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ABSTRACT

Aims. We study the Be staf Cen circumstellar disk using long-baseline interferogethich is the only observing technique capable
of resolving spatially and spectroscopically objects $anghan 5 mas in the H and K band.

Methods. We used the VLTIAMBER instrument on January 6, 8, and 9, 2008, in the H and Kibamcomplete low (35) and medium
(1500) spectral resolution observations.

Results. We detected an oscillation in the visibility curve plotteddeafunction of the spatial frequency which is a clear sigreatd a
companion around Cen. Our best-fit soltution infers a binary separation o7 @8as, a companion flux contribution in the K band of
about 7% of the total flux, a PA of 117:5and an envelope flux around the Be primary that contribyte® @bout 50 % of the total
flux, in agreement with our Spectral Energy Distribution [Ht. The envelope size is estimated to be 1.6 mas in K but pardere
from spherical symmetry is detected.

Key words. Techniques: high angular resolution — Techniques: intenfetric — Stars: emission-line, Be — Stars: winds, outflews
Stars: individual § Cen) — Stars: circumstellar matter Stars: binary

1. Introduction sults were published by Chesneau et al. (2005) and Meilland

t al. (2007a). The data interpretation was completed wi¢h t

We have initiated an observational campaign to determige IEIMECA code developed by Stee et al. (1994), which is able
global parameters of Be stars and the origin of the so-cdlled ;) iy jate the gaseous circumstellar environment of adtit

phenomenon” using the VLTI interferometer, which combineg, s Tyo distinct regions in the circumstellar environinef

for the first time, milli-arcsecond spatial resolution wigbod o Arae are clearly present : a thin Keplerian rotating equato-

spectral resolution of up to 12000 in the near-IR K band. V8 afi| §isk and a rapidly expanding enhanced polar wind. As for

therefore able to study the geometry and kinematics withén tAchernar, the stellar rotational velocity, which was réadiea-

circumstellar environment. Three Be stars have been obdery ;
X . ; : urable due to the flatness of the projected envelope ongkihe
with the VLTI instruments and the global physical propeé -0 '\as found to be almost critical. By combining MIDI and

these stars have been found to vary strongly from one staripger data, they found that the disk size did not vary as a

another. ; ; ; y

. . function of the observing wavelength, which was a strong-ind
_Achernar was the first Be star observed with the VLTI Ussaiin of possible disk truncation, as confirmed by moressita
ing the VINCI beam recombiner. These observations exhipy» spectroscopic measurements.
ited a strongly flattened star due to an almost critical rotat Finally, the third Be star studied using the VLTI instrurnt

(Dr?(;niﬁi:tngo?ﬁr%ogg t% ';Fr:]\gesliaﬁ/o%?) tﬁgdtcigﬁ)l(ten.ﬂe%go}fﬁw CMa, observed with AMBER in MR mode and presented
wi Ibu 0 ux 1 n Meilland et al. (2007b). For this star, a non-Kepleriatate

band (K_erve_lla& Domiciano dg Souza 2007) with no deteCtaWﬁg disk was detected. The star was found to rotate far below
equatorial d'Sk.' Nevertheless, IS C|rcums_tella( enment was " crisica| velocity, which appears to indicate that adi rota-
known to be highly variable with a quasi-cyclic formationdan i, "ay not be a requirement of the “Be phenomenon”. Since
a dissipation timescale of about 13 years proposed .by.V'S'C'it has an early spectral type of B2V, the radiation pressughin
etal (2007). Kanaan et al. (2008) queled these variatioos Showever be sflicient to initiate a mass loss and possible disk for-
cessfully as a possible outburst of circumstellar mattet tas o0 This hypothesis agrees with the Cranmer (2005stat
been ejected and was propagating within the stellar erwieom tical study. Finally, the spectro4iiérential interferometric mea-

with an expansion velocity of 0.2km’s . surements were able to detect the presence of an inhomaogenei

a Arae was the second star observed with the VLTI, using ; ; ; ;
; o the circumstellar envelope of this star, which could kerin
both MIDI and AMBER instruments, and the observational r%’reted in terms of the "one-armed” viscous disk framework of

Send offprint requests to: meilland@mpifr-bonn.mpg.de Okazaki(.1997).

* Based on observations made with ESO telecopes at La Sitm®ar  T0 increase the number of Be stars observed by the VLTI and
Observatory under GTO programme IDs 080.D-0131(A) and @©80. initiale a statistical study of the geometry and kinematiaheir
0099(B) surroundings, and study the possible dependence of theli&e p
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nomenon” on the spectral type of the central star, we regdest Obs. time Target Triplet ~ Mode Seeing
new AMBER observations of 6 close and bright enough Be stars 0601/08 08:59 ¢ Cen A0-KO-G1 MR 1.027
of spectral types ranging from B1 to B8 of whiélCen was one 060108 09:11 HD109538 A0-K0-G1 MR  1.13"
star. 06/01/08 09:26 6 Cen A0-KO-G1 MR 1.19”

This letter is organized as follows: in Sect. 2 we brieflydatr 08/01/08 08548 HD90798 ~ E0-GO-HO LR 0-59"
duce the Be staf Cen and its fundamental parameters, in Sect. 88//8582 82;3% HaDagg% Eé)(')_G&')'_':_?O LN'TR 06938”
3 we present our VLTAMBER observations and the data re- ' .

ducti din the | - | indld 0907/08 08:31 ¢ Cen E0-GO-HO MR 0.74”
uction, and In the last section our results are summarined a 0901/08 08:50 HD109538 EO0-GO-HO MR 0.87"

conclusions are presented. 090408 09:08 oCen  E0-GO-HO MR  1.22"
S 0901/08 09:28 HD109538 EO0-GO-HO MR  0.71"
Name L(m) PATQ woh = Table 1.Observations log of Cen and its calibrators during the
B1 85 -158 o ° ] January 2008 Be AMBER GTO run.
B, 859 75 . 5
By 1279 -116 £ o°of T Fpuy ]
E: 31169 %ﬂ = o P Space observatory (ISO). The fundamental parameters-deter
Bs 47.8 111 ror ] mined for rapidly rotating B-type stars by Frémat et al.q2))
B YT taking into account gravitational darkening wergs {E22384
a(m) + 446 K, log g=3.942 +0.053, and Vsin=263+14 km s?.

. . Its linear critical equatorial rotation velocity was.¥527+29
Fig. 1. Left : Names, lengths, and P.A. for each baseline of t s and its incl?nation angle estimated }{0 b;il.&z.g’.

two triplets of observation. Note that the two measurenteots Levenhagen & Leister (2004) estimate its age to be log Age

January 8 with A0-K0-G1 are merged intq,B;, and B base- . SN _ .
lines, since the projected baseline length and P.A. doesgamgt ;éoj)og,l,agr its luminosity log./Lo=3.70+0.10, and its mass

significantly between them.3Bs, and B baselines correspond
to the EO-GO-HO triplets. Right: (u,v) plane coverage aidi
during thes Cen observing run. Fortunately, the largest project&] Observations and data reduction

baseline is aligned with the shorter ones. 6 Cen was observed with AMBER in low and medium spec-

2 §Cen tral resolution modes (spectral resolving powers ef3R and
R=1500, respectively) during the observing runs 080.C-0099
6 Cen (HR 4621, HD 105435, HIP 59196) is usually classified and 080.D-0131, completed in January, 6, 8, and 9, 2008.
a B2IVne star. Levenhagen & Leister (2006) considered a-sp&tve measurments were obtained with the Auxilliary Telgss
troscopic analysis that did not take account of tfieas of grav- (1.8m diameter) on the A0-KO-G1 and EO-G0-HO baseline
ity darkening and proposed a B2Vne classification. It is & vatriplets. HD 109593 (apparent diameter of 1.688)21 mas in
able star with a brightness variation between magnitude@n@d the CHARM2 catalog from Richichi et al._2005), HD 47536
2.51.6 Cen has the same proper motion as the nearby stars Kpparent diameter of 1.88.03mas, also in CHARM2), and
105382 (which is also a Be star) and HD 105383 and may thek¢d 90798 (apparent diameter 1:#0.51 mas using the getCal
fore be member of a triple visual star system. A precise radiaol) were also observed to calibrat€en visibilities. The log
velocity (RV) measurement campaign of B stars in the Scerpiwof these observations are presented Table 1.
Centaurus association conducted by Jilinski et al. (2008d-m  The data were reduced using the AMBER data reduction
sured a RV fow Cen of 3.& 2.8 km s. The RV determined by software developped by the IMM@nd1ib, version 2.1. It com-
various authors from the SIMBAD database also exhibitsgelarputes a fringe fitting of the AMBER data, after correcting for
dispersion, which might indicate possible binarity, as we ;1 detector bias and flat-field (Millour et &l.,"2004 and Tatetlal.,
the following. On the other side, Mason et al. (1996) and Mas2007). Following that step, we adopted twdéfdient approaches
(2008), using U.S. Naval Observatory (USNO) and Center fay calibrate the data:
géggclﬁgﬁolu_tmn_Astrono_my (CHARA) speckles cameras did not The “standard” approach, which retains 20% of the total
y binarity for this star. ; ! ;

Based on an autocorrelation analysis of Hipparcos photom- Number of frames according to the fringe SNR. This allows
etry, Percy et al. (2002) presented a self-correlationrdimg ~ US 0 limit the fringe smearingffect (also called “jitter” ef-
with strong minima at 0.55 and 1.1 days, in contrast, Balona fect) and the coherence length visibility loss due to the at-

(1990) reported a tentative period of 1.923 days, implylmagt ~ MOoSPheric OPD (described in Millour et & 2007). The fol-
5 Cen is a short-period variable Be star. Studying line profile |0Wing steps (transfer function estimation, calibratiargre

variations in 1999 HEROS spectroscopic data, Rivinius et al EOT/Iplllmed usilng a n‘%W set of custom-made scripts described
(2003), confirmed both values at 0.532d and 1.139d but with 2Y M OUfetF’:‘- (200; )5 . " ained i

a formally somewhat higher significance of the longer period An approac using ootstrapping, roughly explained in
which was adopted in their paper. They concluded th&en Tatlli \et al. [2) and described i _more detail in
line profile variability was modeled successfully as a nadial Cruzalebes et all{20D7). A frame-selection scheme that re
pulsator withl = m = +2, as for the Be stap CMa, but with a jects frames with a negative flux, a high OPD variation from

strongly asymmetric power distribution of the line profileriv ffaf“e o frame, and a SNR oflessthan 1, is also applied. The
ability with a unidentified cause. The star's distance was es ~calibration procedure is then completed the same way as for
mated by Hipparcos to be 1211pc, and its K and V magnitude the previous method.

to be 2.7 and 2.56, r.espec.tive_ly . I__enorzer etal. (2002)tiﬂed| 1 available ahttp://mscweb.ipac.caltech.edu/gceb

6 Cen as a B star with emission lines observed in the ISO Sho’ The scripts are available to the community at the followingpw
Wavelength Spectrometer Post-Helium program of the laftarpage/http://www.mpifr-bonn.mpg.de/staff/fmillour
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o : R - in the near IR, we obtainds,= 0.52+:0.06 F; in the K band and
1 0.38+0.08 Ry in the H band.

K and H band calibrated visibilities obtained with the small
aligned triplet in LR mode (i.e. B Bs, and B) are plotted as
a function of the spatial frequency in Fig. 3. These datalskhi
clearly a sinusoidal modulation with a period ofsk=22 cy-
clegarcsec and an amplitude ofsA¢=0.15:0.02. This varia-
tion cannot be reproduced by a simple stacircumstellar en-
velope model regardless of the geometry of this second com-
ponent (e.g. uniform or Gaussian disk, or ring), and is ugual
. produced by a companion. The separation between the two com-
log A (um) ponents in the direction of the projected baselines (i14.1% is

iven by S56=1/Tp=44.8:0.5mas, and its flux byFEA456/2 =

log Flux ( W/m?/um)

7167 ! 1 I

Fig. 2.5 Cen Spectral Energy Distribution (SED) reconstruct

from various sources in the literature : Morel (1978), 2MAS immer flux ratio since the separationi25% of the telescopes

IRAS magnitude and flux measurements (diamonds), IUE SPSsE & 240mas with the ATs at 2m) and the AMBER instru-

tra (solid line in the UV), and ISO spectra (solid line in th?nent uses monomode fibers (Tatulli et al. 2004). Howeves, it i
IR). The dashed line is a Kurucz model fogf = 21000K, beyond the scope of this pape(r to correct .fortlﬁe)éet. ’

+=59R; logg=4, and d=121pc. To reproduce the small slope in the visibilty as a function
of spatial frequency, we need to introduce a small circuimste
The two methods provide the same results within the erriar envelope (i.e., B2+0.5mas) around one of the two compo-
bars and we therefore choose to use the calibrated data froemts. We note that the data also indicate some snftgkences
the first method later in the paper. Since the aim of the pagermodulation amplitude between the H and K band data. The
is to determine the binary parameters, we exclude the Januaharacterization of theseftirences, probably due to the varia-
9 MR data for which projected baselines are similar to tH&n in the binary flux ratio between these spectral banagsgyésn
January 8 LR ones and the data quality is significantly lowdreyond the scope of this letter and is not described here.
Finally, we merged the two January 5 MR measurements ob- The By, B,, and B data are also plotted in Fig 3. These
tained with almost the same projected baseline, and detetni measurements place additional constraints on the binatyhan
the wavelength-dependent visibilities for the six basipre- circumstellar envelope. The,Band B; data show a sinusoidal
sented Fig. 1. The corresponding (u,v) plane coverage afdihe modulation with periods corresponding to a separation eetw
ence target is also plotted in Fig 1. the binary components in the projected baseline directiins
S$,=62+5 mas and $=52+6 mas, respectively. The amplitude of
the modulation is A=A3=0.15+0.05 which is in agreement with
the measurement for the January 8 LR data (i.e<0A15+0.02).
For a single Be star, assuming that the visibility we measure The separation measured by B consistent with that measured
is only due to the central star and its circumstellar disk ae cfor data acquired with the LR triplet; this is a good indicatthat

.075:0.01Fk,;. We note that this value may be biased towards a

4. Results

write: our measurements are not biased by some instrumeifiéate
since B is almost aligned with the LR triplet (i.e. PA:116° for
V= VenFew + Vi Py (1) B3, and P.A=-111° for B4, Bs, and B;). The diference between
Frot the two measurements can be due either to a inaccurate spec-

ral calibration of AMBER LR data (up to QuIn) or to a small

hange in the projected separation due to thefSvariation in
P.A. between the two data sets. Finally, there is no evidehae
sinusoidal modulation in the;Rlata. Since the modulation may
not be detected if its period is at least 3 times the obsemati
range in spatial frequency (i.e.>b0 cyclegarcsec), the binary

where V., and R,y are respectively the envelope visibility an
flux in the continuum , \{ and K the star visibility and flux in
the continuum and = Feny+Fx. TO measure accurately the ex
tension of a circumstellar envelope from an interferonsetréa-
surement, we therefore need to determine bqthfd R, at the

observing wavelength. This can be achieved directly byyaral gonaration along this proiected anale. iS lower than 20 mas
ing data acquired by interferometry if, at least, two bamai P 9 brol ge. '

resolve the envelope completely but not the star (ig,~0 and The average .VISI.b”Ity of each baseline (6,=0.82,V>=0.86,
V, ~1). In the case of ouf Cen AMBER data, even the Iongestandv3=0-81) indicates clearly the presence of an extended com-
baseline (i.e, B=127.9m) is too short to fully resolve the cir-PONent, probably a circumstellar envelope with an exteneio
cumstellar envelope. about 2:0.5mas. . o _
To determine F and Ry in H and K bands to the highest By measuring the projected separation in at least two dif-
possible accuracy, we started our modeling by construdtiag ferent_dlrect_mns in the sky, we can d_etermlne the modulds an
6 Cen Spectal Energy Distribution (SED) using various saurcte orientation of the binary separation on the sky plane. Ou
in the literature (see Fig. 2). A Kurucz model, fitted from Unta Most appropriate binary star circumstellar envelope model is
visible measurements, for which the circumstellar contitn Obtained for a set of values given in Table 2. The modeled visi
was negligible, was used to determine the stellar contdhub  bility obtained in K band for each of the six baselines is fgldt
the flux for wavelengths ranging from UV to Far-IR. The value¥ith the observed measurements in Fig. 3. We note that to ver-
of the best-fit Kurucz model parameters, which were consistdfy that the binary signal did not originate in the calibrstave
with those found in the literature and were introduced intSe€hecked that the modulation was evident in the science bbjec
1, are presented Table 3. This method allows us to charaetefiaw Visibilities and not on the calibrator ones.
precisely the circumstellar IR-excess. Taking into act¢dha Since AMBER operates simultaneously with three tele-
uncertainty in the spectral class®€en and its small variability scopes, we are able to measure the closure phase for edeh trip
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Fig. 3.Left: LR K (dark) and H (gray) bands visibilities for the Jamy, 8 2008 baselines {BBs, and B) as a function of the spatial
frequency. Second picture from the left to the right: MR hiléies for the January, 5 2008 baselines (B,, and B) as a function
of the spatial frequency. For all figures, measurementsiaes ¢py the error bars, whereas the solid line correspondatbest-fit
binary+ uniform disk circumstellar envelope modeled using paransdtom Table 2.

Such measurements place additional constraints on ourlmode
Figure 4 shows a reasonable agreement between observed and- 1 ]
modeled closure phase using parameters from Table 2.
Finally, using R=5.9R, and d&=121pc, the 68.7mas sep-
aration betweens Cen and its companion corresponds tog -
300+50R,. Assuming a circular orbit, this provides a lower limit &
to the semi-major axis. The companion spectral class can lge

degree)
AN
N
\
~\\
.
°
T
L

inferred using bot Cen spectral class and K band flux ratio” _,| 1 2 ,
determined from the amplitude of the modulation in the inter

ferometric data. The companion spectral class should raage I S T R Y
tween B4V and AOI”, and |tS mass between 4 and Q? MSing average B/ (cycles/arcsec) average B/ (cycles/arcsec)

Kepler's third law of planetary motiorP = ya3/Mut, Where g 4 Observed and modeled closure phase for thBsBs

P is the period in yearsa is the semi-major axis in AU, and (jeft) and B B,Bs; (right) triplets plotted as a function of the av-
Mot is the binary system total mass Mo, we can determine g a6 spatial frequency. For all figures, the measuremeets a
a lower limit to its period, i.e. 4.6 years witlix=15.2Ms and  represented by the error bars whereas the solid line camelsp

a=250R,=6.9AU. . : . . to our best binary uniform disk circumstellar envelope mod-
Additional interferometric observations, including letgm o4 using parameters from Table 2.

monitoring, would be required to determine why these result
disagree with those of the speckles observations of Masi8v(1
2008) and to fully determine the projected orbit of the compaReferences
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