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Chapter 2 

Rapid variability in O star winds 

H.F. Henrichs, L. Kaper, and G.A.A. Zwarthoed 
(appeared in "A Decade of UV Astronomy with IUE", Proc. Celebratory Symposium, GSFC, 
Greenbelt, USA, 12-15 April 1988, ESA SP-281, Vol. 2, Ed. E J . Rolfe) 

Abstract 

We report rapid, systematic changes in the absorption parts of the P Cygni profiles of the resonance 
lines of Si IV, CIV, and N v in four 0 stars. We find two types of variability: (1) in the form of the 
well-known "discrete absorption components", which appear episodically at low (but supersonic) 
velocity in the P Cygni profiles and accelerate through the profile. The recurrence time scale varies 
approximately with the stellar rotation period. The acceleration differs from star to star and, for a 
given star, from episode to episode; (2) significant (10%) changes in the velocity of the steep edge 
of the saturated P Cygni profiles, which are correlated with the discrete component behavior in the 
unsaturated Si IV line. This implies that the steep edge can not be a good measure of the terminal 
velocity of the wind. We propose an alternative determination of the maximum bulk velocity. 

On the ground of these (and other) observations we suggest that both types of variability are 
typical for all early-type stars. The magnitude of the effect varies, however, from star to star as 
well as for a given star. 

Keywords: 0 stars - variable stellar winds - discrete absorption components - terminal velocity 
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10 2. Rapid variability in O star winds 

The sample stars 

Name 

f Per 
68Cyg 
A Cep 
19 Cep 

Spectral type 

07.5m(n)((f)) 
07.5III:n((f)) 
06I(n)fp 
09.51b 

vsint 
( kms - 1 ) 

215 
315 
275 

75 

R* 

(*©) 
11 
13 
21 
18 

Rotation 
period (days) 
0.8 - 2.7 
1.0 - 2.4 
1.4 - 4.9 
1.4 - 12 

t>edKe 

(kms" 1 ) 
-2600 
-2800 
-2600 
-2400 

vc(max) 
(kms" 1 ) 

2150 ± 50 
2350 ± 50 
2000 ± 50 
1800 ± 50 

# o f 

62 
33 
10 
30 

Table 1: We interpret the maximum velocity of the discrete absorption components uc(max) as 
the maximum bulk velocity of the stellar wind. These are given with respect to the stellar rest 
frame; vedge denotes the velocity at which the absorption joins the continuum. 

1 Introduction 

Variability in the absorption parts of ultraviolet P Cygni lines, which are indicative of a strong 
stellar wind, is commonplace in 0 , B, and Be stars. See for recent reviews: Prinja fe Howarth (1986), 
Henrichs 1988). The cause of this variability is unknown, in spite of the numerous observational 
data. From previous studies it became clear that progress can only be expected from an analysis 
of a nearly contiguous series of observations, taken simultaneously over a wide wavelength region, 
spread over a couple of days. We present results for four 0 stars obtained with the IUE satellite as 
part of such a campaign. Analysis of results in other wavelength bands will be presented elsewhere. 

The ultimate goal of this study is to understand the origin of the widely observed variable 
nature of stellar winds in early-type stars. 

2 Observations 

Table 1 lists the program stars for which high-resolution spectra have been obtained. The study 
period was about 6 days in August 1986 and 4 days in September 1987. For each star the average 
time resolution varied between 1 and 6 hours and was optimized during the actual observing run 
using adapted RDAF software at the Goddard Space Flight Center. AU four stars have been 
observed during both observing runs, to enable a detection of expected long-term changes in the 
behavior of the rapid variability. A detailed analysis of earlier data of £ Per and 68 Cyg has been 
presented by Prinja et al. (1987) and Prinja & Howarth (1988), respectively. 

3 Analysis 

All spectra were reduced in an as homogeneous as possible way, using the IUEDR software package 
(Giddings 1983a, 1983b) for extraction starting from the GPHOT images. A smoothing over 3 
adjacent pixels, separated by 0.1 A, has been applied. 

The regions around the Si IV doublets are shown in figures 1 to 4. To solve the problem: "How 
to present more than 130 HIRES IUE spectra in one paper?", we have chosen for a grey-scale 
representation of the data, using the MIDAS software package (ESO, München). This method 
facilitates a rapid overview of subtle changes in the profiles as a function of time. A comparison 
between conventional plotting and grey-scale representation is given in Fig. 3 (A Cep), showing a 
significant improvement in favor of the latter method regarding the detection of systematic changes 
in time series. 

4 Discre te absorption component behavior 

The four stars are listed in order of increasing rotational period. 
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-3000 -2000 -1000 0 1000 2000 3000 
Velocity (km/s) (stellar rest frame) 

-3000 -2000 -1000 0 1000 2000 3000 
Velocity (knVs) (stellar rest frame) 

F i g u r e 1: T h e two panels are a composi te of 62 H I R E S IUE spec t ra . T h e epochs of observat ion are indicated 

by tick m a r k s a long the vertical scale, where t ime is running upwards . T h e hor izonta l scale is in velocity 

with respect to the s t rongest line of the Si IV double t (1393.755 A) . Note the m a n y accelerat ing absorpt ion 

features, often found in b o t h doublet members . In the 1987 d a t a , the p a t t e r n s are much more regular than 

the 1986 d a t a , indicat ing long- term changes in the shor t - t e rm variability. In the lower panel a t least four 

very clear episodes can be identified, with t ime intervals of 0.7 and 1.4 days , possibly related to the stellar 

ro ta t ion period. It seems unlikely t h a t we see the accelerat ion of the stellar wind itself (see t ex t ) . See Fig. 

5 for an example of a variable edge velocity in the C i v a n d N V profiles. 
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-3000 -2000 -1000 0 1000 2000 3000 
Velocity (km/s) (stellar rest frame) 

F i g u r e 2: The upper panel shows a montage of 33 Si IV profiles (same axes as in Fig. 1). Rapid variability 
similar to that in 68 Cyg can be seen. The lower panel shows a significant decrease of the edge velocity in 
the saturated CIV profiles (see also Fig. 5). This variability leads us to consider the determination of the 
terminal velocity. We propose to identify the maximum bulk velocity of the flow with the asymptotic value 
of the velocity of the discrete components in the unsaturated Si IV line. See text for a further discussion. 

4.1 68 Cyg 0 7 . 5 III:n((f)) 

The two t ime series (Fig. 1), which were taken with a one year t ime interval, show different behavior. 

T h e episodes in 1986 are much more irregular t h a n in 1987. A detailed analysis of the 1986 da t a 

can be found in Pr in ja k Howar th (1988). The September 1987 da t a are part icularly suitable to 

s tudy the na tu re of the features: discrete absorpt ion features travel through the profile a t four 

dist inct episodes. It is possible to infer from these da ta an "underlying clock" with a 0.7 or 1.4 

day period. Adopt ing such a periodicity, i t is clear tha t the s t rength of the features must then 

be strongly modu la t ed by an unknown process, because the occurrence of the features can not be 

predicted. The es t imated stellar rotation period is less than 2 days (see Tab. 1), which would be 

consistent wi th the hypothesis t h a t the periodicity is connected with the ro ta t ion ra t e . Similar 

conclusions can be drawn for the other three stars presented (see also Prinja 1988). A discussion 

of the variable edge in the sa tu ra ted Civ a n d N v profiles is given in section 5. 

4 .2 £ P e r 0 7 . 5 I I I ( n ) ( ( f ) ) 

Earl ier s tudy showed a p a t t e r n of variability very similar to the 68 Cyg da t a in Fig. 1 (Prinja et 
al 1987). The repeatabi l i ty of the episodes in the September 1987 da ta (Fig. 2) is, however, not 
as clear as in the previous years, although the t ime scale is still in the range compatible with the 
es t imated stellar ro ta t ion ra te . Of special interest is the behavior of the steep C IV blue edge, which 
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XCep <)6I(n)fp August 1986 Si IV 
Si IV Wavelength (A) 10 spectra 

1380 1385 1390 1395 1400 1405 

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

Figure 3: It is difficult to suspect systematic changes in the superposed SiIV profiles (upper panel). The 
grey-scale representation, however, leaves little doubt about the reality of the changes. The estimated stellar 
rotation period is less than 4 days, which is compatible with the recurrence time scale. 

shows a 10% decrease in velocity over at least 6 hours around September 7 (Fig. 2). See section 5 
for an interpretation. 

4.3 A Cep 0 6 I(n)fp 

The acceleration of the features (starting around August 25.5, see Fig. 3) is clearly slower than 
in the previous two stars, but faster than in 19 Cep. There is evidence that there was an earlier 
episode, but our time resolution was not good enough to document this. The stellar rotation period 
is less than 4 days, again compatible with the estimated recurrence time scale. 

4.4 19 Cep 09 .5 lb 

The data of this star (Fig. 4) show a very clear example of a slowly accelerating feature. Only one 
episode is apparent during the 7 days in August 1986, again consistent with an estimated maximum 
rotation cycle of 12 days. 

5 Variable edge velocity 

All four stars have shown at some epoch up to 10% variation in velocity in the steep absorption edge 
of the saturated CIV and N V P Cygni profiles. Figure 5 gives an example. This variability means 
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-3000 -2000 -1000 0 1000 2000 ?O00 
Velocity (knVs) (stellar rest frame) 

F i g u r e 4: The Si IV discrete components show a slow, very systematic increase in velocity. The star is a 

slow rotator (period less than 12 days), which is consistent with the occurrence of only one episode during 

the study period. The asymptotic value of the discrete component is used to determine the maximum bulk 

velocity of the stellar wind. 

t h a t t he steep edge can not be directly associated with the terminal velocity of the wind, unless 
one is willing to accept a variable terminal velocity. The la t ter is unexplainable in the classical 
radia t ion-dr iven wind theory, because this velocity is related to fixed stellar parameters , mainly 
gravity. The s i tuat ion is different, however, in case of a non-monotonic velocity law, for instance 
p roduced by series of shocks (Lucy 1983). In this model the edge velocity is interpreted as the bulk 
wind velocity plus a " tu rbu len t " velocity, where the dispersion is caused by shocks. The present 
d a t a support such a picture and are consistent with the following interpretat ion: the velocity of a 
discrete absorpt ion component in the unsaturated Si iv profile, measured at m a x i m u m depth, will 
asymptot ica l ly approach the max imum bulk velocity of the wind. Because the C IV (and also N v) 
ions are much more abundan t , the broadening caused by multiple shocks is much more prominent , 
giving rise to a much broader (saturated) profile. This conclusion is supported by the observation 
t h a t in all our sample s tars the edge velocity in the sa tura ted lines is significantly lower if there is 
only a low-velocity broad component present in the unsa tu ra ted Si IV line. When this component 
evolves to higher velocity, while narrowing, the edge velocity in the sa tura ted lines also increases. 
W h e n the high-velocity Si IV component decreases in s trength, the CIV land N v edge velocities also 
decrease. In conclusion, we propose that t h e max imum bulk velocity of the stellar wind is reflected 
in t he asymptot ic value of the velocity measured at the max imum depth of the discrete component 
in the unsa tu ra t ed Si IV line. 

6 C o n c l u s i o n s 

1) Typical t ime scales of variability in t he absorpt ion par t of the profile are hours to days. No 

significant changes in the emission part could be detected. 

2) The acceleration of absorpt ion features can vary from star to s tar , as well as for a given star. 

Because of this diversity, it seems unlikely that we observe the acceleration of the stellar wind itself: 

the observed velocity is more likely to represent the projected component of the mater ia l crossing 
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5 Per 0 7 . 5 I l l i n i u m S e p t e m b e r 1 9 8 7 

j I i i i i I i i . i I , i i i 1 i i i i I i i i i I , i i , I 

- 3 0 0 0 - 2 0 0 0 - 1 0 0 0 0 1000 2000 3000 
Velocity (km/s) (stellar rest frame) 

Figure 5: Variable edge velocity in the P Cygni profiles of £ Per. Two extreme cases (spectrum #13 , drawn 

line, and #19 , dashed line, see Fig. 2) are overplotted. From these figures it is clear that the blue edge 

velocity in the saturated N V and CIV profiles, and the unsaturated Si IV profile, changes systematically, 

although in the latter profile to a lesser extent. See text for further discussion. 

the line of sight, hence implying tha t spherical models are not adequate for describing the observed 

behavior. Conclusions have to wait unt i l a detailed quant i ta t ive analysis will be completed. 

3) Typical t ime scales for recurrence of "new" absorpt ion features range from a half a day 
to a week or more, again depending on the star , and is variable for a given s tar . This range is 
comparable with the es t imated stellar ro ta t ion period, a l though from the present dataset no unique 
period of an underlying clock can be derived for a each star . 

4) The steep high-velocity edges of the sa tura ted CIV and N v profiles are variable. The range 
is about 10% in velocity. The changes are correlated with the behavior of the discrete absorpt ion 
components in the unsa tu ra t ed Si IV line, implying tha t the edge velocity in the sa tura ted P Cygni 
profiles does not represent the bulk velocity of the flow. We suggest t ha t the m a x i m u m bulk velocity 
of the wind can be measured from the max imum depth of the high-velocity discrete component in 
the unsa tu ra ted Si IV line, ra ther than from the edge velocity in the sa tura ted lines. The difference 
is about 10% in velocity. Table 1 lists the newly derived values. 

7 D i s c u s s i o n 

We realize tha t our proposed determinat ion of terminal velocities of O-star winds (about 10 t o 20% 

smaller t h a n in previous determinat ions) necessitates a renewed comparison wi th values predicted 

by stellar-wind theories. It is clear tha t the always quoted (but not unders tood) fraction of 0.8 
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- 0.9 for the velocity of discrete components with respect to the traditional v^ is immediately 
understandable in our new picture. Because of the importance of these issues we postpone a full 
discussion to a separate paper. 

Modeling of the observed variability is not straightforward. At this stage we can not confirm 
models in which the recurrence time scale of the discrete absorptions is directly related to the 
rotation period of the star (Underhill & Fahey 1984, Mullan 1984). The relevant time scales, 
however, are in the right order of magnitude, which points towards rotation as being a key element 
for the displayed behavior. 

We are presently investigating the hypothesis that stellar rotation plays the dominant role 
in the variability via non-radial pulsations (NRP), where the variability is regulated by the (not 
understood, but observed) variable pulsation properties. 

8 F u t u r e 

To investigate such a suggested link between variable stellar winds and variable NRP we have 
successfully organized (September 1987) a wide campaign of simultaneous IUE and optical work. 
This paper presents some of the IUE data. THe analysis of the simultaneous optical spectra with 
very high S/N and polarimetry is in progress (Gies et al., in prep.). Such an analysis will reveal 
whether the recorded "events" are correlated with observed changes in the optical wavelength 
region, and therefore possibly relate surface phenomena with stellar wind characteristics. 
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