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Abstract. We present the results of a high-resolution Chandra X-ray image
of the Wolf-Rayet binary system WR 147, which consists of a WN8 star and
an early-type companion located 0”6 to its north. The image provides the first
direct evidence for spatially extended X-ray emission in an early-type binary
system, and shows that the emission peaks north of the WN8 star and close to
the position of the radio bow shock. Simulated X-ray images of the wind-wind
collision have a FWHM consistent with the data, but cannot account for the full
spatial extension, unless emission from the stars is also included.

1. Introduction

Massive, early-type binaries with powerful stellar winds can generate a complex
region of shock-heated plasma, with temperatures in excess of 107 K when these
winds collide (Prilutskii & Usov 1976; Cherepashchuk 1976). However, in all
previous X-ray observations, the colliding wind emission has remained spatially
unresolved, and contaminated by the emission from the individual winds. Chan-
dra provides for the first time the capability to spatially resolve the wind-wind
interaction region at X-ray energies, and therefore to conclusively determine the
origin of the X-ray excess in early-type binaries. WR 147 has a sufficiently great
separation between the stars for this to be feasible. Previous radio, infrared
and optical observations have provided unambiguous evidence of its binarity
(Williams et al. 1997; Niemela et al. 1998), and together with ram balance
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Figure 1.  Left: X-ray contours (thick lines) overlaid onto radio contours
from MERLIN (thin lines). The positions of the WN8 and companion
star are marked with crosses. As there is some uncertainty involved in
the absolute positioning of the X-ray image, we have applied a small offset
(—0.00965s, —0.1387"") to match the peak X-ray emission with the center of
the radio bowshock. Right: a synthetic image (solid contours) of the colliding
winds emission to the same scale, generated from a hydrodynamical model.

arguments and recent HST-STIS spectra (Lépine et al. 2001) support an early
spectral type for the companion star. We report here on the analysis of a 5 ksec
observation of WR 147 with the Chandra-HRC-1.

2. Results and discussion

Figure1 shows smoothed X-ray contours from the HRC-I overlaid onto radio
contours from MERLIN. We can confidentally state that the X-ray emission
peak is not co-spatial with the WN8 star, though it could be co-spatial with
either the nonthermal radio peak or the northern optical component. Statistical
tests reveal the X-ray emission to be extended (FWHM ~ 0.8, roughly double that
of the PsF). We also find that models of the wind collision zone are in rough
quantitative agreement, and in particular predict a FWHM consistent with that
measured (Pittard et al. 2002). A deeper observation is needed to accurately
measure the spatial extension, to align the X-ray and optical/radio frames, and
to determine the level of contamination from the stars.
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