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Abstract.. We investigate the optical line-profile variability of the prototype of the 0 Cephei stars. From more than 600 
spectra,, with a typical signal to noise ratio of over 200 and high spectral resolution, we deduce that the variations show 
periodicityy with at least five different frequencies. We find variability at the previously known frequencies /i=5.25 cycles/day 
(radiall  pulsation) and /2=5.38 c/d and fj=4.92 c/d. Additionally, we report two new frequencies /4=5.08 c/d and /s=5.42 c/d. 
Thesee five frequencies are present in periodograms of the velocity moments of all of the absorption lines considered (Si m 
AA 4552, 4567, 4574 and OII A 4591), and also in periodograms of the intensity variations in these lines. 
Thee variations at frequencies f\ and fi can be successfully modelled by a radial and a non-radial (C=2 or £=l, m=l) 
pulsation,, respectively. 
Followingg results of studies of the UV resonance lines of /? Cep, we interpret the frequency spacings f\— /3«0.33c/d, 
ƒƒ l — /4~0.17 c/d, fs—ƒ i «0.17 c/d as multiples of the rotation frequency of the star. 
Wee discuss the influence of the presence of a (surface) magnetic field on the apparent modulation of the line-profile variability 
off  the radial pulsation mode. 

1.. Introductio n 

Thee bright pulsating star j3 Cep (HD205021, spectral type B2III , 
V=3.2,, Ve sin i «25 km/s) is the prototype of a class of early-
typee variables. The radial-velocity variations of this star were 
firstt detected by Frost (1902); the star is a radial pulsator with a 
periodd of 4.57 hour. Since then, line-profile variations have been 
foundd which are periodic at time scales of hours to decades. 

Pigulskii  & Boratyn (1992) found that p Cep is the primary 
off  a triple system; the secondary revolves around the primary 
withh an orbital period of 7 year. The secondary has been 
resolvedd by speckle interferometry (Gezari et al. 1972), and the 
tertiaryy has a separation of 13.4 arcseconds (Heintz 1978). 

AA magnetic field strength of G was measured by 
Rudyy & Kemp (1978). Henrichs et al. (1993) and Veen et al. 
(1996)) present measurements which emphasize the variable 
naturee of the magnetic field strength of j3 Cep. 

Besidess the variable nature of the star itself, /3 Cep is 
alsoo known to show variability of its stellar wind (Fishel & 
Sparkss 1972). Studies of the ultraviolet (UV) wind lines of 

**  Based on observations obtained at the Observatoire de Haute 
Provence,, France 
***  Senior Research Assistant, Belgian National Fund for 
Scientificc Research 

/JCepp (Fishel & Sparks 1981) revealed a 6 or 12 day period. 
Henrichss et al. (1993) and Veen et al. (1996) identify the peri-
odicityy of the UV wind variability with the rotation period of a 
magneticc dipole, which implies a rotation period of the star of 
122 days. 

Long-termm cycles of Ha absorption and emission phases 
havee been observed; the latest emission phase is reported by 
Mathiass et al. (1991) and Kaper & Mathias (1995). Kaper et al. 
(1996)) discuss whether the emission phases might be associated 
withh the binary nature, with a sudden change of the amplitude 
off  the radial pulsation, or with the magnetic activity of the star. 

Aertss et al. (1994) discovered short-term multi-periodicity 
inn the variations of optical lines of ft Cep. They identified the 
frequencyy of the radial pulsation ƒ i =5.25 cycles/day, and found 
twoo more frequencies, /2=5.38c/d, /3=4.92c/d, close to the 
mainn frequency. The amplitude of these variations was found 
too be much smaller than that of the radial pulsation. Aerts et al. 
(1994)) attributed these small variations at the newly found fre-
quenciess to non-radial pulsation modes of the star, but labelled 
thee mode identifications as uncertain. 

Ass a follow up on the work of Aerts et al. (1994), we in-
vestigatee if any possible effect of the presence of a magnetic 
fieldd can be found in the profile variations of the optical photo-
sphericc absorption lines of the star. Furthermore, we investigate 
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Fig.. 1. Mean of the 620 spectra in the wavelength regions that were used to normalize the spectra 
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Fig.. 2. An example of one night of data, in the wavelength range 
aroundd the Si III A 4574 line. From top to bottom: the mean of all 620 
spectraa — 54 normalized spectra taken on JD 2448756 — a grey-scale 
representationn of the intensity variations in the line — the 54 residual 
spectraa (mean spectrum subtracted from the normalized ones) — a 
grey-scalegrey-scale image of the residual intensity variations in the line 

thee characteristics of the non-radial pulsation corresponding to 
thee frequency ƒ2. Preliminary results of this work have been 
presentedd by Telting et al. (1995). 

Thee plan of our paper is as follows. A brief description of the 
dataa is given in Section 2. In Section 3 we describe the period-
searchh methods we have used to analyse the data, and list all the 
frequenciess that we find in the periodograms. The non-radial 
pulsationn in f3 Cep is subject of the discussion in Section 4. We 
discusss the observed frequency splitting in Section 5, and give 
somee concluding remarks in Section 6. 

2.. The data 

Thee data have been taken at the Haute Provence Observatory, 
andd consist of 660 spectra taken on 19 nights over a total time 
spann of 33 days (May 11 - June 14, 1992). The spectra are 
sampledd with a resolving power of R~50000, over a wavelength 
rangee which comprises absorption lines of the Si III triplet A 
4552.6,4567.8,4574.88 and of 011 A 4591.0. The Si il l A 4552.6 
iss blended with a weak line of Si III A 4554.0. Al l spectra are 
mappedd to the heliocentric frame and the times of mid-exposure 
aree in HJD. For this study we used only the best 620 spectra 
(S/N>> 150). For a further discussion on the data we refer to 
Aertss et al. (1994). Figure 1 displays the mean spectrum in the 
regionss around the absorption lines. An example of one night 
off  data is shown in Figure 2. 

Inn Figure 3 we present a comparison of the equivalent width 
(EW)) changes of the optical lines with those of the UV wind 
lines.. We plot the EW variations of the Si in A 4552 line, and 
thosee of the UV resonance doublets of Si IV (A 1394, 1403) 
andd C iv (A 1548, 1551). Since there were no UV data taken 
simultaneouslyy with the optical data, we represent the UV EW 
dataa with an interpolating fit  to IUE data presented by Veen et 
al.. (1996). (There are IUE measurements taken less than a year 
beforee and less than a year after our optical measurements.) The 
fittedfitted function consists of two sinusoids with periods of 12.0 and 
6.00 days, and is fitted to 75 measurements, spanning 14 years, 
forr CIV and to 67 measurements for Si IV. With this function, 
alll  UV EW data points are fitted well within the error of the 
measurements;; a fit  with just one sinusoid with a 6 day period 
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Fig.. 3. Variations of the equivalent width of lines in the ultraviolet and in the optical. The top panel shows the interpolated fit to the EW 
variationss of the UV resonance doublets of Si iv (top curve) and C iv (bottom curve). The lower panel shows the EW changes of the Si in A 
45522 line. Variations with a time scale of 12 or 6 days are superposed on the variations caused by the radial pulsation. The sampling of the 
opticall  data is such that we cannot distinguish between deep and less-deep minima, as in the case of the UV resonance lines. Note that with 
eachh UV deep minimum we find a minimum in the EW of the optical lines as well 

doess not give such a satisfactory result. The combination of the 
twoo sinusoids makes it clear that the EWs of the UV wind lines 
varyy with alternating deep and less-deep minima. For this reason 
andd because of the similarity of the UV wind variations with 
thosee of the magnetic star HD184927, Henrichs et al. (1993) 
andd Veen et al. (1996) interpret the UV variations in /3Cep as 
duee to the consecutive passing of the poles of a magnetic dipole, 
whichh is oblique to the rotation axis of the star. 

Onee can clearly see in Figure 3 that, although the sampling 
off  the optical data is troubled by weather problems, the pho-
tosphericc profiles also show evidence for a 6 and/or 12 day 
periodicity. . 

3.. Period analyses 

3.1.3.1. Description of the methods 

Twoo of the most widely studied methods of spectroscopic pul-
sationn mode identifications are based on period searches on 
eitherr the variations of the velocity moments of the absorp-
tionn lines (the moment method, Balona 1986; Aerts et al. 1992; 
Aertss 1996), or on the intensity variations as a function of po-
sitionn in the line profile (Gies & Kullavanijaya 1988; Telting & 
Schrijverss 1996). For this study we apply both period finding 
techniques. . 

Thee first technique looks for periodicity in the change of 
derivedd quantities, such as equivalent width (EW), apparent 

radial-velocityy (Mi) , squared line width {Mj)  and skewness 
(M3).. Hereafter we refer to this period-finding technique as the 
Momentt Period Search (MPS). Pulsation mode identifications 
aree done considering the characteristic changes as a function of 
pulsationn phase for each of these quantities. 

Thee velocity moments Mn are derived by a weighted sum-
mationn of the normalized intensity across the line profile 

MMnn = J{v -vvKfKf))
nn(l(l  - I(v))dv (1) ) 

wheree wref is a reference velocity. In this paper, we calculate the 
firstt moment with the rest wavelength of the line as reference, 
andd the second and third moment are calculated using the first 
momentt as reference velocity vKf. The integration is carried out 
overr an as narrow as possible wavelength region, to minimize 
thee influence of the continuum noise in the determination of the 
moments.. We normalized the velocity moments by dividing by 
thee equivalent width Mo; from here on we speak of moments 
whenn we mean normalized moments. 

Thee second method searches for periodicity in the normal-
izedd intensity of each wavelength bin across the absorption line, 
resultingg in diagrams that give the amplitude and phase of the 
profilee variations as a function of position in the line profile. 
Thenn pulsation mode identification is attempted using the ob-
servedd change in phase of the periodic variations as a function of 
wavelength.. Hereafter we refer to this period-finding technique 
ass the Intensity Period Search (IPS). 
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Fig.. 4. The variations in EW and in the velocity moments of the Si in X 4574 line (first 6 nights of observations), and the corresponding 
CLEANedd periodograms (from all 620 spectra). The most prominent periodicity is due to the radial pulsation, although the variations in the 
secondd moment (i.e. line width) are not dominated by the radial pulsation. One can see a 6 day period in the equivalent width (see also Figure 3), 
andd a 6 day period amplitude modulation of the first moment (i.e. line centroid velocity). Even after using CLEAN the periodograms severely 
sufferr from aliasing. We find the frequencies f \ . . . ƒ5 in the periodograms of the moments, albeit at one-day aliases for some cases. We note that 
thee frequencies associated with the rotation of the star (multiples of 0.083 c/d and one-day aliases) are prominent especially in the equivalent 
widthh and in the third moment (i.e. skewness) of the line profiles 

Thee period-finding algorithm we applied consists of an 
ordinaryy Fourier transformation for non-equidistant temporal 
sampling,, followed by a CLEAN stage in which the window 
function,, which is due to incomplete temporal sampling of the 
stellarr signal, is iteratively removed from the Fourier spectrum 
(Robertss et al. 1987). The window function was removed in 
4000 iterations with a gain of 0.2. The frequency range that can 
bee examined with the data set is approximately 0.03-400 c/d, 

butt to cut down computing time we limited the frequency range 
off the computations to 0.001-30 c/d with a frequency step of 
0.0011 c/d. After CLEANing, the amplitude of the variations can 
bee estimated by the relation a(f) = 2y/p(f) , where a ( / ) is 
thee amplitude as a function of frequency, in units of the original 
signall that was given as input to the Fourier routine, and where 
p(p(ƒ)ƒ) is the CLEANed power spectrum. 
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Fig.. 5. Partially CLEANed Fourier periodograms of the intensity vari
ationss in the Si m A 4574 line. For each wavelength bin the power as 
aa function of frequency is plotted as a grey-value. Grey-scale cuts: 0 -
10 - 6 .. The bottom panel shows the mean, the first and the last spectrum 
off the data set. We find a pattern of frequencies at which variations are 
seen.. This pattern occurs around the main pulsation frequency f\, and 
alsoo around the harmonics of the main pulsation frequency. Here we 
showw the pattern as detected around /i=5.25 c/d and 2/i=10.50c/d 

Forr the four absorption lines we applied this period search 
algorithmm to the time series of 620 spectra: we analysed the 
timee series of the moments (MPS), and the time series of the 
normalizedd intensity of each position in the line profiles (IPS). 
Wee CLEANed the Fourier transform of the time series of the 
momentss over the whole frequency range (0-30 c/d), to obtain 
thee periodograms (see Figure 4). 

Forr the intensity variations, however, we found after the 
firstfirst trials that the periodograms resulting from the IPS method 
onlyy contained evidence for periodicity within the intervals 
0.0-3.0c/d,, 4.6-5.8,9.8-11.0, 15.2-16.2, 20.4-21.8 and 23.0-
30.00 c/d. Outside of these frequency intervals only occasional 

one-dayy aliases were present. To avoid the CLEANing of the 
one-dayy aliases we restricted the CLEAN algorithm to the above 
mentionedd frequency intervals, thus ensuring that all power of 
thee variations is CLEANed at the right frequencies. Of course 
onee can only do this if one has foreknowledge of the detected 
frequencies;; in our case the observed periodogram (see Figure 
6)) and especially the repetitiveness of the frequency pattern 
(seee next section) proved the validity of partially CLEANing 
thee "dirty" Fourier spectrum. Similar partial CLEANing tech
niquess are commonly used in the reduction of radio synthesis 
observations. . 

3.2.3.2. Results of the period analyses 

3.2.1.. Variations in the moments 

Inn Figure 4 we show the moments and their periodograms, as 
derivedd from the Si III A 4574 line. Consistent with the results of 
Aertss et al. (1994), we find that the variations of the equivalent 
width,, the centroid velocity and the skewness of the profiles are 
dominatedd by the radial pulsation in /? Cep. 

Forr all 4 investigated lines except Si III A 4574, the varia
tionss of the second moment (squared line width) are dominated 
byy the radial pulsation. For Si in A 4574 the power peak of 
thee radial mode is of equal strength to that of other detected 
frequenciess (which will be specified below). The relative am
plitudee of the variations of the equivalent width (dEW/EW) and 
off the second moment (dM^IMi) are largest for the OII A 4591 
line,, whereas its average equivalent width is the smallest of the 
fourr investigated lines. 

Fromm the curves of the EW in Figure 3 and of the moments 
inn Figure 4 it is evident that a 6 day period (EW) and a 6 day 
amplitudee modulation (first and third moment) is present. Con
sequently,, we find a peak in the periodograms of the moments 
att 0.17 c/d, corresponding to a period of 6 days. Since the 6 day 
periodd was already identified as half the rotation period of the 
starr (from UV wind lines), we argue that the regular pulsational 
cycle-to-cyclee amplitude variations as observed in the optical 
(e.g.. Struve et al. 1953, Aerts et al. 1994) are mainly due to 
rotationall modulation. 

Inn addition to the three frequencies found by Aerts et al. 
(/i=5.25,, /2=5.38, /3=4.92 c/d), we find evidence for two other 
frequenciess in the moment variations, but severe one-day alias
ingg makes it difficult to identify these frequencies with certainty. 
Wee note that these newly detected frequencies ƒ4 and ƒ5, that 
willl be specified below, were not found in the moment vari
ationss by Aerts et al. (1994), who used the Phase Dispersion 
Minimizationn method of Stellingwerf (1978) without CLEAN
ingg by means of a window function. It is therefore clear that 
periodd analyses using the CLEANing technique can lead, in 
somee cases, to better results compared to methods that do not 
makee use of this technique. 

Aertss et al. (1994) noted that the FWHM variation of the 
AA 4552 line in /3 Cep is not dominated by the radial pulsation, 
butt instead varies mainly with frequencies ƒ3 and ƒ2. In their 
periodd analysis they only investigated the frequency interval 
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Fig.. 6. The variational power in the (partially) CLEANed Fourier 
periodogramss (IPS, see Figure 5) is summed over the wavelength range 
off the Si in A 4574 line (4573.7^4-575.5A), forming a one-dimensional 
periodogram.. The top panel shows the window function that is removed 
byy CLEAN. Then, from top to bottom the frequency intervals around 
zero,, f\, 2/i, 3 f\, and 4/i are shown. The horizontal scales of each 
off the panels are the same. Evident are the frequencies f\ 
(radiall mode), ƒ2 (non-radial mode), ƒ3, ƒ.», and ƒ5. The spacings 
fr<fr< ——>>  f<t< —»f\ <—> ji  are 0.17 c/d each (a period of 6 days). This is 
equall to the frequency of subsequent high (or low) EW values of the 
UVV resonance lines (see Figure 3) 

[3.0,8.0]] c/d. We analysed the FWHM variations of the A 4574 
linee using the CLEAN technique, and find in order of decreasing 
power:: the 6 day period, ƒ3, ƒ2, 2/i and / i + / 4 . 

3.2.2.. Variations in the normalized intensity as a function of 
positionn in the line profiles 

Inn Figure 5 we plot parts of the periodogram resulting from the 
IPSS analysis of the data of the Si III A 4574 line. We summed 
thee detected power of the periodograms of the variations across 

Tablee 1. Observed frequencies (in cycles/day) of spectral line vari
ationss in P Cep. For the Si in triplet and the O 11 line we give the 
observedd line centre of the mean of 620 spectra (read off from the 
meann spectrum sampled on 0.05A bins). The wavelength scale is cor
rectedd for earth motion. The frequencies are derived from summing 
thee variational power of the IPS over the wavelength region around the 
linee centre that contains significant variability 
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h h 
h h 
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hh + h 
/ . + / 4 4 
2x / , , 

ƒ.. + ƒ2 
hh + h 

2x.frr + ƒ3 
2x/ ,, + /4 

3x / , , 
2x / ,, + /2 

2x/ ,, + /5 

3x/ ,, + / 3 

4X / ! ! 
3x/ ,, + /5 

Sii in 
4552.45 5 

0.175 5 
0.334 4 

4.925 5 
5.083 3 
5.250 0 
5.379 9 
5.417 7 

10.170 0 
10.334 4 
10.500 0 
10.632 2 
10.669 9 

15.420 0 
15.581 1 
15.750 0 
15.883 3 
15.921 1 

20.673 3 
21.001 1 
21.171 1 

Sim m 
4567.70 0 

0.162 2 
0.333 3 

4.923 3 
5.082 2 
5.250 0 
5.381 1 
5.417 7 

10.172 2 
10.335 5 
10.500 0 
10.632 2 
10.669 9 

15.422 2 
15.581 1 
15.751 1 
15.884 4 
15.920 0 

20.673 3 
21.001 1 
21.171 1 

thee lines to a one dimensional p 

S im m 
4574.60 0 

0.160 0 
0.338 8 

4.923 3 
5.082 2 
5.250 0 
5.381 1 
5.417 7 

10.171 1 
10.334 4 
10.500 0 
10.632 2 
10.669 9 

15.421 1 
15.586 6 
15.751 1 
15.883 3 
15.921 1 

20.674 4 
21.001 1 
21.170 0 

eriodograi i 

On n 
4590.80 0 

0.161 1 
0.334 4 

4.923 3 
5.085 5 
5.250 0 
5.380 0 
5.417 7 

10.172 2 
10.334 4 
10.500 0 
10.632 2 
10.669 9 

15.423 3 
15.585 5 
15.750 0 
15.882 2 
15.919 9 

20.673 3 
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21.170 0 

nn (see Figi 

average e 
0.165 5 
0.335 5 

4.924 4 
5.083 3 
5.250 0 
5.380 0 
5.417 7 

10.171 1 
10.334 4 
10.500 0 
10.632 2 
10.669 9 

15.422 2 
15.583 3 
15.751 1 
15.883 3 
15.920 0 

20.673 3 
21.001 1 
21.171 1 

iree 6), and 
comparee this summed periodogram with the periodograms of 
thee velocity moments (MPS, Figure 4). The wavelength range 
overr which the separate periodograms are summed, is kept as 
smalll as possible to prevent the noise level from building up. 

Wee find clear differences between the periodograms of the 
twoo different techniques, MPS and IPS. In the periodogram 
off the latter method we find patterns recurring around every 
detectablee harmonic of the radial pulsation, with the same fre
quencyy spacing as around the main frequency. The advantage 
off this is that we can easily identify certain power peaks to be 
significantt (see Figure 6), which was not possible in the peri
odogramss of the moments. This allows us to discard the one-day 
aliasess by partially CLEANing the periodogram (Section 3.1). 

Thee recurring pattern of power peaks is not due to stellar 
variabilityy with the corresponding frequencies, but instead due 
too the unobvious mapping of the intrinsic stellar 3-dimensional 
variabilityy onto a one-dimensional representation, i.e. the spec
trall line profile. Only the frequencies detected around the main 
pulsationn frequency, represent true intrinsic periodic variability. 

Wee find, apart from the already known frequencies, two 
otherr frequencies (/4=5.08c/d, /5=5.42c/d) around the main 
frequency,, which have variations exceeding the noise level. 

http://2x.fr


Johnn Telting & Conny Aerts: Analysis of the optical line variability of f3 Cephei 121 1 

- ii  i , , . , i , i , , i i i . i i I  I  . , , i , i , i i  , , , i , i _ i  i 

45744 4574.5 4575 4575.5 4574 4574.5 4575 4575.5 
wavelengthh [Angstrom] wavelength [Angstrom] 

Fig.. 7. The IPS amplitude (left) and phase (right) distributions of the line-profile variations (see Figures 5 and 6). The top panels display the 
meann of the observed profiles. The middle and lower panels give the (partially) CLEANed amplitude and phase distributions for the indicated 
frequencies.. The phase diagrams are offset by multiples of 27r for clarity. The amplitude and phase distributions at the main pulsation frequency 
andd its first harmonic (middle panel) are characteristic for a radial pulsation 

Thee spacing between the frequencies are: f\— /3«0.33c/d, 
ƒ]—/4~0.17c/d,, and ƒ5—/i«0.17c/d). Furthermore, we find 
inn the periodograms a peak at 0.17c/d, corresponding to a pe
riodd of 6 days, and evidence for harmonics of this frequency. 
Fromm UV wind line measurements, the period of 6 days has 
beenn interpreted as half the rotation period of the star (Henrichs 
ett al. 1993, Veen et al. 1996), and hence we can identify the 
spacingss between the main frequency f\ and the frequencies ƒ3, 
ƒ4,, and ƒ5 as multiples of the rotation frequency of the star. 

Thee IPS period analysis gives consistent results for each of 
thee four investigated absorption lines. The error in the detected 
frequenciess can be estimated by the HWHM of the main peak 
off the window function, which is 0.011 c/d (see Figure 6). This 
estimatee reflects a possible systematic error due to the time 
samplingg of the data. The multitude of absorption lines, how
ever,, allows us to make a separate estimate by computing the 
meann and the error in the mean of the detected frequency values 
(Tablee 1). We find that for all detected frequencies the error in 

thee mean is in the order of the frequency spacing (0.001 c/d) 
thatt we used for the Fourier analysis. 

Inn Figure 5 one can see that the distribution of the power as 
aa function of position in the line profile is rather complex. In 
Figuree 7 we display the IPS amplitude and phase distributions 
forr some of the detected frequencies. The amplitude distribution 
att the main frequency and its first harmonic, f\ and 2f\, can 
bee modelled perfectly by that of a radial pulsation. Part of 
thee complexity in the other amplitude distributions is due to 
incompletee sampling as a result of bad weather. 

Fromm Figure 7 we conclude that the amplitude distribution 
att ƒ5 and f\ + f5 is asymmetric with respect to line centre. We 
arguee that a model for the optical line-profile variability in 
pp Cep should not only account for the observed frequencies but 
alsoo for the complexity of the amplitude distributions. 
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Tablee 2. Results of the analysis of the line-profile variations with 
apparentt frequency /2=5.38c/d with the moment method (Aerts 1996); 
thee mode with the lowest value of 7 fits the moment variations best. 
Wee list the pulsation amplitude as defined by Aerts (1996, vp) and as 

7 7 
km/s s 
0.52 2 
0.55 5 
0.57 7 
0.60 0 
0.64 4 

vvp p 

km/s s 
2.8 8 
1.5 5 
2.4 4 
6.1 1 
5.7 7 

»max x 

km/s s 
3.8 8 
1.9 9 
3.2 2 
8.5 5 
9.0 0 

V^sini i 
km/s s 
23.9 9 
32.6 32.6 
13.4 4 
25.7 7 
20.8 8 

W W 
km/s s 
14.6 6 
12.5 5 
16.7 7 
11.9 9 
17.0 0 

i i 

61° ° 
70° ° 
88° ° 
8° ° 

43° ° 

4.. The non-radial mode in /3 Cep 

Smithh (1977) suggested that the observed amplitude variations 
inn 0 Cep might be related to beatings, and showed that indi
viduall line profiles can be fitted with non-radial pulsations. 
However,, Campos & Smith (1980) showed that the line-profile 
variationss with frequency ƒ 1 can only be due to a radial pulsation 
mode. . 

Aertss et al. (1994) have analysed the moments of the line 
profiless of their extensive data set of 0 Cep, assuming a triple-
periodicc pulsation with frequencies ƒ1, f2, ƒ3, to interpret the 
variationss with apparent frequency /2=5.38 c/d. They concluded 
thatt these variations can be modelled as a non-radial pulsation 
withh £=\m\=2 and with a low amplitude with respect to that of 
thee radial pulsation in /3Cep. Here we reanalyse the data and 
findd two different pulsation modes that give a better description 
off the variability at ƒ2. 

4.1.4.1. The moment method 

Withh the moment method one can identify the pulsation mode 
fromm the variations in the moments of the line profiles. We used 
thee new version of the moment method (Aerts 1996, who uses 
aa definition of the moments that is different from that used in 
thiss paper) to derive the parameters of the non-radial mode in 
00 Cep, using a model that includes ƒ ] , . . . , ƒ5 to fit the observed 
moments.. This fit is compared with the modelled moments for 
eachh combination of £ and \m\ of the non-radial mode; the com
parisonn is carried out by the minimization of a discriminant, 7. 
Tablee 2 lists the best models ranked according to the minimized 
parameterr 7: the mode with £=2 and |mj=l gives the best de
scriptionn of the moment variations. We see that the mode with 
£=\m\=2£=\m\=2 corresponds to Ve sin i « 13 km/s, which is incompati
blee with the outcome of the moment method (Vc sin i=25 km/s) 
whenn applied to the radial mode. For appropriate values of 
l^sinii (i.e. 25-30km/s) the 7 value of the £=\m\=2 mode is 
muchh larger than the values in Table 2, and hence we can ex
cludee the possibility of a sectoral mode with 1=2 to explain the 
variationss at ƒ2. From the value of the discriminant we find that 
thee variation at fo is best described by a pulsation mode with 
|m|=ll and 1=2 or £=\. 

4.2.4.2. IPS diagnostics; the phase diagram of f2 

Fromm the moment method alone, one cannot derive whether the 
non-radiall mode is prograde (negative m) or retrograde (positive 
m).. In order to overcome this limitation we fit the observed IPS 
phasee diagram of ƒ2 with that of a model of a multi-periodic star. 
Giess & Kullavanijaya (1988) and Telting & Schrijvers (1996) 
havee shown that the phase diagrams hold essential information 
forr mode identification. To generate spectra for a star with a 
radiall and a non-radial mode both simultaneously present, we 
usedd the pulsation model as described by Schrijvers et al. (1996) 
andd Telting & Schrijvers (1996), with Vc sin i=27 km/s, incli
nationn t=60°, Gaussian intrinsic profile width W= 14 km/s, and 
linearr limb-darkening coefficient a=0.36 (see Aerts et al. 1994). 
Forr the radial mode we used: observed frequency u;=5.25c/d, 
pulsationn velocity amplitude Vmsa,=2'i  km/s, ratio of rotation 
andd pulsation frequency f}/w=0.016 (for a rotation period of 12 
days),, and 5% variability (peak to peak) in the equivalent width 
off the lines with the EW in phase with the radial displacement, 
ass is observed for the Sim triplet. For the non-radial mode we 
used:: u>=5.38 c/d, Vmax=1.9 km/s, ratio of horizontal to vertical 
amplitudess fc=0.03, and fi/o;=0.015. We varied the pulsation 
parameterss £ and m of the non-radial mode, and generated 
spectraa with the same time sampling as that of the 620 observed 
spectra.. For each of the generated time series we did an IPS 
analysiss as described in Section 3.1, resulting in periodograms, 
andd amplitude and phase diagrams. 

Thee IPS periodograms of the models of a combined high-
amplitudee radial and low-amplitude non-radial mode show the 
samee recurrence of the frequency pattern as in the case of the ob
servations:: f\ (radial), f2 (non-radial), 2 ƒ 1, /i + ƒ2, 3/i, 2f]+f 2, 
etc.. (see Figure 6). Harmonics of the non-radial mode are too 
smalll to be detectable in our data set. In Figure 8 we compare 
thee modelled and observed phase diagrams. 

Forr prograde modes we expect that the variations of the non-
radiall mode give rise to bumps and troughs that move from blue 
too red through the line profile (Vogt & Penrod 1983). Equiva
lent^,, the phase diagrams of prograde modes have a negative 
slopee from blue to red. From Figure 8 we conclude that the phase 
diagramss of zonal (m=0) and prograde (m<0) non-radial modes 
cannott fit the observed phase diagram: the non-radial mode must 
bee retrograde. The phase diagrams of the modelled retrograde 
£=3£=3 modes are too steep; only for K sin i>35 km/s these slopes 
aree consistent with the data, but this value of Ve sin i is too large 
too properly fit the line-profiles. Higher values of £ will give even 
steeperr phase diagrams, and hence we can exclude the possibil
ityy that the line-profile variations with frequency f2 are due to 
aa mode with £>2. 

Wee note that the phase diagrams of the best-fitting models 
(retrogradee modes with £=l or £=2) are virtually identical for 
differentt values of the inclination; for some of the other combi
nationss of £ and m, the phase diagrams change somewhat as a 
functionn of i, but they never fit well. The phase diagrams hardly 
changee for small changes in the adjustable model parameters 
VVzz sine, W, a, and Vmax (see next subsection). 
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Fig.. 8. Model calculations of /3 Cep as a multi-mode pulsator with a 
radiall (ƒ0 mode and a (non-)radial (fi) mode. The solid lines give the 
IPSS phase diagrams of the (non-)radial mode, for different combina
tionss of the parameters I and m. The observed phase diagrams (of ƒ2) 
aree overplotted (dots) for the models that give the best representation of 
thee observed phase diagram: low-degree retrograde sectoral or tesseral 
modes s 

4.2.1.. The IPS amplitude and phase diagram of f\ and f2 

Thee IPS amplitude and phase diagrams form, together with the 
meann profile, a complete description of the line-profile variabil
ity.. Besides f\ and ƒ2, we detect also other frequencies in the 
line-profilee variability of (3 Cep, which are probably due to other 
phenomenaa than just pulsations (see Section 5). Whereas the 
observedd line profiles are affected by these other sources of vari
ability,, the phase diagrams at f\ and ƒ2 are not. This is because 
thee IPS Fourier analysis separates the different variabilities in 
frequencyy space (see e.g. Telting & Schrijvers 1996). The cor
respondingg amplitude diagrams can be affected by the effects 
off beating, but since the profile variability at frequencies ƒ3, ƒ4, 
ƒ5,, and the six day period is very small, the amplitude diagram 
off the non-radial mode (ƒ2) will only be affected by beating 
withh the radial mode (ƒ 1). Therefore, the modelling of the mean 
profilee together with the amplitude and phase diagrams of ft 
andd f2 will, in the case of fi Cep, give better constraints on the 
pulsationall characteristics than model fits to the line profiles 
themselves. . 

Inn Figure 9 we show the observed and modelled mean pro
filefile and amplitude and phase diagrams. We compare the multi-
periodicc model as described in Section 4.2 (thin solid line) with 
aa multi-periodic model with Ve sin i=25 km/s, Gaussian width 
W-W-18.518.5 km/s, and amplitude of the radial mode Vmax=22 km/s 
(doublee line). We adjusted the pulsation amplitude of the non-
radiall mode to fit the observed amplitude diagrams; with i=60° 
wee find that Vmax ranges from 1.1 km/s to 2.1 km/s for the dif
ferentt combinations of I and m in Figure 9. 

Thee phase diagrams of both models are virtually identical. 
Thee first model gives good agreement with the observed ampli
tudee diagram of the non-radial mode (especially for 1=1, m= 1), 
thee latter model gives a better description of the amplitude di
agramm of the radial mode. This is because the large value of 
WW leads to a decrease in the line-profile variability, which is 
neededd to fit the observed amplitude distribution at f\ (see the 
leftt middle panel in Figure 9). However, a smaller value of the 
intrinsicc width W gives better fits to the amplitude and phase 
diagramm of the non-radial mode. 

Thee amplitude diagrams of ƒ2 change as a function of the in
clination,, with as major difference a scaling of the amplitudes of 
thee line-profile variability. Similarly, the amplitude distribution 
att ƒ2 scales almost linearly with the pulsation amplitude Vmax of 
thee non-radial mode. This means that for different values of the 
inclinationn we have to adjust Vmax to fit the amplitude diagrams. 
Wee note that the derived values of Vmax will be slightly different 
forr different intrinsic-profile shapes, and also for other values 
off the limb-darkening coefficient. 

Thee shape of the amplitude distribution at ƒ2 is greatly 
influencedd by the value of the pulsation amplitude of the radial 
modee (ƒ]), whereas the corresponding phase diagram is not. 

Withinn the range of EW variations allowed by the observa
tionss (see Figure 3), the pulsational EW variations have little 
influencee on the amplitude diagrams; the EW variations give 
risee to line-centre variability at f\, leading to a small rise of the 
amplitudee distribution of f\ at line-centre. 
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Fig.. 9. Observations (dots) and multi-periodic models of the line-profile variability of/9Cep. The top panels give the mean spectrum, the middle 
panelss give the amplitude and phase diagrams of the radial pulsation (/i), the bottom panels give those of the non-radial pulsation (ƒ2) for 
differentt combinations of the parameters £ and m. The thin line depicts the model with W=14km/s, Vc sin i=21 km/s, Vmax=23km/s for the 
radiall mode (/i). The double line depicts the model with W=\ 8.5 km/s, \£ sin i=25 km/s, Vr

max=22km/s for the radial mode. For both models, 
thee pulsation velocity amplitude of the non-radial mode (ƒ2) is adjusted to fit the observations, and varies between Vmax=l. 1-2.1 km/s 

Fromm Figure 9 we conclude that the line-profile variations 
att f\ and ƒ2 can successfully be modelled with a multi-periodic 
starr with a radial and a non-radial mode. Although the line-
profilee variability at f\ and ƒ2 cannot be fitted perfectly with our 
model,, the identification of the non-radial mode from the shape 
andd slope of the IPS phase diagrams and the general shape of 
thee IPS amplitude diagrams (Figures 8 and 9) is independent of 
variationss in the model parameters (inclination, intrinsic width, 
pulsationn amplitude, etc.). We find from the IPS diagnostics that 
aa mode with m=\ and 1=2 or £=[  gives the best description of 
thee line-profile variability at f2. 

4.3.4.3. Moment method versus IPS method 

Withh the moment method and with the IPS method, we find 
consistentt identifications of the non-radial mode in 0 Cep. We 
notee that with the different approaches of these methods, one 
cann obtain different values for the intrinsic profile width W, for 
thee pulsation amplitude Vmax. and for V£ sin z. 

Withh the implementation of the moment method that is cur
rentlyy in use, it is not possible to tune the stellar and pulsational 
parameterss by fitting both the radial and the non-radial mode si
multaneously.. Such an approach is possible by fitting the mean 
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profilee and each of the relevant IPS amplitude and phase dia
gramss simultaneously (Figure 9). 

Withh the constraints on the values of I and m from the 
momentt method and from the fits to the IPS amplitude and 
phasee diagrams, we conclude mat the line-profile variations at 
ftft are due to a retrograde non-radial mode with m=l and £=2 or 
l=\.l=\.  With a rotation period of 12 days the pulsation frequency 
inn the corotating frame becomes u?corot=5.46c/d. 

5.. Interpretatio n of the frequency splitting 

Thee observed frequency spectrum could be the signature of 
fivefive different (non-)radial pulsation modes. This would be a 
generalisationn of the model proposed by Aerts et al. (1994), 
whoo interpreted fa and fo as being due to small-amplitude 
non-radiall pulsations. However, the then unexplained equal fre
quencyy spacing between f\, ƒ3, ƒ4, and ƒ5 (which could not be 
notedd by Aerts et al. since they did not find ƒ4 and ƒ5), renders 
thiss model unlikely. Below, we describe two models that can 
producee a frequency splitting. 

5.1.5.1. Rotational modulation; temperature spots 

Consideringg the similarity between the changes in equivalent 
widthh of the optical photospheric lines and the UV wind lines of 
PP Cep (Figure 3) and the constant frequency spacing between 
thee frequency of the main radial pulsation mode and ƒ3, ƒ4, and 
/5 ,, we argue that the latter detected frequencies might be caused 
byy rotational modulation induced by the changing conditions of 
thee photosphere when the magnetic poles are passing through 
thee line of sight. 

Thee frequency modulation can be interpreted in terms of 
surfacee temperature spots that are associated with the presence 
off a magnetic field. The geometric structure of the spots is 
thenn expected to be related to the geometry of this field. For a 
magneticc dipole we assume that the temperature distribution can 
bee represented by an axisymmetric spherical harmonic of degree 
22 along the magnetic axis, in such a way that the magnetic poles 
aree cooler than the magnetic equator. We take a temperature 
distributionn of the form : 

T{BT{BBB,¥B),¥B) = T0 + dT(0B,<pB) 

==  TO(I + ^[1-Y2°(0B,^B)]), (2) 

wheree (QB,WB) are spherical coordinates with respect to the 
magneticc axis. In Equation (2) we use the spherical harmonics 
yy"=P£m(cos0)exp(im<£)) and the associated Legendre poly
nomialss P/71 as defined by Aerts et al. (1992), and use a tem
peraturee difference between the magneticc poles and equator of 
10%% of To. From the phasing of the equivalent-width variations 
andd the radial-velocity curve, in combination with the strength 
off the Sim triplet as a function of temperature, one can de
rivee that 0 Cep must be hotter than Teff~23000K (e.g. Cugier 
1993).. Gies & Lambert (1992) and Heynderickx et al. (1994) 
givee Tcff=26700K and Teff=24500 K, respectively. 

Too calculate the influence of the temperature spots on the 
line-profilee variations, we need to determine the correspond
ingg temperature distribution as a function of position on the 
visiblee stellar disc. This distribution is time dependent due to 
thee rotation of the star and can be determined by performing 
twoo consecutive transformations. A first time-dependent trans
formationn gives the temperature distribution along the rotation 
axis,, which is oblique to the magnetic axis with angle 0 : 

2 2 

Y?(0Y?(0BB,<PB)=,<PB)= ^2(-l)ka2ok(0)txp(-iknt)Y2
k(9R,ipR), <3) 

* = - 2 2 

wheree (9R,ipR) are spherical coordinates with respect to the 
rotationn axis and where the functions aim* are defined in Aerts 
ett al. (1992). A second time-independent transformation leads 
too the temperature distribution as seen by the observer, who is 
inclinedd to the rotation axis with angle i : 

2 2 

YY22
kk(9(9RR,, tpR) = J ] ) a2kn(i)Y2

n(6y v>), (4) 
n=-2 2 

wheree (0, <p) are spherical coordinates with respect to the line 
off sight. The temperature variations give rise to local bright
nesss variations which can be approximated by means of at
mospheree models, e.g. the ones by Kurucz (1992): dF\/F\ « 
2.00 dTeff/Teg. The temperature distribution due to the mag
neticc field then leads to a distribution of the specific intensity 
throughh the relation dl(9, <p, t)fl = 2 dT(0, <p, t)/T. The appar
entent intensity distribution is then further multiplied by the usual 
limb-darkeningg factor (1 — a + a cos 0) with a=0.36, in order 
too obtain the total intensity field of the visible hemisphere. 

Wee only model the brightness variation associated with the 
temperaturee variation; although the observed changes in equiv
alentt width clearly have a 6 day periodicity (see Figures 3 and 
4),, we ignore these changes in our model, for reasons of sim
plicity.. We also ignore the temperature and equivalent width 
changess induced by the radial pulsation. 

Wee have calculated theoretical line profiles for a radial pul
sationn with parameters appropriate for ft Cep (i.e. rotation pe
riodriod 12 days, K sin i=25 km/s, W=16 km/s), taking into account 
thee above described temperature variation. We have generated 
166 sets of 250 line profiles with observation times that are 
randomlyy spread in the time interval of our @ Cep data. The 
differentt sets are numbered according to the values for the ge
ometricc angles i and {3 as given in Table 3. We then performed 
ann IPS frequency analysis on sets 1, . . . , 16 to see if our simple 
temperaturee model can reproduce the observed frequency split
tingg around the main pulsation frequency. The periodograms 
resultingg from this analysis are shown in Figure 10. 

Fromm Figure 10 we find that models 6, 7, 8, 10,11, 12, 14, 
15,, and 16 give rise to a frequency splitting around f\ that is 
symmetricc in both power and frequency. The sets 8, 12, 14,15, 
andd 16 give rise to the correct frequency splitting concerning 
/ i ,, ƒ4 and ƒ5 (see Figure 5), and the corresponding splittings 
aroundd the harmonics of ƒ 1. These models also give rise to 
thee observed peak at 0.17c/d (6 day period), and give no or a 
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Fig.. 10. Parts of the CLEANed IPS periodograms for the sets 1,.. .,16, which were generated with the temperature spot model described in 
sectionn 5.1, with the geometric angles i and P given in Table 1. The top periodogram is of the observed Sim 4574 line in /3 Cep (see also Figure 
6).. The dashed vertical lines indicate the 6-day period and its one-day aliases (left) and the frequencies ƒ3, ƒ4 and ƒ; (right) 

Tablee 3. The numbering of the different sets of theoretically generated 
linee profiles, as a function of angles i and (3. 

1—> 1—> 

Pi Pi 
r r 

30° ° 
60° ° 
89° ° 

1° ° 

1 1 
2 2 
3 3 
4 4 

30° ° 

5 5 
6 6 
7 7 
8 8 

60° ° 

9 9 
10 0 
11 1 
12 2 

89° ° 

13 3 
14 4 
15 5 
16 6 

relativelyy small peak at 0.083 (12 day period). These sets have 
00 - 89° and non-zero i, or i = 89° and non-zero /?. From the 
analysiss of the non-radial mode (ƒ2, see Section 4) with the 
momentt method, we found that for the best fitting modes the 
inclinationn of (3 Cep should be around 60°. With this value of 
thee inclination, we find that the angle between the rotation axis 
andd the magnetic axis is larger than 60°. 

Nonee of the models is able to reproduce a peak at frequency 
ƒ33 or at the harmonic of the 6 day period, i.e. 0.33 c/d. It is 
clearr that, if the observed frequency splitting is caused by a 
temperaturee distribution due to the magnetic field, then the latter 
hass to be more complex than the assumed constant dipole field. 
Ann off-centre dipole (see e.g. Hatzes 1990, for the case of the Ap 

starr HR5857) or a quadrupole field with unequal components 
mightt give better results, but such detailed modelling is beyond 
thee scope of our paper. 

Inn Figure 11 we plot the observed and modelled amplitude 
distributionss of the variations at ƒ4 and ƒ5. The figure shows 
thee results of models 11 and 16; the other models give similar 
amplitudee distributions, but with different maximum amplitude. 
Althoughh the modelled amplitude distributions of ƒ4 show, like 
thee observed one, a triple peak structure, the general agreement 
betweenn model and observations is poor. The observed ampli
tudee distributions have a much higher degree of complexity (see 
alsoo Figure 7). We have performed an IPS analysis on a gen
eratedd time series with the same time sampling as the data of 
/33 Cep, and with the individual spectra scaled to match the ob
servedd variations of the equivalent width. This approach proved 
too give rise to more structure in the amplitude distributions, 
andd hence we argue that more detailed modelling, including 
equivalentt width variations, is necessary to fit the line-profile 
variationss as found at frequencies ƒ3, ƒ4 and ƒ5. 

5.2.5.2. The oblique pulsator model 

Thee oblique pulsator model (e.g. Kurtz & Shibahashi 1986) 
describess non-radial pulsations in a star that are subject to the 
Corioliss force due to the rotation and to the Lorentz force due 
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Fig.. 11. Observed (Si in A 4574, dotted line) and modelled ampli
tudee distributions at frequencies ƒ4 and ƒ5. The solid line represents 
temperaturee spot model 16, the dashed line is for model 11 (see Table 
3) ) 

too the presence of a magnetic field. With this model, it is as
sumedd that the pulsation and magnetic axes are aligned and 
aree oblique to the rotation axis. The model is quite successful 
inn explaining the observed photometric light curves of rapidly 
oscillatingg Ap stars (roAp stars, see Kurtz 1990 for a review). 
Refinementss of the theory of an oblique pulsator in the case of 
aa magnetic dipole for which the influence of the Lorentz force 
iss of equal importance as the influence of the Coriolis force 
(Shibahashii & Takata 1993) have led to the theoretical expla
nationn of the observed equally-split frequency septuplet in the 
roApp star HR3831 (Kurtz 1992). 

Thee analogy of the frequency splitting observed in roAp 
starss and in (3 Cep has led us to wonder if the Lorentz force 
iss an important clue to the understanding of the line-profile 
variationss of (3 Cep. The ratio of the powers of the different 
frequencyy peaks in the periodogram is much larger for roAp 
starss than for /3Cep. These powers are a direct measure of 
thee strength of the magnetic field, which can amount to 2000 
Gausss in the case of the roAp stars. For (3 Cep, Rudy & Kemp 
(1978)) reported a field strength of 0 G, and concluded 
thatt the field was variable. Veen et al. (1996) find that the 
magneticc field of/? Cep is highly variable, with a mean value of 
aboutt 200 Gauss. For such a weak magnetic field we estimate 
thatt the effects of the Lorentz force are very small, but of the 
orderr of the effects of the Coriolis force. The Coriolis force 
iss proportional to the ratio of the rotation frequency and the 
pulsationn frequency. For (3 Cep we have tt/ui = 1.6% and B « 
2000 Gauss, while in the case of the roAp star HR3831 the 
correspondingg values are fi/w = 2.9% and B « 700 Gauss. It 
thuss seems worthwhile to study the oblique pulsator model in 
moree detail to see if a spectroscopical application of this model 

cann explain the observed frequency splitting, and if it can lead to 
ann estimate of the geometrical angles i and (3 and an estimate of 
thee magnetic field strength. A more detailed study of the model 
inn the case of (3 Cep is currently being undertaken (Shibahashi 
&& Aerts 1996). 

5.3.5.3. More detailed modelling 

Similarr to our simple temperature model, the oblique pulsator 
modell as such does not predict equivalent width variations. In 
orderr to match the observed EW variations, one has to include 
temperaturee variations in the oblique pulsator model, and relate 
thesee temperature variations to changes in the equivalent width 
off the local intrinsic profile. After integration of the local pro
filesfiles over the visible stellar disc, one can compare the modelled 
andd observed EW variations (see e.g. Smith 1977, Cugier 1993, 
Giess 1996, Townsend 1996). 

Too give a complete description of the data, it is not sufficient 
too model the observed temporal frequency spectrum alone. In 
addition,, future models should account for the variations in the 
EW,, FWHM and the moments of the line profiles, or equiva-
lently,, the IPS amplitude and phase diagrams. Hopefully, such 
detailedd modelling will lead to a satisfactory description of the 
superbb data set that we analysed in this paper, and will enable 
uss to understand the physical properties that give rise to the 
complexx optical line-profile variations in (3 Cep. 

Att present, the moments and the IPS amplitude and phase 
diagramss of the line-profile variations at f\ (radial mode) and f 2 
(non-radiall mode, see Section 4) are fairly well understood. The 
physicall processes that give rise to the 6 or 12 day period and 
thee modulation of the observed amplitude of the radial mode 
(ƒ3.. ƒ•*, ƒ5) remain uncertain; it seems inevitable that the stellar 
rotationn plays an important role in the origin of the observed 
frequencyy pattern. 

6.. Concluding remarks 

Wee have analysed a data set of 620 high-quality high-resolution 
spectraa of (3 Cep, taken on a time base of 33 days. With a data set 
ass extensive as this one, we were able to study the line-profile 
variationss of (3 Cep in great detail. 

Wee have shown that the optical line-profile variations of 
/3Cepp show periodicity with at least five different frequencies. 
Thee splitting between four of these frequencies can be recon
ciledd with a period of 6 days; this period is also detected in the 
periodograms. . 

Thee analysis of our data set has shown that a frequency 
searchh by means of the CLEAN algorithm can in some circum
stancess lead to better results than a PDM analysis. We used a 
techniquee to partially CLEAN the periodograms resulting from 
Fourierr transformations of the data. This method helps to sup
presss one-day aliases, but can only be applied if the frequencies 
inn the signal are already known. 

Wee analysed the intensity variations in the line profiles as 
welll as the variations in the moments of the line profiles. The 
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line-profilee variations with frequencies f\ and f2 can success
fullyy be modelled with a radial and a non-radial mode respec
tively.. The retrograde non-radial pulsation is best described with 
sphericall wave numbers t-2, m = l ; the combination £=l, m=l 
givess the second best description. 

Wee have argued that the variations with frequencies ƒ3, ƒ4, 
andd ƒ5 in the spectra of 0 Cep can be described as the result 
off a modulation effect caused by the combination of the radial 
pulsation,, the rotation, and the presence of a magnetic field. The 
similaritiess between the equivalent width variations of UV wind 
liness and optical lines suggest that a common phenomenon in 
thee stellar wind and in the photosphere (e.g. a magnetic field) 
causess these similarities. Further theoretical studies are needed 
inn order to be able to draw more definite conclusions on the 
physicall conditions in the photosphere of /? Cep. 
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