HAL

archives-ouvertes

VLTI/MIDI observations of 7 classical Be stars
Anthony Meilland, Philippe Stee, Olivier Chesneau, Carol Jones

» To cite this version:

Anthony Meilland, Philippe Stee, Olivier Chesneau, Carol Jones. VLTI/MIDI observations of
7 classical Be stars. Astronomy and Astrophysics - A&A, EDP Sciences, 2009, pp.X. <hal-

00409089>

HAL Id: hal-00409089
https://hal.archives-ouvertes.fr /hal-00409089
Submitted on 9 Aug 2009

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.archives-ouvertes.fr
https://hal.archives-ouvertes.fr/hal-00409089

Astronomy & Astrophysicsnanuscript no. 11960.hyper30998 © ESO 2009
August 9, 2009

VLTI/MIDI observations of 7 classical Be stars*
A. Meilland!, Ph. Ste& O. Chesneay and C. Jones

1 Max Planck Institut fur Radioastronomie, Auf dem Hugel 63131 Bonn, Germany
2 UMR 6525 CNRS FIZEAU UNS, OCA, CNRS, Campus Valrose, F-06M@& cedex 2, France.
% Physics and Astronomy Department, The University of Westmtario, London, Ontario, Canada, N6A 3K7.

Received; accepted
ABSTRACT

Context. Classical Be stars are hot non-supergiant stars surroungedgaseous circumstellar envelope that is responsiblthéor
observed IR-excess and emission lines. The origin of thislepe, its geometry, and kinematics have been debatedrioe §me.

Aims. We measured the mid-infrared extension of the gaseous disbunding seven of the closest Be stars in order to constinai
geometry of their circumstellar environments and to tryntiet physical parameters characterizing these disks.

Methods. Long baseline interferometry is the only technique thab&sspatial resolution of the circumstellar environmértlas-
sical Be stars. We used the VI/MIDI instrument with baselines up to 130 m to obtain an angrdaolution of about 15 mas in the N
band and compared our results with previous K band measutsrobtained with the VLTAMBER instrument anr the CHARA
interferometer.

Results. We obtained one calibrated visibility measurement for ezfche four stars, p Cat, Tau,x CMa, anda Col, two fors Cen
andg CMi, and three forr Ara. Almost all targets remain unresolved even with thedaty/LT| baseline of 130m, evidence that their
circumstellar disk extension is less than 10 mas. The ordgbion ise Ara, which is clearly resolved and well-fitted by an elliatic
envelope with a major axis=%.8+0.8 mas and an axis ratigha-2.4+1 at 8um. This extension is similar to the size and flattening
measured with the VLFJAMBER instrument in the K band at2m.

Conclusions. The size of the circumstellar envelopes for these clas8ieatars does not seem to vary strongly on the observed
wavelength between 8 and L#h. Moreover, the size and shapemfra’s disk is almost identical at 2, 8, and Agh. We expected
that longer wavelengths probe cooler regions and correbpgly larger envelopes, but this is clearly not the casenftbese mea-
surements. Far Ara this could come from to disk truncation by a small companihowever, other explanations are needed for the
other targets.

Key words. Techniques: high angular resolution — Techniques: interfietric — Stars: emission-line, Be — Stars: winds, outflows
disks — Stars: individual (p Caf,Tau,xk CMa, « Col, § Cen,3 CMi, a Ara) — Stars: circumstellar matter

1. Introduction lines led to nearly unresolved visibilities, demonstrgtinat the
Classical B h _ h envelope was even smaller than what was previously preticte
assical Be stars are hot non-supergiant stars that are iy iee & Bittar (2001). These authors used long term spectro

rounded by a gaseous circumstellar environment resp@fsibl 0. i \ariability measurements and concluded that theigis
the presence of an IR-excess and emission lines in theltrapeqike|y truncated by a companion.

Ag_enerally_accepted VieW_ of this material is f‘ _de’sze eqiaior\ye initiated an observational campaign on the brightest,
region dominated by rotation, of@en call_eql a "disk Wheresmoclosest, southern hemisphere classical Be stars usinglifie V
of the IR-excess and emission lines originate, surrounged binstruments MIDI and AMBER. In this paper we present

more diluted, radiatively driven, polar wind. Despite thetfthat new s o :
A . pectrally resolved mid-infrared VI/MIDI interferomet-
these systems have been studied for decades, the disk add WD o < rements for seven classical Be stars, p Caay, 8

formation, geometry, and kinematics, remain contentissisés. CMi. x CMa.« Col. s Cen. andr Ara.

First VLTI observations of 4 Be stars, namely Achernar 14 ; ;
. . paper is organized as follows. In Sect. 2 we present the
(Domiciano de Souza et al. 2003)Ara (Meilland etal. 2007a), 4 seryations and the data reduction process. In Sect. Bathe
« CMa (Meilland et al. 2007b), antiCen (Meilland et al. 2008) 1,510 yisibilities are presented and then compared witbdem
have shown evidence offirent geometries likely to due dif- oo n65eq of a unresolved star plus uniform disk. Our reantis

ferent mass-ejection processes such as fast rotatiomtiey o cjysions are discussed in Sect. 4, and Sect. 5, resplgctiv
driven winds or binarity. Thus, it is not clear if Be stars damn

considered as a homogeneous group of stars in terms of mass-
ejection processes (Stee & Meilland 2009). 2. Observations and data reduction

Measuring the N-band extension of the circumstellar envi- ) .
ronments of classical Be stars can put strong constraintisesn VLTI/MIDI observations for our program stars were carried
physical parameters as shown by Chesneau et al. (200%) foput at Paranal Observatory between June 2004 and January

Ara. For this star, VLTIMIDI observations with 100 m base-2009 with the 8.2 m UT telescopes. We obtained one vis-
ibility measurement for p Car; Tau, x CMa, anda Col,

Send offprint requests to: meilland@mpifr-bonn.mpg.de two for § Cen andB3 CMi, and three fore Ara. Observations
* Based on observations made with ESO Telescopes at Parateal u®f 12 calibrator stars were also obtained during this cam-
programs 073.A-9014G, 077.D-0097 and 082.D-0189 paign: HD40808, HD49161, HD50778, HD94452, HD 95272,




2 Meilland et al.: VLTIMIDI observations of 7 classical Be stars

Star Obs. Date Time Baseline Calibrators r
(UT) B, L(m) P.A.C) (HD) L2~
x CMa 200812/14 02:33 117.0 25.2 40808, 94452 C
5Cen 200406/06 00:43 B 91.2 425 107446 _ T NN A AT Y T ONIANY *
200812/13 08:27 B 129.2 27.7 40808, 94452 oe E
« Ara 20060415 03:50 B 126.8 1.7 95272, 129456, 151249 ‘ 1
200604/16 07:49 B 129.6 54.4 151249, 163376 o b
200607/08 04:15 B 120.7 74.1 169916, 198048, 217902 x CMa ]
218594 ‘ 7
p Car 20081213 07:44 129.5 40.8 40808, 94452 1.2 5
¢ Tau 200901/11 03:36 127.3 67.9 49161, 50778
« Col 200812/13 05:17 128.5 64.0 40808, 94452 Lo
B CMi 200812/17 07:07 B 129.5 63.8 49161, 50778 >
200901/11 04:44 B 125.3 64.5 49161, 50778 08

Table 1. VLTI/MIDI observing log for our program stars and 06
their corresponding calibrators.

1.10
1.00

> 0.90

HD107446, HD151249, HD163376, HD169916, HD198048,
HD217902, and HD218594. The observation log is presented in 4,
Table 1.

The 2004 observations @f Cen were obtained with UT1- 010
UT3 in HIGH-SENS mode. All of the other observations were
taken with the UT1-UT4 baseline using the SCI-PHOT mode -
to enable a better visibility calibration (Chesneau 200He
PRISM low-spectral dispersion mode, allowed us to obtagitsp = *©
trally resolved visibilities with R30 across the N band. We have
used the standard MIA EWS, (version 1.6) package to reduce
the data and estimate the errors bars (sedFig. 1). 06

0.8

3. Results 10
3.1. The calibrated visibilities 08

The N band calibrated visibilities for the program Be staes a 06
plotted as a function of wavelength in Hig 1. The only clearly
resolved (i.e., W30 <1) target isee Ara along the B baseline.

It is also barely resolved (i.e., M <1) along the other two
baselines. Moreoves, Cen (for both baselines) andTau (for 4
A >10um) are also barely resolved. All of the other targets, = 12
CMa, p Carg Col, and3 CMi, are clearly unresolved. Therefore,
when we take into account the uncertainty in the measurement
for these targets, we can only determine an upper limit of\the 08
band envelope extension.

All targets have visibilities larger than 0.8. This corresfs,
for a 130m baseline ai#n to extensions smaller than 6 mas as-
suming an uniform disk or 3 mas assuming a FWHM Gaussian._
However, to estimate an accurate envelope extension, we nee
to include the contribution from the central star to the Itéita
(star-envelope) for each of systems studied.

1.0

R e B R S L I

¢ Tau

Name Distance (pc) Spectral Class @, (mas)
x CMa 202+ 5 B1.5IV 0.44+ 0.15
6 Cen 127+ 8 B2IV 0.65+ 0.3
a Ara 82+ 6 B3V 0.88+ 0.2
p Car 148+ 9 B4V 0.27% 0.15
¢ Tau 136+ 15 B4lll 0.65+ 0.2
a Col 80+ 2 B71V 0.58+0.15
B CMi 50+1 B8V 0.56+ 0.1

Fig. 1. VLTI/MIDI visibilities of the 7 Be stars plotted as a func-
tion of wavelength across the N band. For stars with multiple
measurements (i.ey Ara 8 CMi, ands Cen) the correspond-
ing baselines B B,, and B are plotted in black, gray, and light
gray, respectively. See Table 1 for description of the liass!

Table 2. Distance, spectral class, and estimated stellar angular
diameters®,) for the seven observed Be stars.
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Reference Method Effect of Effective Temperature [K]
Rotation| kCMa ¢6Cen aAra pCar (¢Tau «Col BCMi
Dachs et al. (1988) Spectro-Photometry  No 22500 22500 18000 16500 - 13000 -
Dachs et al. (1990) Balmer Decrement No 22500 20000 18000 22500 - - -
Chauville et al. (2001) Spectroscopy No 21330 21527 19010 17906 20137 13031 -
Fremat et al. (2005) Spectroscopy Yes 24627 22360 18044 17389 19310 12963 117
Levenhagen & Leister (2006 Spectroscopy No 24100 22230 22150 - - 14200 1310

Table 3. Published #&ective temperature for our target stars.

3.2. A simple two component model

If we assume, for all our targets, that the N band emissiogori =
inates from the central star and and the circumstellar epeel
only, we can write :

um

W/m

-12

0

Fy

Viot = VeFe + V(1 - Fe), 1)

10~

where Mo, V4, and \,, are the total, stellar, and envelope§ o0l

visibilities, respectively, anddris the ratio of the envelope flux =
= 10 2

to the total object flux. S

We can estimate the stellar angular diameter using thie.

spectral class of each object and their distance derived
from Hipparcos parallax measurementdifparcos, the New 1078
Reduction van Leeuwen, 2007). As shown in Talgle 2, all tar-
gets have stellar diameters smaller than 1 mas. Thus; ¥.99

at um and we can assume,¥1 in the entire N band for these

/ m)

10717

Fp (W/m?

stars. =l

Using this assumption, we can rewrite Eq.(1) :

/pm)

_ Vtot_1+ Fe

\%
e Fe

(2)

F, (W/m?,

Consequently, in order to calculate the envelope visjbilif
we only need the relative envelope flux F

3.3. Reconstructing the spectral energy distribution

(W/m?/pum)

We chose to constraingFoy fitting the objects’ spectral en-

F)\

ergy distribution (SED) using stellar models. For eachdtirge = | 14

reconstructed its SED using data available from the VIAER

database (see Fig 2): UV measurements are from Jamar et al,, ¢

(1976) and Thompson et al. (1978), magnitudes are from Morel
& Magnenat (1978), Monet et al. (2003), Zacharias et al. 200 +

1010

and 2MASS (Cutri et al., 2003), and IRAS measurements al{ew*z;
used for the mid to far infrared. We note that Be stars are ob- 4|

served to exhibit photometric variations with timescalesn

a few months to several years with amplitudes up to 0.5 Mag
(Harmanec, 1983) so that the SEDs can slightly vary with time
However, contemporaneous UV to mid-IR photometry are not
available to compare with our VLIMIDI measurements so we
use measurements from 0.2 to L@ obtained at other times.
The resulting reconstructed SEDs for our targets are platte
Fig[2.

3.4. The stellar parameters and distance

rived stellar parameters and extinctions of 46 Be stars fu@%

1 httpy/vizier.u-strasbg.fwiz-bin/VizieR

o~

10714

8l

<o

10710

10710

10712

Fig. 2. Reconstructed SEDs for the 7 Be star systems observed
with the VLTI/MIDI instrument are shown with gray solid

In order to constrain the stellar contribution to the flux vemd lines. Diamonds represent measurements taken from th&R ZI
Ter, Ry, and gg for the central star. However, these stellar patatabase. The portions of the SEDs upgm](solid black lines)
rameters for rapidly rotating Be stars are quite uncerfBirere are fitted using reddened Kurucz models with the stellarpeara
are several methods in the literature that are used to deternters given in Table 4. Dashed lines represent the wavelsrfigith
these stellar parameters. For example, Dachs et al. (1389) which the envelope flux is calculated, i.e., @@ and 12m.
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and JHKLMN photometric measurements. Later, Dachs et al. ¢ ¢ Tau SED _

(1990) determined the stellar parameters of 26 objects rom 1o

analysis of the Balmer decrement. Chauville et al. (200d) an

Levenhagen & Leister (2006) use spectroscopic measurement 10

of photospheric lines to calculate these parameters. [Bxlen-

marizes Ty derived by all of these authors for our target stars.
The discrepancy betweengldetermined with these meth-

ods for classical Be stars can reach several thousand ofrKelv=

for some targets (seeTau for example). These ranges mainly~, 1

stems from the latitudinal-dependent surface temperstime

duced by rapid rotation. Thisffect will depend on the incli- 10-14L

nation angle of the star. Also, the circumstellar gas carseau

reddening and obscure the stélieating the values of the spec-

trophotometrically determined parameters. o1 . 100.0
Fremat et al. (2005) accounted rapid rotation in their ana- A (pm)

lyzes and quoted “apparent” stellagsTand gg, and then com-

pared these values to non-rotating counter-parts thaypiesily Fig.3. A comparison of the reconstructed SED fgr Tau

thought to be- 5 to 15% hotter. We adopt these apparent or agerosses) with two “extreme” models: a reddened B2V (solid

erage values for our work. The apparegt @erived by Fremat line, Ter=22000K, R.=5R,, Ay=0.2, R,=3.1) for which up to

et al. (2005) for our sample stars are also presented in [Bable 40% of the visible flux comes from the envelope, and a B4lll
Assigning a value for the stellar radius for a rapidly rotgti unreddened star dominated by the stellar emission in tligleis

star can also be flicult since the polar radius and equatoria{dotted line, Ty=16000K, and R=8.5R,).

radius can be quite flerent. For our targets, typical values for

the stellar radius are deduced from the objects’ spectias@nd

then adjusted to obtain the best SED fit in the UV and visibl&.6. N band envelope extension

The fit of the stellar flux is accomplished using Kurucz mode

(Kurucz, 1979). We note that the use of plan paralle] atmesph and values of Ffrom Tabld4. To determine the mean visibility

models with a global g for fast rotating star may not apply. | q1 i X lati ¢
However, the ffect on the mid-infrared flux should be negligible}’r‘;jl ue, Mo, atd&l'mba'llr']t . 2;? We use a |Ineartr|]nterpo ation o
for these wavelengths since the stellar radiation is dotachay - '€ Measured visibility in tné same wavelength range, asgim

black-body emission. The Kurucz models are reddened useng fhat the measurements at each wavelength are independ'ent. T
law of extinction from Cardelli et al.(1989) combined withet method 6!”9".V_S us to slightly decrease the errors on th_e-lnter
standard interstellar Rvalue of 3.1. Thus, with F and log g Pelated visibility. Finally, we determine the envelopeagion
taken from Fremat et al. (2005), and the distance deriveu frd/SINg an equivalent uniform disk diameter. The resultsyrass

Hi I ts, only th | ar@ N9 these simple models, are given in TaBke For cpnvenience,
Alpg;r%%?e[??nr;éié(?rzm(teﬁ:l#irteon;fhnessggy e values the K band measurements from VIAMBER (Meilland et al.
\' .

2007a, 2007b, 2008) or CHARA (Gies et al. 2007) are also
quoted if available.
3.5. Estimating the errors on the envelope relative flux As mentioned previously, the envelope is resolved only for
a Ara, 6 Cen, and; Tau (only at 12m). Fork CMa, p Car{
Tau (at &m), @ Col, ands CMi, we determine a upper limit to
the envelope extension only. Please see the next sectiomofer
discussion about Area’s N and K band geometry, and on the
compactness and wavelength dependence of the envelope size

g 1o-10L
N

W/m’

12

10716

Gle determine the N band envelope visibility,,\ising Eq. (2)

To estimate the errors in the relative envelope flyxaF &:m
and 12:m, we have to take into account the uncertainty &y T
adopted from Tablel3, the possible interstellar/andircumstel-
lar reddening of the UV and visible stellar radiation, angl filnct
that a part of the visible emission can originate from theuain-
stellar envelope (up te 0.5 Mag).

¢ Tau, is probably the most challenging target to model singe piscussion
its MK type is not well constrained: the published lumingsit
class ranges from Il to 1V and its spectral type from B2 to B4.1. The K and N band geometry of « Ara

Moreover, at 0.2m an absorption bump is clearly evident in itﬁzirst VLTI/MIDI data for @ Ara were obtained by Chesneau et

UV spectra. This is a indicates the presence of interstafidior ;
circumstellar extinction of the stellar emission. In Elg 8 plot al. (2005). Unfortunately, the baselines used were toot straf

the SED ofZ Tau with two “extreme” models, a reddened B2V
for which up to 40% of the visible flux comes from the envelope Adopted stellar parameters F. (%)
and a B4lll unreddened star fully dominated in the visiblél®y | Name |To (K) logg R, (R,) d(pc) A, gum  12um
stellar emission. «CMa | 24600 4.07 59 202 0.3] 90+6 944
We obtain errors for Fon the order of 0.06 ati8n and 0.04 | §Cen | 22360 3.92 6.5 127 0.10 88+5  93+3
at 12um. This simple analysis shows that the calculated N bapdr Ara | 18044 3.99 45 81 0.10 87+4  91+3
relative envelope flux is not strongly dependent on the sgectf p Car | 17389 3.52 6.0 148 0.0p 87x4 913
class and associated stellar parameters, but that the megm-u | {Tau | 19340 352 75 136 030 80+6  86+5
tainty comes from the envelope contribution in the visible. «Col | 12963 373 58 80 0.0067+11  76:8
We applied this method to all our seven targets to determi gCMi | 11772 351 35 49 0.00 59+13 6910
the envelope relative fluxgfand its uncertainty. The parameterdable 4. Stellar parameters adopted in this work and resulting 8
adopted and the results of this SED model fitting are predeng&nd 12:m envelope flux.
in Tablel4. The stellar SEDs are also over-plotted infFig 2.

g
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« CMa ¢ Cen a Ara p Car { Tau a Col B CMi
B B2 B: B2 Bs B B>
¢ (mas) at &m <52 | 49+18 4.0+18| 2.7+1.1 39+14 55+0.3| <6.0 <2.6 <23 | <68 <11
¢ (mas)at1lpm | <8.4 | 53+4.3 6.9+2.7| 3.6x1.8 6.0£2.3 8.1+0.6 | <9.5 5.7£2.2 <3.6 | <10.5 <1.8
¢ (mas)at2.im | <3.¢ 1.6£0.43 7.3:21 - 1.79:0.07% - -

Table 5. Envelope size from our VLJMIDI data and literature : Meilland et al. (2007200713, 2008) and Gies et al. (2003

the data quality was not good enough to accurately constgingive the same result depending on thermal structure of #ie di
geometry. The authors were only able to put an upper limihen tFor example, studies that have determined self-considiskt
envelope extension, i.e. less than 10 masuat.8However, this temperature distributions based on the assumption of treglia
was already smaller than what Stee & Bittar (2001) predictedjuilibrium, find that, on average, the temperature digtidim

for this Be star. Thus, these authors proposed a possilte disnearly constant up te 100 R. and is approximatively half
truncation and found spectroscopic evidence for the poeseh the Tt of the central star. However, depending on the equato-
a companion orbiting outside the estimated outer-radiut@f rial density near the stellar surface, large variation®mpera-
equatorial disk, confining the disk within the Roche lobehaf t ture can occur especially in dense disks. For example, skar Mi
star. & Marlborough (1998) for thermal structure of pure hydrogen

Using VLTI/AMBER data, Meilland et al. (2007a) investi-disks, Jones et al. (2004) for th&excts of iron line cooling on
gateda Ara K-band geometry and kinematics. They clearly reemperatures, or Sigut & Jonés (2007) for models that irechud
solved the equatorial disk and measured its flattening aind aealistic solar type chemical composition. Thus, it may e d
entation. The disk orientation was in agreement with theevalficult to propose a general scheme for each of our program Be
deduced from polarimetric measurements by Yudin & Evamssars since the disk density may vary significantly from svar
(1998) (P.A.=166"). Meilland et al. (2007a) also found that astar.
few percent of the K band flux originates from an extendedstru  Another interesting result can be seen from[Big 4. An appar-
ture in the polar direction. Using the SIMECA code developeght lack of an extended polar contribution in the N band data
by Stee et al. (1996), they were able to model this objectassucompared to the K band measurement is apparent. There are two
ing a quasi-critical rotator surrounded by both a denseéf@t possible explanations:
rotating disk and an enhanced polar wind with terminal expan
sion velocities up to 1000 km Note that this is the first time
that the nature of the disk rotation, found to be Kepleriaasw G
directly measured for a Be star. i

Due to the SCI-PHOT mode and the use of longer baselin
(i.e. UT1-UT4), the quality of our new VLJMIDI data was
good enough to accurately constrain the envelope geometry
the N band. We were able to successfully model our measui
ments using a uniform ellipse, and found the same value #or tl .
major-axis as determined in the K-band from the VIAMBER 2t
data by Meilland et al. (2007a). The envelope extensionrd) a i
flattening (the ratio of ) are given in Tablg]6.

Both the VLTI AMBER and VLT/MIDI measurements pro- =
duced similar disk sizes over the wavelengthsuth18:m, and g
12 um. The envelope extension is plotted as a function of th
baseline orientations in Fig 4. A SIMECA image in the K banc
from Meilland et al. (2007a) is also plotted in this figure loa —=b
a direct comparison with the K and N band measurements.

One of the most striking results from our modeling is the
fact that the equatorial disk extensions remain relatigelystant
between 2.4m and 12m. We originally expected that longer i
wavelengths would probe cooler regions and thus larger di I
volumes, which is clearly not the case. However, small varie

a
— T

tions on the order of 20~ are detected betweemi® and 12m B oo oo RO . v B
along the direction of the major-axis. This wavelength pele -6 -4 H2 o 2 4 &
dent disk size may be evidence for disk truncation by a compa {mas}

ion, in agreement with the suggestion of Meilland et al. (24)0
However, a free-free and free-bound radiation dominatee-en
lope with a non-truncated isothermal equatorial disk map al

Fig. 4. « Ara envelope at 8n (green bars) and Lt (red bars)
assuming a uniform disk an unresolved star model plotted as
a function of baseline orientation. VLAMBER measurements
(black bars) are from Meilland et al. (2007a) and the cowasp

A(um) major-axis (mas) flattening ing best SIMECA model in the continuum ( shaded background
2.1 7.32 2.7+0.9 ) are also shown. The black, green, and red ellipses comespo
8 5.8:0.8 2.4:1.0 the uniform ellipse fit of the equatorial disk presented ibl&b
12 8.2t1.2 2.6:1.2 at 2.1, 8, and 12m, respectively. The orientation of the major
Table 6. o Ara equatorial disk major-axis and flattening. axis (dotted black line) is perpendicular to polarizatiorgle

measurement obtained by Yudin & Evans (1998).
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© CMa
30 ‘ -]
L p Car i
20— —
—~ B 6 Cen P
520? o Ara ]
=) L a
9 -
g B ¢ Tau ’__/’:
L 15— - —
x - - _
o L — - |
ko] L L =~ _

g _ = _ -
© = _ - _F |
< 10— _ k- - 7
z -1 _-- -
B a Col _ =" - 7
51— -7 - _
= B LMt P -
L ‘| == | | | ]

1.0 1.5 2.0 2.5

Terr (10°K)

Fig.5. 8um (black) and 12m (gray) envelope extension as a function gf Tor the program Be stars. The dotted lines represent
linear interpolations, accounting for the uncertaintylef neasurements, of the temperature dependence on the Niband

1. The VLTI/MIDI angular resolution is 4-6 times smaller tharing extensions in the K band continuum are#23<3.6, and
the VLTI/AMBER. The polar wind extends out to 6 mas 1.6+0.4 mas, respectively.Tau was observed with the CHARA
and is almost fully resolved by VLTAMBER with 80m interferometer in the Kband (Gies et al. 2007) and mod-
baselines, whereas, the VI/MIDI visibilities with 120m eled with an elliptical Gaussian with a FWHM extension of
baselines are- 0.8. Thus, the overallfiect on the total 1.79:0.07 mas.
VISIbI|Ity for the VLTI/MIDI instrument is reduced by a For x CMa, the N band measurements are not accurate
factor of~5. enough to determine if its envelope size varies with wagtten
) ) On the other handy Cen and/ Tau seem to show some size
2. If the poles are hotter than the equatorial regions becawygriations between the K and N bands. Edfau, Carciofi et al.
of the efects of gravity darkening, the relative contributiof2009) have shown in a recent paper that a density wave seems t
to the total flux of the polar wind can significantly decreasge orbiting within the disk. Thus, the apparent extensiothef
between 2.1 andi8n. In order to estimate thidfect, a full  disk may be dierent at diferent times.As previously discussed,
modeling of the stardisk+wind would be required which is thjs is contrary to the findings far Ara as we showed that its cir-
well beyond the scope of this paper. cumstellar disk extension is relatively constant over tifeared
wavelengths considered.

Overall, for the Be star systems considered here, the varia-
tions in disk size between the K and N bands seem relatively
As mentioned above, the envelopes of all observed targets aimall. This is quite dferent from observations in these bands for
much smaller than predicted by Stee & Bittar (2001). In facthe dusty disks of supergiant B[e] stars. For example, Dama
none of our disks are larger than 10 mas. Using the angular d¢ Souza et al. (2007) find that the interferometric obsimat
ameters from Table 3 and parameters from Table 2, each diskfghe circumstellar environment for the B[e] star, CP>2374
plotted (in R.) in the N band as a function of the central stardn the K and N band are well fitted by an elliptical Gaussian
T in Fig[3. This figure seems to indicate that the envelopes odel with FWHM diameters that varies linearly with wave-
late type Be starso( Col andg CMi) are smaller than those of length. However, the N-band emission mechanisms dferdnt
earlier types. However, this claim should be taken with icaut for these two classes of stars, i.e. free-free emissionlésse
considering the uncertainty of the measurements. cal Be stars and optically thick thermal dust emission fcae]B[

Moreover, with the exception aof Ara, one has to keep in Stars. Nevertheless, comparing K and N band emissions-of cir
mind that these stars are measured with baselines not meiessCUmstellar envelopes of hot stars may provide clues, afigwi
aligned with their major-axis. Comparing polarization ma- (N physics of these systems to be deciphered.
ments of Yudin & Evans (1998) (see Table 7) and the baselines
orientations from Table 1, it follows that the baseline otéions
of a Col, 8 CMi, ¢ Tau, and p Car correspond to an intermedis Conclusion
ate angle between their putative major and minor axis wiseread
6 Cen andc CMa are certainly observed along their major axisThis first mid-infrared interferometric statistical studfclassi-

Three stars in our sample were also observed witlal Be stars shows evidence forthe compactness of theumirc
VLTI/AMBER : a Ara, xk CMa, 6 Cen and their correspond-stellar environment in the N band, smaller than 10 mas for the

4.2. The geometry of the remaining program Be stars
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x CMa 6 Cen a Ara pCar| ¢ Tau | a Col B CMi
Polarization(%) 0.3 0.33 0.58 116 | 1.13 | 0.15 0.14
Polarization angle®) 106 137 166 68 34 109 90
Baseline orientatior’} B: B> | Bt B, Bs B1 B,
compared to the disk major-axis 9 45 193| 59 216 19| 62.8 | 56.1 45 63.8 64.5

Table 7. Yudin & Evans (1998) polarization measurements and basgbnientation with respect to the disk putative major-axis

all Be stars in our sample. Interestingly, Gies et al. (200®) van Leeuwen, 2007, Hipparcos the New Reduction

that Be stars in binary systems generally have smaller disks Yudin, R. & Evans, A., 1998, A&A, 131, 401
Further, Be star disk extensions do not seem to depefffharias N., Monet D.G., Levine. S., etal. 2005, NOMAD koga

strongly on the observed wavelength betwegmBand 12um.

Fora Ara, an even stronger case can be made since the disk ex-

hibits the same extension and flattening in the K and N bands.

A possible result, that needs further investigation, istivaeor

not the disk size in various bands correlates with thedf the

central star. Our investigation seems to suggest that thayee

such a correlation, but this must be taken with caution cmrsi

ing the large uncertainties in the data and the fact that,datm

cases, the baselines were not aligned with the disks’ majsr a
This study can only be marginally extended to a larger

number of targets because of VIMIDI limited sensibility

and accuracy. Fortunately, the number of targets availade

the precision will significantly increase with MATISSE (Lep

et al. 2008), the second generation VTLI mid-infrared beam-

combiner.
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