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ABSTRACT

Context. Classical Be stars are hot non-supergiant stars surroungl@edgaseous circumstellar disk responsible for the obderve
infrared-excess and emission lines. The phenomena irdaivihe disk formation still remain highly debated.

Aims. To progress in the understanding of the physical processogepses responsible for the mass-ejection and test tloehegis
that they depends on the stellar parameters, we initiatevayson the circumstellar environment of the brightest Besst

Methods. To achieve this goal, we used spectro-interferometry, thlg technique combining high spectral £&2000) and high
spatial @min=4 mas) resolutions. Observations were carried out at Plaosarvatory with the VLTIAMBER instrument. We con-
centrate our observations on theyB¥mission line to be able to study the kinematics within thewhnstellar disk. Our sample is
composed of eight bright classical Be stassCol, «k CMa, w Car, p Carg Cen,u Cen,a Ara, ando Agr.

Results. We managed to determine the disk extension in the line andehagby continuum for most targets. We also constrained the
disk kinematics showing that it is dominated by rotatiorhvétrotation law close to the Keplerian one. On the other hamdsurvey
also suggests that these stars are rotating below thegatrelocities (M) with a mean rotational rate of 0.82.08

Conclusions. We did not detect any correlation between the stellar patensi@nd the structure of the circumstellar environment.
Moreover, it seems that a simple model of a geometrically Keplerian disk can explain most of our spectrally-resdlieband
data. Nevertheless, some small departures from this medellbeen detected for at least two objects ki@Ma anda Col). Finally,

our Be stars sample suggests that rotation alone cannatiexple origin of the Be phenomenon and that other mecharésms
playing a non-negligible role in the ejection of matter.

Key words. Techniques: high angular resolution — Techniques: intenfietric — Stars: emission-line, Be — Stars: winds, outflews
Stars: individual ¢ Col, x CMa, w Car, p Carg Cen,u Cen,a Ara, 0 Agr) — Stars: circumstellar matter

1. Introduction earliest Be stars. Consequently, it is not yet clear if Besstan

. . be considered as a homogeneous group of stars in term of mass-
Classical Be stars are hot non-supergiant stars that hdeasit ejection processes (Stee & Meilland 2009).

exhibited once the so called “Be-phenomenon”, i.e. Balines! . , i

in emission and IR-excess originating from a dense gaseous”n éfficient way to test these hypotheses is to constrain the
circumstellar environment. A generally accepted schenteeis 980metry and kinematics of the Be stars circumstellar envir
presence of two distinct regions in the envelope : a densa-eqfi'ent since they mainly depend on the mechanisms responsible
torial disk dominated by rotation and responsible for mdst & the mass-ejection. This can only be done using longiese
the line emission and IR-excess and a more diluted radigtivénterferometry with sfiicient spectral resolution as shown by
driven polar wind (Lamers & Waters 1987) with terminal velocMeilland et al. (2007a ; 2007b; 2011) using the VIAMBER

ities on the order of several hundreds of kmh.gMlarlborough On the stars Ara, x CMa, ands Sco or Delaa et al. (2010) using
1982). the CHARAVEGA instrument on 48 Per and Per. In a few

ggpes, the stellar photosphere can also be resolved bytére in
ferometer allowing measuring its flattening and inferriry -

ical stellar parameters as for Achernar (Domiciano de Setiza
al. 2003). For this specific object, a clear signature of apol

However, the physical process or processes responsible
the mass-ejection and reorganization of matter in the wistal-
lar environment are still highly debated. The relatifieet of ro-
tation, radiative pressure, pulsation, and binarity sgleéd to be ' :
quantified. For instance, classical Be stars are known tagte f Wind was also detected using the same VIINCI dataset by
rotator, but estimation of their rotational velocities gas from Kervella etal. (2006).

50 to 100% of the critical velocity so that rotation alone htig Before the availability of a new generation of instruments
not explain the mass-ejection for all cases. Cranmer (200%) coupling high spectral and spatial resolutions, intenfegtric
statistical study of the velocity of 462 classical Be stalmwed studies were conducted in photometric bands to measurs-exte
that the hottest Be stars (i.e e#T>18000K) have a large spreadsion and flattening of the circumtellar environments of many
of rotational velocities whereas the cooler ones are maedyli Be stars. For instance; Cas andy Per were observed by
to be critical rotators. Moreover, Abbott (1979) showed tha [Tycner et al. (2006) with the NPOI interferometer in the -
radiative pressure alone can initiate mass-ejection amlyttfe main. They found that a uniform disk or a ring like model were
inconsistent with their datawhereas a Gaussian model was
Send offprint requests to: ame@oca.eu fitting well the measurements y Cas disk was also consis-
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Table 1. Be stars observed in this survey and their stellar paras&tken from the literature or estimated from the fit of the SED

Name HD M spectral  distance & vsini V. pol. angle estim. R estim. Ry
(mag) class (pc) (K (km38) (kms?) (deg) (R) (in the K band)
a Col 37795 2.8 B71V 8a2 12963203 19212 35523 109 5.8 0.25
kCMa 50013 35 B1.5V 2085 246274590 24417 53539 106 5.9 0.47
wCar 89080 35 B8l 1081 11723431 24513 32G:17 38 6.2 0.20
p Car 91465 3.2 B4V 1480  1738%415 28%20 40128 68 6.0 0.45
6Cen 105435 2.7 B2IV 1278 22363589 26314 52729 137 6.5 0.45
uCen 120324 4.0 B2IV-V 1564 22554661 166:10 508:32 - 55 0.37
a Ara 158427 2.5 B3IV 825 18044310 30515 47#24 166 55 0.56
oAqr 209409 4.6 B7IV 1334 12942402 28220 39k27 6 4.0 0.31

tent with the orbital parameters already published. N&etess, qualitative analysis of the reduced data for each objedtastly
higher-precision binary solutions were mandatory to testaf drawn. Then, in Sect. 5, the data are analyzed with varians “t
possible disk truncation by the secondary. The disk Ber was models”. Finally, these results are discussed in Sect. @ahdrt
found to be truncated by the presence of a companion as glreadnclusion is drawn in Sect. 7.

predicted by Waters (1986).

v Cas,y Per,/ Tau andx Dra were also observed with
the CHARA interferometer in the K-band by Gies et al. (2007
They found, using Gaussian elliptical fits of visibiliti¢hat the Considering the actual limiting magnitude of the VIAMBER
disk size in the K-band was smaller than irldue to a larger instrument, i.e. HK=5 for an unresolved source observed with
Ha opacity and relatively larger neutral hydrogen fractiottwi the 1.8m auxiliary telescopes in medium or high spectralltes
increasing disk radius. All these Be stars are known bisame  tion modes, about 30 classical Be stars are observable.\Howe
this binarity efect was found to be more important foiPer and in order to dficiently constrain the circumstellar disk kinemat-
k Dra. ics, we decided to exclude targets with weak emission lioes,

Tycner et al. (2008) using the NPOI interferometer observéensient disks. Moreover, for this first survey we mainlpcen-

x Oph and obtained a good fit of theeHemitting disk with a trate on targets with g <4. Finally, we also decide to include
circularly symmetric Gaussian favoring the hypothesis this  our first attempt to observed a fainter target,0.8qr (mx=4.6).
object is seen under a very low inclination angle. Since one of our goals is to determine whether or not the Be

Using the mid-infrared VLTMIDI instrument, phenomenondepends on the basic stellar parameters, diéotrie
Meilland et al. (2009) have observed 7 classical Be stagslect targets with the widest range of spectral classesitpes
between 8 and 12 they found that the size of the disk do not va#ally, the stars selected in our sample, ieCol, k CMa, w
strongly with wavelength within this spectral domain whish Car, p Carg Cen,u Cen,a Ara, ando Agr, have spectral types
a very diferent conclusion compared to B[e] with increasinganging from B1.5 to B8, and luminosity class of llI, IV and V.
sizes as a function of wavelength (Millour et al, 2009, Meilli Table[1 briefly describes the targets :
et al. 2010, Borges Fernandes et al. 2011). Moreover theogize
« Arae’s disk was found to be identical at 2, 8 andui@ which e Spectral class and the K-band magnitude(rare taken
might be due to a disk truncation by a companion. Finally it from the CDS databases.
seems from their studies that disks of late type Be stars tmigle Distance (d) is derived from van Leeuwen (2007).
be smaller than for early type. o Effective temperature ¢f), v sini, and critical velocity ()

Long baseline interferometry is also a powerful technique t ~ are taken from Frémat et al. (2005)
detect companions as evidenced in Meilland et al. (2008) for Polarization measurement is taken from Yudin (2001)
the Be stars Cen and Millour et al. (2009) for the B[e] star ® Stellar radius (R) and K-band environment relative flux
HD 87643. Moreover, in a theoretical study of the formatinda  (Feny) are estimated by fitting the spectral energy distribu-
dissipation of Be stars equatorial disks, Meilland et aQ0@®) tion (SED) using reddened Kurucz (1979) models for stel-
showed that interferometric follow-up of these events éshbst lar atmospheres using stellar paramet@gs @ndger ) from
suited technique to deduce the physical parameters of the sy Frémat et al. (2005). The SED is first reconstructed using
tem. However, Kanaan et al. (2008) show that, in the case of photometric and spectro-photometric measuremémots

%. Our Be stars sample

Achernar, coupling spectroscopic follow-up and largeebam the ultraviolet (IUE specta) to the far-infrared (IRAS data
terferometric observations at one epoch was enough to lpugh To avoid contamination from the circumstellar flux, the fit of
understand the geometry and kinematics of this star. the stellar contribution to the flux is done from the ultrdeto

To progress in the understanding of Be stars, we initiated to the viSibIe.(see Meilland et al. 2009 for more details).
an observational campaign on the brightest, closest abjest
ing the VLTI/AMBER (Petrov et al. 2007 ; Robbe-Dubois et al
2007) and VLTIMIDI (Leinert et al. 2003) instruments for the
southern stars and the CHARAEGA (Mourard et al. 2009) for The VLTI/AMBER observations of classical Be stars presented
the northern ones. In this paper, we present new YAMIBER in this paper were carried out at Paranal Observatory betwee
spectro-interferometric observations of eight clasdBmbtars : 2007 and 2011. Most observations were executed using the 1.8
a Col,k CMa, w Car, p Carg Cen,u Cen,a Ara, ando Aqr. meters movable auxiliary telescopes (AT), a few others were

The paper is organized as follows. In Sect. 2, we briefly immade using 8.0m unit telescopes (UT). The VIANMBER ob-
troduce each target and constrain their physical parasig®n serving log for the eight targets and their correspondingrin
various sources in the literature. The observations anal at ferometric calibrators are presented in Tdble 2. The (ulan p
duction process are then presented in Sect. 3, and in Sext. dpverage for each target is plotted in Elg 1.

3. Observations and data reduction process



Table 2.VLTI/AMBER observing log.

Obs. time Telescopes Length Position angle Instrument  DIT oheence  Seeing Calibrators
(UTC) conf. (m) 0) mode (s) (ms) @) (HD)

a Col
2008-01-06 03:39 KO-G1-AO 8§.60.5126.2 -150.1-59.7-104.3 LR-K-F 0.05 5.4 1.10 81188
2010-01-09 00:48 DO0-HO-KO  6Q.20.7/ 90.3 51.451.451.4 HR-K-F 5.00 3.1 1.25 34642
2010-01-12 00:48 G1-DO-HO  27.80.Q 66.6 -68.0-3.8 -25.4 HR-K-F 5.00 3.9 1.06 -
2010-01-20 01:35 KO-G1-A0 90.88.7127.5 -157.9-68.9-113.8 HR-K-F 5.00 5.3 0.85 34642
2010-01-20 01:56 KO-G1-A0 89.89.§128.0 -156.1-67.1-111.7 HR-K-F 5.00 3.8 1.30 34642

x CMa
2008-12-18 03:34 U1-U3-U4 102.35.6125.3 17.196.7/42.9 HR-K-F 1.00 5.3 0.63 -
2008-12-18 07:32 U1-U3-U4  94.58.9115.3 43.9129.2 74.4 HR-K-F 1.00 4.9 0.64 -
2008-12-20 03:37 KO-G1-A0 90.B1.4121.3 -167.9-77.5-125.7 LR-K-F 0.25 4.4 0.78 40805
2008-12-24 03:50 KO0-G1-A0 90.84.9124.2  -164.B-74.5-121.2 LR-K-F 0.05 4.6 0.79 27442, 57299
2008-12-24 05:07 KO-G1-A0 89.90.7128.0 -154.7-65.3-109.9 LR-K-F 0.05 35 1.00 48305, 57299
2008-12-24 08:01 KO-G1-A0  80.82.9102.2  -139.8-37.0'-87.6 LR-K-F 0.05 5.4 0.66 48305, 57299
2010-01-09 01:39 DO-HO-KO  57.28.9 86.6 46.246.2/ 46.2 HR-K-F 5.00 3.1 1.26 34642
2010-01-18 00:24 HO-GO-E0  27.43.741.0 -142.3142.8-142.8 HR-K-F 5.00 3.6 0.71 54173

w Car
2008-12-21 04:49 KO-G1-A0 74.22.9128.0 175.8125.0-154.9 HR-K-F 5.00 3.8 0.78 75063, 69596
2008-12-21 07:37 KO-G1-A0 72.83.0126.6 -156.4-85.7-118.2 HR-K-F 5.00 3.4 0.89 69596
2008-12-24 06:33 KO-G1-A0  73.79.3127.7 -167.4100.5-132.6 LR-K-F 0.05 3.0 1.20 98134, 57299

p Car
2008-12-23 07:31 KO-G1-A0 79.82.3127.8 -161.2-85.7-122.7 MR-K-F 1.00 3.3 111 94286, 69596
2009-03-22 03:59 KO0-G1-A0  71/89.§120.8  -138.0-54.4 -90.6 MR-K-F 1.00 6.0 0.70 94286

o Cen
2009-03-21 04:18 KO-G1-A0 83.87.9127.4  -153.8-69.5-110.4 MR-K-F 1.00 10.9 0.74 110458
2010-01-20 08:12 KO-G1-A0 84.87.7127.5 -154.5-70.4-111.4 LR-HK 0.05 2.6 1.27 110458
2011-05-19 02:41 U1-U2-U4 46.82.3111.4 43.8106.G 84.8 LR-HK 0.025 1.3 1.47 103513

ucen
2011-06-26 23:21 KO0-A1-G1 128.98.7/88.2 -121.5100.6-157.9 HR-K-F 6.00 1.6 0.90 128488
2011-06-30 00:19  DO-11-G1 82.34.570.8 104.3134.5 137.5 HR-K-F 5.00 3.4 0.94 128488

a Ara
2007-07-28 05:51 G1-D0O-HO 71.84.755.4 -5.4123.9 33.3 LR-K 0.025 3.5 0.44 177716, 164371
2007-04-13 05:47 HO-GO-EO  30.85.4 46.3  -143.4143.4-143.4 LR-K 0.025 3.0 0.63 124454
2007-06-09 07:11 KO-G1-A0 74.20.0112.3  -135.3-41.6-82.8 LR-K 0.025 2.7 0.57 166460, 164371
2007-06-09 08:02 KO-G1-A0  68.88.9102.5  -130.4-30.7 -71.7 LR-K 0.025 1.6 0.95 166460, 164371
2007-06-06 07:30 KO-G1-A0 72.89.109.5  -134.2-38.5-79.7 LR-K 0.025 1.3 1.38 124454, 164371
2007-06-06 08:50 KO-G1-A0  63.88.0 95.0 -126.9-22.7/ -63.0 LR-K 0.025 1.3 1.42 164371
2007-04-14 06:22 HO-GO-EO  331.25.747.2 -133.5133.5-133.5 LR-K 0.025 2.9 0.67 164371
2007-05-16 07:34 HO-DO-A0  61/.80.6 91.7 -96.4-96.4 -96.4 LR-K 0.025 3.0 1.25 124454, 164371
2007-06-10 07:44 KO-G1-A0  70.39.2105.7  -132.0-34.Y-75.2 LR-K 0.025 2.3 0.58 164371, 21201
2007-05-17 02:34 HO-DO-A0  6(.20.7/90.3  -156.3156.3-156.3 LR-K 0.025 3.0 0.79 124454
2007-05-17 09:53 HO0-DO-A0  49.24.§ 73.9 -67.2-67.2 -67.2 LR-K 0.025 1.9 1.53 164371
2011-06-30 02:04 DO-11-G1 79.25.9 62.7 82.6-150.7 118.4 HR-K-F 5.00 3.7 0.85 163145, 152786
2011-06-30 03:03  DO-11-HO 81/.87.2 63.8 93.9-36.5 67.6 HR-K-F 5.00 2.9 1.08 163145, 152786
2011-06-30 03:37  DO-I11-HO 82.38.1/ 63.2 100.4-31.9 73.9 HR-K-F 5.00 2.9 1.05 163145, 152786
2011-06-30 04:28  DO-11-HO 82.39.0 61.2 110.1-24.7 83.3 HR-K-F 5.00 24 1.27 163145, 152786
2011-06-30 05:03  DO-I11-HO 81/.39.4 58.9 117.5-19.290.2 HR-K-F 5.00 2.9 1.03 163145, 152786
2011-06-30 06:00  DO-11-HO 78.89.954.4 129.4-10.7 101.3 HR-K-F 5.00 2.9 1.02 163145, 152786
2011-06-30 06:38  DO-I11-HO 76.89.9 50.6 138.1-4.7/ 109.7 HR-K-F 5.00 3.2 0.92 163145, 152786

0 AQr
2011-06-30 10:08  DO-11-HO 67.84.358.8 102.3-16.572.2 HR-K-F 5.00 2.9 1.02 209926

Since the observations were spread over a long period of Most of the data have benefited from the installation of
time, starting soon after the opening of AMBER to the scihe fringe tracker FINITO that enables longer integratimmet
entific community, the data are quite inhomogeneous, bothhg stabilizing the fringes. The detector integration tinBdT)
term of quality and observing modes. AMBERers three dif- ranges from 25ms for bright targets in LR mode without
ferent spectral dispersion modes : the low-resolution (WiRh FINITO to several seconds for observations in HR mode with
R=1/61~35, the medium-resolution (MR) with42500, and the FINITO. Under good seeing conditions (i.e. seeki@8") the
high-resolution (HR) with R12000 . All these modes were usedise of FINITO allows to obtain a significantly higher signal t
during our observing campaign, depending on their avdilgbi noise ratio (SNR) both for short and long integration time, e
at the epoch of observations, on the brightness of the taagdt hancing significantly the quality of the data for all obseryi

on the seeing conditions. MR and HR observations were canedes.
tered on the By emission line to enable the study of the circum-

stellar gas kinematics through the Doppléeet.

Data were reduced using the VI/AMBER data reduction

software, i.e.,amdlib v3.0.3bl (see Tatulli et al. 2007 and
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Fig. 1. (u,v) plan coverage obtained for the observed Be stars. LBembservations are plotted as squares, MR ones as triangles
and HR ones as circles. Each observation, i.e. three basetirasurements, is plotted with &elient color.

Chelli et al. 2009 for detailed informations on the AMBERaatespecially the case fas Car. In order to enhance the data qual-
reduction). We performed selection of individual exposwis- ity we have decided to filter these modulations using a stahda
ing the standard selection criteria (Millour et al. 2007} Yé- Fourier-transform low-pass-filter technique.
ject 80% of frames with the lowest SNR. For observationsin LR Some targets are also partly resolved in the K-band contin-
mode we also reject the frames with piston larger thagmi@s uum. However, considering the uncertainties on the catidra
well as frames with flux ratio between the three beams highalnsolute visibilities, it is dficult to determine an accurate exten-
than 3. sion of the circumstellar disk in the continuum for all thegigts.
The interferometric observables (visibility, fitirential Thus, in order to be moreiécient we have decided to only use
phase, and closure phase) are then averaged and califfatedthe diferential visibility (i.e. visibility of each spectral chael
this last step we used scripts described in Millour et al0@0 divided by the mean visibility) for our kinematics study &he
that are now part of the standard amdlib package. The ctibibra absolute continuum visibility to determine the K-band esien
process includes estimation of the calibrators’ size aril tin- when possible.
certainties from various catalogs, determination of thainsfer Among our sample we did not detect any new compan-
function and their evolution during the whole night, and gam ion, andé Cen remains the only star for which a companion
tation of the calibrated visibilities and phases. The fimadies on  was visible in the interferometric signal as already evadeh
the measurements include uncertainties on the calibtaiars- by Meilland et al. (2008). The individual comments for the ob
eter, the atmosphere transfer function fluctuations anihsit  served objects are the following :

errors on the measurements. ) , ]
e o Col: We have obtained 3 measurements in HR, and one in

LR. The data SNR is quite high and the uncertainties on the
differential quantities are on the order of a few percents. The

4. A qualitivative analysis of our dataset ! . : .
target is clearly resolved in the line and the measuremants i

The Bry line for all the observed targets is clearly in emission

(See Fig P and Tablé 3 for a summary of their main spectratchar

acteristics). In almost all cases, the MR and HR data alsib#&xh
a drop of visibility in the emission line due to a variationtbé
circumstellar environment extension and relative flux lest
the continuum and the line as already explained in Meillaind e
al. (2007a). They also exhibit “S” shape or more complex-vari
ations of the dierential phase in the line, and HR data clearly

show that some visibility variations are “W” shaped (See e.ge

Fig. 3). Such characteristics are clear evidences of theepre
of a rotating equatorial disk as described in Meilland ef2011)

in the case ob Scorpii. The MR and HR data for all targets are
presented in Fig§] 3 fo1L0.

We note that for the HR observations executed before the re-

placement of a disturbing optical element in front of the VLT
InfraRed Image Sensor (IRIS) in 2010, some instrumental mod-
ulations with a very high frequency are seen in the HR dats. It

HR clearly exhibit the typical visibility and phase vartis

of a rotating disk with the major-axis roughly perpendicu-
lar to the polarization measurement obtained by Yudin 2001
(see Tabléll). The quasi-symmetric double-peaked line pro-
file indicates that the object is seen under an intermediate i
clination angle and that no major inhomogeneity is present i
the disk. The object is also partly resolved in the continpum
with a visibility of about 0.2:0.05 for the longest baselines.

k CMa : This star was observed a first time in December
2008 and we have obtained 2 measurements in HR and 5
in LR. It was observed again in January 2010 and 2 new
measurements in HR were acquired. The SNR is quite high
except for the last observations in 2010. All the HR mea-
surements at the two epochs show the typical visibility and
phase variations of a rotating disk. The disk major-axis
seems to be roughly perpendicular to the polarization mea-
surement. The double-peaked line profile and some vigibilit




[ Table 3.Bry line characteristics
. Star EW Peaks separation /R/ Remarks
- A A (kms™)
3 a Col 6.1 9.9 (139) 1.04 -
: x CMa(2008) 16.8 9.9 (138) 1.13 -
F « CMa(2010) 11.6 10.4 (144) 1.10 -
. Cen w Car 35 14.2 (196) 1.04 Be-Shell
41 I p Car 8.2 ~15 (200) >1 MR obs.
> 6 Cen 17.9 ~15 (200) ~1 MR obs.
@ f uCen 3.7 10.4 (144) 1.03 -
gt a Ara 16.0 15.1 (209) 1.01 -
a 3: oaqgr 12.6 12.8 (177) 1.00 Be-Shell
°
S I : :
S o fw Car panion to the total K-band flux of 7% and a separation of
g ; | ] 68.7mas. In order to check their results and constrain the
5 i ] system orbit, the star was observed again in 2009, 2010,
zZ. I ] and 2011. In the 2009 MR data a brightyBemission line,
1 - CM.%‘A,AN-’\ [ ] a drops of visibility and a “S” shape phase variations are
' clearly visible. These data as well as the 2010 LR ones also
o Col ' ] contain modulations due to the binarity of the object. We
E ' ] note that no obvious modulation is seen in the 2011 LR
OLo v b dataset. This may mean that the separation is quite small,
2.155 2.160 2.165 2.170 2.175 on the order of a few milli-arcseconds.
A (um) e u Cen: We have obtained 2 measurements in HR. Since this

_ ) target is quite faint, i.e., g4, the SNR is low. However,
Fig. 2. Bry spectra from our VLTIAMBER observations. The  «g»shape variations are still clearly present in théetien-
data were taken in HR mode for all observations expect for p g phases. We also detect a drop of visibility for one base-
Car ands Cen (MR mode). Fok CMa the red and green lines  |ine, whereas it is clearly below the noise level for the othe
represent the 2008 and 2010 observations, respectively. ones. The line profile is double-peaked and symmetric. The

fact that the line intensity is quite low, i.e. 1.3 times tlome

. , tinuum, contributes to the weakness of the visibility drop.
and phase variations are strongly asymmetric. These asym- L ; .
metrﬁas probably stems fromthg gresgnce ofan inhomogeyng-Trzgt?]?rcgi'ss gt';rf?;\éeggget?\?egoTlmtlijrl:]rgs' in LR mode in
ity in the disk that was already described in Meilland et al. 2 . : ;
(2007b). We note that the line profile/R ratio did not sig- 2007 bUt the data qugllty was 100 low to obtain more than
nificantly vary between our 2008 and 2010 observations. The 22n?|5tlvv?etlr?2vgf(t)kkl)igrl\?;deﬁgn;g?n(?ji?insef)tﬁs.ft)li moﬁ re-
LR data shows that the star is at least partly resolved in the y: 9 9 9

continuum, but the calibration is not accurate enough ty ful ﬁinb?t gbéfggfii 7nar35?:lé:(e;n;eor;;sﬁrl1n ;'iSk mvxc/)i?ﬁ .aArrllaqc?rt-Zx?;(_
constrain the continuum extension. 9 9 ' J

) . . roughly perpendicular to the polarization measurement and
° “n)1 é: ;srtjrxvrﬁ err:zti\i/r? I(_)thta[l)neesti)i%er?ﬁ : ?gétemg?tti (Iansl-lll% ?sn(IjO\(/)vg? compatible with Meilland et al. (2007a) results. The prd§le
compared ta Col, a visibility and phase signals typical of a _dm;ble-peaked a?d S%P’t‘)met?c' Thﬁ object '3 parrt]ly resolvt;ald
rotating disk are also presentin the data. The major-avds do In the continuum for all baselines, however due the unstavle
not seem to be neither aligned nor perbendicular to the po- weather conditions during the observing night, the unaerta
o ; o ties on the absolute visibility remains on the order of 20%.
larization measurement. As the line profile is double-pdake | 0 Aqr: This s the faintest target of our sample with #.6.

with a narrow shell line at its center, the star is probably ———" . . .
seen under a high inclination angle. The LR data clearly in- Ve have obtained 1 measurement in HR mode. The SNR is
very low, and we were close to the instrumental sensibility

dicate that the object is partly resolved in the continuuen, i T oy ) g
V~0.85 for the longest baseline. We note that the second HR limit considering the quite bad weather conditions durtmg t
measurement cannot be calibrated accurately. observations (seeing of 1” and coherence time of less than

e p Car: We have obtained 2 measurementsin MR, both show- t3hmsc)i. tHOW?\I’er’ ?%‘S"tﬁha}se sigr:atl)l is Sl,ti" clglarly visfible in I
ing a bright emission line, a drop of visibility, and a “S” € dala, a1 ‘east for the longest baseline. Liues of a sma

shape phase variations in the line. Considering the hasedmp of visibility in the line are also present. The profile is
ampplitulge and the lack of spectral .resolution itgis han to typical of Be stars seen at high inclination angle, i.e. deub
qualitatively determine the position of the major-axis ué t peaked with a shell absorption line at its center. The object

equatorial disk. We note that the profile and phase variation is clearly unresolved in the continuum.

are asymmetric. This is probably due to the presence of an

inhomogeneity such as a one-armed oscillation as pmpo%‘?q\/lodeling

by Okazaki (1997). The object is barely resolved in the con-

tinuum (V~0.9 for the longest baselines). In this section we analyzed our interferometric data usioy *
e ¢ Cen: Previous VLTJAMBER LR and MR observations models” of increasing complexity. In the first subsectioa

published by Meilland et al. (2008) evidenced the binaritgand continuum visibility is used to estimate the circunteste

of this object. The authors found a contribution of the comenvironment extension. In the case of the Be binary®sGen we




40 1.0 40

40 1.0W

20 0.8 20 0.8 20

1.0
0.8

0.6

0.6

Visibility

0.4 —20 0.4 —20 0.4 —20

differential phase (deg)
o

0.2[B=60.19m PA=51.45° _a0 0.2}B=30.09m PA=51.44° 40 0.2[B=90.28m PA=51.44° _40

differential phase (deg)
o
Visibility
o
®
differential phase (deg)
°
Visibility

0.0 L L —60 L L 0.0 L L -80
1.2 60 1.2 80 1.2 80

1.0 40 1.0 40 1.0 40

0.8 20 0.8 20 0.8

0.6

Visibility

differential phase (deg)
°
Visibility
°
S
differential phase (deg)
o
Visibility
°
3
differential phase (deg)
°

0.4 —20 0.4 —20 0.4

0.2[B=27.31m PA=-67.96°] £ _,4 0.2[B=49.99m PA=-3.76° 10 0.2[B=66.59m PA=-25.43"

0.0 L L —60 L L 0.0 L L —80 L L 0.0 L L -60 L L
1.2 T T 60 T T 1.2 T T 80 T T 1.2

40 1.0
20 0.8
0 WWW F 06

-20 0.4

1.0 40 1.0

0.8 20 0.8

0.6

Visibility

differential phase (deg)
o

Visibility

0.4

differential phase (deg)
o
Visibility
o
>
differential phase (deg)

0.2[B=90.03m PA=-157.91P & 0.2|B=88.75m PA=-68.92°] & _,4 0.2[B=127.53m PA=-113.8g"

0.0 " " —60 " " 0.0 " " —B80 " " 0.0 " " —80 " "
1.2 60 1.2 60 1.2 60

1.0
0.8
Wm Z 06

0.4

»
S

1.0

o~
S
o

2
S

0.8

2
=)
o
@

0.6

Visibility

differential phase (deg)
<

Visibility

|
2
S

0.4

differential phase (deg)
&
5 o
Visibility
o o
P
differential phase (deg)
o

0.2[B=89.88m PA=-156.11f } 0.2|B=89.60m PA=-67.06° 0.2[B=127.96m PA=—111.6p*

|
ES
S

|
»
S

0.0 n n —60 n n 0.0 n n —B80 n n 0.0 n n —60 n n
2160 2165 2170 2175 2160 2165 2170 2175 2160 2165 2170 2175 2.160 2165 2170 2175 2160 2165 2170 2175 2160 2165 2170 2175
A(um) A(um) A(um) A(um) A(um) A(um)
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Fig. 5. w Car visibility and phase from our 2 VLJAMBER HR measurements (red line). The best-fit kinematicdehts overplot-
ted in green.

12 60 12 60 12 80
1.0 s % 40 Lo ® 40 1.0 g 40
\r\»\//- fi ¥ \/ =
0.8 o o 20 o. 2 =0
B=79.34m PA=-161.20°] § B=8227m PA=-85.75" | § B=127.84m PA=-122.67] §
A A, a
- = ]
] 2 =
E E E
g § g -20
2 2 2
& & &
0.2 5 -40 0.2 5 -40 0.2 5 -40
0.0 . . -60 . . 0.0 . . -60 . . 0.0 . . -60 . .
12 60 1.2 60 12 60
1.0 p~Aors po——AE 40 1.0 B 40 1.0 o ~— P 40
3 A v 2
v 20 o 20 8 P
B=71.65m PA=-138.04°] & B=89.57m PA=-54.43° | & B=120.77m PA=-90.55°| &
i i & A
0 0 of~— ]
g gl £ s
-] 5 5
g -20 g —=0 g -20
2 g 2
& & P
0.2 H 40 0.2 H —40 0.2 g 40
0.0 . . -60 . . 0.0 . . -60 . . 0.0 . . -60 . .
2160 2165 2170 2175 2160 2165 2170 2175 2160 2165 2170 2175 2160 2165 2170 2175 2160 2165 2170 2175 2160 2.165 2170 2175
Aurm) A(pm) A(pm) Apm) A(pmm) Aum)
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Fig. 9. a Ara visibility and phase from our 7 VLJAMBER HR
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tried to constrain the components separation at varioustepo Table 4. The K-band continuum extensions of the disks.
Finally, in the last subsection, thefidirential visibility and phase

are used to constrain the circumstellar environment'stkitics. Name Fv  Gaussian FWHM ¢
(fixed) mas [}

@ Col(HR) 025 13+07 1508 0.7
5.1. The disk extension in the continuum aCol(LR) 025 1002 1.9:04 2.0

x CMa (HR) 0.47 n.c. n.c. n.c.
To estimate the circumstellar disk extension in the K-bamt ¢ K CC'\Q?((;S; %% 10 ﬁ 2-3 3'7?(':1 4h80
tinuum using our interferometric measurements, we usecha Si ‘L"u Car (LR) 020 17405 31409 19
ple two components model. As all the central stars are unre- p Car (MR) 045 1.+03 20:05 31
solved or barely resolved even with the longest baselines (i uCen(HR)  0.37 n.c. n.c. n.c.
V>O._95) .they were .aII modeled as point sources. The second aAra(HR) 056 24+11 3817 7.1
contribution is the circumstellar environment. Due to tamé aAra(LR) 056 19+13 3.21 52
uncertainties on most of our absolute visibility measunetsie 0 Agr(HR) 0.31 n.c. n.c. n.c.

we were not able to determine any flattening of the envirortimen

and we decided to simply model this contribution as a cincula

Gaussian distribution. For the same reason, we decidedtioese 5.2. The binarity of § Cen

circumstellar environment relative flux{f) to the value deter- _ _ ) )

mined from the fit of the SED with a much higher precision thaWe separately fitted theCen data with a uniform disk a com-

if it was deduced from the interferometric data only (Seeti®ac Panion star model in order to compare it with Meilland et al.
2 and Table 1). Finally, the two-dimensional intensity ntp  2008. The two-dimensional intensity majpisenby :

scribing our model is given by :

4F VX2 +y?
1(%,Y) = Fu8(% Y)+Feompd(X—Aa, y—A8)+ e””n( y )(2)
nD%,, Denv
Fenv X2 +y? - -
(X Y) = (- Fen)d(X,y) + exp(— > ) (1) where K, Feomp, and ey are the stellar, companion, and envi-
o V2r 20 ronment fluxes, respectivelg,As) the components separation

in Cartesian coordinates, aiit{t) is the rectangle function de-
fined byII(t)=1 for t<1/2 andIl(t)=0 for t>1/2.
where x and y are the Cartesian coordinai€s,y) is the Dirac The fit procedure is similar to what was done in Millour et al.
function, andr is the standard deviation of the Gaussian distr{2009), i.e. a mix of Levenberg-Marquardt descent with aoéet
bution. In the following, the Gaussian distribution is nefided Monte Carlo initial parameters. The only free parametezsias
by its standard deviation but by its full width at half maximu companion coordinates. The other parameters are set toéhei
defined by FWHM:2.35r. ues determined by Meilland et al. (2008): primary fluxd.41,

For each dataset, we have separated the low-spectral resgliyelope flux &,=0.52, companion flux &m=0.07, and enve-
tion data from the medium or high-resolution data and fittel t /0P€ diameter B=1.6 mas. The results are presented in Table 5.
above-described models. The results are summarized ie@abl ~ We find that the position of the companion varied signifi-
In most cases, we see that the accuracy of the LR data is higb@itly between the 4 epochs separated roughly from 1 yebr eac
than MR or HR, but that larger biaseffect them. Few cases !t made an almost complete revolution around the main star du
were very problematic and no relevant fit to the data could i2g this period, pointing to a typical period of the system of

obtained. These special cases are marked as "n. c.” for twet cabout 5 years. In order to constrain significantly the ofteite-
strained” in this table. ments the star should be observed again several times wigh lo

baseline interferometry or speckles interferometry. €heata
ould also be completed by radial velocity measurements.
Nevertheless, we tried to determine a first estimate of a pos-
e orbit. It has a probably very low eccentricity but awer
ge inclination angle. We managed to obtain a good fit of the

Using the distance and stellar radius from Table 1
could infer the extension in D These values, also presente
in Table[3, clearly show that the K-band continuum is quit&bl
compact. However, because of the large uncertainties on 0
measurements, we could not determine whether or not the Kyt wh ihe following parameters : semi-major axis of 88sn
band extension depends on any stellar parameters. theperiastron in January 2008, period 'Of 5.2yrs, no ecceyyio-
we could determine a mean size of the environment, i‘&ination angle of 8%, w= 21’23, andQ:liO’. W’e note that con-
FWHM=2.2+0.3D, for the whole dataset. sidering the low number of measurements and the probable low

@ Ara and x CMa were already observed with theeccentricity, this possible orbit, overplotted in Eig 11aymo be
VLTI/AMBER and modeled by Meilland et al. (2007a, 2007bnique.

For @ Ara, the authors found a mean continuum K-band

extension of 6.80.8mas thus significantly larger than our

2.4+1.1 mas measurement. However, their modeling was domgble 5. Evolution ofs Cen components separation.
using uniform disk component for the environment. Thus, as

the environment is not fully resolved we have to apply a x0.87 Cartesian coord.  Polar coord.
correcting factor to their measurements to convert the uni- Date Aa AS sep PA

form disk diameter into a Gaussian FWHM. Nevertheless, this (mas) (mas)| (mas) (deg)
6.0x0.8'~5.3+0.7mas is still significantly larger than our mea- 2008-01] 60.9 -31.7 | 687 1175
surement £20). In the case ok CMa, the authors found that 2009-03| -345 079 | 345 -887
the mean K-band continuum extension was smaller than 2.7 mas 2010-01| -73.8 245 | 778 -71.6
which is compatible with our.D + 0.3 mas extension. 2011-05] 278 925 | 97 167



The star distance is taken from van Leeuwen (2007)~Rand
NS SR EEAN EEANEEAN NSNS NN N R, are derived from the fit of the SED (see Table 1). The other
nine parameters are free.

If the disk is directly connected to the stellar surface, e
tational velocity (Vo) should be equal to the stellar rotational
2011~05 velocity. However, in some cases;¥may exceed the stellar
velocity if the star is not critically rotating and some ditshal
momentum is transferred to the circumstellar matter. Binal
our modeling, we consider thatyis free with a higher maxi-
mum value equal to the critical velocity )/
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sl Y 2008-01 . For each target we have computed several hundreds of mod-
r ] els to constrain the parameters, determine the uncegsiatid
ol 1 1 1 1 1 1 1 1 ] try to detect any degeneracy or linked parametBre to the
0080 60 4020 O 0 -200 —40 -60 -B0 —100 large number of free-parameters, the use of an automatic
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model-fitting method would have resulted in the compu-

Fig.11.5 Cen binary separation and possible orbit. The mekation of millions of models. Moreover, we clearly know
sured separations are plotted as squares. The possibtesorbfach parameters éects on the visibility and phases varia-

plotted as an orange solid line and the circles represemtati- 1oNs (see Section 5.3.2.). Consequently, we decided to per
eled positions at the epochs of observations. form the fit manually . For all targets we could exclude models

with significant expansion velocity of more than a few krhs
Consequently, we decided to set the expansion velocitiesrto
in all our models. We then tried to constrain the seven reimgin
parameters (PA, Vo, 8, &, &, andEW,). To reduce the number
of computed models, we started with a qualitative estinmatio
5.3.1. A simple “toy” model the parameters from our interferometric data (especialyA,
i, &, @ andEW) and explore the parameter space with decreas-

In order to constrain quantitatively the velocity fields fretcir-  ing steps to converge to thé minimum. To check for the exis-
cumstellar environment of the observed Be stars usingférter tence of other minima, we also explore the full range of gulesi
ometric observations, we developed a simple two-dimemsioparameters space but with larger steps. Finally, the pasme
kinematic model of a rotating aymt expanding equatorial disk. values for the best-fit models are presented in Table 6. The co
This model has already been used to model three classicalBsponding dferential visibilities and phases are overplotted on
stars (see Delaa et al. 2011 and Meilland et al. 2011) and drigs[3 td_10D.
Ale] supergiant star (Millour et al. 2011) and it is descdbe The fit quality is very good for three targets observed in HR
detail in Delaa et al. (2011). The model geometry is completemode :w Car, u Cen, ande Ara, and good for the two stars
ad-hoc : the star is modeled as a uniform disk and the envelgiiserved in MR mode, i.e., p Car afi€Cen. It is still satisfying
emission in the continuum and the emission line as two ellifpr o Col (i.e. x?=4), despite the fact the visibility and phase
tical Gaussian distributions of flierent FWHMs but with the of one of the baseline cannot be fitted simultaneously wieh th
same flattening due to a projectioffext of the geometrically other ones. In the case #fCMa, the fit is significantly worse
thin equatorial disk, i.e.f = 1/cos(i), where i is the object in- (j.e. y?=6.8). This is mainly due to the strong asymmetry of this
clination angle. object that is not taken into account in our simple modelafyn

The emission maps are then combined with a twadhe data obtained oo Agr seems not to be flicient to fully
dimensional projected velocity map of a geometrically i@ constrain the model for this object (i,g <1).
panding angbr rotating equatorial disk. For each spectral chan-
nel in the line, an iso-velocity map projected along the lirie
sight is then calculated and multiplied by the whole emissic>-3-2- About the model parameters
map in the line. Finally, the whole emission map for each wav

. . §0 check the consistency of our modeling we tried to deter-
length consists of the weighted sum of the stellar map, thie di,ne the gects of all the model parameters on the visibility

continuum map and the emission line map within the spectrgl phases variations through the emission line. Some of the

channel under consideration (see[Eiy 12 for an example (ﬁ'e”Etrongly dfect the interferometric observables and are thus eas-

sion map obtained in a narrow spectral .chan-nel). _ily and unambiguously constrained with only a few measure-
The model parameters can be classified into 4 categorieSiments whereas others are morgidiilt to infer :

5.3. The equatorial disk kinematics

1. The stellar parameters: stellar radigg ), distance ), in- e the major-axis position anglé’f) has a hugeféect on the
clination anglei)), and disk major-axis position anglBA). phase variations amplitude and the shape of the visibility
2. The kinematic parameters: rotational velociti) at the drop as already explained in Meilland et al. (2011). For a
disk inner radius (i.e., photosphere), expansion veloaity = non-fully resolved disk, the amplitude of the “S” phase aari
the photosphereas), terminal velocity ¥.,), and exponents  tion is proportional to the baseline length, but it also sgly
of the expansiomy() and rotation g) velocity laws. depends on its orientation. The amplitude is maximal for
3. The disk continuum parameters: disk FWHM in the contin- baselines aligned with the major-axis and null for the one
uum (@), disk continuum flux normalized by the total con-  aligned with the minor-axis. For baselines overresolvirey t
tinuum flux (F). disk, the diferential phase loses it simple “S” shape and sec-
4. The disk emission line parameters: disk FWHM in the line ondary éfects become visible (for example see the case of
(&) and line equivalent width (EW). a Col in Fig. 4). The shape of the visibility variations also
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Fig. 12.1llustration of our kinematic model. Left : two-dimensidipaoject velocity map for a purely rotating disk with an imation
angle of 43. The blue and red colors represents the positive and negatijected velocities, respectively. Center : global siois
map in the By line. It is given by a simple elliptical Gaussian with an ejation due to the projection onto the sky plane. Right :
emission map in a narrow spectral channel centered arousg4&lwith a resolution of 1.8A. It is obtained using the vétpenap
and the emission map. See Delaa et al. (2011) for more details

varies from “W” for baselines aligned with the major-axisto the larger are the line wings. But, as already mentioned in
“V" for baselines aligned with the minor-axis. Delaa et al. (2011), the wings of Be stars emission line can
¢ the line equivalent widthEW,) is mainly set by the fit of the be highly dfected by non-kinematic broadening due to non-
line profile. It needs to be corrected taking into account the coherent scattering, so that it remains hard to set bath V
photospheric absorption line (see Delaa et al. 2011 for more andg unambiguously. Nevertheless, valuefodf less than
details). 0.3 gives too sharp variations which are not realistic.
¢ the disk FWHM in the emission line (Janfluences the drop
of visibility amplitude along all baselines and the amplitu
of the “S” shape variations. It can be also constrained kno@: Discussions
ing that the phase variations lose this “S” shape for baselin ]
that fully resolved the disk. This parameter also influencésl- The rotational rate of Be stars

the double-peak separation : the larger is the disk, thelemal i the inclination angle determined from our kinematics
IS thg separation. . . . . model and the vsini and the estimation of the critical veioci
o the disk FWHM in th‘? continuum (pis mainly denve_d from V¢ from Frémat et al. (2005), we could determine the rotationa

the measurements in the continuum presented in Table, &,:iry of the observed targets and constrain the rotaticate
However, it "?‘ISO mflgences md!rectly the_ amplitude of th?//Vc. These results are presented in Table 7. In[Eiy. 13 we plot-
phase variations as it can modlf_y the ratio b?lwee” the 424 the rotational rate as a function of thiéeetive temperature
herent flux (for an unresolved object) and the incoherent opesqq it \ve find any correlation as proposed by Cranmer (2005)
(for a resolved object). The phase variation is proportitma We did not detect any correlation betweefW and Tef. This

the photocente_r shiftonly fo_r an unres_olved object. Thus, t riking efect could be real, or due to a small sample and our
more resolved is an object in the continuum the smaller will 4o ncertainties. Nevertheless, we found a mean ragtio

be the phase variations. For example, in the case Afa, — . . . .

we did rF:ot manage to fit theﬁﬂérentigl phase with a disk in rate ofV/Vc_=0.8&0.0§ V. This value is co_mpauble with _the

the continuum that extends to FWH#8.0 mas as measured2"€ determined .by_ Frémat et al. (200.5)’ Le. 0.88,, fro_mr the

: gt of photospheric lines of Be stars taking into account gyav

smaller than 2 mas. This may be due to a truncation of tﬁigrkenmg fects as proposed by TOWF‘SG”O' et al. (2004). We
te that the inclination angle determined from our modglin

disk, as explained in Chesneau et al. (2005) and Meilland . : , I
al (2007a), making it depart from a simple Gaussian shap%‘.grees with the one determined by Frémat et al. (2005) mvithi

« the inclination angleif has a significant influence on the vis— for all targgts except ar? (1'h$r) andla Col (20). . .
ibility drop amplitude for baselines close to the polar otée Two stars in our samples have already been studied using

tion. Itis well constrained by comparing equatorial ancapol '€ VLT/AMBER in MR mode :a Ara (Meilland et al. 2007a)
baselines measurements. %{[ has glsoi%ngon the douctﬂne- andx CMa (Meilland et al. 2007b). The inclination angle found

peak separations since it influences the projected rohitioFPr_“ Ara, i-?- 4559, is roug_hly compatible with the previo_us
velocity. estimation, i.e. 55whereas, in the case #fCMa the two esti-

; ; P i learly not compatible, i.e.#Z in this work and
e the rotational velocity (M) mainly influences the double- mations are ¢ ' —g
peak separation and the line “width”. The faster the disk r§0x10%in l\/_lellland et al. (2007b). The malnﬁiere_nces between
tates the larger is the double-peak separation. these previous studies and our current work is that they were
e the exponent of the rotation laws) also influences the cond.uclted at the very pe_gln of the VIAMBER instrument.
double-peak separation. With a higher valuggthe veloc- At this time, the uncertainties on the absolute visibilitgasure- _
ity as a function of the distance drop quicker and the small§}ents where poorly known and have probably been underesti-

is the double-peak separation. Thus, it is quite hard to di1ated by the authors. Unlike in the present work, they mainly
tinguish the &ect of Vi andB. However 3 also influences used the absolute visibility measurements to determinditie

the shape of wings of the line. The higher is the valug of flaténing and thus infer the inclination angle. Thus, tiein-
clusion of thatc CMa rotate at about half its critical velocity is
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Table 6.Best-fit parameters obtained from our axisymmetric kinéermabdel.

Parameter unit a Col x CMa w Car p Car 6 Cen u Cen a Ara o Agr
Global geometric parameters
R, (Ro) 5.8 5.9 6.8 6.0 6.5 5.5 5.5 4
d (pc) 80 202 104 148 127 155 81 133
i (deg) 355 35+10 65:10 70:10 35:15 25:5 45+5 70+£20
PA (deg) 10 2510 5+5 -25t10  40:10  8Q:15 882  120:20
Global kinematic parameters
Vrot (kms?1) 350:10 48@:40 30@:20 40G:30 50@:50 51G:20 48Q:20 40G:50
B - 0.5+0.1 0.5:0.2 0.4%0.1 0.45%0.1 0.50.3 0.50.1 0.50.1 0.50.2
K-band continuum disk geometry
Fe - 0.25 0.5 0.2 0.45 0.45 0.37 0.56 0.31
ac (Dy) 2+05 3.50.5 3x1 2+0.5 21 <3 <2 <10
Bry disk geometry
a (Dy) 5.5+0.3 6.5:2 6.5:1 11+2 9+2 4+1 5805 141
EW A 7.0£0.5  13:2 5.8:0.5 101 19+2 5.6:0.3 14.51 12+3
X 4.0 6.8 11 2.5 2.3 1.3 1.7 0.8

probably biased. Nevertheless, with its strong asymmaeteytd As explained in Meilland et al. (2007a, 2007b) using the
inhomogeneity in the disk it is still hard to determine aataly SIMECA code (Stee et al. 1994) and Tycner et al. (2007) us-
x CMa rotational velocity. ing the BEDISK code (Sigut & Jones 2007), these interfero-
metric measurements can be used to constrain the circumstel
. . lar environment physical parameters : mass loss, disk mass,

6.2. The equatorial disk extension and temperature and density distribution. In a forthcoming

Allthe objects we have studied are, at least, partly restilvéne  Paper, we will use these numerical codes and the available,
Bry line. We manage to significantly constrain the extension &f (CHARA/VEGA), K (VLTI/AMBER), and N (VLT/MIDI)

the line emission for all targets. We found Gaussian FWHM thBands measurements to draw a more complete picture of the Be
range between 4 to 14 stellar diameters. We found no coielatStars circumstellar environment. .

between the Br emission and other properties or characteristics For all our targets, the simple kinematic model reproduced
except the double-peaked separation (see the next subrsémti Very well our VLTVAMBER measurements. Thus, itis clear that
the discussion on the disk kinematics.). It seems that theeisi Most of the By line emission comes from the equatorial disk.
independent on the stellar parameters as well as on theedfral he disk kinematics is dominated by rotation, with a rotadio
excess or line equivalent width. The mean FWHM of the Brlaw close to Keplerian for all targets. The putative expansie-

line emission is : 6.%2.9D, locity is far below the detectability limit of the instrumieti.e.

As already explained in Sect. 5.1, most of the targets ard0 kms™). These results fully agree with previous kinemat-
also partly resolved in the continuum with FWHM that range bdcS studies done with the VLJAMBER (Meilland et al. 2007a,
tween 1.5 and 3.7 Pand a mean FWHM of 2.20.3D,. Thisis  2011) or CHARAVEGA (Delaa et al. 2011). _
roughly compatible with K’-band CHARA interferometer mea-  |f the disks are in Keplerian motion and the stars are rogatin
surements by Gies et al. (2007) on the Be stasis (2.40Q), ¢ significantly below their critical velocity, two issues ram :

Per (3.30Q), ¢ Tau (5.50.), andk Dra (4.3D,).

These typical K-band continuum anchBme extensions are
significantly smaller than the disk size measured in Hor ex-
ample a multi-line spectro-interferometric study of thecaim-
stellar environment of the Be starSco published in Meilland
et al. 2011 shows that the emission extension was 1.6 times

. ) In other terms, the matter needs to be accelerated both ra-
B ieimm s A (o Tl and azmutaly Lee et al (1993)proposed that s
and Quirrenbach et aI.F21997) also cgnclude thét the t)};biaal could be formed by theﬁec_t Of- the gas viscosity dr|_ft|ng the_

; matter outward. However, in his theory, if the star is not-cri
extension were of the same order. ically rotating, a source to supply angular momentum at the
stellar surface is still needed. Non-radial pulsationsrapg@sed
by Osaki (1986) could be a good candidate. Recently, Cranmer

¢ What additional mechanisms is giving the amount of energy
needed to launch the matter from the stellar surface?

e How does the ejected matter gairffszient kinetics energy
to accelerate up to the Keplerian velocity?

Table 7.Rotational rate of our Be stars (2009) proposed a theory in which resonant oscillation$ién t
Star VA Vsini i Van photosphere could inject enough angular momentum to spin up
kms! kmst deg km st % of V. a Keplerian disk even for the slowest rotating Be stars (dtmwn

2 Col 35523 192412 355 336:50 095023 60% of ;). However the question remains open and other mech-
«CMa 535:39 244:17 35:10 428:80 0.80:0.31 anisms such as magnetism (Yudin et al. 2010), radiativespres
wCar 320:17 245:13 65:10 270:40 0.84:0.16 (Abbott 1979) or binarity could also contribute to the ejeat
pCar 40%28 28520 70:t10 30340 0.76:0.15 of matter. To solve the issue, the connecting layers between
sCen 52729 26314 3515 458100 0.840.41 stellar surface and the inner part of the equatorial diskikhioe
uCen 50832 1534 255 36980 0.720.20 carefully studied. This could be done by studying many gisor

aAra 47724 30515 4%5  42%60 0.9&0.17  tjon and emission lines formed close to the photosphere gnd b
OAdqr 39127 28220 70:20 300:80 0.7%021  gomparing their morphology.
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LA T T A A A Bry line and, for some of them, in the K-band continuum. Using

a simple kinematic model of a purely rotating disk, we were

able to successfully model all our data, showing that mogief

Bry emission originates from the equatorial region. The disk is
—€ot ] fully do_minated by_rotation_, and the rotation law was fount¢

1 o Ara _ L ] Keplerian or quasi-Keplerian for all targets. We were alstea
ar | _1& - CMa—— 1 to significantly constrain the stellar rotational veloaitsing our

Bl TPI Car M ceh 7 estimation of the inclination angle. We found a mean rotatio
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rate of \JV.= 0.82+0.08 which is compatible with previous es-
timation by Frémat et al.(2005) done by modeling photosiphe
lines.
We did not detect any correlation between the stellar param-
] eters and the disk properties. However, the uncertaintigh®
] measurements remains high and our sample of Be star need to be
extended to definitively answer the issue on the physicalge®
T S e e R or processes responsible for the mass ejection and the depen
10000 15000 20000 25000 s0000 dence of the Be phenomenon on the stellar parameters.
Ter (K) In a forthcoming paper, these data will be analyzed using the
radiative transfer codes SIMECA and BEDISK in order to fully
Flg 13. The rotational rate of our Be stars Sample plOtIEd asScanstrain the circumstellar environment.
function of their défective temperature. Our measurements for
the eight targets and their relative uncertainties aretqroas Acknowledgements.  The Programme National de Physique Stellaire (PNPS) and
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