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THE WIND SPEED IN THE VELA X-1 SYSTEM

David Salzmann1,2, Feilu Wang1,4, Gang Zhao1, & Lan Zhang1,3

We have introduced a new method to ana-
lyze spectra from photoionizing plasmas. The
method uses a minimum of artificial assump-
tions, and is based directly on the observed
spectrum and well-known rate coefficients
only.

The X-ray spectra of the Vela X-1 binary were
measured by the Chandra satellite. The spectrum
clearly shows the Lyα and Heα lines of four elements,
namely, neon, magnesium, silicon and sulfur, alto-
gether 8 lines. Due to the local wind in this binary
system, these lines are Doppler shifted, and from this
shift the wind speed was inferred. Our analysis is
based on the notion that H- and He-like ions emit-
ting these lines can exist only within well-defined
plasma conditions. In photoionizing plasmas these
conditions are defined by the ratio η = nph/ne (nph
is the local photon density and ne is the electron
density) (Salzmann et al. 2011; Wang et al. 2012).

There is a great advantage using η in our analysis,
because this parameter depends on the local photon
density at r, regardless of where or how the pho-
tons were generated and whether or not they were
absorbed on their way to r.

In fact, plotting the wind speed, w, as function
of η, one finds a consistent, slowly increasing, behav-
ior, see Fig. 1. We combined the results of Fig. 1
with published data (Watanabe et al. 2006). These
indicate that the photon density, and thereby η, at
every point in the space between the two stellar bod-
ies can be related to the distance from the neutron
star. Obviously, η increases monotonously with the
intensity of the radiation field. Therefore, it predicts
that highly charged ions are produced in the higher
intensity part of the field, i.e. closer to the neutron
star, whereas the lower charge states are generated
closer to the supergiant. It is found that only the
Lyα lines from silicon and sulfur are emitted from
the space between the two bodies, whereas the other
six lines are emitted from the outer part of the su-
pergiant atmosphere, see Fig.2.
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Fig. 1. The wind speed (Watanabe et al. 2006) as func-
tion of log η falls within a band having clear boundaries,
regardless the plasma material and/or charge state.
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Fig. 2. The wind speed in the Vela X-1 binary system as
function of the distance from the neutron star.
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