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X–ray scanning of the post egress phase of Vela X–1
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We present preliminary results of our XMM-Newton observation of the high-mass X-ray
binary Vela X-1, shortly after its egress from eclipse. The first half of the observation was
characterized by strong, slowly decreasing absorption, with a ’plateau’ between phases 0.17
and 0.21, just before the absorption column density suddenly dropped by about an order of
magnitude. The Fe-Kα fluorescence line varied significantly over our observation.

§1. Introduction

Vela X-1 is an eclipsing high-mass X-ray binary consisting of an early type
supergiant and a neutron star, orbiting its companion at about 1.7 R? (53 R�) with
an orbital period of 8.964 days at a distance of only about 0.6 stellar radii,15) well
within the acceleration zone of the stellar wind. Despite the status of the Vela X-1
system as “archetypical” wind accretor, the structure of the extended atmosphere of
the supergiant and large scale structure of the stellar wind are not known in great
detail.

Accretion from the strong stellar wind fuels persistent X-ray emission from the
neutron star, pulsating with a rotation period of ∼283 s. The global spectrum of
this emission can be described by a power law with a high-energy cutoff beyond
15–30 keV, modified by very variable photoelectric absorption and an Iron emission
line.6), 9) Below ∼3 keV a soft excess is observed which has been modeled by thermal
Bremsstrahlung with kT≈0.5 keV4) plus several emission lines.

Observations of the system during the eclipse of the X-ray pulsar with Tenma,
ASCA and Chandra show various fluorescent lines in addition to highly-ionized lines
and Radiative Recombination Continua which imply the existence of optically thick
and clumped matter in addition to a warm ionized plasma.10)–13) Significant random
variations in the X-ray pulsar’s luminosity — including large flares7), 14) — indicate
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rather inhomogenous, clumpy accretion, consistent with this picture. A large cloud
(1011 m) of optically-thick matter has also been used as a possible explanation for
sudden disappearance of pulsations from the source for a few hours followed by a
state of high luminosity with heavily absorbed spectra during an RXTE observation
in 1998.5)

Fig. 1. Vela X-1 geometry during our

XMM-Newton observation.

For the large-scale wind structure, a com-
plex picture has emerged from various obser-
vations in the X-ray and UV regime and the-
oretical modeling (e.g.1)): an accretion wake
trails behind the neutron star (as expected
from simple wind-accretion theory2)), which
is tilted due to the pressure of the wind. Fur-
thermore, ionization of the stellar wind pro-
duces an extended ionization wake trailing
the neutron star. To make the picture even
more complicated, enhancement of the stel-
lar wind towards the Lagrange point creates a
tidal stream flowing from the optical compan-
ion with a much higher density than the aver-
age stellar wind. Observations of an “eclipse-
like” Chandra Grating spectrum at orbital

phase 0.5 have been explained by the influence of the accretion wake, or again a
thick cloud.3)

§2. Observation

Using XMM-Newton, we have observed Vela X-1 during the early part of its

Fig. 2. Vela X-1 lightcurves in the energy bands shown in eV

at the top left.

orbit, shortly after egress
from eclipse in order to
study the B01a supergiant’s
extended atmosphere and
strongly ionized stellar wind.
Our observation spanned or-
bital phases 0.12–0.27 for a
total of 123 ks. The data
show a very dynamic picture
(see Fig. 2). The first half
of the observation showed
a moderate count rate with
smooth variability and sev-
eral distinct peaks. At phase
≈0.21 the source flared to
such an extent that it satu-
rated the maximum possible
telemetry rate of the pn in-
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strument. After reaching a relatively sharp minimum at orbital phase ≈0.24 the
source returned to about its pre-flare level.

§3. Preliminary results

Independent of short-term variations, the Vela X-1 spectra soften from the be-
ginning to the end of the observation. Fig. 3 provides two example spectra, each
with an exposure time of 4x283 seconds, showing a dynamic range in flux of more
than 2 orders of magnitude at about 2 keV. The left spectrum was extracted at
about phase 0.14, the right one during the main flare at phase 0.22. For the whole
observation, the spectra above ≈2 keV are well described by a strongly absorbed
power law component plus Fe-line emission. In addition, a soft excess was present at
lower energies. Before the main flare, correlated with a sudden drop in NH, several
emission line features of Si, Mg and Ne were detected.

Fig. 3. Two example spectra. Left: Beginning of the observation. Right: During the main flare.

Fig. 4. The NH evolution, evaluated in 4x283 seconds expo-

sures.

The first half of the ob-
servation, as expected from
previous results, was char-
acterized by strong, slowly
decreasing absorption and a
marked soft excess in the
spectra. Then, at phase
0.21 the absorption column
density suddenly dropped by
about an order of magni-
tude. Comparing our re-
sults with previous observa-
tions, we also find the mini-
mum at phase 0.22, but an
overall higher level of absorp-
tion and a ’plateau’ between
phases 0.17 and 0.21.
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Fig. 5. Vela X-1 lightcurves in various energy bands.

The absolute and rela-
tive strength of the Fe-Kα
fluorescence line varied sig-
nificantly over our observa-
tion. It increased starting
at orbital phase 0.18, coin-
ciding with a drop in over-
all flux and a flattening of
the evolution of the absorp-
tion column. Between phases
0.21 and 0.22 the relative line
intensity dropped sharply to
the previous level, at about
the same time as the overall
flux peaked and NH dropped
to its minimum.
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