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Abstract

We report the Suzaku results of the proto-typical Mixed-morphology supernova remnant Kes 27. Using
the Suzaku data, we performed a spectral analysis in the 0.8–10.0 keV energy band. The spectra show a
Fe Kα line, in addition to the K-shell lines from He-like Mg, Si, S, Ar, and Ca. The center energy of Fe Kα
is 6.51± 0.03 keV, which indicates that Fe is in lower-ionization than He-like. The Fe-K line is broadened
with the width of σ=98+30

�29 eV, while no broadening of for Si and S. Thus the line broadening is not due to
Doppler effect. Instead, Kes 27 requires at least two distinct plasma in different non-equilibrium ionization
states.
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1. Introduction

Mixed-morphology supernova remnants (MM SNRs)
have centrally peaked thermal X-rays in a non-thermal
radio shell (Rho & Petre 1998). This morphology can-
not be produced by the standard evolution of SNRs. In
addition, recombining plasmas, the plasma with an elec-
tron temperature lower than an ionization temperature,
have been discovered in some MM SNRs (e.g., Koyama
2014). The MM SNRs are comprised of � 20% in all the
X-ray detected Galactic SNRs.

Kes 27 (G327.4+0.4) is a proto-typical MM SNR. The
size of the non-thermal radio shell is 21 arcmin (Green
2009) and the distance is estimated to be 4.3–6.5 kpc
(Milne et al. 1970 ; Seward et al. 1996 ; McClure-
Griffiths et al. 2001). The ASCA and Chandra results
showed that the spectrum of Kes 27 can be reproduced
by a model of single-component plasma (Enoguchi et al.
2002; Kawasaki et al. 2005; Chen et al. 2008). Kawasaki
et al. (2005) found a hint of recombining plasma in the
ASCA spectrum, while Chen et al. (2008) reported that
the plasma is nearly in the ionization equilibrium. Since
only the data below 6 keV were available for the previous
studies due to limited photon statistics, the knowledge
of physical condition of the thermal plasma has been
limited. Using the X-ray Imaging Spectrometers (XIS:
Koyama et al. 2007) with the superior energy resolu-
tion, low background and high sensitivity in the energy
range below 10 keV, we intend detailed spectral study of
Kes 27.

2. Analysis and Results

Suzaku observed Kes 27 on 2012 February 26 (observa-
tion ID 506063010). The exposure time after the stan-
dard data screenings was 109 ksec. The XIS image of
Kes 27 in the 1–10 keV band, after the subtraction of
the non X-ray background (NXB) and the correction of
vignetting effect is shown in figure 1. In this figure, we
see a clear center-filled morphology. The X-ray spec-
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Fig. 1. Suzaku XIS image of Kes 27 in the 1–10 keV energy band. The
images were smoothed with a Gaussian distribution. The color
scale is logarithmic, while the coordinates are J 2000.0. Both the
background subtraction and the vignetting correction were made.
The solid lines show the region from which the X-ray spectra of
Kes 27 were extracted.
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Fig. 2. NXB-subtracted spectra of Kes 27 in the 0.8–10.0 keV band.
The best-fit two bremsstrahlung model and Gaussian lines are
indicated by solid lines. The GRXE and the CXB are indicated
by the dotted and dashed lines, respectively. Residuals from the
best-fit model are shown in the lower panel.

Table 1. Results of a model fit with two bremsstrahlung models and
Gaussian line models and line identification.∗

Energy Width (σ) Line
(keV) (eV) identification

1.24+0.03
�0.01 36+30

�26 Fe-L
1.340+0.002

�0.004 0† Mg XI Kα
1.473∗ 0† Mg XII Lyα
1.580∗ 0† Mg XI Kβ

1.852+0.001
�0.002 < 5 Si XIII Kα

2.006∗ 0† Si XIV Lyα
2.183∗ 0† Si XIII Kβ
2.377∗ 0† Si XIV Lyβ

2.453 ± 0.003 < 8 S XV Kα
2.623∗ 0† S XVI Lyα
2.884∗ 0† S XV Kβ

3.116+0.008
�0.005 0† Ar XVII Kα

3.685∗ 0† Ar XVII Kβ
3.87 ± 0.01 0† Ca XIX Kα
6.51 ± 0.03 98+30

�29 Fe Kα

Continuum Temperature
(keV)

brems1 0.31 ± 0.01
brems2 1.2 ± 0.1

χ2 /d.o.f. 523/425
∗ Errors are estimated at the 90% confidence level.
† Fixed.

tra of Kes 27 were made from the circular region shown
in figure 1 (solid circles). Figure 2 displays the non-X-
ray background (NXB) subtracted spectra in the 0.8–
10.0 keV band.

Since the SNR size is larger than the XIS field of view,
we used the nearby sky data (HESS J1614−518 BG) as
an X-ray background of the Kes 27 region. After sub-
tracting the NXB, we fitted the background spectra with
a model consisting of the Galactic Ridge X-ray Emis-
sion (GRXE) + the cosmic X-ray background (CXB)
(Uchiyama et al. 2013; Kushino et al. 2002).

To investigate the emission line properties, we fit-
ted the Kes 27 spectra with a model consisting of two
bremsstrahlung and Gaussian lines modified by interstel-
lar absorption and adding the CXB and best-fit model
of GRXE. The XIS 0 and 3 spectra were simultaneously
fitted. The temperatures and normalization of the two
bremsstrahlung, the Gaussian line fluxes and the center
energies of Kα line of Mg, Si, S, Ar, Ca and Fe, and the
width (σ) of Si, S and Fe were free parameters. We also
set the flux of the GRXE as a free parameter, because
GRXE would have some fluctuation from position to po-
sition (Uchiyama et al. 2013). The fit was marginally ac-
ceptable with reduced-χ2 of �1.2. The best-fit model is
plotted in figure 2. The best-fit line energies and widths
with elemental identification are listed in table 1.

3. Discussion

We discover an broad Fe Kα line for the first time. The
center energy and broadening (σ) of the Fe-K line are
6.51 ± 0.03 keV and 93+30

�29 eV, respectively. The line
center energy indicates that Fe is a N-like or C-like state,
and hence the plasma is in non-equilibrium ionization
(NEI). The Fe Kα line width is larger than σ �50 eV
expected from an NEI plasma. Since Si and S lines show
no significant broadening, the broadening of Fe Kα lines
may not be due to the Doppler effect. We interpret that
the line broadening of Fe Kα is due to at least two plasma
with largely different ionization timescale (nt). Detailed
analysis using a multi-nt model may solve this problem.
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