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The spectrum of the binary system γ2 Velorum (WC8 + O7.5III) has been observed with RGS and EPIC-MOS
aboard XMM-Newton. The system shows a ’high state’ when the O-star is between the Wolf-Rayet star and the
observer (near periastron) and a ’low state’ when most of the spectrum is absorbed by the dense stellar wind of the
Wolf-Rayet star (near apastron). The spectrum has been model-led by a 4-T plasma, using SPEX. The absorption
affects the hot temperature component (kT = 1.5 keV) that is formed by the collision of the Wolf-Rayet wind and
the O-star wind, and the second hot component (kT = 0.65 keV) for which the origin is still unclear. Part of the
spectrum is not sensitive to the absorption by the stellar wind. This concerns a low-temperature component (kT
= 0.23 keV) and features that are produced by plasma that has been photoionized by X-ray radiation from the
hot component. In the RGS spectrum features of Radiative Recombination Continua (RRC) of C VI and C V of
this photoionized plasma are detected.

1. INTRODUCTION

The massive binary system γ2 Velorum consists
of a WC8 star and a O7.5III star. The system
is a bright X-ray source and has been observed
by former X-ray observatories such as Einstein
[1,2], ASCA [3,4] and recently by CHANDRA [5].
Based on ROSAT observations Willis et al. [6]
found an enhancement of the X-ray emission by a
factor of 4 during a short period, when the O-star
is in front of the Wolf-Rayet star. In that posi-
tion the X-ray emission from the colliding wind

∗This work is based on observations obtained with XMM-
Newton, an ESA science mission with instruments and
contributions funded by ESA and NASA

is observed through a cavity in the wind around
the O-star, while in the other O-star positions
the X-ray emission is absorbed by the dense wind
around the WR-star (see Fig. 1). This results
in a high-state (when the O-star is in front of
the WR-star) and a low state when emission is
strongly absorbed (see Fig. 2).

2. OBSERVATION

The spectra of the high (phase φ == 0.11) and
low (φ=0.36) state of the binary system γ2 Vel
have been obtained by means of the European
Photon Imaging Cameras (EPIC) MOS and the
Reflection Grating Spectrometers (RGS) aboard
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Figure 1. The geometry of the binary system
γ2 Velorum. The positions of the O-star indicate
the situation during our observations.

XMM-Newton during observations on 14-4-2001
(rev. 247) and 5-5-2001 (rev. 257) respectively.
The respective durations of the observations are
8.6 ks and 16.7 ks. Former observations (Novem-
ber 2000) were terminated because of high solar
radiation. The spectra have been pipelined by
means of the Science Analysis System (SAS) ver-
sion 5.3.3.

3. SPECTRAL ANALYSIS

From Fig. 1 we recognize the two different po-
sitions of the O-star related to the observer and
the WC-star. AT φ=0.11 no absorption takes
place for light emitted by the collision zone of the
two colliding winds or emitted by the O-star. At
φ=0.36, however, the emission from both regions
might suffer the absorption by the dense WC-star
wind. This is reflected in the spectra of the high
state (φ=0.11) and the low state (φ=0.36) shown
in Fig. 2 top and bottom.

In the spectrum we recognize many H- and He-
like transitions from Ne up to Fe, especially in
the high state. Between 3 and 12 Å the spec-
tra are strongly influenced by the different ge-
ometrical positions. Above 20 Å we recognize

Figure 2. Background-subtracted epic-mos and
first-order rgs spectra of γ2 Vel. Error bars in-
dicate 1σ statistical errors including the effect of
background. The grey curve shows the best-fit
model. A number of prominent lines are labeled
with the emitting ions. The top panel shows the
high state (φ=0.11) and the bottom panel shows
the low state (φ=0.36). Top figure is taken from
[12]

Radiative Recombination Continua (RRC) and
other features that are not influenced by absorp-
tion. Using SPEX90 [7] in combination with the
MEKAL [8,9] code a 4-T fit is carried out for
both states (the high state and the low one). Re-
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Table 1
Temperatures, Emission measures, abundances and NH values for the 4 temperatures of the high and
low state
Parameter rev 247(high state) rev 257(low state)
kT (keV) 1.42(.06) 0.66(.11) 0.26(.02) 0.0025 1.46(.04) 0.79(.05) 0.25(.06) 0.0025(.0004)
EM 2.87(.20) 7.88(.66) 2.66 0.0055 4.12(.33) 3.50(.25) 0.94(.11) 0.0031(.0008)
NH 5.3(.7) 1.74(.09) 1.03(.08) 0.16 16.7(1.2) 8.4(.2) 0.94(.24) ∼> 0.037

5.7(.4) 3.16(.09)
H 0.5 1 1 0 0.5 1 1 0
He 1 1 1 1 1 1 1 1
C 14 1 1 27 14 1 1 27
N 0.5 1 1 0 0.5 1 1 0
O 1.6 1 1 2.2 1.6 1 0.88(.12) 2.2(.7)
Ne 1.6 0.91(.17) 3.8(.8) 2.4 1.6 0.91 2.41(.25) 2.4
Mg 1.0 0.57(.06) 1.8(.9) 1.8 1.0 0.57 1.37(.23) 1.8
Si 2.2(.7) 0.54(.03) 1.9(1.9) 2.2 2.2 0.54 1.9 2.2
S 1.4(.4) 0.48(.11) 0.74 0 1.4 0.48 0.74 0
Ar 0.8(.1) 0.8 0.8 0 0.8 0.8 0.8 0
Ca 0.9(.2) 0.9 0.9 0 0.9 0.9 0.9 0
Fe 1.2(.3) 0.34(.08) 1.3 0 1.2 0.34 1.26(.09) 0
Ni 2.4 1 1 0 2.4(1.4) 1 1 0

NH is given in units 1022/cm2. The second NH values for T1 and T2 of the low state are obtained by
applying pure WC-star abundances for the absorbing plasma.
EM is given in units 1055/cm3

sults are collected in Table 1. Three temperatures
were determined with models for an optically thin
plasma (so-called collisional ionization equilib-
rium (CIE)), which were spontaneously found by
the fitting procedure. The obtained column den-
sities, temperatures and emission measure values
are given in Table 1. Some parameters are bet-
ter to determine in the high state, i.e., the abun-
dances for the two hotter temperature compo-
nents T1 and T2. These abundance values have
been applied to the T1 and T2 component of the
low state. The abundances are relative to solar
photospheric values from optical studies [10] ex-
cept for Fe, for which we use [11]. To describe
a cool photo-ionized plasma with features pro-
duced by pure radiative recombination (C VI) an
additional temperature-jump model in SPEX was
used besides the 3-T model. Starting from a rela-
tively high temperature (of e.g., 1 keV), for which
Carbon is fully ionized, we let the temperature
decrease with a steep jump down to a low tem-
perature (of the order of a few 104 K), resulting in

recombination. The abundances of the hot com-
ponent T1, which is produced by the colliding
wind in the region between the two stars was up
to Mg fixed at a value between WC-star abun-
dances and the O-star abundance. The plasma
of T3 is formed far outside in the colliding wind.
This is supported by the low absorption in the
low-state and the appearance of the forbidden line
in the He-like Ne-triplet (Fig. 3 top). Usually in
O-stars the forbidden line disappears as the upper
level of the forbidden transition is depopulated by
the strong radiation field of the O-star in favour of
the intercombination line. The latter is shown in
the spectrum of ζ Ori (Fig. 3 bottom). For T2 the
origin is less clear. The fact that T1 and T3 seem
to be produced by wind-wind collisions suggests
that T2 is formed in between by wind-wind colli-
sions ([12]). The difference in abundance between
T2 and T3 (Ne, Mg, and Si) may suggest a differ-
ent origin of the emitting areas. Therefore the T2
component might have some pure O-star contri-
bution, which is strongly sensitive to absorption
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Figure 3. The Ne IX line-triplet at 13.447 (r),
13.553 (i), and 13.700 (f) Å. In the spectrum of
Zeta Ori the forbidden line has disappeared due
to the strong radiation field of this O-star, while
the forbidden line in the spectrum of γ2 Vel is
still present.

by the dense wind of the WR-star.
The dominance of Carbon features in the pho-

toionized plasma leads to the conclusion that this
temperature component is formed in the Wolf-
Rayet plasma. Its behaviour (insensitive to ab-
sorption) indicates that this emission is formed
in a thin outer layer in the Wolf-Rayet wind.

4. CONCLUSIONS

The spectrum of γ2 Vel shows a high state and
a low state. The latter is strongly influenced by
absorption of the dense wind of the WR-star. Ra-
diative Recombination Continua from photoion-
ized plasma are present in the spectrum. Hot
emitting plasma is produced by wind-wind colli-
sions between the WR-wind and the O-star wind.
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