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Abstract. We present the very first analysis of the spectroscopic biditiaof the three rapidly rotating Oef stars HD 192281
(O5(ef)), HD 14442 (0O5.5ef) and HD 14434 (06.5(ef)). Rad&lbcities of the Het \ 4541 line reveal no evidence of binarity
on time scales of a few days, or from one year to the next, fgradithe targets. The He )\ 4686 double-peaked emission
and, to some extent, thedHabsorption line display significant profile variability inet spectra of all three stars. Data gathered
during different observing runs spread over six years lexeather stable time scale for HD 192281 and HD 14442, wiserea
the variability pattern changes significantly from one yiathe other. The case of HD 14434 is less clear as no obvimes ti
scale emerges from our analysis. In a temptative way togreethis variability, stellar rotation remains a possitleck for

HD 192281 and HD 14442. However, currently available moddtiressing stellar rotation fail to explain some crucigkeass

of the observed variability behaviour, which appear to lEnawore complex in the case of HD 14434.

Key words. stars: early-type — stars: individual: HD 192281, HD 1444D, 14434 — stars: variables: general — stars: winds,
outflows

1. Introduction tral modulations on a time scale compatible with the rotatio

Monitori t th ¢ . bility has b sed period, near the core of the He\ 4686 line.
onitoring of the Spectroscopic variabiiity has been u eRecently, Rauw et al.{20D3, Paper I) analysed the com-

tensively to study the structure of the stellar winds of hoti- lex behaviour of the He A 4686 line in the spectrum of

nous stars (e.g. Fullerton et _al. 1996; Massa €&t al..1995eKa D +60° 2522 (06.5¢f). They suggested that rotation was not
et al[1997[1959). Some objects were found to display cy fe only clock ruling this variability, and that possibly mo

cal variations ir_1 their stellar wind Iine_s on tim_e scales of fadial pulsations were responsible for some short ternakési
few o_lays, possibly related 1o the r_otat|ona| perlo_d of the uﬂy. In this paper, we report the results of an intensive ytud
dgrlylng star. Large scalg co-rotating structures in ttw.ast of three other members of the small group of Oef stars, i.e
winds due to photospheric features (magnetic fields, ndiara HD 192281 HD 14442 and HD 14434.

pulsations,...) could possibly account for this varidbi(e.g. HD192é81 (V=7.6) is an O5(ef) star of the Cyg OB8

Kaper et al1939; Rauw et BLZ001). In order to quantify trE\e’ssociation. On the basis of its large radial velocity qdate

imp_ortgnce of different Processes that (?Ol“d contributd_n'm the literature, this star was considered as a runaway catedid
variability, more stars should be investigated. The oljedt Gies & Bolton [1986), but the results of their study did not

the scarce category of so-called Oef stars (Conti & l'eep)lgiil\;m‘irm this status. The radial velocity of HD 192281 was also

appear a priori as promising targets for such an ir“’es't’..gatistudied by Baranniko\ (1993) who argued that it was a binary

s?nce_the double peak?d morphology of theiHe 4686 EMIS- \ith a 5.48 day orbital period, but this result has, so favene
sion line has been attributed to the effect of fast rotation. been confirmed

The best studied Oef stars ay@up (O4ef) anch Cep (O6€f). 14445 (v=9.2) and HD 14434 (V=8.5) are respectively

The two stars display strong spectral variability partly b5, 5ef and 06.5(ef) stars which were believed to belong
tributed to the effect of rotation (Moffat & Michaud 1981;tO the Per OB1 association. On the one hand. HD 14442

Howarth et al.I935; Kaper et BL1399). In the c_asq Enp, has been classified as nitrogen enriched (ON) by Bisiacchi
Eversberg et al[{1998) further reported stochastic mdiduis et al. [T98P). On the other hand, HD 14434 may have a

of the.He” A 4686 line explained bY clumps dist_ributed acroS¥ormal nitrogen spectrum (Schild & Berttiet 1986). Bothstar
the wind. These authors also confirmed the existence of SPESve been reported as blue straggler candidates by Kendall

Send offprint requests to: M. De Becker et al. [1995) who considered they could have followed a
* Based on observations collected at the Observatoire deeHa@tlasi-homogeneous evolutionary track. However, in a subse
Provence, France. qguent study, Kendall et al._{1996) found no CNO abundance

** Research Associate FNRS (Belgium) anomalies in the spectrum of HD 14442 and HD 14434. These
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Table 1. Summary of some properties of HD 19228land October 2003 at the Observatoire de Haute-Provence
HD 14442 and HD 14434. References are the following: (IPHP). All observations were carried out with the Aurélie
Conti & Leep [1974), (2) Walborn (19¥772), (3) Walbofn (1873)spectrograph fed by the 1.52 m telescope (Gillet ef al. 11.994)
(4) this study, (5) Bieging et al.{1989), (6) Conti & Burn@i For the 1998 and 1999 missions, Aurélie was equipped with a
(1975%), (7) Leitherer (1988), (8) Kendall et 4. (1995), @gs Thomson TH7832 linear array with a pixel size of 18. From

& Bolton (1986), (10) Humphrey§(19178), (11) Conti & Ebbet2000 on, the detector was replaced by a 204824 CCD EEV
@orn. 42-20#3, with a pixel size of 13.,b6m squared.

An overview of the different campaigns is displayed in T&ble
Data reduction followed the same approach as described in
Paper I. TablEI2 also specifies for each campaign which star

HD 192281 HD 14442 HD 14434

Sp.T. 05'5(662 O6ef . O6.5(e”  \yas observed, as well as the spectral range covered dugng th
Og\é?égg) %ang 05.5vn(M)p run. In the foIIowing,_we will merge the data_ coIIected_dlgin
log(Ts) 167 165 160 the_ two _1999 campaigns (July and August) into one single set
M. (Mo) 707 445450 44550 which will be called Summer 1999, because of the small num-
93 ber of spectra taken during these two individual runs.
R (Ro) 15° 7.8-16.6*  10.0-12.6°
19°
d (kpc) 1.78 2.88° 3.00° 3. Mean spectrum
Association CygOBY¥ PerOB1%¢  PerOB1%c
V ot sini (kms™1) 270" 273! 400" 3.1. HD 192281

The mean blue spectrum of HD 192281 is shown in[Hig. 1. The
evolutionary masses. data of this spectrum are from the 2001 mission (see Thble 2).
> The first value of the radius is calculated for an assumedeval J/his part of the spectrum is dominated by absorptions af Ke
of the distance modulus, and the second one is derived frem 71, Hal A\ 4541, 4686 and by the strongiHine. Mg A

# The two values quoted are respectively the spectroscoplithan

spectral type. 4481 is clearly present, partially blended with He4471. In
°© The membership to this association is uncertain (see Keatlalemission, the most striking feature is due toiNA\ 4634-41
al.[1996) and, to some extent, toIi€@ \ 4650 and probably G/ A 4662.

The two emission lines at\ 4487,4506, identified asi8 lines
(Werner & Rauch 2001), are also weakly present. We empha-

authors therefore rejected the blue straggler status afeth&ize the probable presence of/Nabsorption lines at 4605 and
stars and questioned their membership in Per OB1, suggest#§20A. The presence of these lines in an O5 star is some-
that their distance could be larger than that of this assioaia What surprising. Indeed, these lines are commonly founkien t
The three stars have a large projected rotational velocigpectra of very early (O3) stars (Walborn & Fitzpatfick 2000
Conti & Ebbets [(1977) reported,¥; sini values of 270, 273 However, the lines are observed in the spectrum of HD14947
and 400 kms! for HD 192281, HD 14442 and HD 14434(05If) as reported by Underhill et al_(1989), but not in the
respectively. Very few studies have been performed on thé&fectrum of HD15629 (O5V) discussed by the same authors.
three stars. In Tabl@ 1, we summarize the information réggrd Some Siv emission lines at 463& and 4654A are also
their fundamental parameters that we have gathered from Bigsent.
literature. Different spectral types have been assigneldese The double-peaked structure of the iHe 4686 emission jus-
stars and some of them are given in T4ble 1 for informatiofifies the spectral type given by Conti & Leelp (1974). Such a
We shall briefly return to this point in SeEt. 3. line shape is supposed to result from a rotating wind (see e.g
Petrenz & Pul§1996). Using the ratio of the equivalent wsdth
This paper is the second (and last) one of a series devotefft¥Vs) of the He \ 4471 and Hei 4541 lines fog W' =-0.47
the line profile variability of Oef stars. It describes thefiiine + 0.03) we assign an O5 spectral type, according to the clas-
profile variability study performed on HD 192281, HD 14443ification criterion given by Mathys (1988). In the follovgin
and HD 14434. In Seddl 2., we present the observations and\t¥fewill adopt an O5(ef) spectral type for this star, wherg (ef
data reduction. Sectifh 3. discusses the mean spectrurhandkpresses the prominence of the central absorption compone
spectral type of our three target stars. Radial velocities ain the Heil A 4686 line.
equivalent widths are discussed in SELt. 4. Seflion5 descri
the rgsul?s of our IineT profile variability anaI_ysis, and S8c 3.2 HD 14442
consists in a discussion of our results and in an attempt of a
consistent interpretation. The conclusions and prospiects- Spectra of HD 14442 have been taken during observing runs
ture work are finally given in Se€d 7. in July 1999, August 1999, September 2000, September 2001,
September 2002 and October 2003. The middle spectrum in
Fig.ll shows the same general features as HD 192281 except
for the Nv lines. The central absorption of the He\ 4686
Spectroscopic observations of our three targets wereatetle line appears less pronounced than in the case of HD 192281.
during seven observing campaigns between September 1988 strong emission wings observed for HD 14442 confirm the

2. Observations and data reduction
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Table 2. Observing campaigns for the study of HD 192281, HD 14442 and #434. The last three columns specify the number
of spectra obtained for each star during a specific obseruving

Campaign Detector Spectralrange Recipr. disp. Res. poweb 192281 HD 14442 HD 14434
A (Amm~?)
September 1998 TH7832 4455 - 4890 16 8000 6 0 0
July 1999 TH7832 4100 - 4950 33 4000 7 5 0
August 1999 TH7832 4100 - 4950 33 4000 4 7 0
September 2000 CCD 4455 - 4905 16 8000 0 9 0
September 2001 CCD 4455 - 4905 16 8000 16 12 0
September 2002 CCD 4455 - 4905 16 8000 10 9 11
October 2003 CCD 4455 - 4905 16 8000 7 6 19
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Fig. 1. Mean spectra of our program stars between 4%6fd 48904 . From top to bottom: HD 192281: calculated from spectra
of the September 2001 mission, between HID 2452 163.43 abd2H452 170.41; HD 14442: calculated from the spectra of
the September 2002 mission, between HID 2452518.54 and M3R533.48; HD 14434: calculated from the spectra of the
October 2003 mission, between HJD 2452 916.49 and HID 2 46383

Oef classification assigned by Conti & Le€p (1074). 3.3. HD 14434
The equivalent width determined for the H& 4471 and Hel

4541 lines allowed us to apply thes(W”) crlt_erlop as defined This star was observed during the September 2002 and October
by Mathys[1988). The res_ult (_O'L,EL 0.03) implies an 0,5'5 2003 observing runs. The bottom spectrum of Hig. 1 displays
specf[ral type. In the following of this paper, HD 14442 wid bthe same general features as the spectrum of HD 14442, but
considered as an O5.5¢f star. the lines are even further broadened by the fast stellar rota
tion. The fact that the NI A\ 4634 - 41 emission lines appear
also significantly broader could imply that these lines are i
fact formed at the level of the photosphere (rather thamdesi



4 M. De Becker & G. Rauw: Line profile variability in the spexof Oef stars: part II.

the stellar wind, see e.g. Mihalas_1973). We further noté¢ tha Radial Velocity (km s-') Hell A 4541
the fact that NIl A\ 4634 - 41 lines appear in emission is not
in agreement with the results of Kendall et al.{1996) who re-
ported the former weakly in absorption, as well as the alssenc 20
of the latter. The double-peaked structure of theliHe 4686 o
line dominated by the central absorption, typical of O(sfrs
is obvious.

From the equivalent width of the He\ 4471 and Hel 4541 _as
lines, we inferlog(W') = —0.19+ 0.04, corresponding to an
06.5 type. In the following of this study, we will thus adopét
06.5(ef) spectral type for HD 14434, in excellent agreement
with the spectral type given by Conti & Le€p (1974).
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Fig.2. Radial velocities of HD 192281 determined from the

Hell A 4541 line for the September 2002 observing run. The
central wavelength was determined by fitting a gaussiangto th
4.1. HD 192281 line. The error bar gives an idea of the standard deviatien ob

' _ _ tained for the RV data set.
As a first step, we have measured the radial velocity (RV) of

the strongest absorption lines in the blue range. The lifies o

interest here are He A 4541 and K. Since the Ha A 4541

line forms probably deep inside the photosphere, it is Yikehowever not find any systematic trend for this variabilityan

to provide the most reliable indicator of the actual steR&t g1 velocities.

As shown in FiglP, the dispersion in radial velocity reacAesgarannikov [1993) performed a RV variability analysis, the
maximum of about 10 knts', whereas the typical errbin the - o1y known, for this star. He claimed to find RV variation
determination of RVs with our gaussian fitting method is @boyiih 4 semi-amplitude of 16.% 2.4 kms™! on a 5.48 days

8 kms'. For "’1” our data sets, we find a mean radial veloCiyeriod, compatible with the existence of a low mass compan-
of —23.1kms . This leads to a value of about 5.0 km'sfor  jon e have folded our RV data with Barannikov's 5.48 days
the peculiar velocity (after application of the LSR and @& period but no systematic trend appeared. A Fourier analysis
rotation correct|0n§). This value strongly argues agamsin- a5 glso performed on our RV measurements of the He
away status for this star. Indeed_, according to the critefia 4541 fine. The resulting periodogram does not show any peak
Stone (199_1), the peculiar velocity threshold for a star ¢o Bvith an amplitude larger than 2.4 kms The highest peak

a runaway is about 40 knvs. It has been suggested by Giegppears at a frequency of 0.105'd corresponding to a 9.57

&_ Bolton (1986) that the runaway status was erro_neously ?_at'period. This value is quite close to the period (9.59 d) ob-
tributed to stars such as HD 192281 because of their huge wighed by Barannikov{1993) for his photometric data. Irt,fac
velocity that yield a large negative RV for those spectmadi garannikov reported also apparently periodic light véoias
t.hat are at Iea_st pgrtly formed |n.the wind. T.he choice of thgiip peak to peak amplitude of about 0.04 mag. This coinci-
line for RV estimation is thus particularly crucial. dence is somewhat puzzling. Although this could be regarded
Gies & Bolton [1985) measured also the RV of theiH®4686 55 evidence for binarity, we do not consider this to be a plau-
and hydrogen lines for this star. After correction for théoee  sipje scenario. In fact, the amplitude of the RV variatie2(5

ity component due to the sollar motion in the LSR frame, thgy, 5-1) at the 9.57 d ‘period’ is of the order of the uncertainty
found a mean of—26.81km§ for the Heil A 4686 line, and oy individual data points. Moreover, it seems extremely dif
amean of-44.7 kms " for hydrogen lines. For COmp""“sio'ﬁ'rficult to account simultaneously for a light curve of ampdiéu

we find LSR-corrected RV means e83.3 and-46.1kms ™ .04 mag (peak to peak) and a RV variation inferior to about 5
respectively for Het A 4686 and K. The _reasonable agreexms-! (peak to peak) within a binary scenario. Assuming that
ment between our values and those of Gies & Bolton SUggegis |ight variations are due to total eclipses of a comparvien
that there are no large long-term variations of the RVs. Thg 14 be dealing with a secondary of spectral typB3V and
difference of about 18 knTs between the mean RV of these,ch an object would produce a RV curve with a peak to peak
two lines (a}bout 13 kms'in ourcase) is again e>_<p|a|n_ed_ by @mplitude of>80 kms! (assuming i> 60°). On the other
difference in the depth of the line formation region withivet panq to account for the amplitude of the RV curve, we would
expanding atmosphere. Indeed, theiH& 4686 line is Most aeq a companion of mass inferior to about 4 nd such a

probably formed deeper in the wind, where the temperatureis,- \ould be far too faint to produce a variation of 0.04 mag

higher, and the wind velocity is lower. _ _ in the light curve, even if it were still on a pre-main sequenc
Because of its profile variability, which will be discusseggck

hereafter, the He )\ 4686 line yields less reliable RVs. Indeedype equivalent width was measured for theiHe4471, He

the radial velocities spread over more than 35 ki Ve did ) 4541 and H lines. The results, as well as the RVs, are col-
' The error on the radial velocity estimate corresponds to tI’f@_Cted in TgbIEB. Mean values are gi\(er_1 for each observimg ru

standard deviation determined for the radial velocity of ifuse With an estimate of the standard deviation. We see that ro sig

Interstellar Band (DIB) at about 476%. nificant variability appears from one run to the other. Maexp

4. Radial velocities and equivalent widths
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Table 3. Radial velocities and equivalent widths of the strongesbafition lines in the spectrum of HD 192281. The RV of the
Hel X 4471 line is not quoted because its shape deviates signlfideam a Gaussian, leading to a poor estimate of its central
position. The complex shape of the He\ 4686 line, and its strong variability, prevented us to deeany useful EW for this line.
The error bars represent thel o standard deviation. An estimate of the mean signal-toen@iso of an individual spectrum is

given in the last column.

Mission Hel )\ 4471 Hell A 4541 Hell )\ 4686 H3 S/N
EW RV EW RV RV EW
A) (kms™1) A) (kms™?) (kms™) A)
September 1998 0.31 0.04 -22.4+-3.0 0.84+£0.04 -48.9%74 — - 380
Summer 1999 0.280.01 -215+24 0.81+0.02 —43.7+ 9.2 —62.8+3.5 1.97+£0.03 290
September 2001 0.3:0.01 -22.9-2.8 0.92+0.01 -44.3+ 5.0 -56.5+-2.4 2.05+0.03 450
September 2002 0.3 0.01 -25.6-2.9 0.94+0.01 -48.6+ 6.0 -58.1+-3.9 2.05+0.02 440
October 2003 0.3+ 0.01 -13.8-5.2 0.88+0.02 -41.8-12.8 -58.14+-3.2 2.06t+0.04 380
Table 4. Same as Tabld 3, but for HD 14442.
Mission Hel )\ 4471 Hel )\ 4541 Hel \ 4686 H3 S/N
EW RV EW RV RV EW
A) (kms™?) A) (kms™?) (kms™) )
Summer 1999 0.33 0.02 -30.3+ 8.2 0.84+0.02 -51.5+-18.4 —67.7+ 3.7 1.844+-0.04 160
September 2000 0.32 0.02 -32.2+- 6.7 0.844+0.02 -59.74+14.9 —66.6+ 5.1 1.914+ 0.03 340
September 2001  0.34 0.01 -31.8+ 5.6 0.84+0.01 -57.1+23.7 —64.5+ 3.8 1.864+ 0.03 300
September 2002 0.32 0.01 -34.3+ 2.9 0.83+0.02 —-66.5+16.2 —65.7+ 4.3 1.844+-0.05 430
October 2003 0.3220.01 -32.0+10.7 0.80+:0.01 -57.4-196 —-64.5+-145 1.84+0.05 330
Table 5. Same as Tabl@ 3, but for HD 14434.
Mission Hel )\ 4471 Hel )\ 4541 Hel \ 4686 H3 S/N
EW RV EW RV RV EW
A) (kms™*) A) (kms™?) (kms™) A)
September 2002 0.540.03 -15.3+5.7 0.81+£0.03 -40.2-18.2 -39.4+3.5 2.09+£0.03 530
October 2003 0.520.02 -3.9+-12.0 0.84+0.03 —-28.4+13.4 -35.3+5.3 2.10+0.05 320

no significant variability was found during individual olpge
ing campaigns.

Radial Velocity (km s7') Hell A 4541

—20 T —-20

4.2. HD 14442 -30 1 30

Gaussians were fitted to the He\ 4541 line to determine the
radial velocity. The results are illustrated in Hify. 3 whattows

the RV versus heliocentric Julian day for the September 2002
observing run. We find, for this line, a mean RV of abe:®2.1
kms~! for the whole data set, which is somewhat different
from the values reported by other authors such as Conti et al.
(1977) who give—42.1 kms! or Underhill & Gilroy (I990)
who published a value 0£40.6 kms!, for averages of sev- Fig. 3. Same as Fi@l2, but for HD 14442.

eral line measurements. As for the differences in RVs foond f

different lines, the discrepancy between our results andeth

of the authors cited hereabove can probably be explainedfgyr the first one, RV values vary around a mean-&7.0

the velocity gradient in the stellar wind. The maximum diffe kms™*, whilst for H3, this mean is about66.3 kms™*. As
ence in RV over the five data sets is only about 30 kin#A for HD 192281, the mean RV is more negative in the case of
Fourier analysis was performed on these RV data but no péh& hydrogen line.

with an amplitude larger than 4.4 km'semerged from the pe-  The equivalent width was determined for the same lines as
riodogram. for HD 192281. Once again, no significant variability is foun
RVs were also determined for the He\ 4686 and H lines. during the runs, or from one observing run to the other.
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Radial Velocity (km ') Hell A 4541 equally spaced data Fourier analysis as described by Heck et
al. (198%). The main peaks)X and their aliases (essentially
1 1-v) are identified and are considered for further analysis. As a
. 1 next step we ‘prewhite’ the data for the variations at fretpye
[ . . o e 1] v following a method already described by Rauw etlal. (2001)
J . ] 1 and used in Paper I. The frequencies which give the bestsesul
. 1 i.e. a periodogram devoid of significant peaks after presvhit
. 1 ing, are considered as good candidates. Ideally, a phisical
7% significant frequency should meet the following criteria:

RV(km s7")

—20

—30

I T S S Y RO R B R
2520 25625 2530 25635

JD — 2450000 1. A stable clock ruling the variability should be found ireth
data of a given line from more than one observing cam-
Fig.4. Same as Fi@]2, but for HD 14434. paign. , ,
2. The frequency should not be found in the periodogram of
a constant line (typically an interstellar feature), othise
4.3. HD 14434 such a frequency probably reflects an artificial variability

Radial velocities measured on the same lines as for HD 192281 &ffecting the entire spectrum, and should not be associated
and HD 14442 are given in Talile 5. We emphasize that these With @ physical process. o _
values are subject to larger uncertainties due the difficalfit ~ 3- The frequency should appear, within the error bars, in the
gaussians to the very broad absorption of this star: theahctu Periodograms of more than one variable line if more than
line profiles are not gaussian and undergo variations whigh a  ©ne line varies significantly with time.

discussed in more Qet_auls m_SéEﬂS.S. The rather Iargaesa_l%hese criteria concern in fact only the most ideal cases and
of the standard deviations given in Table 5 reflect these-di

. X ave to be relaxed in more complex situations (like the chse o
(?ultles. The largest error bars are obtained for th_e' Iﬂe4686 BD +60° 2522, Paper I). Their strict application would proba-
line, and are undoubtedly due to the strong variability o th

line bly lead to the rejection of potentially meaningful frequess.

: . " The last criterion, in particular, is certainly not mandstbe-
l_:Ig.IZ shows the radial velocities measu_red on the He454_1 cguse we cannot sta?e that a given varia>l;ility mechgnisﬁn wil
I!ne during fche Se_pte_mber 2002 observing run as a.functloné%eCt all lines in a same manner.
time. The dispersion is rather large, but no systematicitoam
be detected. Mean radial velocities for the September 2002 a
October 2003 campaigns overlap within their large errosbab.1. HD 192281

. . X " )
The radial velocity reported by Conti et al._(1977), i.e. .—TllAn overview of the observing runs is given in TaBles.

—1 - - A
kms™ , is compatible with the value obtained for the e Generally, one spectrum was obtained during each night the

4541 line. No indication of binarity on time scales of severa

ar was observed, except for the 2001 run where at least 2
days, or from one year to the next, has thus been reveale . . . .

our time series spectra were taken each night with a mean time separation of

Equivalent width are also quoted in Table5. These EWs aa}EOUtO'OZS d.

stable on the time scales investigated in our study.

He il A 4686. As shown in TablEl6, five data sets were avail-
able for the study of this line. TVS and Fourier analyses were
performed on the five time series, as well as on a combination
The first step of our line variability analysis (see also Raiw of all our data sets. For a better visualization of the behavi
al.[2003) is the identification of the lines which vary signifiof this line, Figlb shows the mean spectrum and the TVS, as
cantly with time. For this purpose, we used the time varianeeell as the 2-D power spectrum as a grey scale representation
spectrum (TVS) as developed by Fullerton et[al.(1996). Wer the September 2001 observing run, and in the case of the
evaluated the signal-to-noise ratio of individual spectvar a combined data set. The periodogram of the combined data set
line free region between 4560 and 45904 . This estimate is displays some kind of fine structure due to the strong iragul
necessary for the determination of the 99 % significancd lewy of the sampling. The TVS calculated for all our individua
of the variability found with the TVS. data sets reveals that the level of the variability changa® f
The procedure was applied to each dataset. The lines thaé observing run to the other. The variability affects psse
show significant (at the 99 % confidence level) variabilitiially two separate parts of the line, respectively the efi@ind
are essentially He A 4686 and K. The detailed line profile the red wings.
variability of these two lines is described hereafter. The most striking and recurrent feature in these peri-
odograms is the presence of aliases at frequencies of al3&ut 0

In order to quantify the variability of the various specand 0.65 d!, corresponding respectively to periods of about
tral lines, we performed a 2D Fourier analysis using the-tech.86 and 1.54 d. Figufé 6 shows the mean periodogram ob-
nique described by Rauw et dl._(2001): at each wavelength steined for the 2001 run between 0.0 and 5:0 dalong with
the detection of candidate frequencies is performed by an tine residual periodogram obtained after prewhitening fioe-a

5. Line profile variability
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Table 6. Observing runs used for the line profile variability
study of HD 192281. The first column gives the name of the

campaign as used in the text, the second column yields theg < R R
amount of spectra taken during each run, the third specifies 3 Z 02 i
which line was studied with the corresponding data set, the™ © TF ]
. . . S o C i
fourth one gives the time elapsed between the firstand thelass o g1 -
spectrum of the run, and finally the last column provides the = C ]
natural width of a peak of the power spectrum taken asT1/ - o L VYA Y Y
g E T L L L L L T
Mission Number of Line AT Avnat E i - | | | | | | B
spectra (d) @l E g 02 O -
Sept. 1998 6 He \ 4686  7.977 0.125 o & - .
Sum. 1999 11 He A 4686 33.140 0.030 S 0.1 ]
Hp S = B ]
Sept. 2001 16 He A 4686 6.979  0.143 < o U
Hﬁ ] L L L L =
Sept. 2002 10 He A\ 4686 14.984 0.067 r | | | ]
Hg 2 X ]
Oct. 2003 7 Hel A 4686 15.910 0.063 = 05 —
Hp = C ]
O ;‘ Ll 1 ‘ I ‘ I ‘ | ‘ L] ‘;
0 1 2 3 4 5

v (d™)

Fig.6. Upper panel: mean power spectrum obtained for the
Hell \ 4686 line of HD 192281 between 468 A5and 4688.5

A forthe September 2001 observing run, up to 5:6.dMiddle
panel: residual power spectrum obtained after prewhitgnin
. i with a frequency of 0.64 d'. Bottom panel: power spectral
See additional GIF figures window showing secondary peaks which explain the asymmet-
rical shape of the peaks of the power spectrum.

the whole line, but it allows a clear identification of the &m
scale of the variability observed in the part of the line vehiie
TVS reaches its highest level. Prewhitening shows that wfost
the power of the periodogram can be accounted for by aliasing
of this 0.64 d"! frequency (or its. — v alias).

The periodogram of a Diffuse Interstellar Band (DIB) at
4762 A has been calculated for each data set, and only the

Fig.5. Upper panels: mean spectrum and square root of thePtember 1998 campaign gives peaks situated near these can
time variance spectrum of the e\ 4686 line of HD 192281 didate frequencies, but with much lower intensities.

between 467% and 4695A respectively for the SeptemberThe variability pattern of the He A 4686 line changes with
2001 observing run and for the combined data set. The 996R0ch. Indeed, the strongest variability and hencesthand
significance level of the TVB? is indicated by the horizontal 1—»1 peaks appear essentially in the red and the violet (with
dotted line. Velocities are expressed in km sLower panels: lower intensity) wings in the September 1998 and September
the corresponding two-dimensional power spectra. The-dad@01 periodograms, but appear only in the violet wing in
est regions stand for the highest peak intensities of the pepummer 1999. The width of the wavelength range displaying a

odogram. Frequencies and wavelengths are expressed vespégificant variability with frequency, or 1-; changes also
tively in d=* and inA (see figure 0548f5.gif). rom one epoch to the other. A summary of all the frequencies

is given in Tabl€B (Sedil 6).

quency of 0.64 d! between 4687.5 and 46885 The spectral H3. The same approach as for the iHe\ 4686 line was
window is displayed in the bottom panel. We emphasize thadopted for K. Our data allow us to perform this line pro-
the time analysis performed on such a narrow wavelength bditel variability analysis only for the 1999, 2001, 2002 an®20
does not provide any result representative of the behawburcampaigns. In this case, the TVS and the 2-D power spectra re-
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Table 7. Same as Tabld 6, but for the observing runs used for
the line profile variability study of HD 14442,

% 2 Ji;‘ T T T T T 1T T T T T 47L

Mission Number of Line AT Avga g % 15 = E

spectra (d @ == TE ]

Sum. 1999 11 He 4686 34.039 0.029 S 2 1B E

Hp =" o5 & E

Sept. 2000 9 He \4686 10.967 0.091 U AL RN RN

H3 3 = 0

Sept. 2001 12 He A\ 4686 7.030 0.142 g 2 = .

Hp 2% 15 F 3

Sept. 2002 9 He )\ 4686 14.942 0.067 =S TE 3

HB £ 1- E

Oct. 2003 6 Hel A 4686 17.957 0.056 c g 05 & =

H5 ég ) S N S S S

1 Ji; L L ‘ L ‘ L ‘ L ‘47L

= L i

veal that the variability is concentrated in the core of ihe.l S r i

The Summer 1999 data set analysis leads once again to fre- é 0.5 B 7

guencies of about 0.33 or 0.67 H This observation raises thus B 7

the degree of confidence concerning these frequenciesiglrea 0 i AR T L R

noted for the Hei \ 4686 line. However, the situation is less 0 1 2 3 4 5
clear for the September 2001 periodogram. Indeed, the peak vo(d™h)

frequencies found in this case are near 0.14 and 0-46FEbr

the September 2002 campaign, the variability appearseshift

to the red W|ng of the Iine, and we are not able to def|n|teMg 7. Upper pane|: mean power Spectrum obtained for the

distinguish the peaks from those which appear in the DIB-pefie|| ) 4686 line of HD 14442 between 4682 and 4684A

odogram. for the September 2001 observing run, up to 5:0.dMiddle
panel: residual power spectrum obtained after prewhitgnin

Hel A 4713. Even if no variability is seen for this line until With a frequency of 0.60 d'. Bottom panel: power spectral

2001, the September 2002 observing campaign reveals a g\{gldow showing secondary peaks which explain the asymetri-

nificant TVS signal in the red wing. The existence of this varf@l shape of the peaks of the power spectrum.

ability turns out to be robust in the sense that it remainsaf w

omit individual spectra one at the time and repeat the aizalys

on the remaining data set. Although the periodogram is dom-

inated by a peak at0.3 d', prewhitening at this frequencydue to a rather poor sampling. Due to the poor weather condi-

yields no satisfactory result. tions we obtained indeed only 6 spectra during that campaign
All our data sets (except perhaps in Summer 1999 where the
52 HD 14442 variability is much less significant) yield a relatively st fre-

guency between 0.35 and 0.40'd(or 0.65 and 0.60 d* for
TabldT gives some information about the observing rurtheir respective aliases) near the line core. These fraigen
During the September 2001 mission, two spectra were takgine very good prewhitening results and are not the same as
each night with a mean separation between the two spectrahafse of the main peaks appearing for the DIB at 4762

about 0.025d. Figld shows the mean power spectrum obtained for the
September 2001 mission between 4682and 4684A. The

Henl A 4686. In Fig.l, we show the results obtained for th&hiddle panel of this figure illustrates the residual perigrdon
September 2001 campaign, as well as for the combined dabjained after prewhitening with a frequency of 0.60'd
set. The analysis of the individual data sets reveals that 1h appears that the aliasing of this frequency is sufficient t
TVS obtained for the September 2002 campaign shows a maggount for all the peaks of the power spectrum. A similar
complex structure, with an additional varying componerh result is achieved if the prewhitening is performed with 400.
blue emission peak. To check the robustness of this featare,d " frequency.

have removed each individual spectrum one at the time from

our September 2002 time series and performed the variabilit Other peaks appear also in our periodograms. For example,
analysis on the remaining data. This additional comporenta frequency of 0.11d' (and its aliases) is clearly identified in
the TVS appears to be stable. The situation is even more cdhe red wing for the Summer 1999 campaign. Thble 9 in Bkect. 6
plex in the case of the October 2003 data set, where we gives a more complete overview of the frequencies emerging
distinguish four distinct varying parts in the line, butdidd be  from the analysis of all our time series.
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pletely reproduced by a 0.397d (or 0.60 d™') frequency.
This is very interesting if we remember that it corresponds
quite well to the frequencies obtained for the IH&\ 4686
line. The situation is more complex in the case of the 2000
and 2002 campaigns. After analysis, it appears that the peri
odograms are partly explained by some complex long term be-
haviour probably due to the sampling or normalization ifreg
ularities. Nevertheless, frequencies of about 0.35 @r 0.65
d—1) obviously contribute to the power spectra obtained in both
cases. The October 2003 periodogram is mainly dominated by
peaks at about 0.417d (0.59 d™1).

See additional GIF figures

He il A 4541. In the 2002 campaign, the good quality of the
data allowed us to find a significant (albeit weak) line profile
variability in the case of the He )\ 4541 line, especially near
the core of the line with some weak contributions in the red
wing. The analysis of the periodogram revealed that frequen
cies between 0.36 and 0.4 H(or their 1—v aliases) contribute
significantly to the variability of this line. This range afef
guencies matches very well the frequencies obtained for the
Fig.8. Same as Figufd5 but for HD 14442 (see figurdell \ 4686 and the K lines discussed hereabove. This result
0548f8.qif). reinforces our trust in the physical origin of the frequesci
found for the variations in the spectrum of HD 14442.

5.3. HD 14434

HD 14434 was observed during only two observing runs (see
Tabld®). In order to search for rapid variations, the stas wa
intensively observed during the night from October 16 to 17,
2003: ten spectra spanning 6 hours were obtained. The TVS for
this specific night computed over the whole spectrum did not
reveal any significant variability. Consequently, we coel
that HD 14434 does not display a variable behaviour on short
time scales (a few hours) in the spectral range we investiyat
However, over time scales of several days, a significant vari
ability is detected essentially for the He\ 4686 line in both
data sets, and for Blin October 2003. The behaviour of these
two lines was investigated and the results are describest her
after. The high quality of our September 2002 data also a&tbw
us to detect some variability for the He\ 4471 line, but with

a level which is too low for a Fourier analysis.

See additional GIF figures

. Heu X\ 4686. In FigID, the TVS shows that a significant

Fig.9. Same as Figufd8 but for thedHine between 4843  variability is detected for the He A 4686 line in both data
and 4875A (see figure 0548f9.gif). sets. The variability level seems higher in October 2008 tha

in September 2002. The variations are not restricted toengiv

part of the line, but extend over a rather broad domain. Lower
HG. No significant variability was found for this line in thepanels of the same figure display the two-dimensional power
Summer 1999 data. Remember that this data set has the pospectra obtained through Fourier analysis. The behavidbheo
signal-to-noise ratio, and also the poorer sampling dué&éo fine is rather complex, and the periodograms reveal that dif
spread of our observation over 34 days. However, significdatent parts of the line apparently display different viaility
variations were found for the other observing runs, esfigciatrends. A more detailed analysis, i.e. by focusing on irciliai
for the September 2002 and the October 2003 campaigns wheas of the line, yields different time scales.
it reaches its highest level. The two-dimensional perigdots The September 2002 power spectrum reveals that the dominant
in Fig.[d show variability patterns which are very similar tdrequency is about 0.91-0.92°d. This value corresponds to the
those obtained for the He \ 4686 line. The simplest case apdarkest spots of the lower left panel of Higl 10. We note theat t
pears for the 2001 data set, where the main feature is coralidity of the corresponding periods (close to one day)rain
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Table 8. Observing runs used for the line profile variability

study of HD 14434.
Mission Number of Line AT Alnat
spectra (d) D)
Sept. 2002 11 He A\ 4686 14.936 0.067
HB
Oct. 2003 19 Het A 4686 17.891 0.056
HB

See additional GIF figures

be totally warranted by our sampling. Other peaks conteibut
also to the power but the prewhitening failed to reveal unam
bigously which ones were to be selected to identify the eelat
variability time scales. In October 2003, the situation lsoa
rather complex though the prewhitening indicates thatifeeq
cies at about 0.35-0.4d dominate the power spectrum. We
note also that the same analysis performed on the DIBs did not
reveal significant variability due to normalization errdingt
could disturb our variability analysis.

Fig. 10. Upper panels: mean spectrum and square root of the

H3. This line displays also a variable behaviour, but only attqne variance spectrum of the ke 4686 line of HD 14434
rather low level. The detection of this variability is mogjrsf- between 4673\ and 46954 respect.|vely for the Septemper.
icant for the October 2003 data set, even though data ofrbeﬁgo2 and the October 220,03, ob;ervmg runs. Th? 99 % signif-
quality were obtained during the September 2002 campaidfr:"¢® level of _the VS 1S |r}d|c,je_1ted by the horizontal dOt'_
In October 2003, the variable part of the line could be digiddd line- The differences in significance levels are due to di
into a red and a blue side. The red part seems to be ruled/B{E"Cces in signal-to-noise ratios (see Table 5). Velesitire

a combination of frequencies of about 0.14 and 0.35 (br ©XPressed in kmis'. Lower panels: the corresponding two-
their 1 — v aliases), or by a frequency of about 0.44'dIn the dimensional power spectrum. The darkest regions stantiéor t

blue part, the possible frequencies are close to 0.3 or 0.35 duighest peak intensities of the periodogram. Frequencies a

(or their 1 — v aliases). Even though the frequencies of aboffgVelengths are expressed respectively i dnd inA (see

0.35 d"! appearing for the He A 4686 and H lines could be fI9ure 0548f10.gif).
related to a common physical process, we did not obtain suf-

ficiently consistent results to give a detailed descriptibthe seyeral hours. This is especially important in the framéwor
variable behaviour of these lines. of scenarios where non-radial pulsations may play a role (se
Sect[GR). The non-detection of short time scale variation
suggests that pulsations do not have a major impact in this
Oef star, contrary to what was put forward by the study of
At this stage, it is interesting to recall the different tismales BD +60° 2522 (Paper 1){ Pup (Reid & HowarthH_1996) and
which emerged from our line profile analyses for the threessta\ Cep (de Jong et al. 1999).
Tabld® provides the frequencies found (as well as the corre-
sponding periods) for the different lines, and for each data In addition, there are several points that have to be consid-
Because of the ambiguity between aliasesad 1-v), they eredin a model for the variability discussed in this studnstf-
are both given in most cases, with the one of lowest frequertbg stars are rapid rotators and display a double peakedHe
in brackets. 4686 emission line. Second, the ‘periodic’ variability ebsed

It appears from Tab[@9 that some variability time scaleiiring a specific observing run affects only part of the line-p
are found in different data sets of a same star. This is olsvidile. Third, the variability pattern changes from one epozh t
for HD 192281 and HD 14442. This recurrence in sontbe other and more specifically, the wavelength range displa
frequencies suggests that a rather stable process is atinvoriag the periodic behaviour can shift from one wing of the line
the variability we observe. However, the case of HD 14434 the other. Finally, the variability level changes as virelm
is much less conclusive. Indeed, our data sets did not reveag oberving run to the next.
any obvious time scale which could be responsible for a large
part of the variability d(_etectgd for the Hie\ 4686 line, a_md t_o 6.1. Rotational modulation
some extent for K. This points to a more complex situation
than for HD 192281 and HD 14442. Nevertheless, probalnce Oef stars are fast rotators, a straightforward quesdi
the most important result arising from our line profile arsédy whether a stable variability time scale as observed in tise ca
of HD 14434 is the absence of variations on time scales @fHD 192281 and HD 14442 could be linked to stellar rotation.

6. Discussion
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Table 9. Summary of the frequencies emerging from our line profilelyaes of HD 192281, HD 14442 and HD 14434. The
frequencies are given with their-1 aliases in brackets. When two frequencies are quoted tasesliare not specified. When
more than one value is provided for a line of an observingitungdicates the results obtained for different wavelengiiions

of the same line, from the blue to the red. ND means that ‘na’detre available for that specific line and NV stands for ‘no

significant variability’.

HD 192281 HD 14442 HD 14434
Observing run Line v P v P v P
@ (d) @ (d) (@ (d)
September 1998 He\ 4686 0.63 (0.37) 1.59 (2.70) ND ND ND ND
Summer 1999 He A4686 0.70(0.33) 1.42(3.03) 0.66(0.33) 1.52(3.03) ND ND
0.59 (0.41) 1.69 (2.44)
HB 0.67 (0.33)  1.49 (3.03) NV NV ND ND
September 2000 He )\ 4686 ND ND 0.62(0.38) 1.61(2.63) ND ND
0.69 (0.31) 1.45(3.23)
0.76 (0.24) 1.32(4.17)
HjB ND ND 0.65 (0.35) 1.54(2.86) ND ND
September 2001 He\ 4686 0.66 (0.35) 1.52(2.86) 0.61(0.40) 1.64 (2.50) ND ND
0.64 (0.36) 1.56 (2.78)
HB 0.14&0.46 7.14&2.17 0.61(0.39) 1.64(2.56) ND ND
September 2002 He )\ 4541 NV NV 0.75(0.26) 1.33(3.85) NV NV
0.63 (0.37) 1.59 (2.70)
Hell A 4686 0.64 (0.36) 1.57(2.78) 0.63(0.37) 1.59 (2.70) 0.91 011
0.65(0.36) 1.54(2.78) 0.66(0.34) 1.52(2.94) 0.92 1.09
0.67(0.33) 1.49(3.03) 0.77(0.23) 1.30(4.35) 0.70&0.9143% 1.10
0.61(0.39) 1.64 (2.56)
HjB NV NV 0.65 (0.35) 1.54 (2.86) NV NV
0.77 (0.23) 1.30 (4.35)
0.64 (0.36) 1.56 (2.78)
October 2003 He A 4686 0.67(0.33) 1.49(3.03) 0.61(0.39) 1.64(2.56) 0.15@0. 6.67 &1.67
0.59 (0.41) 1.69 (2.44) 0.65&0.82 154&1.22
0.66&0.83 1.52&1.20
HpB 0.13&0.26 7.69&3.85 0.57(0.41) 1.75(2.43) 0.44 2.27
0.14&0.74 7.14&1.35
0.34&0.74 294&1.35

To address this issue, we must first derive some constraintduminosity. This parameter was evaluated with the follayvin
the rotational period of these stars. An upper limit on the+o relation given by Lamers & Leitherer (1993)
tional period can be obtained from the observed projectid ro

. : L M
tional velocity. [ =7.6610"° = © 3
y. o\ )\ L 3)
27 Re . . .
Phax = ﬁ (1) where all parameters have their usual meaning, with the elec
rot

tron scattering coefficient, taking the value 0.34 cfrg—!.
whereR,. is the stellar radius at the equator (see Thble 1).

A lower limit can be evaluated as the inverse of the critical

rotational frequency, beyond which the centrifugal aceglen 6.1.1. HD 192281 and HD 14442

overwhelms the effective gravity acceleration. This ctindi

yields the relation[{2) Let us first consider the case of HD192281. We adopt

Vios sini =270 kms ! as obtained by Conti & Ebbels(1977).
With the values taken from Leitherér(1988) for the radius (1
R5), the luminosity (1674 L) and the stellar mass (704,

we find that the rotation period should be in the range from
whered is the gravitational constant/.. the mass of the star,0.98 to 2.81 d. Those boundaries correspond respectively to
andT the ratio of the luminosity of the star to the Eddingtofrequencies of 1.02 and 0.36 {

271'Ri/2

Prin = G (LT 2
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We see in Tablgl9 that most of the periods range between 2004 [ T ‘ T
1.40 and 1.59 d (with aliases between 2.70 and 3.44 d). It is
noticeable that most of the peaks of our periodograms lie so%
close to each other, and that the results are similar forrakve
epochs. From the limits discussed hereabove, we find that mos§
probably only the group of periods near 1.5 d could possibly = 1995

be related to the rotational period. B .
0 0.2 0.4 06 08 1

Phase (P = 1.5 d)

2000

The case of HD 14442 is even more interesting. By the use
of equations[{ll) to[{3), we calculated the constraints on the

rotational period. We adopted a luminositylog(L/L ) =5.62 2004 7 ]
intermediate between the two values given by Kendall et al. “ o= * ‘ * ]
(199%). For the radius, we chose the value 124 €drre- e I ° .
sponding to the luminosity given hereabove, and the ffom i r - ° .o et ]
Tabldl. Kendall et al[{1995) estimated the mass of HD 144425 2000 |- M . c 7]

by combining the stellar radius with atmospheric paranseter Coe o e . - . L.

and by plotting its bolometric magnitude versuszTon a 1998 b b L L
HR-diagram and interpolating with theoretical evolutipna 0 02 0.4 0.6 0.8 !
tracks. They found two values of respectively about 44 M Phase (P = 1.6 d)

and 54 M,. We use an intermediate value of 49;MWe find

limits on the rotational period of B, = 0.82 d and R.x =

2.29 d. These periods correspond to frequencies,f. = Fig. 11. Phase coverage of our data sets considering the pro-
1.22 d! andv,,;, = 0.44 d L. posed periods of 1.5 and 1.6 d respectively for the varighbili

As shown in TablEl9, the results are quite consistent from ofeHD 192281 (upper panel) and HD 14442 (lower panel). The
line to the other (H& \ 4686 and H¥), and from one epoch Z€ro time for phase calculation is arbitrarily chosen at HID
to the other. The first group of periods lies between 1.52 ag450000 for both stars. Each horizontal series of points cor
1.69 d, and the second one between 2.44 and 3.03 d. Since'@#0nds to an observing run whose date is indicated on the
rotational period of HD 14442 should range between 0.82 aM@rtical axis labelled in years.

2.29 d, only the first group of periods could possibly be exat

to a rotational modulation. riods becomes satisfactory when all our data sets are c@ubin

Therefore, assuming that the line profile variability dis- Fast rotation had been suggested to produce so-called wind
cussed here is indeed related to rotation, we tentativégr incompressed zones (Bjorkman & Cassirlelll 1993) near the stel
rotational periods of about 1.5 and 1.6 d for HD 192281 arar equator. However, more recent models suggest that ron ra
HD 14442 respectively. The uncertainties on these periodigl radiative forces prevent the formation of such an eguat
would be of the order of 0.1 d. From the projected rotationghl compressed wind (Owocki at Al. 1996) and tend rather to
velocities and the stellar radii (see Tdlle1 and Sect. 3), fozus the wind towards the poles. The non-spherical shape of
can infer inclination angles of 3685° and 41-47° for the rapidly rotating star will also lead to enhanced mass losiseat
rotational axis of HD 192281 and HD 14442 respectively.  pole through gravity darkening (Maeder 1999). Still, anaqul
An important issue to address is whether our data sets grovithlly confined wind could be produced by the effect of a atell
a sufficient sampling of the periods that apparently rule tmeagnetic field.
line variability in these two stars. Figlll shows the phad#e rotational broadening of absorption lines in the sjgeatr
coverage of all the data sets used for this study. These plBtstars renders a direct measurement of their magnetic field e
were obtained assuming periods of 1.5 and 1.6 d respectivielmely difficult. Nevertheless, dipolar magnetic fields360
for HD 192281 and HD 14442. In the case of HD 192281, w@ and 1100 G have been measureddd@ep and)' OriC re-
see that most points cluster around three phases. This is dpectively using spectropolarimetric techniques (Doatal.
to the fact that a period of 1.5 d cannot be fully sampled fro@001,[200R). These magnetic field strengths are sufficient to
a single observatory on the ground, whatever the numbercoifine the stellar winds into the region of the magnetic equa
spectra obtained. However, as stated in the previous gghagr tor. Theoretical models for such confined corotating stmest
the confidence interval for this period ranges from 1.4 to li&ve been developed by Babel & Montmefle (1997) and very
d. Except around the central value of this domain, the phaseently by ud-Dould(2002). The latter author considehed t
coverage appears to be satisfactory. The case of HD 14448e of aligned magnetic and rotational axes. He found that
is less problematic. With a period of about 1.6 d, we aie corotating wind structure forms if the rotational velgcit
not confronted to the same difficulty as with HD 19228Xeaches a significant fraction of the critical velocity. Aoding
For each mission, the phase coverage is satisfactory, £xdepud-Doula [(2002), the corotating structure in the wind-con
for values close to the lower boundary of the confidensists in a density enhancement of the plasma with a lower out-
interval. For both stars, the phase coverage for the seleete flow velocity. This density enhancementtends to increaiesas
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rotational velocity approaches the critical value, andeases First, in the framework of the simulations of ud-Doula
also as the magnetic field strength increases. In our casm-th (2002), it is shown that for large wind confinement paranseter
tational velocities reach several tenths of the criticdboties i.e. large magnetic field strengths, the density structwar n
and a magnetic field of a few hundred Gauss could be suffie surface becomes quite complex and undergoes a compli-
cient to trigger a corotating wind structure. Such a comotat cated variability behaviour. The occurence of this phenaoone
structure might explain the double-peaked morphology ef tlat distances from the star corresponding to the formatigione
Hell X 4686 emission in Oef stars. Moreover, if the magnetif the Hell line could have a strong effect on its shape.
field is tilted with respect to the rotational axis, we expibet Second, we know that the best studied Oef stafBufp and
corotating confined wind to produce a rotational modulationCep) undergo non-radial pulsations (see Reid & Howarth
of the spectral lines formed in the wind. Such an ‘oblique ma996; de Jong et &l.1999). Cranmg&r_(11996) considered the
netic rotator’ model was put forward e.g. by Moffat & Michaugropagation of non-radial pulsations (NRPs) into accétera
(1981), stahl et al[(1996) and Rauw etal. (2001) to explaén tstellar winds, and showed how this could lead to large scale
line profile variations of Pup,8'Ori C and HD 192639 respec-structures likely able to generate significant line profiledu-
tively. lations. The study of NRPs in rotating early-type stars soal
The inclination of an oblique corotating wind structure twit considered by Townsend(1997). According to the latter@uth
respect to our line of sight is expected to vary with a periadtation compresses pulsational activity towards the &gua
equal to the rotational period. This general scenario clmad NRPs and probably multimodal pulsations are believed ¢p tri
to a large number of variability patterns depending on the iger mass loss enhancements (or depletions) possibly reispon
clination angle of the rotation axis on the one hand, and thi of the apparition of structures in the stellar wind. Morer,
tilt angle between the magnetic and the rotational axes en the combined effects of rotation and strong magnetic fiefds o
other hand. The larger the tilt angle, the larger the conb@s NRPs is not well understood and can lead to complex cases
tween the observed configuration of the confined corotatitige the so called ‘off-axis modes’ encountered for Ap stars
wind structure at different phases. The radial extent o€tre- for which the axis of pulsation does not coincide with the ro-
tating wind would depend on the wind velocity and the magation axis (Townsend 1987). These considerations cowdd pr
netic field strength. Therefore, lines formed over a largéus vide the ingredients for an alternative scenario. The pisgr
would be less affected by the rotational modulation thaseéhobetween NRPs, rotation and the stellar wind were proposed to
formed in the innermost part of the wind where the effect woulnfluence the variability behaviour of BD +86@522 (Paper ),
be most pronounced. because of the lack of stability in the variability pattenrthat
The oblique magnetic rotator model might account for themase. However, at least in the case of HD 14434, a series of
recurrence of a stable clock in the line profile variabilityspectra obtained with about 30 minutes separation over more
However, as pointed out above, the variability with thisgimthan 6 hours in October 2003 did not reveal significant short-
scale only occurs over a limited range of wavelength andsshiferm variability for any of the spectral lines in our wavedém
from the red wing to the blue wing (and vice versa) from ongomain. This result argues against a major role of pulsation
year to the next. If our data provide a good sampling of tted least for HD 14434, but high signal-to-noise ratio anchhig
phenomenon, this fact cannot easily be explained by thelsimgpectral resolution data, as well as a better sampling,eare r
tited magnetic rotator model described hereabove. quired to confirm this result.

Third, some variability should also be expected due to out-

moving clumps in the wind of O stars. In the case(dtup,
6.1.2. HD 14434 spectral substructures similar to those observed in WRtispec
are probably the consequence of excess emission from clumps

In the case of HD 14434, stellar rotation does not appear-a |?Eversberg et dl. 1998). The variation across the line cacire

ori as a good candidate to m_terpret the line profile vamio , amplitude of about 5% of the total line intensity. However
that we observed. Our data did not allow us to clearly idgnti . :
he substructures i0Pup vary on time scales of a few hours

frequencies responsible for the variable behaviour inyatd only, which is too short to suit the variability time scales r

in Sect[5.B. However, we should notice that the search for a ) .
S X . vealed by the study of our sample of Oef stars and is again at
reccurent variability time scale requires more observatiof

this star odds with the results of our intense monitoring of HD 14434.
' Finally, we should also consider the possibility of the @oa-

tion of a clump (as discussed in the previous paragraphpacro

6.2. Other scenarios a putative confined structure within the wind (as discussed i
the previous section) or a density wave. Such a scenarial coul

Beside the rotational modulation discussed above, othead to modulations in the profiles of the lines formed within

factors are likely to influence the variability of the objectthe confined wind. The interaction of such perturbationf ait

studied in this paper. Indeed, although the main time scatwotating structure should be considered in future theale

of the variability of HD 192281 and HD 14442 are broadlgevelopments, in order to establish its impact on line psfil

compatible with the rotation period, some aspects do not fit

this interpretation. This is even more true for the cases of

HD 14434 and BD +69©2522 (Paper I).
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7. Conclusions and future work points to the fact that these structures are not static. M@

We have performed a spectral analysis of the Oef st:ilziéksr{e in the case of BD +602522 (Paper 1), the variations suf
HD 192281, HD 14442 and HD 14434 The double peak ed by the line profiles of HD 14434 can not be explained by

tructure of the emissi t of the Ha 4686 li 's scenario.
an:ﬁ ure fc)h N el;rjlsilor_l cognponen Od el s 1 N The description of the variability of Oef stars constituaehal-
of these hree ObJects 1S obvious, and points 1o a poss@éﬁge for theoretical modelizations. Further magnetobghgy

corotating structure covering a significant fraction of thﬁamical models including the interplay between NRPs, mag-
emitting region of this line in the stellar wind (Conti & Leep ;

1972). We determined iral t tively O5 etic fields and rotation need to be developed in order tafglar
o5 5)'f ed g6ernf1|nfe tshpe(;hra ypies (rgspec Vely " (?@: complex behaviour of the lines in the spectra of Oef stars

el and - ((_e) or the three s ar;) N agreement WIEY, ihe other hand, from the observational point of view, & sim
former classifications. Our radial velocity measuremerids ql r study of ¢ Pup and\ Cep should be envisaged to check
not reveal any evidence of binarity on time SC"%"GS of SEVe[Hether the variability time scales and the variation pate
days, or from one year to the next. The peculiar velocity a

HD 192281 d t " tai tatus for t §orted in the literature are stable over longer time scalé&
star 0€s not support a putative ruhaway stalus Tof e also that the study of these stars should benefit syrongl

from the use of a wide-band spectrograph, as well as a denser

ime sampling.
A detailed line profile variability analysis was performeéI Ping

on the strongest lines in the blue spectra of these starsaWwe h _

shown that the He \ 4686 line of HD 192281 and HD 14442Acknowledgements. We wish to express our thanks to Dr. Jean
displays the most significant variability, with time scaleianfroid for taking some of the spectra of the September 2600-
which are consistently found from one epoch to the other f plgn. We are greatly indebted to the Fonds National de la&ebe

. cientifique (Belgium) for multiple assistance includire tfinan-
both stars. We find however that the structure of the profi g support for the rent of the OHP telescope in 1999, 2008 an

variability changes with time. The “periodic’ modulation§ 2002 through contract 1.5.051.00 "Crédit aux cherchelNRS.

the profile, which are confined in a narrow wavelength domaifie travels to OHP for the observing runs were supported by th
switch forth and back between the blue and the red wings, Iihistere de I'Enseignement Supérieur et de la Recherihda

never leave the central absorption component of thé.liflke  Communauté Francaise. This research is also supporpedtiby con-
variability level itself changes also depending on the data tracts P4/05 and P5/36 "Pole d’Attraction Interuniveasi” (Belgian
Assuming that the periodicity of this variability is rulegt the ~Federal Science Policy Office) and through the PRODEX XMM-OM
rotation of the star, we propose rotational periods of#.6.1 Project. We would like to thank the staff of the ObservatdieeHaute
and 1.6+ 0.1 d for HD 192281 and HD 14442 respectivelfrovence for their technical support during the variou;egbsg runs.
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