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ABSTRACT

Context. Be stars, which are characterised by intermittent emisisigheir hydrogen lines, are known to be fast rotators. Tagt f
rotation is a requirement for the formation of a Kepleriaskgiwhich in turn gives rise to the emission. However, thesatithg,
magnetic B1IV stap Cephei is a very slow rotator that still shows ldmission episodes like in other Be stars, contradictingecuir
theories.

Aims. We investigate the hypothesis that the emission stems from the spectroscopically unresolved eoiop of3 Cep.

Methods. Spectra of the two unresolved components have been sepématee 6350-6850A range with spectro-astrometric tech-
nigues, using 11 longslit spectra obtained with ALFOSC atNlordic Optical Telescope, La Palma.

Results. We find that the k& emission is not related to the primary f1Cep, but is due to its 3.4 magnitudes fainter companion.
This companion has been resolved by speckle techniqueis rentains unresolved by traditional spectroscopy. Thession extends
from about-400 to+400 km s'. The companion star in its 90-year orbit is likely to be a sleal Be star with a spectral type around
B6-8.

Conclusions. By identifying its Be-star companion as the origin of the Emission behaviour, the enigma behind the Be status of
the slow rotatop Cep has been resolved.

Key words. Stars: emission-line, Be — Stars: individyalCep — Stars: magnetic fields — Stars: early-type — Starsitgcti binaries:
close

1. Introduction to the interaction of the magnetic field with the stellar wind
(Schnerr et al. 2006), similar to the rotationally modutiaténds

The well-known pulsating stg Cephei (HD 205021) has beengf the magnetic Bp stars (elg. Townsend &t al. 2005), whist al
classified as BllVe. Its Be status was assigned after the st@bw Hy emission.

showed prominent emission inaH The presence of this emis-
sion has been reported from time to time since 1933 (Karpov

1933), but often the emission disappeared or was not noticed  The serious problem, however, is that every model so far pre-
new Hr emission episode was discovered in 1990 (Mathiasiet glets that this 12-day rotation period fCep should also be
1991; Kaper & Mathias 1995), which decayed in about 10 yeaggearly visible in the i emission (probing the outflow near the
Neiner et al. [(2001) found that the emission was back agaify|ar surface), whereas no sign of any 12-day modulatioitc
within several years. A summary of the emission phases Ul found in more than 300 high-resolution Hrofiles taken over
1995 is given by Pan’ko & Tarasov (1997). 6 yearsl(Henrichs et HI. 2006). This discrepancy serioustg-h
This behaviour is typical of Be stars. The enigma is th@lers our understanding of the Be phenomenop:@ep really
nearly all Be stars are rapid rotators with equatorial rot@elongs to the (phenomenologically defined) class of Besstar
tion rates of typically~70-80% of the critical rotation ve- rapid rotation would not be required for the explanationt t
locity (e.g.!Porter & Rivinius 2003), or perhaps even highése phenomenon, opposed to all existing models. In additien,
(Townsend et al. 2004). Howeves,Cep is a very slow rotator origin of the unmodulated édemission would remain a mystery.
with vsini ~ 25 km s* and has a very well-determined rota-Current modelling #orts would clearly benefit from resolving
tion period of 12.00 day< (Henrichs et Al. 1993), much longiis critical issue.
than the inferred rotation periods of other Be stars. Irstamngly,
the star was discovered to be an obliqgue magnetic rotator
(Henrichs et all 2000) with a polar field ef360 G (see also  The aim of this study is to investigate the hypothesis that
Donati et al.. 2001), which strongly modulates the outflowinghe source of the b emission is nog Cep itself, but its nearby
stellar wind with the rotation period. This has been veradie companion, which has been resolved by speckle techniques.
observed in the UV resonance lines ofvCSitv, and Nv with  This suggestion has already been put forward by Tarasov (see
the IUE satellite over more than 15 years. This spectral liri@enrichs et &l. 2003), which was at that time, ironicalljected
modulation could be modelled reasonably well as being dug one of the current authors. If this close companion were to
turn out to be a Be star, this would clearly mean a major step
Send  offprint  requests  to R.S.  Schnerr, e-mail: forwards in understanding thg Cep system, and also remove
rschnerr@science.uva.nl the unfulfillable constraint on Be star models it poses now.
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1.1. The binary components

The stap Cep (V=3.2) has a visual companion £7.9) at a dis- -
tance of 13.4. A second companion was detected using speckle
interferometry by Gezari etial (1972) at a distance-06f25’,
which was later found to have a visual magnitude ef6\6. The
parameters of the close binary orbit have been determioed fr g
the variations in the pulsation period due to the light tinfie e2 «
fect and speckle interferometry by Pigulski & Boratyn (1992§ °
see alsa_Hadrava & Harmankec 1996). When recent, additiomal
speckle measurements (Hartkopf et al. 2001) are taken @to a
count, the current position of the companion is at a distarice
about 0.7 from the primary, at a position angle of 4¢n the © 7 July 2000
NE) on the sky. From the mass ratio determined from the binary |
orbit, the companion has an estimated spectral type aroGrl B

As the target is very bright and the approximate orbit is
known, the technique of spectro-astrometry is particyhlae|l-
suited to resolving the question of the origin of the Emis- Fig. 1. Average Hr profile (full line), the profile of 7 July 2000
sion. Spectro-astrometry measures the relative spatitimo and 19 June 2001 (dashed and dotted lines respectively, see
of spectral features from a long-slit spectrum (see BaiR38l; |Henrichs et gll 2003). During our observations more emissio
Porter et al. 2004, and references therein). If one star ottear- was present than in 2000.
wise unresolved binary has, for exampley eimission, the pho-
tocentre across the line perpendicular to the dispersictdi
tion will shift towards that star. So far the technique hasntya
been used to detect close binary companionsi(e.q. Hailegat 993- Results

B?'r:‘es et sl 2.0063’ but also thef|nq|||\./|dual speé:tra of bérsar he average Hl profile is plotted in FiglL, together with spectra

with a separation down to tens of milliarcseconds (mas) @n f e in 2000 and 2001 (Henrichs et al. 2003). Although iis n

obtained. directly clear from the new spectra that emission is presem-
parison with the spectrum of July 2000 shows that the emissio
is currently stronger than it was in 2000.
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2. Observations and data reduction o
3.1. The source of the Hox emission

Longslit spectra of Cep were obtained with the ALFOSC spec
trograph at the Nordic Optical Telescope (NOT) on La Palm
We used grism #17 (2400nmim VPH), which gives a disper-
sion of 0.25 Apixel for the~6350-6850 A range. The 1.®ff-

The spectro-astrometric results forH6563 A) and the He
fine at 6678 A are shown in Figl 2. It is clear that near the
photocentre of the spatial profile of the spectrum shiftsaials
; : ... the companion (in the NE direction). This is due to an incgelas
centre slit was used to avoid a ghost near /e observed with relative contribution to the flux of the companion, indicagtthat

a typical seeing of1.1”, resulting in an fective resolution of P e ;
R~4500. The CCD with 2048x2048 pixels gives a spatial resoﬁe companion is the source of thevtémission. The width of

. I g ; ’'the signature in b is from about-400 to+400 km s, which is
tion of 0.19/pixel, thereby giving a good sampling of the spati uch broader than the width of the absorption line and ilpi

profile of the spectrum. for a Be star emission line.
A total of 11 spectra were obtained on 28 August 2006, be-
tween 5:40 and 5:53 UT (HJD 2453975.74), with exposure times o
between 2 and 5 sec. The star was positioned at thfemretit 3-2- The spectra of the individual stars
locations on the slit, to check for possible instrumenté@s. For close binaries with smaller separations than the $li i
The angle of the slit on the sky was set tG 4RE), which was possible to determine the two spectra of the individual, un-
confirmed by images obtained without the slit, leaving the Oryesolved, binary components with the technique described i
entation of the sky unchanged with this instrument. Bailey (1998b) and_Takami etlal. (2003, see dlso Porter et al.
Data were reduced using the IRAF software package. TBB04). Using average photocentre shifts, we determineththe
CCD-frames were corrected for the bias level and divided bydividual spectra, adopting the measured magnitufferdince of
normalised flatfield. Scattered light was subtracted. Vémgth 3.4 magnitudes (Hartkopf etlal. 2001) and separations af'0.0
calibration spectra were obtained using an Ne lamp. Thetres®.1”’, and 0.13, bracketing the estimated separation.
ing two-dimensional spectra were fitted by a Gaussian profile The resulting spectra are shown in H. 3. The results for
in the spatial direction at each wavelength step with thedftp three possible separations are shown, and apart from gregsir
routine, using a 5-point running average in the dispersioatd of Ha the results are qualitatively similar. The conclusion that
tion (comparable to the spectral resolution). We have ab@ckkthe NE component is the source of ther ldmission is con-
that similar results were obtained when no correction fat-sc firmed when the spectra are split. We find that the secondary ha
tered light was applied, or when Voigt instead of Gaussian pra double-peaked emission profile, characteristic of aicalsBe
files were used. Further consistency checks were carriedyoutstar.
comparing the results for all individual spectra taken #iedi In the Her line the signal is also in the direction of the com-
ent slit positions. All traces were similar to each othegsgly panion, but it has the same width as the absorption line in the
suggesting that instrumental artefacts are not present. total intensity spectrum. In the separated spectra it caseba
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Fig. 2. Spectro-astrometric observations of Kleft) and the He line at 6678 A (right) of thes Cep system. Shown are the nor-
malised intensity line profile (top) and the position of thepcentre of the spatial profile relative to that of the conim (bottom).

In the plot of the d'set of the photocentre the results of all individual speateashown (dotted lines) as well as the average (full

line). In both the K and Ha plots a shift of the photocentre towards the companion ibkisHowever, in K the photocentre is
offset from about-400 to+400 km s?, while in Her the width of the &set is similar to the width of the line.
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that this line is present only in the primary and not in the-se€inland, Iceland, Norway, and Sweden, at the Spanish Oliseiv del Roque
ondary, as expected for its later spectral type. de los Muchachos of the Instituto de Astrofisica de Canaffag data pre-
sented here were taken using ALFOSC, which is owned by thitutts de
Astrofisica de Andalucia (IAA) and operated at the Nordici€gltTelescope un-
4. Conclusions and discussion der agreement between IAA and the NBIfAFG of the Astronofri@iaservatory

We have shown that thedHemission observed from trﬂeCep of Copenhagen. RS and HFH thank F. Leone for useful disaussio

system is not related to the slowly rotating primary startbthe

secondary, which is most likely a classical Be star. Thidagrp References

why the Hy emission is not modulated by the rotation of the
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Fig. 3. The results of the separation of the spectra of the primadyseeondary components. We show the normalised intensity
line profile (top) and the separated line profiles of the primieniddle) and the secondary (bottom). For the splittinghaf spectra

we have assumed a separation of 0.Qdashed lines), 0”L(full line, corresponding to the best estimate of the sejarg and
0.15’ (dotted line). A double-peakeddHemission line with a width 0£400 km s?, typical of a classical Be star, is found in the
secondary star. The Héine at 6678 A is only present in the primary star.
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