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Abstract

At a distance of 2.3 kpc, the Carina nebula is one of the most active massive star forming regions in
the Galaxy. We observed a southwest region of the nebula with Suzaku for 50 ks and detected diffuse soft
X-ray emission extended over the XIS FOV (1.4e-11 erg/s/cm2 in 0.3–5 keV). The XIS spectrum can be
reproduced by an absorbed collisionally equilibrium (CE) plasma model with temperatures of 0.2 and 0.7
keV and a hydrogen column density of 3 × 1020 cm−2. The temperatures are similar to those around Eta
Carinae and the eastern tip region (Hamaguchi et al. 2007, Ezoe et al. 2008), while the column density
is about an order of magnitude smaller than those of the other regions. A fit fixing the column density
at 2 × 1021 cm−2, the typical value to the Carina nebula, gives a significant excess below 0.5 keV. This
result suggests a hole toward the southwest region, or that the intrinsic diffuse X-ray spectrum is deviated
from CE plasma spectra in the nitrogen and carbon line bands with, for example, additional emission from
charge exchange process.
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1. Information

Diffuse X-ray emission extending over several to tens pc
has been reported in many massive star-forming regions,
such as NGC 2024 (Ezoe et al. 2006). It can be roughly
classified into three types: (1) thin-thermal plasma with
a temperature of kT∼ 0.1–1 keV, (2) higher-temperature
plasma with kT ∼ 2–10 keV, (3) non-thermal emis-
sion with a photon index ofΓ. These phenomena can
be explained by plasma heating and particle accelera-
tion. The origin is suspected to be either hot plasma
heated at strong shocks of fast stellar-winds (∼1000–
2000 km/s) from young OB stars or past super-nova rem-
nants (SNRs) or both.

2. Suzaku Observation

At a distance of 2.3 kpc, the Carina nebula is one of the
most active massive star forming regions in the Galaxy
with eight massive stellar clusters. We observed the
southwest region of the Carina Nebula with Suzaku on
2010 December 12 for 50 ksec. This region was observed

with Chandra in the Chandra Carina Complex Project
(CCCP,PI:Leisa Townsley). An existence of strong oxy-
gen line diffuse X-ray emission is suggested in this region
from the CCCP image.

3. Suzaku Spectral Analysis

We fitted the spectrum of the diffuse X-ray emission from
the entire field of view of Suzaku XIS1 and XIS3 data
in 0.3 – 5 keV with a model. We estimated the model
component from background and foreground X-ray emis-
sion source : (i) Local hot bubble (Snowden et al. 1998),
(ii) Cosmic X-ray background (Miyaji et al. 1998), (iii)
Galactic ridge X-ray emission (Ebisawa et al. 2005), (iv)
Point sources from the CCCP data. A common abun-
dance pattern is used for two plasma models.

As shown in figure 1 (a), this model reproduces the
data well with χ2/d.o.f. of 1.25 Best fit parameters are
summarized in Table 1 (a). The best-fit temperatures,
kT are 0.19 and 0.68 keV. The absorption column density
NH is significantly lower than the other two regions : 1.2
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(a) Model 1 (b) Model 2

Fig. 1. Models best fit spectral results of the diffuse X-ray emission in the Carina southwest spectra.

Table 1. Best fit parameters of the model used in figure 1. Typical
fitting errors at the 90 % confidence level.

(a) (b)
NH (1021 cm−2) 0.35 ± 0.01 2.0 ± 0.01

kT1 (keV) 0.19 ± 0.01 0.16 ± 0.01
kT2 (keV) 0.68 ± 0.02 0.62 ± 0.02
O (solar) 0.18 ± 0.01 0.16 ± 0.01
Ne (solar) 0.39 ± 0.03 0.31 ± 0.03
Mg (solar) 0.25 ± 0.04 0.22 ± 0.04
Si (solar) 0.15 ± 0.04 0.15 ± 0.04
Fe (solar) 0.13 ± 0.01 0.18 ± 0.01

Others (solar) 0.3 (fixed) 0.3 (fixed)
χ2/d.o.f. 1.25 1.60

× 1021 cm−21 in the η Car region (Hamaguchi et al.
2007); 2.0 × 1021 cm−21 in the earsten tip region (Ezoe
et al. 2008). Hence we tested a new model with a fixed
absorption column density at 2.0 × 1021 cm−2. However,
as shown in figure 1 (b), residuals remained below 0.5
keV and the χ2/d.o.f. become worse to 1.60.

To investigate whether the small NH is realistic, we
studied a summed spectrum of 400 point sources within
the Suzaku XIS field of view using the CCCP data. An
absorbed two temperature thin-thermal plasma model
reproduced the spectrum well. Best fit parameters are
summarized in Table 2. This NH (< 0.7 × 1021 cm−2) is
significantly lower than those of the other regions in the
Carina nebula and is similar to that of the best-fit model
in table 1 (a). This suggest a hole toward the southwest
region.

An other possibility is that the plasma spectra in the
nitrogen and carbon line bands contain an additional
emission from charge exchange process via collision of

Table 2. Point soureces model best-fit parameters.

NH (1021 cm−2) < 0.7
kT1 (keV) 0.80 ± 0.07
kT2 (keV) > 51
Z (solar) 0.3 (fixed)

Flux (10−15 erg/s/cm2 ) 2.4
χ2/d.o.f. 1.07
d.o.f. 153

surrounding materials with strong stellar winds from the
massive stars in the nebula.
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