
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Wind variability in early-type stars

Kaper, L.

Publication date
1993

Link to publication

Citation for published version (APA):
Kaper, L. (1993). Wind variability in early-type stars. [, Universiteit van Amsterdam].
Sterrenkundig Instituut Anton Pannekoek.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/wind-variability-in-earlytype-stars(51c32522-026a-4c0f-b292-76bab3a4e1f4).html


Chapter 5 

Long- and short-term variability in O-star winds: 
II. Quantitative analysis of Discrete Absorption 
Component behavior* 

L. Kaper, H.F. Henrichs, and J.S. Nichols 

(to be submitted to Astronomy and Astrophysics) 

Abstract 

A detailed analysis of timeseries of ultraviolet spectra, which were presented in the form of an atlas 
showing the variable P Cygni profiles of 10 O-type stars (Kaper et al. 1993, paper I), has resulted 
in a quantitative modeling of migrating discrete absorption components (DACs) in UV resonance 
lines. To isolate the DACs from the P Cygni lines, we constructed a template spectrum from the 
highest flux points per wavelength bin, using the large number of spectra available for each star. 
We show that the template spectrum is in most cases a good representation of the "normal" state 
to which the profile returns after the passage of a DAC. We measured the central velocity and 
optical depth, width, and column density of each pair of DACs in the UV resonance doublets as a 
function of time. 

The measured column density of a DAC first increases as a function of time and then decreases 
when the component accelerates towards its asymptotic velocity. Sometimes a DAC disappears 
before this velocity is reached. The asymptotic velocity is, for most stars, easily determined from 
the timeseries of spectra and is a direct measure of VQQ, but in some cases the highest velocity 
reached by DACs differs systematically from event to event. For A Cep, HD 34656, and £ Per the 
residual spectra of subordinate lines also show extra blue-shifted absorption during the appearance 
of DACs, but at a much lower velocity. 

We interpret the DACs as dense, expanding sheets of gas, which are carried in front of the stellar 
disk by rotation. We suggest that the derived characteristic timescale of the wind variability, in 
some cases most likely twice as long as the recurrence timescale, is a direct measure of the stellar 
rotation period. We propose that an oblique stellar magnetic field, although not directly observed 
for the stars in our sample, should be incorporated in models describing the variability in O-star 
winds. Direct observation of such fields would provide the test for our model. 

Keywords: Stars: early type - Stars: magnetic fields - Stars: mass loss - Ultraviolet: stars 

'Based on observations by the International Ultraviolet Explorer, collected at NASA Goddard Space 
Flight Center and Villafxanca Satellite Tracking Station of the European Space Agency 
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80 5. Quantitative analysis ofDAC behavioi 

1 I n t r o d u c t i o n 

Variability is a fundamental property of the radiation-driven winds of early-type stars. For an 
introduction we refer to the first paper in this series (Kaper et al. 1993, Chapter 4). Reviews on 
this subject were presented by Henrichs (1988), Howarth (1992), and Prinja (1992). 

In order to gain an understanding of the time-variable behavior of radiation-driven winds, a 
detailed description of the observed variability is essential. In paper I (Kaper et al. 1993, Chapter 
4), timeseries of more than 600 high-resolution ultraviolet spectra of 10 O-type stars were presented 
in the form of an atlas. In this follow-up paper we analyse these spectra in a quantitative manner 
and evaluate the behavior of DACs and edge variability in the UV P Cygni Unes. In the next 
section we describe the data analysis and present our methods to isolate and model the DACs in 
the ultraviolet spectra. The results of this modeling are given in section 3 for each individual O-star 
separately. Section 4 summarizes the conclusions and in the last section we try to interpret the 
observed variability and its regular behavior. 

2 D a t a analysis 

High-resolution {R = 10 000) ultraviolet spectra of the 10 studied O-type stars (Table 1) were 
obtained with the Short Wavelength Prime (SWP) camera on board the IUE satellite. These 
spectra were presented in the form of an atlas containing several timeseries of the most important 
UV P Cygni lines (paper I). A detailed description of the targets and their observational history 
can be found in paper I (and references therein), in which the reduction of the ultraviolet spectra 
is also described. For each of the 10 O-stars, the high-resolution SWP spectra form a homogeneous 
dataset resulting from similar observational constraints and a uniform reduction procedure. 

2.1 Cons t ruc t i on of t he t e m p l a t e s p e c t r u m 

To isolate the migrating DACs from the underlying P Cygni profiles, we define a template spectrum 
which we consider to represent the undisturbed-wind profile to which the P Cygni profile returns 
after the passage of a DAC. Division of the individual spectra by the template results in quotient 
spectra, which are used to model the DACs (see next subsection). One might think that by assuming 
that the variations in the P Cygni profiles are caused by changes in absorption, one could construct 
a template by simply selecting the highest flux point(s) (per wavelength bin) from the available 
spectra. In this way, however, the flux in the template spectrum will be overestimated, because 
the spectra are affected by instrumental and photon noise. We describe here a method in which 
automatically is corrected for this overestimate. 

The number of spectra (JV, listed in Table 1) is so large, that we can reconstruct the template 
spectrum for each wavelength bin (which is 0.1 A): we assume that fluxes, not disturbed by DACs, 
follow a normal distribution with mean value fiQ and variance <TQ. We choose a suitable number n 
(last column in Table 1), not too small, but small enough to have the n highest flux values in every 
bin sufficiently free from DACs. If the P Cygni profiles always return to the same flux level after the 
passage of a DAC, a sufficient number of flux points per wavelength bin will be available (provided 
that the total number of spectra is large enough) to define the undisturbed-wind profile. Now we 
determine fi and a2 of these n highest flux values in every bin. In parts of the spectrum that do 
not vary intrinsically (such as the continuum), the values obtained for /*o (and OQ) should represent 
the average spectrum (and the noise); if this is the case, the assumption that the measured flux is 
normally distributed around the mean is correct. 

Our method is based on a paper of Peat & Pemberton (1970) which describes computer programs 
for the automatic reduction of stellar spectrograms. We have used the method of these authors to 
locate the continuum level in a spectrogram, adapted for our problem. For a normal distribution, 
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Program Stars 

HD 

24912 
30614 
34656 
36861 
37742 
47839 

203064 
209975 
210839 
214680 

Name 

f Per 
a Cam 

AOri A 
C Ori A 
15 Mon 
68Cyg 
19 Cep 
A Cep 
10 Lac 

Sp. Type" 

07.5 III(n)((f)) 
09.5 la 
07 11(f) 
08 III((f)) 
09.7 lb 
07 V((f)) 
07.5 ni:n((f)) 
09.5 lb 
06 I(n)fp 
09 V 

usint6 

(kms"1) 
200 
85 

106 
53 
110 
63 

274 
75 

214 
32 

t; c 

(kms"1) 
2330 
1590 
2155 
2125 
1860 
2055 
2340 
2010 
2300 
1120 

^spectra 
(N) 
122 

31 
29 
27 
26 
20 

149 
83 

123 
23 

n 

2 
3 
2 
3 
3 
2 
5 
5 
10 
3 

Table 1: Notes: (a) Walborn 1972, except HD 210839 Walborn 1973; (b) Conti & Ebbets 1977; 
(c) Prinja et al. 1990. A typical uncertainty in v^ is about 50 km s - 1 . See text for the meaning 
of the last column 

the distribution function <£(x) is given by: 

<K*) = sfix 
m \ V^ffo / 

(TO 
(1) 

The distribution of the n high points is a truncated normal distribution, i.e. x running from w to 
oo, with w from Eq. (5). So we have: 

The ratio Jfc is given by: 

with: 

= N = 7*L e y ^ = 2 e r f c ( z ) 

w- no 
y/2 <T0 

When we substitute these expressions in Eq. (2), we can relate /j to fiQi 

o-o -z2 

(2) 

(3) 

(4) 

(5) 

(6) 

Thus, from \L and <TQ we can compute {IQ\ Z is the inverse complementary error function of 2Jfc 
(Eq. 4) and is computed iteratively, using an adequate approximation for the complementary error 
function. Substituting fi from Eq. (6) in Eq. (3), we obtain a relation between o$ and a2, the 
variance in the n highest points: 

r2 = ff2 ( ^ \ 

° \2irJfe2 + 2 v / ? J b z e - * 2 - e - 2 * 2 / 
(7) 

In principle, this solves the problem: Eq. (7) gives <r0 as <r times a function of N and n only, 
and then Eq. (6) gives po as a "best" estimate of the template. However, <r is derived from a 
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small number of points and has a large statistical uncertainty. Through Eq. 6 these uncertainties 
translate imo noise on the template spectrum. However, we expect that all SWP spectra have the 
same relation between <TQ and exposure level, so we can derive <r0 from fiQ. This relation, given by 
Henrichs et al. (1993, Chapter 3) is based on much better statistics and gives more reliable results. 
In fact, we use the relation to obtain <r0 from \i instead of from /to, so the scheme has to be iterated. 
In practice these iterations are barely needed. The method was tested numerically, by selecting a 
given number of highest flux points from a gaussian distribution with known /to and <To consisting 
of randomly chosen points. The method was found to be extremely powerful: for k = 0.01 we 
predicted /xo within 2%. The higher the value of jfc, the better, of course, the obtained estimate for 
/x0 (and <r0). 

In Fig. 1 we show, as an example, the Si IV resonance doublet in the ultraviolet spectrum of 
68 Cyg. From the available 149 spectra we selected the 5 highest flux points per wavelength bin 
and computed the average ft and variance <r2. We have presented /x(A) and <r(A) by the dotted 
line in the upper and lower panel of Fig. 1, respectively. The average and standard deviations 
calculated from all 149 spectra are represented by the thin line. Notice that the average of the 5 
highest flux points ji(A) lies, as expected, systematically above the template, and that in the lower 
panel the scatter in <r is large. The derived /zo(A) and <r0(A) are represented in the same figure by a 
heavy line. We see that the template spectrum /io(A) and the average spectrum are identical in the 
continuum regions, but that the template and average spectrum are not the same in the variable 
resonance line. Notice also in the lower panel of Fig. 1 the similarity between the estimated <r0 

(thick line) and the measured variance (thin line) in the wavelength regions outside the Si IV line. 

In Fig. 2 and Fig. 3 the calculated template spectrum is given for each star in the spectral lines 
that contain DACs; for comparison we show in the same panel a representative spectrum for each 
dataset. In order to derive the mass-loss rate and terminal velocity of the undisturbed wind for 
a given O-star, the P Cygni lines in the template spectrum should be used, and not a snap-shot 
spectrum with additional absorption caused by DACs. The problem remains how one can find out 
if the template spectrum is, in the resonance lines, a good representation of the undisturbed-wind 
profile? Close inspection of the variations in the P Cygni lines reveals that changes occur only 
in the P Cygni absorption trough, and not in the emission peak; furthermore the profiles always 
seem to return to the same state after the passage of a DAC (Prinja 1992, paper I). We therefore 
could check the quality of the template by searching for "emission" (i.e. where the values exceed 
unity) in the obtained quotient spectra, which should be present if the template still contains 
"extra" absorption with respect to some of the individual spectra. Another check can be made by 
comparing the variance a2 in the selected high flux points in the variable line with the value of a2 

in a constant part of the spectrum with a comparable exposure level. For example, in the case of 
£ Per we were forced on these grounds to select only the two highest flux points. Although a logical 
consequence of our method is that a few points (i.e. at least two per wavelength bin for £ Per) in 
the quotient spectra will exceed unity, we found that these points are not randomly distributed 
among the quotient spectra, but are concentrated in only a few of them. Thus for £ Per we have 
to include more spectra to construct a better template; fortunately, the "emission" in the quotient 
spectra is in this case modest. For the other stars this problem turns out to be even less severe. 

2.2 Modeling DACs in quotient spectra 

The isolated DACs in the quotient spectra, which result from the division of the ultraviolet spectra 
by the template, are modeled in the way developed by Henrichs et al. (1983) and extended by 
Telting & Kaper (1993, Chapter 8). The DACs are assumed to be formed by dense, plane-parallel 
slabs of material in the line of sight, which results in an absorption component with central optical 
depth rc and (doppler) broadening parameter vt. The intensity of the component is then described 
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Figure 1: The Si IV resonance doublet of the 07.5 giant 68 Cyg. The dotted line indicates the average 
/i (upper panel) and standard deviation a (lower panel) of the 5 highest flux points (out of 149 available 
spectra), as a function of wavelength. The average and standard deviation calculated from the 149 spectra 
are represented by a thin line. The derived template spectrum (/io, the thick line) is identical to the average 
spectrum in the continuum, and should represent the undisturbed-wind profile in the variable Si IV line. 
Notice in the lower panel the difference between the noise from instrumental origin (estimated by Co, thick 
line) and the observed variance (thin line) in the resonance lines, due to wind variability 

by: 

I(v) = e-
Tc<t>{v) (8) 

with the Gaussian profile function 

<t>(v) = exp - ( ^ - ^ ) (9) 

where v is the velocity wi th respect to the stellar rest frame and vc the doppler displacement of 

line center. W i t h the (reasonable) assumption tha t the displacement vc and broadening parameter 

vt are identical for the absorpt ion components in bo th lines of the resonance doublet, the DACs in 

bo th doublet components can be modeled simultaneously, when the doublet separat ion vsp\;t and 

the ra t io in oscillator s t rength are known. This leaves only three free parameters for each pair 

of DACs. These parameters (vc, vt, and TC) are determined by means of a x 2 -me thod in order to 

obtain the best fit. The signal-to-noise ra t io in each point of the quotient spec t rum is es t imated , by 

using the empirically determined dependence of this ra t io on the flux (paper I, Chapter 4). The x 2 

criterion then gives the formal errors in the derived parameters (Telting & Kaper 1993, Chapter 8). 



84 5. Quantitative analysis of DAC behavior 

We fitted our model to spectral data within the velocity range —3000 to +2500 km s~1 with respect 
to the principal (short-wavelength) doublet component. From these parameters we can determine 
the column density JVcoi associated with the absorption components (Henrichs et al. 1983): 

_ mec V¥ Tcvt 

ire2 ƒ A0 (1 4- vc/c) 

As an example, we show in Fig. 2 and 3 model fits (thick line) to the quotient spectra which 
were obtained by division of the representative spectrum (thin line) in the left-hand panel by the 
template (thick line). Mostly a number of components had to be modeled simultaneously, with 
a maximum of 4 DACs in one spectrum. Furthermore, we kept allfit parameters free. As initial 
condition we used the results of the previous fit; we studied the spectra as a function of time. 
Sometimes we had to go back and forth through the dataset when it appeared that we had missed 
the first (weak) signs of the development of a new DAC at low velocity. In some cases we had 
to correct for bad normalization in the quotient spectrum by allowing for a very weak and wide 
(sometimes several thousands km s - 1 ) absorption component. In this way we were able to determine 
the central velocity and width of the other components with reasonable accuracy. However, the 
derived column densities are less reliable. 

3 Resu l t s 

In this section we describe the results obtained by the modeling of quotient spectra for each of 
the stars separately. Although our approach does not differ greatly from that used by others (e.g. 
Henrichs et al. 1983, Prinja et al. 1987), we have treated all spectra in an homogeneous way. For 
some stars several timeseries are available, such that we can study the behavior of DACs on a long 
timescales. Kaper et al. (1990, 1993) have shown that the pattern of variability is rather constant 
over many years; below we will show that the repeatability of the DAC phenomenon is such that 
one can predict the onset and the development of a new DAC with an accuracy of about half a 
day. The (maximum) strength of the absorption components is less predictable. A very simple 
diagnostic to determine the "phase" of the variability is given by the total equivalent width (EW) 
of the quotient spectra (in km s - 1 , because we integrated spectra on a velocity scale with respect 
to the rest-wavelength of the principle doublet line). 

We have chosen to present here only the results of the modeling of timeseries with a sufficient 
time-coverage. For most stars the Si IV resonance doublet could be used to model the DACs; the 
other UV resonance lines are too saturated for this. The two main sequence stars in our sample, 
15 Mon and 10 Lac, exhibit variability in the Nv (and Civ) profiles, but not in the Siiv doublet 
which is too weak to show any wind features. For 19 Cep and ( Ori we modeled the DAC behavior 
in both the Si iv and the N v doublet. The subordinate Niv line at 1718 A of £ Per, HD 34656, 
and A Cep (for the latter also the Hen line at 1640 A) varies in concert with the DACs in the 
Si iv doublet, but at lower velocity. In the wind profiles of a Cam we did not detect significant 
variations, except for some marginal variability in the blue edge of the SiIV and Civ lines (see 
paper I). 

3.1 HD24912 (£ Per) 

To reconstruct the detailed behavior of variability in the P Cygni profiles, a timeseries covering at 
least two DAC cycles (of two days, see below) is essential. Fortunately, we covered £ Per for more 
than 4 days in October 1991. In Figs. 4 and 5 we have plotted the parameters that resulted from 
the model fits to the isolated DACs in quotient spectra of the Siiv doublet: central velocity vc, 
width vt, and central optical depth rc. In the upper panels the total equivalent width (EW) of the 
quotients is given as a function of time. The error bars represent lcr-errors (cf. Telting & Kaper 
1993, Chapter 8). The regular (periodic) behavior of the Si IV EW (best seen in Fig. 4, October 
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Si IV template Si IV fit 

ob 1111 i 11 1111 j i i i i | i i 1111 i i 111 i i 11 
2000 h - ^ "" i f tM •" \ vym 

o i l I | I I I I | I I I I I I I I I | I I I I 1 I I I I | I I I I | I I 

•Am vl i l r t n m» p -u^ ' u w - ^ 1 T~y 

l " " l ' " I -

0.5 

0.5 

0 

1 

0.5 

0.5 

- 0.5 

-3000-2000-1000 0 1000 2000 3000 -3000-2000-1000 0 1000 2000 3000 
Velocity (kin/s) (stellar rest frame) Velocity (km/s) (stellar rest frame) 

F i g u r e 2: In the left-hand panel the template spectrum (thick line) and a "representative" spectrum (thin 

line) of the Si IV resonance doublet are shown for each star. The units of the y-axis of the left-hand panel are 

in F N / s , in the right-hand panel the spectra are normalized to one. Division of both spectra results in the 

quotient spectra in the right-hand panel. The best fit is illustrated as a thick line. In most cases multiple 

DACs had to be modeled simultaneously; see explanation in the text 
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N V template 

5. Quantitative analysis of DAC behavior 

N V tit 

-3000 -2000 -1000 0 1000 2000 -3000 -2000 -1000 0 1000 2000 3000 
Velocity (km/s) (stellar rest frame) Velocity (kmA) (stellar rest frame) 

F i g u r e 3: As Fig. 2: here the template spectrum and model fits are shown for the N V resonance doublet 

1991) is striking: the changes in E W recur every observing run (within great detai l) , a l though the 

September 1987 series seems to give somewhat different results, but has a similar periodicity. This 

per iod is 2.0 days, corresponding to the recurrence timescale of the DACs (paper I ) . The lat ter is 

not surprising, because the E W variations are due to the variable DACs. 

In Figs. 4 and 5 we have connected the points t ha t belong to the same DAC event. As a criterion 

to select these points we assumed continuity in the three fit parameters and the column density. We 

can discriminate between two kinds of DAC events: (1) strong absorption components tha t remain 

visible for more t h a n two days (squares) and (2) shorter-living, sometimes suddenly disappearing 

DACs (circles), preceding or following a strong component within half a day. Although we think tha t 

the recurrence t imescale between the subsequent occurrence of DACs is the t ime interval between 

two strong components , the shorter-lasting events also develops and disappear on a regular basis. 

In pape r I we pointed out t h a t in the Si IV doublet of £ Per sometimes a new DAC crosses a previous 

(s t rong) one. We have found t h a t this occurs in all the timeseries of £ Per: one strong absorption 

component reaches a te rmina l velocity of about 2050 k m s _ 1 , while the next (or previous) one 

accelerates up to 2275 k m s _ 1 ; the latter is indicated by filled squares. If the asymptot ic velocity of 

a D A C is a measure of the t e rmina l velocity of t he wind (Henrichs et al. 1988, Pr inja et al. 1990), 

how should we interpret the appearance of two asymptot ic velocities? Further , the repeatabil i ty 
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Figure 4: Parameters of DACs in the Si IV doublet at 1400 A of £ Per 07.5 III(n)((f)) in September 1987 

and October 1988. The central velocity vc, central optical depth TC, and width vt of the components are 

given as a function of time (in days). The column density Nco] is calculated by using Eq. (10) and given in 

units of 1 0 " c m - 2 . In the top panel the total equivalent width (EW) of the SilV quotient spectra is is given 

in km s~'. The points identified with the same DAC have identical symbols and are connected by a line 
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% Per Si IV DAC fits October 1989 October 1991 
1600 r 

1200 

| 800 

• _i_ .• • • 

400 -

oh 
1200 F-

I 8<4 ƒ .. 
4oo \- *ic > ^ 

% 
^ \ 

5 T 

F " " - -

7 8 9 
Time (HJD-2447810) 

4 5 6 
Time (HJD - 2448550) 

Figure 5: As Fig. 4: DACs in the Si IV doublet of £ Per in October 1989 and October 1991 
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4 Per ()7.5 III (n)((f)) October 1991 
Si IV Wavelength (A) Wavelength (A) NIV 
1380 1385 1390 1395 1400 1405 1410 1715 1720 

Velocity (krn/s) (stellar rest frame) Velocity (km/s) (stellar rest frame) 

F igu re 6: Timeseries of quotient spectra of the Si IV doublet at 1400 A and the subordinate NIV line at 

1718 A of ( Per in October 1991. The N IV line varies in concert with the DACs in the Si IV doublet 

of the phenomenon suggests t ha t a full cycle lasts two recurrence timescales, i.e. 4 days. We will 
re tu rn to this question in the discussion. 

The measured column density of a DAC first increases and then decreases when the absorption 
component has reached a velocity of about - 1 5 0 0 k m s" 1 . The m a x i m u m in JVcoi is 5 X 1014 

c m - 2 . The other parameters in Figs. 4 and 5 vary less strictly. The max imum width of a strong 

component is about 750 k m s - 1 jus t after i ts appearance at low ( 1000 k m s _ 1 ) velocity. We 

could fit narrow components at their terminal velocity with widths smaller than 50 k m s _ 1 . The 
central optical depth of the DACs is highest for the strongest events: T™ax ~ 1.2, i.e. optically 
thick. 

The variability in the subordinate NIV line of £ Per is compareded with the variations in the 
Si IV doublet in Fig. 6. The P Cygni profile from the subordinate t ransi t ion of N i v also changes 
in concert wi th the DACs, but a t lower velocity ( - 2 5 0 to - 7 0 0 k m s _ 1 ) . Variations by DACs are 
also suspected in the N v line, not shown here. 

3.2 H D 3 4 6 5 6 

We observed the 0 7 supergiant HD34656 only once, but the 27 spectra show the rapid recurrence 

of several DACs on a timescale of approximately one day, s tar t ing from low velocity (about - 5 0 0 

km s _ 1 ) . In Fig. 7 the fit parameters are presented for the DACs in the Siiv line. The DAC 

behavior in this star is quite complicated; the Si IV E W variations do not reveal a clear and regular 
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pattern from which we can deduce a period. The appearance of new DACs is recognized from the 
peak in EW once every day. It is difficult, however, to identify the points belonging to the same 
DAC. Throughout the whole timeseries an absorption component is present with central velocity 
close to —1500 km s - 1 . But the associated column density suggests that this component belongs 
to different DAC events. At day 9.8 JVC0| of this component reaches a minimum of 4 x 1013 cm - 2 

and then starts to increase rapidly to a maximum of 2.5 x 1014 cm - 2 . Therefore we suspect that at 
day 9.8 a new DAC (of which the development can be inferred from the quotient spectra (Fig. 8), 
although our fit procedure did not find it) replaces the former one at —1500 km s_ 1and remains at 
that velocity until day 12. A consequence is that we are probably dealing with two DAC patterns 
superimposed on each other: a "slow" pattern consisting of DACs with an asymptotic velocity of 
-1500 km s"1, and a "fast" pattern of DACs that reach higher velocities (~ -2150 km s _ 1 ) . The 
recurrence timescale in the fast pattern is close to one day, while the DACs belonging to the slow 
pattern might develop with an interval of about 3.5 days. The latter conclusion is rather uncertain 
and based on the distance in time between the minima (at day 9.8 and 13.2) in EW of the Si IV 
line. 

In Fig. 8 we show the quotient spectra of the Si IV and NlV lines of HD 34656. DACs are also 
weakly present in the Niv line, starting at a velocity of -200 km s - 1 . The observed maximum 
column density is about 2.5 X 1014 cm -2. The central optical depth of the components is modest, 
with a maximum of rc = 1 for the DAC belonging to the slow pattern. The maximum width of the 
components is 500 km s - 1 ; for other stars the width of DACs decreases with increasing velocity, 
but for HD 34656 the dependence of ti( on vc is not clear. More observations are needed to confirm 
the suggested interpretation. 

3.3 HD36861 (A Ori) 

We observed the 08 III((f)) star A Ori during the November 1992 campaign and obtained 27 
spectra. The Si IV resonance lines of A Ori consist of a sharp photospheric absorption component, 
slightly asymmetric to the blue because of wind contamination, plus an absorption component at 
-2000 km s _ 1 (paper I). The N V and Civ resonance doublets also exhibit a "persistent" absorption 
component at —2000 km s _ 1 , in both doublet components. We modeled the quotient SiIV spectra 
of A Ori (Fig. 8) and found one DAC accelerating from —1700 to -2000 km s _ 1 , i.e. at the position 
of the persistent component. The occurrence of the DAC is reflected by the rise in Siiv EW at day 
5.7, shown in the upper panel of Fig. 9. We covered one DAC event, and therefore the recurrence 
timescale can only be determined as a lower limit of 5 days. These observations suggest that the 
persistent component is occasionally "filled up" by these new components when they reach the 
terminal velocity of the wind (which can thus be determined from the position of the persistent 
component). 

Compared to DACs in other stars in our sample, the measured column density is low, about 
5 X 1013 cm - 2 . The central optical depth does not exceed 0.5 while the width of the component is 
smaller than 250 km s - 1 . Given the saturation of the persistent component in Civ (and Nv) , the 
latter will certainly have a much higher column density. 

3.4 HD37742 (C Ori) 

Moving DACs are found in both the Nv and the Si IV resonance doublet of the 09.7 lb star f Ori; 
the results from our fit procedure are shown in Fig. 10. Also for this star it is not easy to identify 
the different DAC events. At day 5.4 and 7.1 the appearance of a DAC is registered in both lines, 
with the difference that the first component accelerates faster than the second one, and reaches a 
velocity of —2000 km s"1. The second component ends at a much lower velocity ( — 1250 km s - 1 ) , 
similar to the component present from the start of the observations. At day 8.7 another component 
develops, resulting in a recurrence timescale of 1.6 days. In this case, the Si IV and N V EWs not of 
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HD 34656 Si IV DAC fits February 1991 

800 

10 11 12 
Time (HJD - 2448280) 

13 14 

F igure 7: As Fig. 4: parameters of DACs in the Si IV doublet at 1400 A of HD 34656 0 7 11(f) in February 

1991. The DAC behavior can be interpreted in terms of a "slow" and a "fast" pattern, the latter with a 

recurrence timescale close to one day 
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HD 34656 0711(f) February 1991 
Si IV Wavelength (A) 29 spectra Wavelength (A) N IV 

1380 1385 1390 1395 1400 1405 1710 1715 1720 

-3000-2000-1000 0 1000 2000 3000 -1500 -1000 -500 0 500 1000 
Velocity (km/s) (stellar rest frame) Velocity (km/s) (stellar rest frame) 

F i g u r e 8: Timeseries of quotient spectra of the Si IV resonance doublet and the NlV line of HD 34656. The 
development of DACs can be recognized from the weak variations in the NIV line. Note the very low velocity 
of —200 km s - 1 at which these DACs appear 

much help for the determination of a characteristic timescale of the variations (if it exists at all). 
The N V EW variation could indicate a period of about 5 days, which is just the duration of the 
campaign, but this is rather uncertain. 

For this star we can compare the properties of DACs in two different lines. The central velocities 
of the modeled components are similar for both lines. The other DAG parameters show the same 
trend in both the N V and the Si IV line, and the associated column densities differ by a factor of 
two: 7Vcol ^ i . i x 1014 and 0.6 X 1014 cm - 2 for N v and SiIV, respectively. The similarity of the 
DAC behavior in the N V and Si IV lines supports the common view that the variable DACs reflect 
changes in the density- rather than in the ionization structure of the stellar wind. 

3.5 HD47839 (15 Mon) 

Two DACs migrate through the N v doublet of the 0 7 V((f)) star 15 Mon. The first DAC is 
visible from the start of the campaign, the second one appears just before day 9 (see Fig. 11) and 
is remarkably narrow (vt < 150 km s_1). Because we have in total only 20 spectra it is difficult 
to construct a good template; this explains why the EW of some quotient spectra is negative. 
Furthermore, the variations in the Nv profile have a small amplitude, which makes the quality 
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X.Ori Si IV DAC tits November 1992 

6 7 
Time (HJD - 2448930) 

Figure 9: As Fig. 4: the parameters of the migrating DAC in the Si IV profile of the O8 III((f)) star A Ori 
in November 1992 
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£Ori November 1992 Si IV DAC fits N V DAC fits 

6 7 
Time (HJD - 2448930) 

6 7 
Time (HJD - 2448930) 

Figure 10: As Fig. 4: in the left- and right-hand panel the fit parameters of DACs in both the N v and Si IV 
profile are given for the 09.7 lb star £ Ori respectively, observed in November 1992. A new DAC appears 
every 1.6 days 
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of the template an even more important factor. The first DAC accelerates up to —2250 km s~], 
which is considerably higher than the central velocity ( — 1900 km s_ 1) of the persistent component 
in the N v (and C iv) profile. The second component, which appears at a velocity of —1700 km s ' 1 , 
disappears into this persistent component. The column density of these DACs is less than 10H 

cm - 2 , and cannot be trusted because of the bad normalization. We can only give a lower limit can 
be set for the recurrence timescale, which is 4.5 days. 

3.6 HD203064 (68 Cyg) 

The August 1986 dataset of the 07.5 HI:n((f)) star 68 Cyg has been analyzed by Prinja & Howarth 
(1988). In Fig. 12 we show the results of profile fits to this set of 33 spectra. Our results are mostly 
compatible with those of Prinja & Howarth. In Fig. 13 these parameters are presented for the 
September 1987 campaign. The central velocities of DACs in these spectra were published by 
Fullerton et al. (1991). We show the DAC parameters also for the spectra of October 1988. Fig. 
14 shows the datasets of Otober 1989 and October 1991, the latter with the longest continuous 
time-coverage, namely 5 days. We have used the same strategy as in the case of ( Per, and used 
the variations in Si IV EW to determine first the phase of the variability cycle. The maxima and 
(minima) in EW are separated by about 1.4 days, but the variations in EW are not as regular as 
in the Si IV doublet of £ Per. 

We first describe the extended dataset of October 1991 (Fig. 14). First of all, we note that 
the DAC events often consist of two separate events, closely spaced in time: the time lag is less 
than half a day. If we consider these close, but separate events as one, we find that the recurrence 
timescale is 1.4 days, as reflected by the EW changes. Secondly, if we now compare the different 
datasets, we can identify identical DACs in different years. In paper I we already pointed out the 
remarkable similarity between the DAC behavior in the Siiv spectra obtained in 1986 and 1988. 
In the figures we have indicated identical DACs with the same symbols. Just as for ( Per, the DAC 
behavior suggests that the full cycle of variability is twice the recurrence timescale, which is about 
3 days. This conclusion is based on the dependence of the central velocity and column density on 
time for the various DACs. In the timeseries of September 1987 our fit procedure gives only one 
single DAC, starting at day 4, while we would have expected two DACs as was found in the other 
years. This is another indication that the general DAC behavior is very regular over the years for 
68 Cyg, but that there exist small differences from year to year. We also remark that it is difficult 
to fit two closely separated absorption components of comparable strength with a fit procedure. 

The asymptotic velocity of the DACs is always close to -2400 km s - ,(see e.g. Fig. 13). But if 
we consider the DACs that consist of two separate events developing almost simultaneously (within 
about 15 to 20 hours), we see that the second one always reaches a higher velocity than the first 
one. This difference in asymptotic velocity can be as much as 300 km s - 1 . The column density of 
the DACs reaches a maximum when the component is half way its acceleration (i.e. at a central 
velocity around -1750 km s _ 1) , and then decreases with time. The strongest DACs reach a column 
density of 3 X 1014 c m - 2 . Some components remain visible for about two days. The maximum 
central optical depth TC is 1, and the width of some DACs can exceed 1000 km s - 1 during their 
development at low velocity. 

3.7 HD209975 (19 Cep) 

The 09.5 lb star 19 Cep gives a very clear picture of the DAC phenomenon. Because the charac
teristic timescale of variability is much longer (about 5 days) than in some other well-studied stars, 
the behavior of DACs is easily recognized. In Fig. 15 we present the dependence of the different 
fit parameters on time for the N V and Si iv spectra obtained in August 1986. The model fits to 
quotient spectra of both resonance lines give comparable results. In August 1986 we detect three 
DAC events, a very strong absorption component develops at low velocity (t;c = -300 km s"1 
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15 Mon N V DAC fits 
300 

February 1991 

2 0 0 -

100 -

• • 

t- 200 -

10 11 12 
Time (HJD - 2448280) 

14 

Figure 11: As Fig. 3: we detected two DACs in the timeseiies consisting of 20 N v spectra of the 07 V((f)) 
star 15 Mon. The DAC appearing at day 9 has a remarkably narrow width 
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68 Cyg Si IV DAC fits Auaust 19S6 

9 10 
Time (HJD - 2446660) 

11 12 

Figure 12: As Fig. 4: parameteis of DACs in the Si IV doublet of the 07.5 III:n((f)) star 68 Cyg, observed 
in August 1986. This dataset was also analyzed by Prinja & Howarth (1988) 
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68 Cyg Si IV DAC fits September 1987 October 1988 
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Time (HJD - 2447040) 
7 8 9 10 

Time (HJD - 2447450) 

Figure 13: As Fig. 4: DACs in the SilV doublet of 68 Cyg in September 1987 (left) and October 1988 
(right) 
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68 Cyg Si IV DAC fits October 19S9 October 1941 

7 8 9 
Time (HJD-2447810) 

4 5 6 
Time (HJD - 2448550) 

Figure 14: As Fig. 4: the October 1989 and October 1991 dataset, the latter consisting of 40 spectra 
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and vt = 1000 km s - 1 ) at day 6.8; the column density of this component reaches a maximum of 
6.8 X 1014 c m - 2 at a central velocity of -1450 km s_ 1 (in Siiv). This is the strongest DAC we 
encountered in our collection of O-star spectra. The maximum central optical depth exceeds 2 at 
the peak in column density. The asymptotic velocity of the two weak components present during 
the first half of the campaign is -1900 and -1750 km s - 1 for the first and second component, 
respectively. 

In October 1991 (Fig. 16) a weak component is present at its final velocity of -2050 km s - 1 

and at day 3.2 a new DAC develops at low velocity. The maximum in column density is 1.9 x 10 t4 

cm"2 and T™ax = 0.7. At day 5.9 we notice the occurrence of a new DAC with rapidly growing 
strength. The time interval of 2.7 days is short if we realize that in August 1986 the recurrence 
timescale would be estimated to be longer than 5 days. The November 1992 observations (Fig. 17) 
show again the development and further evolution of a DAC, a fairly strong one with maximum 
Nco\ of 3.5 X 1014 cm"2 . At the end of our coverage (day 9.5) a new DAC appears in the Si IV 
line, from which we can conclude that the recurrence timescale is about five days. The 2.7 days 
observed in October 1991 is almost half of this period. For £ Per and 68 Cyg we proposed that a 
full cycle lasts twice as long as the recurrence timescale. In analogy we should conclude for 19 Cep 
that the 5 days is the period of the full cycle and half this period the recurrence timescale. 

3.8 HD210839 (A Cep) 

Although the 06 I(n)fp star A Cep was monitored during six campaigns, we only present here the 
results of the last campaign, in October 1991. The saturation of the UV resonance lines makes the 
modeling of DACs very difficult; for the Si IV resonance line we succeeded in measuring the central 
velocity of DACs and we were able to determine the recurrence timescale (1.2 days). The velocity 
domain from —1600 to -2000 km s - 1 is, however, difficult to model, because the quotient spectra 
fluctuate with large amplitude due to the division of small numbers and the low signal-to-noise. 
Fig. 17 shows the DAC paramenters for the SiIV doublet. The absorption components of A Cep 
behave similarly as observed in the other targets: the column density increases after the appearance 
of a DAC in the Siiv profile and reaches a maximum (in this case 2.5 X 1014 cm - 2 ) when the central 
velocity is about —1500 km s - 1 . JVcoi subsequently decreases as the DAC approaches its terminal 
velocity, which is difficult to determine because of the problems mentioned above. During the whole 
timeseries, an absorpion component is present at a velocity close to —2100 km s_ 1 . Probably, this 
component is at the terminal velocity of the wind and the new DACs add up when they approach 
the asymptotic velocity (i.e. v^). Due to the above mentioned limitations we can not demonstrate 
this explicitly 

Clear signs of developing DACs are present in the subordinate Hell (1640 A) and Niv (1718 A) 
lines, see Fig. 18. The first traces of these DACs can be found at very low velocity: —200 km s - 1 . 
Thus for A Cep we can also conclude that the DACs originate close to the star (Fig. 19). 

3.9 HD214680 (10 Lac) 

We modeled the DACs in quotient spectra of the 0 9 V star 10 Lac which was observed in November 
1992. DACs are present in both the Nv and the Civ resonance doublet, but we show here the 
results from the profile fitting of the N v doublet only, because they are most pronounced. The 
strongest component (Fig. 20) appears at day 7.3 and is preceded by a DAC starting 1.4 day earlier, 
which is not found in the C iv doublet. The highest central velocity observed for both components 
is —950 km s - 1 . Maximum column density of the strongest component (N™f* = 1014 cm - 2 ) is 
reached when vc is about —875 km s~'. The timeseries is too short to determine the recurrence 
timescale with confidence. It is longer than 4 days if the preceeding DAC is of the same nature as 
the double events in £ Per and 68 Cyg. 
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19 Cep August 1986 Si IV DAC fits N V DAC fits 

6 7 8 9 10 11 12 6 7 8 9 10 11 12 
Time (HJD - 2446660) Time (HJD - 2446660) 

F igure 15: As Fig. 4: DAC model parameters for the N v (left) and Si IV (right) profiles of the 09.5 lb star 
19 Cep in August 1986 
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19 Cep October 1991 Si IV DAC fits N V DAC tils 
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F i g u r e 16: As Fig. 4: DAC model parameters for the Nv (left) and SiIV (right) profiles in October 1991 
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19 Cep November 1992 Si IV DAC fits N V DAC fits 

5 6 7 S 9 10 5 6 7 8 9 10 
Time (HJD-2448930) Time (HJD - 2448930) 

F igure 17: As Fig. 4: DAC model parameters for the Nv (left) and Siiv (right) profiles in November 1992 
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XCep Si IV DAC fits October 1991 

2000 

1500 

w 1000 

500 

-T T TT 
•<• T * T I T I T T T T T T ; T i I •;-!-; j t t i i l f 

400 -

200 

0 

1.6 -

1.2 -

0.8 -

0.4 -

'CRO 

2 20 

•S 10 

E 

5 o 

-2000 

1 - 1 5 0 0 : 

>u -1000 r 

-500 r 

V/l 
55 

? 5 . j$r-y 

• «•«»« 4^,^ , o O » J « ' O * * « , oo« * *« •««<»«*» «•» ' 

, ^ ^ " 

- I 

2 3 4 5 6 7 S 
Time (HJD - 244S550) 

Figure 18: As Fig. 4: DAC parameters for the 06 I(n)fp star A Cep resulting from profile fitting of the 

Siiv doublet observed in October 1991. The velocity domain from -1600 to -2000 km s~' is disturbed by 

large fluctuations, because of saturation of the Si iv profile 
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10 Lac N V DAC fits November 1992 
200' 

6 7 8 9 
Time (HJD - 2448930) 

10 

F i g u r e 20: As Fig. 4: DAC model parameters for the N V profile of the 09 V star 10 Lac observed in 
November 1992 
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4 Conclusions 

For the nine stars in our sample that have shown the presence and evolution of DACs in one or 
more of the timeseries of P Cygni-type profiles, we can conclude that the DAC behavior obeys 
a certain set of rules. Some of these rules, such as the narrowing of DACs when they accelerate 
through the profiles, their always increasing speed until they approach the asymptotic velocity, and 
the regularity in their reappearance have been known for quite some years. We have shown that 
these rules can be applied to understand the details of the dynamical evolution of DACs for the 
stars in this study, and also that some other properties of DACs can be generalized. 

First of all, from the previous section one can conclude that the above mentioned rules (and those 
that follow) are generally satisfied, but that exceptions do occur. A good example is HD 34656, 
with its very complicated DAC behavior. Nevertheless, it seems justified to draw the following 
conclusions: 

1. The measured column density (in the line of sight) of a DAC always reaches a maximum when 
the DAC is at about three quarters of its asymptotic velocity. Thereafter Nco\ decreases slowly, 
while the duration of visibility depends on the strength of the component. 

2. For some stars (e.g. £ Per and 68 Cyg) DACs are often preceded or followed by another 
component within about a quarter of the recurrence timescale. Mostly the first component 
disappears when the next one of the pair arrives at the same velocity. 

3. The asymptotic velocity of DACs is not always the same: changes up to 300 km s - 1 are 
detected. We have also found that some absorption components disappear suddenly at a 
velocity much lower than the typical velocities reached by other DACs. For £ Per the strong 
components alternate in asymptotic velocity between —2050 and —2300 km s - 1 with the 
recurrence timescale of two days, which results in the crossing of successive components. 

4. The total EW of the quotient spectra can be a helpful diagnostic in determining the chara-
teristic timescale of the variability. 

5. Subordinate lines with P Cygni profiles, like Heti at 1640 A and Niv at 1718 A, vary in 
concert with the DACs in £ Per, HD 34656, and A Cep at low velocity (see also Henrichs 
et al. 1993, Chapter 3). As these lines have to be formed in regions of higher density, this 
means that DACs originate close to the star. 

The most striking property of the DAC phenomenon is its regularity in recurrence over many 
years. For the best-observed stars (£ Per, 68 Cyg, 19 Cep, and A Cep) detailed features can 
be recognized in every timeseries of spectra that we obtained over a period of six years. Small 
differences, such as the strength of the components, the absence of a progenitor, or a sudden 
extra component, do occur, but the general pattern of variability is strictly defined: it is possible 
to predict the appearance of a new DAC with an accuracy better than half a day. 'Henrichs et 
al. (1988) and Prinja (1988) demonstrated that the recurrence timescale of DACs is shorter when 
v sin i is higher, which suggests that the rotation of the star determines the distance in time between 
succesive DACs. We propose that the characteristic timescale of variability in the winds of O-type 
stars t5 the rotation period of the star. This characteristic timescale is in some cases (e.g. £ Per, 
68 Cyg) more likely equal to twice the recurrence timescale of DACs. This means that DACs 
are not only a measure of the terminal velocity of the wind, but that they can also give direct 
information on the rotation period of the star. In Tab. 2 we list the (mean) asymptotic velocities 
and recurrence timescale of DACs, and give our best estimate for the rotation period of the star. 

In two cases (£ Per and 68 Cyg) the proposed rotation period exceeds the maximum rotation 
period estimated by Kaper et al. (1993, Chapter 4). Pm*x was calculated using the stellar parame
ters compiled by Howarth & Prinja (1989). It is likely that these rapidly rotating stars (on grounds 
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Name 

£Per 
HD34656 
AOri A 
COriA 
15 Mon 
68Cyg 
19 Cep 
A Cep 
10 Lac 

„asymp (a) 
c 

(kms-1) 
2300 
2150 
2000 
2000 
1900 
2400 
1800 
2000 
950 

*rec 
(days) 

2.0 
0.9 
> 5 
1.6 

>4 .5 
1.4 
2.7 
1.2 
> 4 

P * 
(days) 

2.8 
4.8 

11.5 
13.4 
8.1 
2.6 

12.2 
4.0 

14.3 

* rot 
(days) 

4.0 
3.5? 
> 5 
> 5 ? 
>4 .5 

2.8 
5-6 
2.4? 
> 4 

Table 2: Terminal velocity and stellar rotation period for the program stars. Notes: (a) the highest 
value of v™ymp was adopted in the case of different asymptotic velocities; (b) from Kaper et al. 
1993, Chapter 4 

of the measured vsint, see Chapter 4) have sint close to unity, and the radius of these stars could 
be slightly underestimated. For £ Per a radius of 15 in stead of 11 RQ would increase the maximum 
rotation period to 4 days. The remark in the UV atlas of Walbom et al. (1993) that £ Per is of 
luminosity class II instead of HI supports this conclusion. The uncertainty in the spectral class of 
68 Cyg (denoted by the colon) also indicates that the traditionally estimated radius is not accurate. 

5 Discussion 

Several models have been put forward to explain the observed properties of DACs. The expansion 
of a high-density layer in the stellar wind (Henrichs et al. (1983) gives a simple explanation for 
the time-dependent behavior of DACs, but it gives no clue to the cause for the development of the 
high-density layer. Infrared observations seem to rule out that such a high-density layer is a shell 
(Howarth 1992), but recently model calculations of Waldron et al. (1993) showed that shells of 
enhanced density can quantitatively reproduce the observed DACs, consistent with the constraints 
set by HI observations. These authors argue that the concept of propagating shells of enhanced 
density should be seriously reconsidered. It is, however, difficult to explain why the development 
of these shells would be controlled by the rotation of the star. The periods of non-radial pulsations 
(NRP) in early-type stars are also on the order of days, and phases of enhanced mass loss caused 
by the release of pulsation energy have been proposed in literature (e.g. Vogt & Penrod 1983). 
Simultaneous optical and UV observations (Fullerton et al. 1991, Henrichs 1991) do, however, 
not indicate changes in pulsational behavior on the timescale of the observed wind-variability in 
O-type stars. New studies are presently under way to search for a possible link between NRP and 
the origin of DACs. 

The origin of DACs has certainly to be found close to the star: the correlated changes observed 
in lines from excited levels (such as the subordinate NIV and He II P Cygni lines, see also Henrichs 
et al. 1993, Chapter 3), and in strong optical lines like Ha and Hell 4686 A (Kaper et al. 1993, 
Chapter 7, Henrichs 1991) impose that wind-variability develops at the base of the wind. These 
and other observations of variable optical emission lines (e.g. Conti & Leep 1974) further indicate 
that the stellar-wind base is co-rotating with the star. 

We propose that the outflow properties at the base of the wind are controlled by a magnetic 
field anchored in the star, which results in regions of enhanced density rotating with the star. The 
presence of magnetic fields in early-type stars is difficult to prove by direct observational methods. 
Magnetic fields with a strength of less than 100 gauss are theoretically predicted (Maheswaran & 
Cassinelli 1992) and are not (yet) observable (Landstreet 1992). Early-type stars are relatively 
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young objects and born out of interstellar matter that contains interstellar magnetic field. The 
star with the strongest magnetic field known, "Babcock's star" HD215441, is a B3 V star with a 
surface dipole field strength of 34 kgauss (Babcock 1960, Preston 1971). This demonstrates that 
early-type stars can have very strong magnetic fields. These fields are expected to be frozen-in 
into the radiative envelopes of the stars (see, for example: Mestel 1975). Also the end-products 
of early-type stars are mostly neutron stars with a strong magnetic field, which strength can be 
predicted by assuming magnetic flux conservation during the collapse of the core and the presence 
of a surface magnetic field of strength 10 —100 G in the progenitor. Underbill & Fahey (1984) tried 
to explain the existence and behavior of DACs by postulating the existence of "closed" and "open" 
magnetic loops above the stellar surface from which parcels of gas are released in addition to a 
uniformly emitted steady stellar wind. Although several arguments appeared in literature against 
this interpretation, a nice property of this model is that DACs are expected always at the same 
phase of the stellar rotation period. Also the model of Mullan (1984) of corotating interacting 
regions resulting from the interaction of slow and fast streams in the wind would be consistent with 
the presence of a magnetic field at the base of the wind to differentiate the dynamical properties 
of the flow further out (like in the solar wind case). 

One-dimensional, time-dependent hydrodynamical calculations of Owocki et al. (1988) show 
that radiation-driven winds around early-type stars are clumpy, because of the development of 
shocks due to the instability of the acceleration mechanism. Puls et al. (1993) have calculated model 
profiles with DACs caused by the clumps in the wind, using the results of similar hydrodynamical 
computations. It is not possible to reproduce the DAC behavior in detail, but two-dimensional 
calculations including rotation are needed before one can conclude if the shocked structure of a 
radiation-driven wind alone can explain the DAC phenomenon. We propose that a magnetically 
controlled stellar-wind base and the instability of the acceleration mechanism of the radiation-
driven wind are the important physical ingredients for the explanation of the observed stellar-wind 
variability. We elaborate on this conjecture in Chapter 7. 
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