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Chapter 6 

Correlated near-photospheric and stellar-wind 
variability in the O supergiant A Cephei 

H.F. Henrichs and L. Kaper 

(based on: Henrichs et al., 1990, in Proc. Evolution in Astrophysics: IUE Astronomy in the era of 
new space astronomy, Ed. E. Rolfe, ESA SP-310, p. 401, and Henrichs, H.F., 1991, in Proc. ESO 
Workshop on Rapid variability of OB stars: Nature and diagnostic value, Ed. D. Baade, p. 199) 

Abstract 

The origin of the widely observed wind variability in early-type stars is unknown. We summarize 
some results of observational efforts to search for a possible connection between variations near 
the stellar surface and variability in the wind. The (near-)photospheric variations are studied by 
means of high S/N spectroscopy of selected H, He I and Hen lines, whereas the UV resonance lines 
of Si IV, CIV, and N v are simultaneously monitored for the stellar wind. Additional IR and visual 
photometry, and polarimetry give additional information. 

The two best studied stars are 68 Cyg 07.5lII:n((f)) and A Cep 06l(n)fp. For the first star 
an expanding shell can be ruled out as being the cause for the wind variability, and a possible 
connection between the pronounced (near-)photospheric and wind variability can be indicated at 
one epoch (see Fullerton et al., this volume, for more details.) In the second star covariability, 
likely periodic, has been found between the equivalent width of the Hell A4686 emission line (< 
500 km s - 1 ) and blue steep edge of the UV resonance lines at high velocity (> 2000 km s - t ) . This 
suggests that the wind and near-photosphexic variations are related. In addition, A Cep shows 
evidence for non-radial pulsations, but a connection between its properties and variability in the 
low- and high-velocity wind region is not apparent from the available data set. The interpretation 
of these results is discussed. 
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112 6. Correlated variability in A Cep 

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

Winds of early-type stars are observed to vary on timescales down to about a half an hour. This is 
evidenced by repeated observations of the P Cygni lines in the ultraviolet region. In unsaturated 
lines the variability is mostly in the form of Discrete Absorption Components (DAC's), which can 
be defined as "unexpected" absorption features superposed on the absorption part of a P Cygni 
profile. Their main characteristic is variability in strength and radial velocity. Figure 1 gives a clear 
example for 68 Cyg. For other stars the progression of the DAC velocities in time is different. It has 
been suggested that the recurrence timescale is connected to the rotation rate of the star (Prinja 
1988, Henrichs et al. 1988). In saturated P Cygni lines the variability is in the highest velocity of 
the blue steep edge of the absorption trough (see Figure 2). The two types of variability are often 
related, because in a time sequence one observes that when a DAC appears at intermediate velocity 
and migrates through the (unsaturated) profile towards higher velocities, this is often accompanied 
by a shift towards higher velocity of the steep blue edge of the saturated line(s) (Henrichs et al. 
1990, see also Prinja 1991, this volume). This is in accordance with a qualitative picture in which 
both extra absorption features are caused by the same material. This correlation is, however, not 
as predictable and/or pronounced for every star. For reviews on DAC's see Prinja and Howarth 
(1986), Henrichs (1988) and Howarth and Prinja (1989). Why this variability occurs, or more 
specifically, what the development of such a DAC episode triggers, is unknown and is the central 
question in the research described in the present paper. 

The lowest velocity at which DAC's are observed to appear is approximately one half of the 
velocity of the steep blue edge in the saturated lines (sometimes referred to as the "terminal" 
velocity). This might suggest that the origin of this variability is located in the wind itself, far 
above the photosphere. Radiatively driven winds are known to be unstable (Lucy 1983), but 
how this instability relates to the observed wind line variability is not clear. One-dimensional 
hydrodynamical calculations in which radiative effects (pure absorption and scattering) are included 
(Owocki 1991 and references therein) show that a radiation-driven supersonic flow is unstable 
against periodic perturbations from below and standing shocks will be formed very quickly, which 
will lead to a highly stratified density structure with intermixed high and low velocity within one 
stellar radius. A comparison of the results of this type of calculations with the observed time 
variability in the P Cygni lines has to wait until line profiles can be predicted as a function of time. 

On the other hand, it is well known that many early-type stars often show variability in photo-
spheric lines, which in a number of cases is attributed to a form of pulsation. See Fullerton (1990, 
1991) for a recent review. The changing physical conditions at the photosphere, below the sonic 
point, will likely cause a varying lower boundary of the stellar wind, which has somehow to respond. 

In view of these considerations it is tempting to search for observational evidence whether 
stellar wind variability might be related to changes at the photospheric level. For this purpose 
one has to monitor a star in the UV and in the optical region (and possibly in more). This has 
to be done simultaneously, since the predicted timescale for propagation is of the order of hours 
(the flow timescale of the wind), whereas the expected instabilities develop much faster. Typical 
DAC episodes take several days, whereas pulsation periods are of the order of six hours to one 
day. This requires multisite observations from the ground and from space. To study the optical 
line profile variations one needs to resolve the chosen spectral lines well enough combined with a 
sufficiently large S/N and a time resolution of a half an hour to search for high-order pulsation 
modes. In practice this requires a 2m telescope for a 5th magnitude star. This illustrates the 
practical difficulties to organize such studies and partly explains why only very few stars have been 
properly observed so far. 

The first star studied as described above was 68 Cyg 07.5ITl:n((f)) in the fall of 1987 (Fullerton 
et al. (1991), this volume). One significant outcome of this study is that a spherically expanding 
shell as the cause for the DAC's can be ruled out by the limits set by the infrared photometry. 
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68 Cyg 0 IS III: n((f)> 5 - 8 September 1987 Si IV 
IUE wavelength (A) 29 spectra 

1380 1385 1390 1395 1400 1405 1410 

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

F igu re 1: Example of time evolution of the Discrete Absorption Components (DAC's) in 68 Cyg 
07.5III:n((f)) in 1987. Time is running upwards. Mid-exposure times are indicated by arrows. The DAC's 
are present in both doublet components. Compare Fullerton et al. (1991, this volume) for simultaneous 
optical and IR coverage 

In addi t ion, at one occasion a significant change in the high-velocity absorpt ion edge of the CIV 
profile is accompanied by a change in equivalent width of the Hel l A4686 line, 10/x flux and V-band 
polarizat ion. A more complete coverage of the optical spectroscopy is needed to confirm these 
promising results. In the present paper we further concentrate on some of the results of a campaign 
in October 1989 on the 06I(n)fp star A Cep. A preliminary report was given by Henrichs et al. 
(1990). 

2 S u m m a r y of o b s e r v a t i o n s 

The s tar A Cep was chosen because of its well documented photospheric and stellar wind variability 

(e.g. Leep and Conti (1979), Grady et al. (1983), Henrichs et al. (1988), Kaper et al. (1990)). We 

planned a worldwide campaign including six observatories, space-borne and ground-based, with a 

coverage of nearly three days. Since we wanted to m a p out the behavior of the flow from the deep 

photosphere up to the outer regions of the wind, we covered the weak photospheric He I A4713 

absorpt ion line, the near-photospheric Hel l A4686 emission line, and the P Cygni doublets of SiIV, 
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XCep 06I(n)fp 17- 19 October 1989 CIV 

IUE wavelength (A) 23 spectra 
1535 1536 1537 

-2600 -2500 -24O0 -2300 -2200 -2100 

velocity (km/s) (stellar rest frame) 

F i g u r e 2 : Variable blue edge velocity in the C i v P Cygni profile in A Cep 0 6 I ( n ) f p . T h e corresponding 

SiIV a n d N v edges move paral lel to the Civ edge. T h e suggestive 2 day cycle is also found in opt ical Unes 

a t low velocity a t different epochs (compare Fig . 3). T h e es t imated ro ta t ion period of the s ta r is a b o u t 4 to 

5 days 

CIV, and N V in the ultraviolet region. This resulted in was 23 high-resolution spectra of A Cep 
with the /(/^satellite, supported by more than 180 ground-based spectra from the Calar Alto and 
Kitt Peak Observatories, with a spectral resolution of 0.25 A and S/N ~ 300, using a CCD detector 
at the Coudé focus. In addition we carried out simultaneous uvb photometry and polarimetry. 

We present some parts of these dataset and describe a number of aspects of the observed behavior 
in the following order: high-velocity wind lines, low-velocity Hell line and deep-photospheric Hei 
line. 

2.1 The U V P Cygni lines 

The saturated Civ edge velocity showed a systematic increase of about 100 km s_1 (measured at 
half the continuum) in the course of a day, followed by a similar decrease during the second day (see 
Figure 2). This behavior is consistent with a periodicity of 2 days, which could also be found back 
in IUE spectra of a previous year, although less pronounced. One way of presenting the integrated 
changes in velocity is to measure an equivalent width, for which we took the region between -2500 
and -2000 km/s (see Figure 3). The edge of the saturated N v and the nearly saturated Siiv hnes 
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X. Cep 061 (n)f p 17 - 21 October 1989 

1 
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F igu re 3: Equivalent widths of the Hell A4686 emission line (filled symbols) compared with the equivalent 
widths of the C iv blue edge (open circles). The latter are measured between —2500 and -2000 km/s and are 
scaled to roughly match the amplitude of the Hell variation. The 2 day cycle is also present in IUEspectia. 

of previous years and in other optical absorption lines in spectra taken 4 years earlier (Fullerton 1990). The 
Civ edge is behavior is displayed in Fig. 2. Sample Hell line profiles are presented in Fig. 4 

follows very closely the C i v behavior, while other par ts of the profile remain practically constant . 
This varying edge velocity behavior appears to be strongly correlated wi th the He II emission line 
behavior (see below). 

Although in 1989 the Si iv doublet was more sa tura ted t h a n in previous years (compare with 
Kaper et al. 1990), a DAC can be identified in quotient spectra with respect to a mean spectrum 
in the first six exposures. The est imated central velocity migrates from about - 9 0 0 k m / s to about 
— 1800 k m / s in 0.5 day and continues to accelerate parallel to the C ivedge. This is consistent with 
the behavior sketched in the introduct ion above. The NIV A1718, He II A1640 and S i m A1206 lines 
did not vary significantly. 

2.2 T h e H e n A4686 d o u b l e - p e a k e d e m i s s i o n l i n e 

The double-peaked H e n emission line varied dramatical ly over the study period, down to the 

shortest recorded timescale (about 15 min) . In cases when spectra taken from Ki t t Peak and Calar 

Alto overlapped in t ime the profiles were in excellent agreement. Figure 4 shows a composite plot of 

spectra during the night when the C IV edge velocity was at min imum. For comparison a few He II 

spectra during m a x i m u m CIV edge velocity are overplotted. Equivalent width measurements of 

the emission are p lot ted in Figure 3, together with the scaled values for the CIV edge. The striking 

coincidence of the two quanti t ies is highly suggestive of a causal relat ionship. The max imum 

Hell emission (around M J D = 7.5), corresponding to min imum C i v edge velocity, was marked 

by sudden, ra ther complex, changes near the line center, as i l lustrated in Figure 5 in the form of 

quotient spectra. 
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XCep 061 (n)fp 17 and 18October 1989 Hell 

Calar Alto wavelength (A) 43 spectra 
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velocity (kra/s) (stellar rest frame) 

F i g u r e 4: Sample profiles of He II A4686 during epochs where the C IV blue edge velocity was at its minimum 
(MJD = 7.5) and maximum (MJD = 8.5). The time sequence of the 40 spectra at the top are shown in Fig. 
5. The time intervals between the 3 spectra during the second night was from top to bottom 35 min. and 
15 min. respectively 

2 . 3 T h e H e I A4713 a b s o r p t i o n line 

T h e weak photospher ic He I absorption line showed small superposed absorpt ion features moving 
from blue t o red (Figure 6). A period search with the CLEAN algor i thm at each resolution 
element across the profile (closely following Gies and Kulavanijaya 1988) shows a period of 6.5h 
a n d a possible second period of 12h. Figure 7 shows how the power is distr ibuted across the profile 
as a function of frequency. A phase /ampl i tude d iagram for the 6.5h period is displayed in figure 
8. We interpret these variat ions as due t o nonradial pulsat ion with I = —m = 5 (most probable 
value, derived from the slope and ampli tude of the phase- t ime diagram) for the 6.5h period. The 
12h per iod is p robably a I = —m = 3 mode. The significant ampl i tude m i n i m u m near the center 
of the line is a t t r i bu t ed to a nonzero A'-value, K being the rat io between horizontal and vertical 
pu l sa t ion ampl i tude , as demons t ra ted by K a m b e et al. (1990). 

3 D i s c u s s i o n 

T h e close correspondence in behavior of t he high-velocity CIV edge and the low-velocity He II line 

(F igure 3) is remarkable . How accurate t h e min imum CIV velocity coincides with the max imum 

emission s t rength cannot be determined be t t e r t h a n about two hours with the available t ime res

olut ion. In a very simplified spherical picture wi th a monotonically increasing velocity law with 

j9 = 1, ini t ial velocity of 20 k m s _ 1 and a stellar radius of 20 RQ the t ime to travel from 200 to 2000 

k m s _ 1 is about one day. The much shorter observed t ime delay suggests t ha t the lines are spatially 

no t far separa ted from each other . Such a velocity/density s t ructure is possibly explainable by a 

shocked wind model , similar to what Owocki (1991) predicts , but several caveats inhibit a strong 

conclusion. Fi rs t , the s tar is a rapid rotator: u s in f ~ 200 k m s , which implies for a supergiant 
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XCep06I(n)fp 17-18 October 1989 Hell 
CalarAlto wavelength (A) 40 spectra 

4676 4680 4684 4688 4692 

-600 -400 -200 0 200 400 600 
velocity (km/s) (stellar rest frame) 

F igu re 5: Quotient spectra of He II A4686 around the epoch when the CIV blue edge velocity went through 
its minimum. An average of the first 8 spectra was taken as a reference spectrum 

a very high ro ta t ion r a t e , and deviations from a spherical flow are expected. Secondly, we don't 
know how and where the Hel l line is formed: model calculations by Gabler et al. (1990), which 
neglect ro ta t ion , produce much stronger wings than observed. As the emission peaks are found 
at about ± u s i n i , ro ta t ion most likely plays a dominant role in the line formation process. New 
work in this direction is under taken (see Mazzali et al. 1991). Other observations, however, argue 
strongly tha t the Hel l line must be formed very close to the star: Fullerton (1990) also found a 
two day period in the equivalent width of the C i v AA5801.12 and the He I A5876 absorption lines 
in spectra taken in 1985 and 1986. This suggests tha t the 2 days has persisted over several years, 
ra ther than being a one t ime event. The question remains of course what the 2 day period actually 
reflects. The est imated ro ta t ion period of A Cep is about 4.5 days, about twice the breakup rotat ion 
period. More study is obviously needed to find out whether the clock is the rota t ion rate of the 
star (implying surface inhomogeneities) or is of orbi tal origin. 

The short period of 6.5h excludes tha t the moving absorpt ion features in the He I line are carried 

around the s tar due to ro ta t ion alone. This favors an in terpreta t ion in terms of non-radial pulsation. 

The equivalent width of the He I line varies, however, which is possibly caused by tempera ture effects 

(see also Simon 1991, this volume). Such effects are usually neglected in the N R P analysis. 

Since the beginning of the DAC in the Si IV P Cygni profile fell outside the t ime span covered 

by IUE we could not s tudy a possible link with the near-photospheric behavior. 
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».Cep 06I(n)fp 17-18 October 1989 He I 
Calar Alio & Kill 1'cak wavelength (A) 52 spectra 
4706 4708 4710 4712 4714 4716 4718 
P ' i ' i ' I i i ' i ' n 1005 

-400 -300 -2O0 -100 0 100 200 300 400 
velocity (km/s) (stellar rest frame) 

F i g u r e 6: Example of time evolution of the small absorption features progressing through the deep photo-
spheric He I A 4713 line. We interpret this behavior as due to non-radial pulsations. The velocity scale is 
shifted 75 km/s to correct for the systematic motion of this star. The transition from Calar Alto to Kitt 
Peak data is around MJD = 7.55 

4 Conclusions 

We think we have progressed one step closer to answering the question posed in the title, although 
we are still far from a complete understanding. The close correspondence between the CIV edge 
variability and the equivalent width variations of several optical lines suggests that the region where 
the highest wind velocity is observed is connected to the region near the photosphere. This has 
obvious consequences for the interpretation of the steep blue edge in P Cygni profiles. Our present 
working hypothesis is that the described covariability exists in many early-type stars. One could 
argue however, that A Cep might be an exceptional star (it is a runaway star with a rare spectral 
type and very high rotation rate), and that the results obtained are not transferable to other early-
type stars. But it is perhaps just because of its unusual properties that this star reveals the same 
physical effects more pronounced than others. The only way to find out is simply to observe more 
stars. 
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X CcpOó I (n)fp 17-21 October 1989 lie I 
CIJiAN wavelength (A) 167 spectra 
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Average spectrum 
T 
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velocity (km/s) (stellar rest frame) 

F i g u r e 7: Power periodogram from a CLEAN spectral analysis of all Kitt Peak and Calar Alto data over 

5 nights. The strongest signal is found around 3.7 cycles/day, for which period the phase and amplitude 

across the profile are plotted in Fig. 8. A second peak around 2 cycles/day can be identified. The other 

peaks in the diagram are probably not real 
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XCep06I(n)fp 17 - 21 October 1989 He I 

Calar Alto & Kilt Peak wavelength (A) Period = 3.7 cycles/day = 

4706 4708 4710 4712 4714 4716 

6.5 h 

4718 
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F i g u r e 8: Phase and amplitude across the He I A4713 absorption line for a period of 6.5 hours. From the 

slope and the range in phase one can derive the most probable non-radial pulsation mode I = — m = 5. The 

dip in amplitude in the center of the line is attributed to a horizontal component in the pulsation (K > 1) 


