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Abstract

The supermassive star, η Car, currently undergoes an unstable, high mass-loss state. Eta Car has
a massive companion, and the collision of their winds (wind-wind collision: WWC) produces strong X-
ray emission. Suzaku has monitored the star 10 times between 2005 and 2011 and covered one binary
orbital cycle. This series of observations has presented the following important results on the massive
star evolution in the extremely high energy bands, thanks to Suzaku’s broad-band capability. i) The
15−25 keV emission varied similarly to the 5−9 keV emission outside periastron, suggesting that the
15−25 keV emission originates from the WWC activity. The different behavior around periastron may be
caused by an eclipse of the WWC apex by the primary wind. ii) The 25−40 keV emission did not vary
significantly throughout the binary orbit. This emission should be the component detected by INTEGRAL
and may be the low-energy tail of a γ-ray source detected by Fermi, of which η Car can be the counterpart.
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1. Introduction

Extremely massive stars (>∼50 M
⊙
) affect their cir-

cumstellar environments and evolution of the universe
in important ways. They eject significant amounts of
nucleosynthetic materials such as C, N, and O via stellar
winds and episodic eruptions. Extremely massive stars
are progenitors of supernovae, and are suspected to be
progenitors of some γ-ray bursts. More than 70% of
all massive stars are found in binary systems (Sana et
al. 2012). When the companion is an early type star,
the wind-wind collision (WWC) produces strong shocks,
which can produce strong X-ray emission and which may
accelerate particles to GeV energies and supply some of
the cosmic rays observed around the Earth.

Eta Carinae (d ∼2.3 kpc, Figure 1 left) is a relatively
nearby example of an extremely massive binary system
with energetic WWC activities. The primary star is sus-
pected to have an initial mass of ∼100 M

⊙
(Hillier et

al. 2001) and is currently in the short, poorly under-
stood, Luminous Blue Variable (LBV) stage. After a
series of eruptions between 1838−1890, the two stars
have been enshrouded by bipolar ejecta called the Ho-
munculus Nebula (HN), but their highly eccentric orbit
(e ∼0.9) with a period of 5.54 years can be measured
from periodic variations in various wavelengths (Corco-
ran 2005, Damineli et al. 2008). The companion star
has not been detected directly, but it is believed to be

an O supergiant or a Wolf-Rayet star. The primary star
has thick slow winds with vwind ∼420 km s−1 and Ṁ

∼8.5×10−4 M
⊙

yr−1 (Groh et al. 2012), while the sec-
ondary star has thin fast wind with vwind ∼3000 km s−1

and Ṁ ∼ 10−5 M
⊙

yr−1 (Pittard & Corcoran 2002,
Verner et al. 2005).

The WWC of η Car produces luminous X-ray emis-
sion from hot plasma up to kT ∼4 keV, which has been
observed mostly in the 2−10 keV band (Figure 1 mid-
dle, Figure 2a). The emission increases with decreasing
stellar separation toward periastron, but the X-ray flux
suddenly drops to a minimum level after reaching a max-
imum brightness (Corcoran et al. 2010). The detailed
studies revealed two distinct phases during the X-ray
minimum (Hamaguchi et al. 2007, 2014, see Figure 2b)
— the deep X-ray minimum, which has the lowest ob-
served flux level and lasts approximately three weeks,
and the shallow X-ray minimum, where the emission
abruptly increases three-fold from the deep minimum
level. The deep minimum is probably produced by an
eclipse of the WWC apex by the primary stellar body or
wind, while the shallow minimum indicates the intrinsic
decline of the WWC activity (Hamaguchi et al. 2014).

There have been several observations of η Car above
10 keV. Leyder et al. (2008, 2010) detected a flat power-
law (Γ ∼1−2) source between ∼20−100 keV within 1.6′

from η Car with INTEGRAL/ISGRI (Figure 1 right).
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Fig. 1. Left: HST image of η Car. The binary system at the central white spot is embedded in the beautiful bipolar HN. Credit: Jon
Morse and NASA, Middle: True color (red: 0.3−1 keV, green: 1−3 keV, blue: 3−10 keV) Chandra image of η Car around periastron
(Hamaguchi et al. 2014). The dark blue halo around the central point source is reflection of X-ray emission from the WWC plasma at the
HN. The extended diffuse X-ray nebula in red is possibly collisional shocks of ancient winds from η Car with circumstellar clouds. Right:
INTEGRAL 22−100 keV image around η Car (Leyder et al. 2008) with an HXD/PIN field of view.

Sekiguchi et al. (2009) analyzed the first two Suzaku
observations of η Car around apastron in 2005 and
detected X-ray emission between 15−40 keV with the
HXD/PIN instrument. They showed that the spectrum
below ∼20 keV can be reproduced by kT ∼4 keV plasma
emission observed below ∼10 keV, while the spectrum
above requires a flat power-law of Γ ∼1.4. The AGILE
and Fermi γ-ray observatories discovered a relatively sta-
ble source between 0.1−100 GeV (Tavani et al. 2009,
Abdo et al. 2010, Farnier et al. 2011, Reitberger et al.
2012). These papers discussed that the X-ray and γ-ray
spectra can be connected by a power-law spectrum, and
may originate from the inverse-Compton up-scattering
of stellar UV photons by non-thermal GeV electrons ac-
celerated at the WWC region.

The Suzaku observatory monitored η Car 11 times
since its launch and covered the whole orbital cycle. The
HXD/PIN has the lowest background in the 15−40 keV
band of any X-ray observatory launched before 2012, so
that Suzaku has given the most reliable result on the or-
bital modulation of extremely hard X-ray emission from
η Car for the first time. We present here the Suzaku
result of η Car from the first 10 observations. A more
detailed result of these observations will be presented in
an upcoming paper (Hamaguchi et al. in preparation).

2. Results

The first two Suzaku observations were performed dur-
ing the performance verification phase as summarized in
Sekiguchi et al. (2009). The subsequent observations
were obtained through the guest observer program (AO-
2, 3, 4, 6, PI: Kenji Hamaguchi, AO-8, PI: Takayuki
Yuasa). Their observation dates and the corresponding
orbital phases can be found in Figure 2a. Hereafter,
individual Suzaku observations are designated SUZ, sub-

scripted with the year, month and day of the observation.

The XIS and HXD/PIN light curves in individual ob-
servations did not show any significant time variation,
similarly to the XMM-Newton observations below 10 keV
in 2003. We, therefore, measured for each observation
the net HXD/PIN count rates between 15−25 keV and
25−40 keV, and plot them in Figure 2a. Between the
observations, the detector effective areas to η Car varied
due to the change in the detector performance, so that
their count rates are normalized at the detector efficiency
at SUZ050829. We also subtracted contribution from con-
taminating sources such as cosmic X-ray background.

The 15−25 keV light curve varied similarly to the
2−10 keV RXTE light curve outside the minimum; it
increased gradually toward periastron. This result in-
dicates that the 15−25 keV emission has the same ori-
gin as the 2−10 keV emission, i.e. the WWC plasma
emission. It, however, varied differently during the
minimum. It declined only by a factor of 3 from
SUZ081210 at SUZ090125 during the deep minimum, when
the 2−10 keV flux dropped by a factor of 100 to the ob-
served minimum value. It declined to the minimum ob-
served flux at the next observation (SUZ090215) during
the shallow minimum.

On the other hand, the 25−40 keV light curve did not
show any significant increase around the X-ray maxi-
mum. A fit of the light curve with a constant flux model
suggests no significant variation through the cycle (re-
duced χ2 = 1.11 for d.o.f. = 9). The average count rate
is similar to the flux of the INTEGRAL source assum-
ing a Γ = 1.1 power-law spectrum (Leyder et al. 2008).
This result suggests that the 25−40 keV emission does
not originate from the WWC plasma, but from the same
X-ray component as the INTEGRAL source (see also
Feature B in the right panel of Figure 2c).
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The XIS spectra varied as in the 2003 orbital cycle
(Hamaguchi et al. 2007); the hard band slope between
7−10 keV, which reflects the hottest temperature of the
WWC plasma, did not vary significantly through the
cycle. As shown in the left panel of Figure 2c, the
HXD/PIN spectra below 25 keV outside the minimum
connects smoothly to the XIS hard band slope, while the
spectra above do not show prominent feature within the
limited photon statistics.

We fitted all the spectra simultaneously by a one-
temperature plasma model (apec) plus a power-law
model, each of which is convolved with an independent
photo-electric absorption (TBabs). We added a Gaussian
model with a zero line width for the iron fluorescence
line at 6.4 keV and the unresolved line emission from
the lowly ionized iron atoms. We also added the best-
fit model of the XIS spectrum in SUZ090125 to account
for contaminations from the surrounding sources, which
would be relatively constant through the orbital cycle.
Since the PIN spectra above 25 keV do not have good
photon statistics, we fixed the power-law index at 1.5
and tied the normalization and the absorption column
of the power-law component between observations. The
15−25 keV flux at SUZ090125 is too high for either the
thermal component seen in the XIS band or the power-
law component above 25 keV (Feature A in the middle
panel of Figure 2c). We therefore assumed the excess as
the deeply embedded WWC emission and reproduced it
with the model for the WWC thermal component.
The best-fit model reproduced the spectra well (re-

duced χ2 =1.32, d.o.f =4824). The hottest plasma tem-
peratures of the thermal component were stable at kT
∼4 keV outside the minimum and the HXD/PIN spec-
tra showed no signature of hotter plasma even around
periastron. The results indicates that η Car spectra can
be reproduced by two major X-ray emission components
between 5−40 keV: strongly variable component below
∼25 keV originated in the WWC plasma and a stable
power-law component above ∼25 keV.

3. Discussion

The relatively strong 15−25 keV emission at SUZ090125

can be reproduced by the WWC emission viewed
through extremely high photoelectric absorption (NH

∼1024−1025 cm−2. The Chandra spectrum obtained at
the end of the X-ray eclipse on 2009 Feb 3 also suggested
a very high NH of ∼1024 cm−2 (Hamaguchi et al. 2014).
The WWC apex should be more embedded at the middle
of the X-ray eclipse, so that the large NH at SUZ090125 is
consistent with the picture that the WWC X-ray emis-
sion peered through very thick intervening material that
totally blocked X-ray emission below 10 keV. If this in-
terpretation is correct, the intervening material would
be the inner primary wind, and not the primary stellar

body.
The PIN count rates between 25−40 keV did not vary

strongly. The γ-ray source detected by the Fermi γ-ray
observatory also only varied by a factor of <2, including
the X-ray minimum phase (Abdo et al. 2010, Farnier et
al. 2011, Reitberger et al. 2012). This result strengthens
the hypothesis that the 25−40 keV power-law source is
connected to the Fermi γ-ray source.

In this interpretation, the power-law component origi-
nates from emission up-scattered by GeV particles accel-
erated at the WWC region. However, our results show
that this power-law component does not change signif-
icantly around the X-ray maximum when the WWC
head-on collision is the strongest and around shallow
minimum when the WWC head-on collision apparently
shuts off (Hamaguchi et al. 2014). Our result does not
favor that the power-law component originates from the
apex of the WWC.

The power-law component should suffer extremely
strong absorption (NH >∼2×1024 cm−2 at least dur-
ing the X-ray minimum. The high NH does not fa-
vor the foreground shock region such as the CCE
plasma cavity nor the HN lobe, whose extinctions are
NH <5×1022 cm−2. One obvious but less interesting hy-
pothesis is the presence of an active neutron star or an
AGN behind η Car, though the chance coincidence is
not high, and either would have to be heavily obscured.
A provocative but more interesting hypothesis may be
the presence of an active neutron star associated with
the binary system, which was once bound by the binary
system but ejected by events such as the 1840 eruption.

4. Conclusion

Stay tuned on the campaign observation of η Car during
the next periastron passage in the summer of 2014.
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Fig. 2. a — Light curves of η Car in 3 bands folded with the orbital cycle. Each curve is normalized at the flux during the Suzaku observation
on 2005 Aug 29 (φX = 0.39). The error bars show 1σ statistical uncertainty. b — 3−8 keV variation of the central point source around
periastron (Hamaguchi et al. 2014). c — Suzaku XIS (black) + HXD (red) spectra during the maximum (left: 2008 Dec 10), the deep
minimum (middle: 2009 Jan 25), and the shallow minimum (right: 2009 Feb 15). These spectra are simultaneously fit by an variable
absorbed thermal (apec) model (purple) plus a constant absorbed power-law model (blue). All the models include the fixed foreground
emission components (central constant emission, HN reflection, and surrounding stars) in green. The label A shows the excess emission
during the deep minimum, which we interpreted as an embedded WWC component during the X-ray eclipse below 10 keV. The label B
shows the stable power-law component, which dominates the spectra above 25 keV in most observations.
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