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Hot supergiants: large, luminous, massive stars

Astrophysical importance:

• Evolve rapidly toward end in a supernova explosion

• Over many stellar generations, responsible for
most of the heavy elements

• Radiation-driven stellar wind influences star’s
environment

• Use as extragalactic distance indicators
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Key to Graph
Plus signs: Galactic supergiants

Open symbols: SMC O stars

Filled symbols:  M33 A supergiants
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From: Lamers & Cassinelli, Introduction to Stellar Winds (Cambridge U. P. 1999)
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Fig. 1.| Gray curve: the second moment of Si II �6347 as a function of time in 1993{1994 (labeled \Event

1") and 1994{1995 (labeled \Event 2"). The units of the second moment are �A2. Black curve: the net

equivalent width of H� as a function of time, with the same zero point as the top pair of panels. The

maxima at times of about 20 days are the high-velocity absorption events.



294 L. Kaper et al.: Coordinated ultraviolet and Hα spectroscopy of bright O-type stars

Fig. 20. λ Cep October 1991: Hα EW as a function of time (filled sym-
bols). A sine curve with a period of 1.2 days is overplotted (dotted line).
The minima in Hα EW approximately coincide with the appearance
times of DACs in the Si iv resonance lines.

with respect to the undisturbed wind. In absolute terms, how-
ever, the highest density is reached in region I, close to the star
spot near the stellar surface and not in the CIR compression
(S. R. Cranmer, private comm.); this will be of importance for
the location of the formation region of incipient Hα emission.
Cranmer & Owocki further argue that the largest relative con-
tribution to the Sobolev optical depth comes from region V, the
so-called radiative-acoustic kink. The resulting synthetic UV
resonance line profiles show signatures reminiscent of DACs
which, in this example, have a recurrence timescale of half the
rotation period (if the two CIRs are identical).

The large-scale wind structure described above should be
distinguished from small-scale wind structure that arises from
the intrinsic instability of a radiation-driven wind (Owocki et al.
1988, Owocki 1992). It should be noted that this small-scale in-
stability was not included in the models by Cranmer and Owocki
(1996). The small-scale “clumpy” structure may explain the
black troughs in saturated UV resonance lines (Lucy 1982, Puls
et al. 1993) and the generation of shock-heated X-ray emission
(Lucy 1982, MacFarlane & Cassinelli 1989, Cooper & Owocki
1994) observed for many OB stars.

We can check the consistency of our Hα and UV observa-
tions with the CIR model. A DAC is present in a UV resonance
line when (part of) area V is located in the line of sight, which

Fig. 21. Example of the large-scale wind structure produced by the
CIR model of Cranmer & Owocki (1996). The density structure of the
stellar wind in the equatorial plane (normalized to the “unperturbed”
wind density) is shown for the case of the Bright Spot model. Area
I indicates the enhanced mass flux above the bright spot, area III is
the CIR compression. According to their model, the largest relative
contribution to the Sobolev optical depth (producing DACs in line
profiles) comes from region V, the so-called radiative acoustic Abbott
kink. We acknowledge Steve Cranmer and Stan Owocki for their kind
permission to reproduce their Fig. 5 (1996, ApJ 462, p. 477) here.

we situate in Fig. 21 as the column parallel to the line x/R? = 0
(y/R? < 0) covering the star. We assume that region I con-
tributes most of the additional Hα emission related to the CIR
structure, since this region has the highest density. For simplic-
ity we consider only the CIR region located in the upper-left
quadrant of Fig. 21 (and neglect the other one). In the situa-
tion sketched in Fig. 21, we would only see some additional Hα
emission from region I. This emission should be slightly blue-
shifted (in the stellar rest frame), since the wind material close
to the star has a velocity component in the direction of the stellar
rotation. The wind material is, however, not in corotation with
the star (contrary to the CIR pattern). There is no CIR-related
material in the line of sight, so that additional absorption, e.g.,
in the form of a DAC, is not observed.

What is the expected time evolution if the CIR model ap-
plies to our observations? The star and CIR pattern illustrated in
Fig. 21 rotate counter-clockwise; rotating the line of sight in the
opposite direction (clockwise) has the same effect. A quarter of
a rotation period later (i.e., 90◦ rotation), region I is inside the
line of sight and the border of region V (which produces a DAC
at low velocity in e.g. the N iv and Si iv line) enters it. This
would mark the appearance of a DAC. The wind material in Re-
gion I has a velocity component towards the observer and would
cause blue-shifted emission (or absorption) in the Hα profile.
Rotating further, Region I leaves the line of sight while the DAC
produced by Region V will move towards higher velocity. The
Hα emission will be observed close to rest wavelength again. In
principle, after half a rotation period one should observe slightly
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