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Ionization-stratification in Wolf-Rayet atmospheres
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Abstract. We summarize an analysis of low-resolution IUE archival data for
galactic and LMC Wolf-Rayet stars. We examine the correlation between ion-
ization potential with line-width (FWHM) constituting a sample of stars showing
a well-defined UV ionization structure.

1. Introduction

Ionization-stratification of Wolf-Rayet winds has been recognized spectroscopi-
cally by Beals (1929) based on an observed inverse correlation of emission line
width with ionization potential for both WN and WC stars. These results im-
plied a decrease in the degree of ionization with increasing radius.

A relationship has also been noted between excitation potential and line-
width by Willis (1982). The predictions of ionization- and excitation-stratifica-
tion made by the standard model of Hillier (1989) have been confirmed obser-
vationally once more by Dalton et al. (1995).

In an accelerated outflow the stratification is observable through the Dopp-
ler effect as an inverse correlation of IP with line-width (FWHM). However, not
only the average line-widths of different ions, but also the line-widths of one
series of e.g., He1I show stratification. The evidence of both effects on WR UV
spectra was demonstrated by Rochowicz (1997).

2. Observational material

The ultraviolet spectra of 94 WR stars were obtained from the ESA IUE archive.
We have tried to select as many single stars as possible in the Galaxy and the
LMC to get the complete, flux-calibrated spectra. Together 56 objects in the
Galaxy and 38 in the LMC were found, for which at least single SWp and LWR
(or LWP) low-resolution images are accessible — note that this is about one third
of the number of known galactic and LMC WR stars. The set of stars we study
is representative in spectral subtype and brightness (it is almost complete to
V =12 for Galactic stars). See Niedzielski & Rochowicz (1994) for the list of
program stars and for the details of reduction. The original data (FWHM) are
available at the CDS via anonymous ftp 130.79.128.5.

The aim of our project was to analyze UV Wolf-Rayet stars spectra. So far
the spectra were used for e.g., :

= searching for correlations among the strength and widths of emission lines
of different ions (Niedzielski & Rochowicz 1994)
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o spectral classification in the ultraviolet (Rochowicz 1995)
e determining terminal velocities (Rochowicz & Niedzielski 1995)

o deriving fundamental physical parameters (Rochowicz 1996)

3. Discussion

Ionization-stratification can be traced on the traditional plot of half-width ve-
locity versus IP — the mean width of the lower ion lines is wider than the mean
width of the next ion lines, as is expected according to the increasing IPs of
these lines (closer to the stellar core).

The least-squares fit to the points gives a relation of the form:

v=vg+gXxIP

where vy is FWHM at zero IP and g is gradient of the fit.

Quantitative analysis of traditional plots of FWHM vs. IP for a large sample
of stars was performed. We included on the average about 20 emission lines in
each case. The WC stars, in spite of their complicated spectra, seem to form a
more uniform group; we note a large scatter for WN stars. Altogether 36 objects
in the Galaxy and 24 in the LMC clearly show ionization structure. Details will
be published elsewhere.

There does not appear to be a trend connecting the gradient (g) or FWHM
at zero IP (vg), with either spectral subtype or terminal wind velocity.

The information available from stratification studies plays a crucial role in
the development of our knowledge of wind dynamics and variability of the WR
stars.
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