e., the emission in the energy range
of 1.5–1.6 keV) for the relevant region are indeed stronger than those for the other
regions as shown in Fig. 4.

§4. Discussion

Assuming that ne = nH and filling factor is unity, we calculated the column-
density-weighted mean abundances: C∼0.3, N∼0.1, O∼0.1 Ne∼0.2, Mg∼0.2, Si∼0.3,
S∼0.2, Fe∼0.2. Their absolute values are still unclear since we cannot determine
the abundance of He. However, the relative abundances are robust. The relative
abundances between heavy elements are roughly consistent with the solar values
with taking into consideration of the uncertainty of the model fitting. We can thus
confirm that the X-ray emitting plasma is predominantly originated in the interstellar
medium. There are enhanced regions of abundances of N, O, and Ne in NE3 and 4.
At present, the origin is under consideration.

We estimated the total mass in our FOV to be ∼4M⊙ based on the assumption
that the Cygnus Loop is spherically symmetric.

We found that the EMs just behind the shock front in both NE1 and NE2 were
enhanced relative to those in the other regions. This fact suggests possible evidence
of the interaction between the blast wave and a preexisting cavity wall, which was
previously noted by the analysis of Balmer-dominated filaments in the corresponding
region2) .
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