THE MASSIVE STELLAR WIND OF THE HUBBLE-SANDAGE VARIABLE
S DORADUS
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We present coordinated spectroscopic and photometric obser-
vations obtained during the present bright phase of the lu-
minous variable star S Dor in the LMC. High resolution
spectrograms in the satellite UV and in the visual range
were obtained with IUE and with CASPEC (attached to the ESO
3.6-m telescope), respectively. Moreover, photometric
UBVRIJHKL observations were carried out.

Our new observations support earlier suggestions that
S Dor consists of a hot stellar core which during the maxi-
mum state is surrounded by a very extended (R = 300 Ry,
Teff = 8000 K) optically thick gaseous envelope. During the
maximum state the surface of this optically thick envelope
is observed as the star's pseudo-photosphere. From the
line-intensity ratio of temperature sensitive absorption
lines (Mg II 4481, He I 4471, etc.), we find physical con-
ditions typical of an early A star in July 1983. In August
1984, when S Dor was visually fainter, the spectrum corres-
ponds to a late B star. The radial velocity of the absorp-
tion lines varies around the systemic velocity with an am-
plitude of about 10 km s—1 and on time scales of months in-
dicating pulsation-like motions of the pseudo-photosphere.
Apart from these pulsating motions, a systematic, directed
outflow of the pseudo-photosphere layers is not measurable.
Only above the pseudo-photosphere (where the stellar wind
flows) the outflow velocity increases.

The LWR-IUE spectrum is dominated by blue-shifted sing-
ly ionized metal lines arising in the stellar wind. The
edge velocity Vgqgqe Of these lines increases with decreas-
ing excitation po%ential. This relation can be understood
in terms of a wind velocity field with outward increasing
velocity.

The velocity field as derived from the UV absorption
lines is consistent with the results obtained from the for-
bidden lines. The maximum wind velocity derived from the -1
FWZI of the [Fe II]-lines in the visual is about 130 km s .
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Further support for an outward increasing velocity field
provide the asymmetric line profiles of the forbidden

[Fe Iﬂ lines: They are in striking agreement with those
predicted theoretically for optically thin lines originat-
ing in expanding circumstellar envelopes with outward in-
creasing velocity fields.

Our spectra also contain weak but reliably detected
emission lines of [N II]. The [N II]N6548, 6583 lines show
approximately flat-topped and slightly double-peaked pro-
files, as predicted for spherically symmetric constant-ve-
locity flows. As these lines (which have much lower criti-
cal densities than the [Fe Ii] lines) can only form far
from the stellar surface, constant-velocity profiles are
not unexpected. However, interestingly, the profiles of
these lines have FWZIs of only 117 km s-1, corresponding to
flow velocities of <60 km s~1. Hence, at the distance where
these lines form ( 103 - 104 R«) the flow velocity is sig-
nificantly lower than the maximum velocity in the inner
parts of the envelope. With a velocity field consistent
with the other observational data a ballistic deceleration
to such a low end velocity would require an unreasonably
high mass of S Dor. Hence it seems more likely that the ob-
served deceleration is due to an interaction between the
wind and ambient interstellar matter. The density field and
(in combination with the velocity field) the mass-loss rate
M of S Dor can be derived from the IR emission and the
Balmer emission lines. We find that a slow increase of the
wind velocity with the terminal velocity being reached only
at large distances (»10 Ri), and a mass-loss rate of
5 - 1075 Meyr™1 « M ¢ 1 . 1074 Myyr~! can account for the
observed infrared excess and Balmer-line profiles. This ve-
locity law provides also an explanation for the X -depen-
dence of the edge velocity of the UV lines.
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