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Abstract. We analyse phase-dependent variations of the pho- Periodic spectral variations in some emission lines in the
tospheric lines of the magnetic B staOri E and the suspectedwell-known young O sta#! Ori C (=HD 37022, HR 1895,
magnetic O sta@’ Ori C. In the framework of the oblique mag-spectral type O6pe) were first detected by Stahl efal_{1993).
netic rotator model, the observations are interpreted as the rekaler Stahl et al [ (1996) found that the photospheric absorption
of inhomogeneous chemical abundances — spots — at the stdilies are also variable, with the same period of about 15 days.
surface. This model can at least qualitatively explain the lifiéhe stellar wind lines in the UV (Walborn & Nichals 1994) and
profile variations with two spots at the magnetic poles of bothe X ray emission (Gagnet al[1997) are also variable with
stars. Inthe case ofOri E, we find the spots to be overabundarthe same period.
in He and depleted in metals. F&t Ori C the presumed spots  Although#! Ori C is much hotter than any of the classical
would be depleted both in He and in metals. BbiOri C we magnetic A and B stars, the observed variations are reminiscent
also discuss an alternative model with spots of enhanced abofthese stars. Attempts to measure a magnetic fiedd @ri C
dances at the magnetic equator. This model better fits the obsesre unsuccessful (Donati & Wade 1999). The derived upper
vations. Chemical fractionation is not expecteddbOri C and limits are so high, however, that this does not exclude a mag-
the absorption lines show indications of circumstellar absonpetic origin of the variations. Babel & Montmerle (1997) could
tion. Therefore, the most likely interpretation of the variationguantitively explain the X-ray flux and variability with a model
observed in the absorption lines of this star is the presenceobt magnetically confined wind shock. This gives strong sup-
excess absorption in a circumstellar cloud and not that of a difert to a magnetic origin for the variability ¢f Ori C. This
ference in chemical abundance. star is of particular interest, since it is by far the hottest object
known which shows such strictly periodic variations. It could
Key words: stars: chemically peculiar — stars: early-type — stanepresent an extension of magnetic stars to the O star range.
individual: o Ori E — stars: individual¥* Ori C —stars: magnetic In this paper we model the variations of the photospheric
fields — stars: statistics lines of§! Ori C with surface spots of different element abun-
dances. As a comparison object we also model the magnetic star
o Ori E. In this star, a magnetic origin of the variations is undis-
puted. The aim of the present paper is to investigate whether the
1. Introduction variations observed fat' Ori C can be explained, in analogy

Periodic line profile variability is a common feature in magneti®® @ O E, by chemical abundance variations at the surface or

early-type stars. In most of these objects, the generally acceptdtpther an other mechanism is needed.

interpretation of these variations is rotational modulation caused

by inhomogeneities in the element abundance_s at the surfaceppservations and data reduction

The abundance patterns usually follow magnetic surface struc-

tures, e.g. the magnetic poles, which then gives rise to rotatioh8E observations were carried out with FEROS atthe ESO 1.52-
modulation, if the magnetic and the rotational axis are incline@l telescope in La Silla. FEROS (Fiber-fed Extended Range
This is the oblique magnetic rotator model. One of the hottest@ptical Spectrograph) is a bench-mounted fiber-linked echelle
the established magnetic starsi©ri E (=HD 37479, HR 1932, spectrograph located in the former Céutom of the 1.52-
spectral type B2Vp), a He-variable starOri E is also one of M telescope. FEROS has no moving parts and is located in a
the best-studied of the variable chemically peculiar B stars (§égperature and humidity-controlled room, which allows for

e.g. Groote & Hunger 1997). very stable operation.
The instrument is designed for high-dispersion spectroscopy
Send offprint requests té. Reiners with aresolution of/AX = 48 000, covering the spectral range

* Based on observations collected at the European Southern Obfém 3700-920@ in one exposure. FEROS is equipped with
vatory, La Silla, Chile a 2kx 4k 15:m pixel CCD. The high resolution is achieved
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Table 1. FEROS-spectra af Ori E. The phases were calculated withTable 2. FEROS-spectra of' Ori C. The phases were calculated
the period ofP = 1.19084 days and the epoch/JD = JD — with the period of P = 15.422 days and the epoci/JD =

2,400,000.5 = 42778.319 JD — 2,400, 000.5 = 48 832.5

Sp.No. Phase Date MJD Sp.No. Phase Date MJD

0935 0.749 11/16/1998 51134.145 7823 0.760 07/14/1999 51373.431
0949 0.817 11/16/1998 51134.227 8146 0.214 07/21/1999 51380.436
0955 0.940 11/16/1998 51134.371 8213 0.279 07/22/1999 51381.437
1006 0.721 11/17/1998 51135.301 8320 0.344 07/23/1999 51382.439
1013 0.771 11/17/1998 51135.359 8384 0.409 07/24/1999 51383.432
1148 0.359 11/19/1998 51137.254 8455 0.473 07/25/1999 51384.428
1209 0.294 11/20/1998 51138.367 8522 0.539 07/26/1999 51385.435
1246 0.071 11/21/1998 51139.293 8580 0.604 07/27/1999 51386.446
1295 0.937 11/22/1998 51140.320 8671 0.798 07/30/1999 51389.433
1336 0.804 11/23/1998 51141.355 8726 0.864 07/31/1999 51390.454
1370 0.579 11/24/1998 51142.277 8780 0.928 08/01/1999 51391.447
1421 0.401 11/25/1998 51143.258 8897 0.990 08/02/1999 51392.400
1513 0.078 11/27/1998 51145.254 9015 0.122 08/04/1999 51394.435

1600 0.757 11/29/1998 51147.254
1636 0.550 11/30/1998 51148.195
1676 0.414 12/01/1998 51149.227
1716 0.213 12/02/1998 51150.176

1 o~ :
1763 0102 12/03/1998 51151 234 f* Ori C was observed in July and August of 1999. For

1770 0163 12/03/1998 51151.309 o Ori E andd! Ori C, exposure times of 15 min and of 6 min, re-
1773 0.198 12/03/1998 51151.352 spectively, were typically used. TN of the extracted spec-
1791 0.843 12/04/1998 51152.117 tra depends on the wavelength and peaks at about 45006000
1801 0.903 12/04/1998 51152.191 In good conditions the typical peak/N ratio is 250 and 300
1840 0.614 12/05/1998 51153.039 for o Ori E andg* Ori C, respectively.

1909 0.503  12/06/1998  51154.097 Many of the observations ef Ori E have been done during

1985 0.223  12/08/1998 51156.145

the comissioning phase of FEROS, and part of the spectra are
2414 0.181 12/27/1998 51175.148

of poor quality. The two worst spectra were omitted for this
work. In total, 27 spectra of Ori E were used; they are listed

. . ‘ . in Table[d.
by an image slicer (Kaufer_1998) which increases the spectral 14 spectra 0b* Ori C were obtained in 1999 and are listed
resolution by a factor of two. in Tablel?

FEROS uses two fibers simultaneously. One fiber contains
the object spectrum. The second fiber can contain either the sky
spectrum or the simultaneously exposed spectrum of a ThArNg- . . ' .
calibration lamp. The latter mode is intended for highest accl?‘?— Synthetic spectra and line profile variations
racy in radial velocity measurements and was not used in e modeled the stellar surface with a modified version of the
observations. A more detailed description is given by Kaufer gtogram developed and described by Townsend (1997a, 1997b).
al. (1997) and Kaufer and Pasquini (1998). This package was originally developed for modeling rapidly ro-

For a complete and fully automatic reduction of the datating non-radially pulsating stars. For our purpose, we switched
a special data reduction software was developed. It is implef the non-radial pulsations and modified the program to han-
mented as a context in ESO-MIDAS. Fully automatic reductiafle spots on the star instead. The modifications allow for local
for preview data is done on-line at the telescope. The reductidifferences of element abundances.
caninclude optimum extraction, following the method of Mukai  The stellar surface is divided into a grid consisting of about
(1990). Maximum signal-to-noise rati& (V) is achieved by 51000 points. For each point, a local line profile has to be spec-
choosing optimum weights for the summation of the pixel vaified. We derived these line profiles by interpolating in a grid
ues. This procedure also allows removal of cosmic ray hits. ThEline profiles derived in the following way: The model atmo-
wavelength calibration is done by a global fit formula, whichphere structures were computed with ATLAS9 (Kuriucz 1979,
calibrates all echelle orders simultaneously. For details of {h893). Line profiles were calculated with these model atmo-
reduction procedure see Stahl et al. {1999). spheres using the BHT code (Baschek et al. 1966). With this

The data o> Ori E were taken during November and Deeode it is possible to modify the abundances of He and metals.
cember 1998, partly during the commissioning phase of FERG%r the He lines the broadening theories of Griem etlal. (1966)
Note that the data from the commissioning phase are public dht#r\4713) and Barnard et al. (1974) (H&471, 4921) were
can be obtained from: used. Our grid of profiles covers the whole rangdgf, logg
http://www.lsw.uni-heidelberg.defakaufer/Feros/ ander,, which occur at the stellar surface.
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Fig. 1. Equivalent width of the HB\4713 line ofo Ori E versus phase Fig. 2. Same as Fig]1 but for thei0.4267 line.
(for a period of 1.19084 d and an epochMf/ D = 42778.319). The
curve shows the equivalent width computed from of the model.

In order to extract the equivalent width of the lines we fitted
Input parameters for the modeling of the complete surfagd-Orentzian profile of the shape
are the polar radiu®,,.1, the polar effective temperatuigg, _1
the stellar mas3/, the equatorial rotational velocity,.. and _ (2()\ - b)>2]
S : -  fAN)=1—-a|l4+|—= Q)
the inclination of the rotation axis. For each surface point c
Tes, 1099, vpro; (the rotational velocity projected towards the
observer) andk (the angle under which the surface element i the data. The local continuum is fitted with a straight line.
seen) are calculated. Rotatational flattening and the dependértoe equivalent width then is derived from an integration of the
of temperature and gravity on stellar latitude (von Z€ipel 192#jted profile. In this way, the scatter in the equivalent width
are taken into account. The element abundapgés specified measurements is smaller than by direct integration. In Eigs. 1
for each surface element. In this way, abundance spots at &nel[2 the equivalent widths of He4173 and @\4267 are
surface are modeled. shown versus phase.
The effect of rotation is simulated by modeling 20 snapshots The long time basis of our equivalent width curves of
of the star during one rotational cycle. The visible points of théet\4471, combined with the data from other authors (Groote
stellar surface and their contribution to the flux are determin@€dHunger 1997, 1977; Hunger et al. 1989), made it possible to
and integrated for each frame using the line profiles interpolatiedprove the period of? = (1.19081 + 0.00001)d found by
from the grid of line profiles computed with BHT. Hesser et al.[{1977). We found the slightly different value of
In contrast to the analysis applied by Groote & HungdP = (1.19084 + 0.00001) d.
(1997) — where the equivalent widths were calculated directly — If we assume that this period difference is due to a period
we first synthesized the spectra and afterwards measured thréinge, we derivé = 2.7.10 %yr~Yorr = 2.3-10%r. (Note
equivalent widths. This procedure allows us to investigate vafirat the longer period is a mean over 22 years.) The rotational
ations in the line profiles as well as to compare the integratgghking time due to angular—momentum loss in the wind can
equivalent widths. be estimated according to Brandt (1970, p.84). With a mass-
loss rate ofM ~ 10~°M yr—! (Groote & Hungef 1997) a
4 o ONE spin—down time ofr ~ 107yr is derived, using = kM R?
' (k = 0.09, c.f. Mihalas & Cont[ 1980D) and, = 30R,.

A crucial parameter needed to model the line profile variations The results differ by one order of magnitude. Thus it seems
is the rotational velocity. For determination ofin i, the line indeed possible that the period difference might be due to spin—
Ci1A4267 was used. This line is a close blend, but this does miown. It should be noted, however, that the period given by
affect the determination af sini. To take care of the intrinsic Hesser et al.[(1977) was derived from a time basis of 793d
variations in the line profile, the maximum flux spectrum of thenly. Our period is based on data covering 22 yr. Both studies
series was used instead of an individual spectrum. A rotatiomaiote the same error for the period. We think that the error
profile was fitted to the spectrum. We derivein: = (140 &+ given by Hesser et al_(1977) is a bit optimistic and that the
10) kms~—1, which is in good agreement with previous works period difference might be an artefact.

With the period ofP = 1.19d and a stellar radius @t = In this paper we work with data covering only a span of
5.3 R (Groote & Hungel 1982) this leads tg,, = (225 + 41 days and the influence on our work of such a small period-
50) kms~! andi = (39 & 10)°. correction is negligible.



588 A. Reiners et al.: Modeling line profile variationscoDri E andg* Ori C

Table 3.lon-abundances insidesf,t) and outsidedy) of the spots in
our model. The parameters of obliquity,= 66° (angle between the
rotational and magnetic axes) and the sizes of the spots at the magr
poles (1 = 60° andr, = 60°) are the same for all elements. There i
anoffsetofA ¢ = 25° betweenthem. Inthe spots, He is overabunda
and the metals are depleted. The absolute abundances of the carboi
C11A4267 are known to be determined incorrectly by BHT (Kaufer ¢
al.[1994). Their value is about 0.7 dex too low. :

omalized flu

phE‘SE

Hetr Ci  Simt -

€pot 120 7.0 7.2
€0 11.2 83 8.0

nal:zed Flux

With the present set of parameters we have a complete s- -
lar model ofs Ori E. For the Kurucz stellar atmospheres w
adopted a polar temperature Bf = 22500K, log ¢ = 3.95
andM = 8.9Mg. The only free parameter left is the abun
dance distribution of the elements. oo

The phase dependence of the equivalent widths shc
two absorption maxima which are separated by approximatc
A® ~ 0.5. For simplicity we assumed a centered magnet
dipole with circular abundance spots at the poles. The spot sizes
can be varied individually in the model. The poles are locat&ip. 3. Gray-scale representation of the profiles of M&471 (top) and
at a angular distancé from the rotational poles. The element#713 (bottom) ofo Ori E versus phase (left frames: observed data,
abundances are assumed to be constant inside and outsid&4fjeframes: model). Phases are froat.5 to 1.5 with a bin size
spots. It was not our aim to determine locations of abundan %0'06 (data) and 0.05 (model), respectively. A velocity range of
variations of orders of a few percent. The priority was to re- 5Q kms™" around the rest wavelength is shown. Tick marks on
S . ) . She right border show phases where data have been taken.
produce qualitatively the behaviour of the spectral lines versus
phase. Therefore, we only varied the size and chemical abun-

dance of the spots and the surrounding stellar surface, untjbggency of the equivalent widths. For the carbon line it deliv-

reasonable match in the observed and modeled time series Wasin adequate fit to the data.1h€713 is not properly fitted.

achieved. o . _ Fine-tuning has notbeen tried. Obviously, a slightly off-centered
We are mainly interested in the behaviour of He- angisole could produce an even better fit. NLTE-effects may also

metal-lines. The lines H&\4471, 4713, 4921, @\4267 and |y a role in the differences between model and data, especially
SilAN4552, 4567 were modeled. Four of them are shown 4§, ine Ha-lines but also for @\4267.

Figs[3 and¥. The parameters used to model the profile varia- Reproduction of the line-profiles means that the wings and

tions are shown in Tablel 3; andr are the radii of the two e of the spectral lines at all phases are fitted correctly. The
SPOtS €spor @nde are the abundances inside and outside of thg|acity distribution on the stellar surface at different times

spots, respectively. The absolute abundances of the carbon ipg hes the model, i.e. no large scale motions other than rota-
CriA\4267 are known to be given incorrectly by BHT (Kaufer &g are present. Correspondence between the synthetic profile
al.[1994). Their value is about 0.7 dex too low. and the data is better than three percent of the continuum at all

Our model nicely reproduces the phase variations of thgiases. No other simple model geometry was found to be able
observed line profiles versus phase. The polar spots for all I38%eproduce the data equally well.

are of the same size on the stellar surface. In the caps, He is

overabundant and the metals are depleted. There is an offset of

A® = 0.07 between He- and metal-caps within error limitss. 8* Ori C

This corresponds to a distance of the centres of the spots on 1 A

stellar surface ofA ¢ = 25°. Also the different behaviour of ér&e A polar spot model faf™ Ori C

the different He-lines is reproduced. The shape and velocit§' Ori C was first analysed in a similar way a®ri E. We de-

pattern of the modeled time-series spectra strongly dependtemmined the rotational velocity using thei©\5592 line. With

size and position of the spots. It is not very sensitive to thlee high resolution of our data we are able to examine closely

absolute abundance in the spots and in the vicinity. the line core, which is mostly unaffected by stellar wind effects.
After comparison of the time-series, the equivalent widthidowever, as can be seen in Kify. 5, the line profile shows signifi-

have been calculated as described above. The modeled equawt deviations from a pure rotationally broadened photospheric

alent widths variation of H&\4713 and @\4267 are shown profile. We find a value of32 + 5) km s~ for v sin i by fitting

as full drawn lines in Fig&l1 ard 2. The model reproduces tbaly the line core. This is much lower than earlier values derived
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using He and Balmer lines. Stahl et al. (1996) point out the
this could be due to an unknown broadening mechanism in 1
Her-lines. They found sini = 50 kms~! as an upper limit. ==

The stellar parameters 8f Ori C are, except for the period, o
notwellknown. The period aP = 15.422 £ 0.002d found by =~ _ ——— L ——
Stahl et al.[(1996) is confirmed by the new data. Frosini = O L0 Lt T

—1 - . .
ﬁ%ﬁgf‘c"nﬁ% rt]h; ?ﬁé'?gté ‘;‘i’gncsgisgekrn”;m g:]z ?:]ee”ar r."’“?j'LEg. 6.Profiles of the HeA4471 (left) and 4713 (right) lines 6f Ori C
) ; pero Fersus phase. Phases are freii5 to 1.5 with a bin size of 0.06. A
assum_ed to be due t‘? rotation. Donati & W"ade'(j_999) d'scus% city range oft 150 kms~* around the rest wavelength is shown.
allavailable observations and found aninclination ef (45 Tick marks on the right border show phases where data has been taken.
20)°. This number has to be considered as quite uncertain.

Howarth & Prinja (1989) derived a radius &f = 8R.

With their error estimate, the maximum radius is ab&ut=model atmospheres for the effective temperatu® @ri C of
10.5Rg). Our value forv sini, although small, favors largerT.g = 45 500 K (Howarth & Prinja 1989). We used an effective
radii. Assuming sini = 29kms~!, which is about our lower temperaure of,s = 39000K and logg = 4.2. These are the
limit for v sin ¢ and yields convenient values, and an inclinatioparameters closest &3 Ori C, where ATLAS9 models can still
angle ofi = 45°, we obtainR = 12.5R. The minimum be computed.

radius for an assumedsini = 29kms™!is R = 8.8R. Of course, we cannot expect to reproduce absolute values

As a compromise we assumed a radiusof= 10.2R,  of the equivalent widths using these parameters. However, we
which for the fixed period leads to = 60°. In the following believe that the qualitative behaviour of the line profiles and the
this set of parameters is called Model 1. relative strength of the equivalent widths due to abundance con-

Alternatively, we investigated a model with= 45° and centrations on the stellar surface can be reproduced reasonably
R = 12.5R@. This is the set of parameters for Model 2. well.

It was shown by Stahl et a[. (1996) that He and metal equiv- As described above, we synthesized series of spectral lines
alent width curves are in phase. The time series af\#é71 for the two models of/* Ori C. Low abundance spots corre-
and Ha\4713 are shown in Fifj] 6. Since we do not know thgponding to a decentered dipole geometry turned out to be nec-
broadening mechanism of Balmer andiHiees we concentrate essary — the spots do not lie exactly opposite each other. Thus
on the metal lines. we have four variables instead of two to parametrize the loca-

The assumption of local thermodynamic equilibrium in thions of the spots. Spectral lines oG Orir and Siv have been
model atmospheres used limits the applicability, especially synthesized. The parameters are summarized in Thble 4.
the case of the O6pe-stét Ori C. With the ATLAS9 model The equivalent width curve ofi@\5812 is shown in Fid.l7.
atmospheres which we used, it was not possible to calcul&terder to compare models and data, the equivalent widths are

prase
i
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Table 4.Parameters of the geometry of the models. Positions and sizes
of the spots are the same for all three ions; within error-limits there is
no need for an offset between them. Metals are depleted in the spots.
For the assumed decentered dipaleand o are necessary for both
spots independently. One rotational pole igat ¢ = 0.

B Model 1 Model 2
é Civ Orr Sirv Civ Our Sitv
€ i 60° 45°
Vrot 35k 41 ko
R 10.2R¢ 12.5Ra
01 Oo 00
H 1 60° 45°
0.75 [ A S T T T S N S S S HN ST SO SO N ] Y2 2400 2400
0] 0.2 0.4 arese 0.6 0.8 1 ,'92 1200 1400
T1 200 200
Fig. 7. Normalized equivalent width of thert€\5812 line ofg* OriC ., 30° 55°
versus phase. The full line shows the equivalent width of Model 1, tlgsq)ot 6.4 5.8 7.0 6.4 5.8 7.0
dashed line of Model 2. €0 82 7.6 8.8 8.2 7.6 8.8

normalized to the same mean value in this figure. This was n@gen from this figure that the equatorial model produces line
essary as the model does not reproduce the absolute value opifile variations which fit the observations qualitatively better
equivalent widths. Data and model of the profiles 0¥€5812  than the polar model. Both models fail to reproduce the line

and Qui\5592 versus phase are shown in Elg. 8. wings and the slight red-shift of the absorption feature crossing
The models are able to qualitatively reproduce the lifge [ines.

shapes at all phases of the series reasonably well. The normal-
ized equivalent width curves show the same tendency as the . )
data. The two models can hardly be distinguished in the tirfle P1SCussion

series, but there are differences in the models’ equivalent wigihsect[#, model calculations of the stellar atmospheseyi E
curves. The models are not good enough to distinguish betwegie been presented. A good fit for the data has been ob-
the parameters, but if we take the average model, we derive {iged. Notably, the line profile variations versus rotational
following values: phase have been reproduced. The oblique rotator model pre-
sented by Groote & Hunger (1997) is confirmed #o0ri E.

}? = (114 £ 12)Rg @ We found an offset ofA p = 25° between He- and metal-
i = (52 £ 10)° (3) abundance spots on the stellar surface. This shows that our
Urot = (38 £ 3) km st (4) method for modeling stellar surfaces with local abundance vari-

ations actually works.
With this background, model calculations@f Ori C have
been attempted. Low abundance spots at the pole and high abun-
Given the uncertainties of the model presented above — esp@nce spots near the equator have been modeled. Both give a
cially in the model atmospheres — the agreement with the obserasonable fit to the observations, but the equatorial spots give
vations is reasonably good. Nevertheless, we also investigagduktter overall agreement with the observations.
an alternative model with high abundance spots at the equator.For the classical Ap stars and He-variable stars two mech-
The element distribution for such a model is roughly similar tanisms for chemical fractionation are discussed: Diffusion
the polar spot model, but it shows a different behaviour in tif#lichaud et al[ 1976) in the atmosphere and stellar wind frac-
time series. tionation (Michaud et al. 1987). Diffusion requires a very stable
With such a model, we find a reasonable fit with the datamosphere and therefore mass-loss is a process which com-
if the spots are placed &; = 90°, o1 = 0° respectively petes with diffusion. According to calculations by Michaud
Jo = 90°, po = 260°. Radii arer; = 50° andr, = 28°. (1992), diffusion does not operate for mass-loss rates above
Abundances are, = 8.5 ande,,,: = 8.8. A stellar radius of about 10'3M, yr=!. This is much lower than the mass-loss
R = 10.2 R was used for these calculations. rates ofs Ori E andg! Ori C. Diffusion therefore is unlikely to
The normalized equivalent widths of this model are showaontribute in these stars.
in Fig.[9. The agreement is remarkably good, but note that the Stellar wind fractionation, on the other hand, seems to be
equivalent widths are normalized to the same mean value. able to explain the abundance pattern observed for He-rich and
Data and model of the profiles 0f €\5812 and @1A5592 He-poor stars (Hunger & Groate 1999). The theory leads to pre-
versus phase are shown in the right column of [Big. 8. It can bietions about enrichment and depletion of helium and metals

5.2. An equatorial spot model féf Ori C
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Fig. 8. Profiles of the @vA5812 (top) and @1A\5592 (bottom) lines of' Ori C versus phase (left column: data, center column: polar spots
(Sect[5.11), right column: equatorial spots (Secl. 5.2)). Phases are-fooirto 1.5 with a bin size of 0.06 (data) and 0.05 (model). A velocity
range of+ 150 km s~ around the rest wavelength is shown. Tick marks on the right border show phases where data have been taken.

atthe poles, depending on the ionization of H and He in the st
lar wind. Computations by Porter & Skouza (1999) indicate th
stellar wind fractionation can operate up to maximum mass-Ic
rates of the order of IOM, yr—1.

o Ori E fits in this picture. He-rich and metal-poor caps at
foundto be located at nearly the same position. This behavious o.s
expected for stars with.; = 22500 K. Hence we can identify &
the spots as poles of a magnetic dipole. This dipole coincicg
with the spectropolarimetric measurements of the magnetic fi¢ ©*
within the errors (Bohlender et al. 1987). A deviation from

©

4]

al
T T T T T

N
centered dipole has been found, but we made no further effc +
to investigate the detailed surface structure @ri E.

Forg! Ori C we tried the same model geometry, assumir
two abundance spots near the pole. He and metals are depl o L T S S !
in the spots. The spots do not lie opposite each other. If they . > > phase e e '

interpreted as magnetic poles, the magnetic field is decentered. ) . . . .
Thislla“nodel could ge interreted in asir?lilar way asd@ri E I—elg. 9. Normalized equivalent width of thei€\5812 line ofg* Ori C

e . . ... versus phase. The full line shows the equator spot model.
Additionally, a model with a different abundance distribution P a P

has been investigated. In this model, we assume overabundant
spots near the equator. The fit with observation is better in this

case. likely process fod' Ori C than foro Ori E. Also stellar wind
However, none of the known mechanisms for chemical fragzctionation is not expected to operate. This mechanism does
tionation is expected to work in the case#bfOri C. According  not predict any fractionation if the temperature is higher than
to Howarth & Prinja[(1989), the mass-loss ratefofOri C is  ahout 25000 K (Hunger & Groote 1999). Also, the stellar wind
about 410~ "M yr~*. This makes diffusion an even more unjs strong enough to prevent decoupling (Porter & Skéuza1999).
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Therefore, another interpretation seems more plausibischek B., Holweger H., Traving G., 1966, Abhandl. Hamburger
Stahl etal(1996) discussed the optical emission, UV absorption Sternwarte 8, 26
and photospheric absorption lines. They expected the UV &pandt J.C., 1970, Introduction to the Solar Wind. Freeman, San Fan-
sorption maximum ab = 0.5 to originate from the magnetic ~ CiSco
pole, while the photospheric absorption and emission maxirﬁﬁhfg‘Jdggg"g-z’SBrOW“ D.N., Landstreet J.D., Thompson I.B., 1987,
are due to a region of enhanced density situated near the g i J-F. Wade G.A. 1999, AGA 341, 216

netic equator. This region may be related to the circumstellar . . .
. . agre M., Caillaut J.-P., Stauffer J.R., Linsky J.L., 1997, ApJ 478, L87
disk predicted by Babel & Montmerle(1997). g Y P

- e / . Griem H.R., Baranger M., Kolb A.C., Oertel G., 1966, Phys. Rev. 125,
The region of excess absorption in the high-velocity stellar ;47

wind inthe UV is supposed to be located at the pole. Itis shiftesjoote D., Hunger K., 1977, A&A 56, 129
by A® = 0.5 with respect to the density enhanced region at tit®oote D., Hunger K., 1982, A&A 116, 64
magnetic equator. In this scenario the shift can be explained: direote D., Hunger K., 1997, A&A 319, 250
to the inclination of the star and the obliquity of the magnetidesser J.E., Moreno H., Ugarte P., 1977, ApJ 216, L31
field, we look straight at the magnetic equator with its densitjowarth I.D., Prinja R.K., 1989, ApJS 69, 527
enhanced region at phase 0.0. At phase 0.5 one magnetic piager K., Heber U., Groote D., 1989, A&A 224, 57
points directly in the direction of the observer. Hunger K., Groote D., 1999, A&A 351, 554
The line profile variations of the optical absorption lines afédufer A, Szeifert Th., Krenzin R., Baschek B., Wolf B., 1994, A&A

interpreted in thi§ model as variable ex9e§s absorption in.l.lgaleugrgg‘lv?/olf B., Andersen J., Pasquini L., 1997, ESO Messenger
circumstellar environment and not as variations of the chemica 89,1

abundance. The region where the excess absorpt®n@ii C 5 er A., 1998, Fiber Optics in Astronomy Ill, ASP Conf. Series 152,
originates is aregion of enhanced density on the magnetic equa-337

tor. The emission lines have maximum strength at the sam&ufer A., Pasquini L., 1998, Proc. SPIE 3355, 844

phase. This can naturally be explained, when the emission okgrucz R.L., 1979, ApJS 40, 1

inates in the same region. A possible location for this region §érucz R.L., 1993, In: Dworetsky M.M., Castelli F., Faraggiana R.
enhanced density at the equator could be intersection points of(eds.) Peculiar versus normal phenomena in A-type and related
the rotational and magnetic equateOri E also seems to have _ stars. IAU Coll. 138, ASP Conf. Series, p. 87

circumstellar matter in this region (Groote & Hunger 1997)Mihalas D., Conti P.S., 1980, ApJ 235, 515

The fact that we see the effects of this circumstellar matter Yichaud G., Charland Y., Vauclair S, Vauclair G., 1976, ApJ 210, 447

6' Ori C even in the “photospheric” lines indicates a quite high'cg‘;;d G., Dupres J., Fontaine G., Montmerle T., 1987, ApJ 322,

density of circumstellar matter. This is also supported by trﬂ)ﬁchaud G., 1992, In: Heber U., Jeffery C.S. (eds.) The atmospheres
fact that the absorption line profiles are distorted (see e.d.IFig. 5 of early-type stars. Lecture Notes in Physics 401, p. 189
and the red-shift of the absorption feature in Elg. 8), indicatingukai K., 1990, PASP 102, 183
significant absorption from cirumstellar matter. Porter J.M., Skouza B.A., 1999, A&A 344, 205
Stahl O., Wolf B., Gng Th., et al., 1993, A&A 274, L29
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