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Abstract. The young stellar object MWC 297 is an embedded B1.5Ve staibitg strong hydrogen emission lines and a
strong near-infrared continuum excess. This object has beserved with the VLT interferometer equipped with the A3
instrument during its first commissioning run. VIAMBER is currently the only near infrared interferometerigéhcan
observe spectrally dispersed visibilities. MWC 297 hasimgmatially resolved in the continuum with a visibility o505 as
well as in the By emission line where the visibility decrease to a lower vaifi.33 + 0.06. This change in the visibility with
the wavelength can be interpreted by the presence of aratiptilick disk responsible for the visibility in the contiom and of

a stellar wind traced by the Bemission line and whose apparent size is 40% larger. Weatalitis interpretation by building
a model of the stellar environment that combines a geonadirithin, optically thick accretion disk model consistiofjgas and
dust, and a latitude-dependent stellar wind outflowing alibe disk surface. The continuum emission and visibiligsined
from this model are fully consistent with the interferonnekMBER data. They agree also with existing optical, nedrared
spectra and other broad-band near-infrared interferaenésibilities. We also reproduce the shape of the vidiigiti in the
Bry line as well as the profile of this line obtained at an highescsml resolution with the VLISAAC spectrograph, and
those of the ki and H3 lines. The disk and wind models yield a consistent inclovatf the system of approximately 20A
picture emerges in which MWC 297 is surrounded by an equatfait disk that is possibly still accreting and an outflowing
wind which has a much higher velocity in the polar region thathe equator. The VLTAMBER unique capability to measure
spectral visibilities therefore allows us for the first titeecompare the apparent geometry of a wind with the disk siradn

a young stellar system.

Key words. Stars: pre-main-sequence, early-type, emission-linestBes, individual: MWC 297, planetary systems: proto-
planetary disks — Infrared: stars — Accretion, accretiaksli- technique: interferometric



1. Introduction Table 1. AMBER observation log from 31 May 2004 (UT).

Pre-main sequence stars in the intermediate mass rantpel cal
Herbig Ae ar_ld Be stars (HAe_Be), are observe_d to pe sur- (ms) start  end exp.  (m) (m)
rounded .by_cwcm_JmsteIIar materle_ll which reveals |ts_elf.by_d MWC297 107 0602 0613 18 2819 33E7
crete emission lines and by continuous excess emissiorein th \nyc207 31 06:26 06:37 40  29.93 33.37
spectral energy distribution (SED). The spatial distiimotof HD177756 31 08:10 0818 30 3292 32.85
this material however has been subject to debate: both geoHp 177756 107 08:21 08:33 14 33.20 32.69
metrically flat disk models and spherically symmetric enve-
lope models can reproduce the observed SED. Using viscous ) )

accretion disk modeld, Hillenbrand et dl. (1992) proposed a The geometry of circumstellar material near HAeBe stars
disk-like geometry for the circumstellar material that lewer thus seems to dier between the early-type and late-type mem-
needs a central cavity to fit the near-infrared (NIR) exced2ers of the group, which is not surprising given the incregsi
Considerations on the physical reality of these centraitiesv interaction between star and disk for the early type staus. F

(Kenyon et a)[1993) and successful fits to HAeBe SEDs [fye HAe stars a successful working model exists, while on the
dust envelopesKBerriIli et Hi. 1992; di Francesco Hf al4) 29 other hand, a disk structure near the HBe stars and theiir intr

composite envelope-disk mode]is (Miroshnichenko Ht aiq)9g-ate star-disk interactions still escape a good understgniah
introduced the controversy on the geometry of the circutiaste this study we present high spatial resolution, intermedipec-
material. tral resolution interferometric observations of the edylge

A break-through occurred with high resolution interfero-terbig Be star MWC 297using VLTAMBER. This enigmatic -
metric observations of HAeBe stars first presented by Millaftar appeared in the original HAeBe list compiled[by Hérbig
Gabet et al.[[2001) ar{d Tuthill et]al (2901). These obsenf26P). The star displays a strong emission line spectruin an
tions revealed that the geometries observed in the nearéinf the character of the underlying photosphere was reveatiein
bands were closer to either ring-like or spherically symmeietailed study by Drew et ki (1997) to be B 1.5Ve. Its rather
ric rather than disk-like. New models introducing passatar- Well determined stellar parameters and its high NIR luminos
irradiated circumstellar disks with ffied up inner rims were ity render this star the perfect target to investigate iradiéte
found to be consistent with both the interferometric andtpho 9€ometry of the circumstellar material near the early tygeH
metric observationg (Natta ef] fl. 2p§1; Dullemond ¢t al.fpocstars. . .
although no simultaneous fits were performed. In this séenar The paper is organized as follows. Sect[pn 2 presents the
the inner part of the circumstellar disk edgeffswp due to NeW observations made with AMBER and ISAAC. In Sfﬂj 3,
direct irradiation by the central star, roughly equivaltmthe W€ describe the AMBER data processing to produce a reliable
ring-like structures found with interferometry. The locatof result presented in Sedj. 4 for the visibilities both in the-c
this inner rim is near the dust sublimation radius, and tie sginuum and in the By line. In Sect[s we present an attempt to
sequent (dust-free) inner holes are much larger than ttimad-model the environment of MWC 297 with a disk and a wind.
inner holes proposed [n Hillenbrand e} {1, (1992). Recent-st This mogiel a_nd the consequences are discussed |n|]5ect. 6 and
ies show that there seems to exist a correlation between g marized in Secf] 7.
distance of the inner rim and the luminosity of the centraf st
(Monnier & Millan-Gabd{2002). This relation holds well foro opservations
the Herbig Ae and late type Be stars, but breaks down for the
most luminous HBe star§ (Eisner e pl. 20p4; Monnier ¢t &.1. AMBER observations
p00%). The latter authors in fact demonstrate that the dyply

Star DIT UT uT Nb u v

sical” viscous accretion disk model similar to the one alyi | o meter (VLTI). AMBER is the VLTI beam combiner
applied by Hillenbrand et &ll (1992). A markedfdrence how- operating in the near-infrarefl (Petrov ek[al. 2003). Therins

ever is that now the inner hole should be filled with Optica”}ﬁent is based on spatial filtering with fibeaad multiaxial
thick gas to &ectively shield the dust from destruction at relafringle coding (i.e. AMBER is combining the beams at an

t|vr:ely .sm?)ll d'St%n.Ce.S fro::n the mne;r(;rgl,.asslljmmg thaitlgys angle which results in fringes modulated in the spatial di-
¥V at 'jﬂ(? servg_ l'(” |rr]1ter erometry. h |t|0|na stror;'%e\n € rection) . The interferometric beam is anamorphized perpen-
or a different disk character near the early-type Hie Starsdﬁ:ularly to the fringe coding in order to be injected inte&th

found in the spectro-polarimetric fingerprint ofrHines (Vink lit of a s ;
) pectrograph. The instrument can operate at spectr
et al.[200p). These authors prefer to draw the analogy wéh t?%solutions up to 10,000 andfieiently deliver spectrally dis-

geometrically flat gaseous disks present near the clasi?»e:alpersed visibilities.

stars. MWC 297 was measured in the [1980,2230nm] spectral
Send offprint requests to: F. Malbet range in thefR-K spectral mode (spectral resolution of 1500)
email:<Fabien.Malbet@obs.ujf-grenoble. fr> with 2 elementary detector integration times (DIT) of 31 ms

* Based on observations collected at the European Southgifd 107 ms. TabIE 1 gives the log of the AMBER observa-
Observatory during commissioning, Chile tions. HD 177756, whose spectral type is B 9V, was used to cal-
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ibrate the visibilities. Its diameter is@+0.06 as computed by
the ASPROsearchCalib? tool developed at thdean-Marie
Mariotti Center.

The observations of MWC 297 were carried out under spe-
cific conditions since it was the first AMBER commissioning
run on the VLTI. The bright By line of MWC 297 has been
originally observed in order to perform a spectral calilomat
of AMBER. Detailed analysis of the commissioning data from
this run and later ones has shown that the optical train of the
UT telescopes werdlected by non-stationary high-amplitude
vibrations. Because of the small number of observations on
MWC 297, and because the amplitude of the vibrations might
undergo rapid variations, the calibration of our measurgme
must therefore be regarded with care. In order to invegigat
the errors on the visibility measurements and check their co
sistency, we have usedfiirent data reduction methods and
different data selection schemes which are described below.
However, we would like to point out that the vibrations do ndtid- 1. Short-exposure image of the MWC 297 signal on the

impact the spectral dependence of the visibility since tifey AMBER detector. X-axis corresponds to the spatial extensio
fect the spectral range as a whole. of the beams and Y-axis to the wavelength. First column (Dk)

corresponds to the dark, the second (P1) and third (P2) ones
) are the beams from the first and second telescope resp., and
2.2. ISAAC observations finally the last column (IF) shows the fringes obtained by su-

MWC 297 was observed in service mode on 13 July 20@#rposition of the two beams. The bright row is the’ Bne at
with the ESO VLT UT1 telescope under modest seeing cofl626 nm.
ditions (~ 1.5” in the visual). The ISAAC near-infrared spec-
trograph was employed in the short wavelength medium resoimages of the spectrally dispersed fringes as well as thbse o
tion mode with a B” wide slit. This instrument setup deliverecthe telescope beams. Fig{ife 1 shows a typical image retrieve
a resolution oftl/A1 ~ 8900 at the By wavelength. The raw from the detector subsystémFrom the left to the right, the
data were flat-fielded, wavelength-calibrated and cordeftte  first column contains an estimation of the dark, the second an
telluric absorption using standard techniques and ob8eng& third ones are the spectrophotometric measurements from ea
taken from the ISAAC calibration plan by the ESOfBtas- telescope in order to evaluate their respective contobutd
tronomers. A detailed account of the observations and ttee déne interferogram, and the last one is the spectrally dismer
reduction is given in Garcia Lopez ef al. (2P05). fringe pattern, corresponding to the interference betwhen
two telescope beams. Each exposure (or file) consists of one
hundred of these elementary frames.

One can notice the bright line near the top of the figure
Extensive photometric and interferometric data exist fand the dark lines at the bottom. They correspond to the Br
MWC 297. Broad-band photometric data were collected amthission line at 2656um and to the telluric absorption lines

presented by Pezzuto et! [. (1P97). This data set consista@fund 2.05 and 2.Q8n respectively.
UBVRI from Bergner et g.[(1988), JHKLMN from Berrilli

et al. (199p), and Q-band data from Siggn (1974). In t
mnysubmm wavelength regime (0.35-1.3mm) the dust conti
uum measurements are taken frm Manrigs (1994). At Since we are still in an early stage of AMBER observations,
dio wavelengths (6 cm), MWC 297 has been observed by Drewe decided to use two fierent methods to extract the raw vis-
et al. {199F). Existing NIR interferometric data for MWC 297bilites. We present and discuss them briefly.

consist of two sets. IOTA H-band continuum data were pre- ) .
sented by Millan-Gabet et]af. (2401), and PTI K-band contin— The standard data reduction method developed and opti-
uum data were published fjy Eisner et &l. (2004, upper limits mized for AMBER is called P2VM for Pixel-To-Visibilities

only). Matrix (Millour et al] [200k; [Tatulli et gl.[2005). The

P2VM is a linear matrix method which derives raw visi-

bilities from AMBER data for each spectral channel. The
P2VM is computed after an internal calibration procedure
3.1. Raw data which is performed every time the instrument configura-

Spectral dispersion (nm)
2100 2150 2200

2050

2000

2.3. Existing photometric and interferometric data sets

.2. Data reduction

3. AMBER data processing

> - . .
AMBER follows the standard data flow system implementeéiet As a matter of fact, this image is not exactly how it appearthen

at ESQVLT. During data acquisition, the software records the ector, sincéhe four columns come from more widely separated
regions of the detector.

1 ASPRO is available atttp://mariotti. fr
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tion changes. The complex coherent flikase given by 1o ‘ ‘ ‘ ‘
the product of the fluxes measured on each pixel of the de-
tector by this P2VM. We estimate the visibility for each
spectral channel by integrating the square amplitude of the r 1
complex coherent fluxes over a certain number of frames i |
and then by normalizing it by the total flux obtained for the i J[
sameset of frames. The number of frames used can vary Jf JF
between 1 and the total number of frames in one exposure. I

This parameter is called hereafter the binning.

— A Fourier transform (FT) technique (s¢e Ohnaka gt al. I J;j i

Visibility
o
ul
I

PO0B, appendix A) has been used. The advantage is that
it does not depend on the internal calibration of the instru- I |
ment, described above. To enhance the signal, we applied L J
a sliding average of seven spectral channels which has no
effect on the continuum visibilities, but allows us to retrieve i 1
only upper limits of the visibility in the By line. The visi- o.oi L L L L ]
bility is computed using power spectral densities averaged 2.15 2.16 217 2.18

over a variable number of frames.

Wavelength (microns)
Both methods compute squared visibilities and thereforman
portant step is to subtract the visibility bias, i.e. thetmdithe Fig. 2. Spectral dependence of the visibility as measured with
visibility due to photon and read-out noises. Because of tRBER for MWC 297 around the Brline.
presence of vibrations, we are not completely sure thabibs

is perfectly estimated and therefore we use very consee/aljyin influences by a reduced fringe contrast due to telesgepe

errors. brations. Therefore we chose 10% for the frame selectiath, an
25% (resp. 35%) for the exposure selection of the 31 ms (resp.
3.3. Data selection 107 ms) data set because of the small number of exposures (see

- i i _log of observations).
Because of the specific conditions of our observations, dgtie ¢

ical step in the processing is the selection of the best di#ttaw
the whole set. We based our selection of individual frames %r Results

exposures on the value of the visibility signal-to-noisgora 4.1. Continuum visibilities

(SNR).
We used two dferent methods of selection based either obhe continuum visibilities computed with thefidirent algo-
exposure or frame selection. rithms and selection schemes are summarized in the right col

_ ) _ umn of TabIeﬂZ. We find discrepancies between the two meth-

— The selection over thexposures consists of selecting a cer-qg that we are not able to explain in this very early stage
tain fraction of the best exposures. The visibilities foctea o5 the VLTI and AMBER. These discrepancies might be re-
exposure are computed using all frames. The final valugige to the presence of vibrations in the VLT UT coudé sain

the average of the visibilities over the selected exposutes mentioned in Sedi 2, or to remaining imperfection in the

weighted by the statistical errors. _ _estimation or subtraction of the biases. We propose to take
— The selection over thizames consists of selecting a certainye following continuum visibility with a relatively larger-

fraction of the best .frames within eagh exposures acquirggd: v, = 0.50°9% This confirms that the environment

on the o.bjlef:.t._The final value of the V|S|b|I|ty_ is the averaggs MwWC 297 is spatially resolved at the level of a few mil-

of the visibilities of all selected frames weighted by theif5cseconds [Eisner et g[ 2044) The uniform disk diameter

errors. corresponding to the visibility measured i® % 0.9 mas, cor-

The exposure selection has been used only with the p2yffponding to 5+ 0.23 AU at 250 pe.

method whereas the frame selection has been used with both

reduction methods. In all cases, the selection has beeredppy.2. Spectral variation of the visibilities

to the object and its calibrator and the resulting calilitafsi- _ . _ e

bilities are summarized in Tatﬂa 2. All methods and selection schemes give consistent vigésli
The threshold for the selection process is an important gar the Bry emission line at 2656um: Vine = 0.33+ 0.06

rameter. Selecting with a strong criteria (esg5%) would not (5€€ Tabld]2). Fid] 2 shows the variation of the visibilitythwi

provide reliable statistics for the biases on the squaiibilis Wavelength for the 31 ms data. For this figure, the continuum

ity. Selection with a soft criteria (e.g abowe 50%) may re- gndtline visibilitiels v¥ere cf':tllcglated using the P2VM and the
est exposure selection criterion.
3 Coherent flux is the degree of complex coherence not yet Herma

ized by the flux.
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Table 2. Calibrated visibilities obtained with fierent algorithms and data selection.

Algorithm  Selection DIT (ms) Viine Veont

P2VM 35% best exposures 107 30+ 0.02 058+0.03
P2VM 25% best exposures 31 .38+0.03 057+0.05
P2VM 10% best frames 107 A¥+0.02 041+0.04
P2VvM 10% best frames 31 X+003 057+0.06
FT 10% best frames 107 <0.31 039+ 0.05
FT 10% best frames 31 <0.39 045+ 0.05

with the 1.58 nm measured from the ISAAC spectrum given the
spectral variability of MWC 297. We note that the resolved in
frared Bry emission lines presented|in Murdoch & Dtdw (1{994)
| are symmetric rather than double-peaked.

b The ISAAC spectral resolution is larger than the one
1 achieved with AMBER. Nevertheless, in order to compare our
two data sets the ISAAC line profile was convolved with a
Gaussian function corresponding to the AMBER spectral-reso
lution. The shape of both profiles are quite similar (see@ig.
but since the higher spectral resolution of the ISAAC spautr
provides more details on the kinematics within the circuahst
lar envelope, we have used, in the following, the ISAAG Br
line profile in order to constrain the outflowing wind model

(Sect[5]p).

I/Ic
IS

LML | B B I B B

b S o S S ] 5. Modeling

2.163 2.164 2.165 2.166 2.167 2.168
A(pm)

In this section we present the modeling of the large body of
interferometric, spectroscopic and photometric datae¢kests

Fig. 3. Comparison of By observed with AMBER (solid line) for MWC 297. The modeling is done by applying twafei-

and ISAAC (dotted line). The dashed line corresponds ent codes, one for an optically thick disk and one for a stella
the ISAAC spectrum convolved ke response function of wind. The disk code is designed to model the continuum ra-
AMBER. diation, whereas the stellar wind code reproduces the gtron
emission lines. Figurﬂ 4 represents a sketch of the combined

The visibility from the pure By emission must be correctedmOdel’ vyherg the optically thick disk and the outfiowing wind
from the influence of the continuum by the following relation?'® spatially independent.
ship:
FineVine — FeonVeont 5.1. Continuum radiation: optically thick disk
Ine viine contvcon

1)

Ver = The disk model is based on the simple model already used by

Malbet & Bertout [1995) and Malbet etlal. (2005). This disk
model consists of an axisymmetric radial analytic disk stru
ture which is heated both by stationary accretion and stella
irradiation. The disk is in hydrostatic equilibrium and remif-
gravitating. The accretion flux is following the standaradveo

law for a viscous disK (Lynden-Bell & Pringle 1974; Shakura &
SunyaeS). The emitted continuum flux is produced by the
emission of optically thick but geometrically thin blackdy
radiating rings. It produces an SED, and its spatial distrib
4.3. ISAAC spectrum tion can be Fourier transformedhich reduces to a Hankel

The AMBER spectrum at medium resolutioR & 1500) con- transform fo_r t_h_e_ r_adlal symmetry of a disk , to obtain inter

. : . erometric visibilities.
tains the By line. Its profile has been compared to the ISAA . . )

. ) . The model &ectively has five free parameters: the accre-
high spectral resolutiorR ~ 8900) spectra obtained at nearl¥io

) . n rate Mac the inclinationi, the position angl®, and the
the same epoch in May and July 2004 respectively. A compg- ace =L ’ . ’
ison between the two lines is given in Fﬁb 3. The equivaleraltStances of the inner and outer edge of the NARou: re-

) : . . _spectively. Modeling is strongly constrained by the actzlya
width of the AMBER spectrum is 2.14nm and is Compatlblgetermined properties of the central sta ;1_99

l:Iine - l:cont

where Fgr, = Fiine — Fcont - Since the ratio of the line flux to
the continuum flux i$jine/Fcont = 2.2, the visibility of the re-
gion emitting the By line is Vg, = 0.19+ 0.03, corresponding
to a uniform disk diameter of.9 + 0.3 mas or 5 + 0.08 AU at
250 pc. Therefore, the size of theyBemitting region is 40%
larger(in terms of uniform disk diameter) than the size of
the region contributing to the continuum.




6 F. Malbet et al.: Disk and wind interaction in MWC 297 resalwith VLTI/AMBER
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108 L H-band
fffff K-band
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Fig. 5. Result from the optically thick disk moddleft panel: observed and modeled SED for MWC 297. The full dots are the
continuum measurements taken from Pezzutolef al. [19%0)jratluded are the 1ISO SWUSVS spectra. Dotted line is the star,
dashed line the accretion disk, and the full line the resgltotal flux of the modelRight panel: resulting best-fit model radial
squared visibilities compared with continuum squaredoiliies observed with AMBER, IOTA and PTI. Full line and 1T
data are in théi-band, dashed line and AMBERT]I are in theK-band. PTI values are upper limits.

lL\ne of sight

Table 3. The best-fit accretion disk model parameters found by
simultaneous fitting of SED and visibilities.

Accretion rate flacd 0—1x10° Mg yr?

Inner radius R) 05+ 0.1AU
Outer radius Rouy) 55+ 5AU
Inclination () 15+ 5
Position angle) 56+ 7°

Optically thick disk

Optically thick disk

to zero. We deem thB- andl-band continuum measurements
not reliable given the very strongaHemission; these two are

Region not visible

-
//,' therefore not taken into account in the fit. In the first step we
/- ; obtainMycc andR;,. These are then used in a separate fit of the
; / visibilities as function of andé. The results are used again for

outiowing wind 4 the first step and this procedure is repeated until convermyen
\'\ ’ 4 In Table[B we list the obtained best-fit model values. The mod-
S eled SED and visibilities are found to be in good agreement
with the observed values, as shown in g 5.
Fig. 4. Sketch of the model including an optically thick disk We probed the sensitivity of these fits by varying the central

and an outflowing wind (edge-on view). The receding part 6far parameters, according to the uncertainties given leywDr

the wind is only partly visible because of the screen made byal. (199F). They derived half a spectral subtype unaestai
the optically thick disk. and a distance error of 50 pc. Fitting the SED using the exd¢rem

values for the central star, we find the uncertainties quisted
Tableﬂs. Especially the mass accretion rate is far from well d

astellarradius Of'aZRO’.a mass of 104, an fﬁectw_e tempe_r- termined. If the central star would be of type B2 at a distafce
ature of 23700 K for a distance of 250 pc with a visual extinc» pc, the required mass accretion rate is 6nb0~7 M, yr-t

tion of Ay = 8 mag. The outer edge of the disk is strongly con-

strained by the mysubmm data poinf: Mannirjgp (1994) finds

an outer disk radius of 60 AU. In short, simultaneous fitting 5.2. Emission lines: optically thin outflowing wind
of the SED and the visibilities lead to balancing out the ma;
accretion rate, inner disk radius and the inclination. bcpice,
this is done iteratively by first fitting the SED, withandé set

Y our model, the emission lines are produced in a circutastel
gas envelope. In order to model this line profile and the eorre
sponding visibilities, we have used the SIMECA code (Stee &
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de Araujo|1994] Stee et|dl. 1995). This code computes clas- . _Bry Line Profile
sical observables, i.e. spectroscopic and photometris bue
also intensity maps in Balmer lines and in the continuum in
order to obtain theoretical visibility curves. The mainuasg-
tions are that (i) the envelope is axisymmetric with respect
the rotational axis, (ii) no meridian circulation is allog€iii)
the physics of the polar regions is well represented by a CAK
type stellar wind mode[ (Castor et]fl. 1p75). The solutians f
all stellar latitudes are obtained by introducing a paraized
model (power of sinus function) constrained by the spdgtral
resolved interferometric data. Depending on the value ef th
chosen terminal velocity at the equator, the equatoridabreg R R
can be dominated either by Keplerian rotation or by expamsio S S o oo

Since the SIMECA code has originally been developed to
model the circumstellar environment of classical Be stars, Fig.6. Double peaked Br profile observed by ISAAC (full
had to modify the code in order to interface SIMECA with théne) and modeled with the outflowing wind model (dotted
optically thick disk model described previously. We have inine). We have also plotted the cumulative contributionled t
plemented three changébe equations describing the wind accretion disk (dashed line) and of the star (dashed-dotted
model are recalled in Appendixﬂ):

I/Ie

o Table 4. The best-fit model parameters for the outflowing wind
1. The wind is no longer computed from the equator to thgydel. Most parameters are self-explana(ese Appendi)@

pole, but the computation occurs in a bipolar cone defingg} etails) . C, is the ratio between the polar and equatorial
by a minimal angle allowing the disk to be present (S§gass fluxm, is the exponent of the mass flux law as function of

sketch in Fig[}). The disk model tells us that the openingsirde:m, is the exponent of the latitude dependent terminal
angle is between.& at the inner radius and up toZ23 at velocity law.

the outer radius. We used a minimum angle oftherefore
the equatorial terminal velocity corresponds to the termi-

) S . Photospheric density 40.5x 102 cm™3
nal velocity at this minimal angle from the equatorial plane . . . .
. . . Equatorial rotational velocity 40850km s
at the interface between the accretion disk and the stellar 0\ terminal velocity 608 50 km s
wind. . . Terminal velocity above disk ~ 7820kms*
2. The disk hides the receding part of the wind. In fjg. 4, the  polar mass flux 2+02x10°Myyrt
part of the wind which is not visible from the observer is C, 0.25+ 0.05
not taken into account in the outgoing flux. m 30+ 10
3. Although the disk emission contributes less than 1% com- m, 10+2
pared to the star flux in the visible (i.e. also in the Bind Inclination angle i 25+ 5°

Hp lines) and can be neglected, at@56um the disk emis-
sion is 6.4 times larger than the stellar flux. This contribu-

tion is taken into account in addition to the excess due 8mpat|ble with the Drew’s ratio of 11 regarding the stel-

o : [ar variability and the non-simultaneity of the measuretaen
free-free emission from the outflowing gas when compug .
. X . ) o oreover we were able to reproduce quite well the shape of
ing continuum normalized intensities and also for the co

Utation of the visibilities These lines (i.e width) and the double peaked emission of the
P ' Bry line. The asymmetry of the two peaks of theyBine is

To be consistent with the disk modglithough it might not ~ also successfully reproduqed thanks_to the_introductidhm
be fully physical) , we also use the same temperature and roRIMECA code of the opacity of the disk (point 2 of SIMECA
tional velocity laws, respectivelj(r) « r~3/4 and a Keplerian modifications). Nevertheless the agreementis not periebei
rotation. red wing of the profile probably due to our ad-hoc way of in-
After running hundreds of simulations in order to constraii¢rfacing of the wind and the disk. N N
the physical parameters of the wind and to test the geometri- The global shape of these lines and their intensities ase ver
cal and kinematic hypothesis described later in @t 6.2 , @ensitive to the inclination angle. We were able to deteerthe
find a successful simultaneous fit to the ISAACyBine pro- inclination of 25+ 5° from the fitting of the line profiles with
file (see Fig[J6) as well as & HB profiles compatible with the SIMECA code. We note that the wind parameters given_in
Drew's observations. The best-fit model parameters arengivEable[} are dferent from classical Be stars. The mass flux ratio
in Table[$. The outflowing wind model reproduces successfuliC1) is 0.25 whereas for Be stars the allowed range is between
the AMBER measured drop in visibility across theyBine as 10 and 100. Knowing that the density in the envelope is propor
shown in Fig[Jr. tional to the mass flux and inversely proportional to theahdi
The computed H and HB intensities are respectively 130velocity we obtain that the gas density in the polar region is
and 11.5 compared to 120 and 11 obtained[ by Drew ft &¥ice larger than the one at the interface between the acoret
[1997). This corresponds to an intensity ralig/1,4s of 11.3
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_ Bry Visibility R accretion rates lower than 10M, yr~1, the reprocessing en-
ergy is always dominant compared to the accretion energy. In
fact the transition between the two types of flux in the disk i
near aMacc = 3 x 10°° M, yr-2, for the most probable values
of the stellar parameters.

This means that the disk is predominantly a reprocessing
disk. However as pointed out By Lachaume gt pl. (R003, see
their Fig. 4), the emerging flux might be dominated by the-stel
lar heating and the vertical structure by the viscous hgatin
least for the inner radii (less than a few AUS).

0.8

0.6

0.4

0.2

6.1.2. Inner radius of the disk

0.0 L . 1 |

2,160 216z ‘2‘1‘64A‘<m1‘cror;>2'166‘ % e The best fit of our disk model is found with an inner disk
boundary at b AU. This result has to be compared to the
analysis of Millan-Gabet et al| (2001). With an assumptitn o
glz 450 pc, these authors found a ring diameter of about 10 AU
and an inner disk radius of @AU. Our result is therefore con-
sistent with their disk model since we have adopted themtista
d = 250 pc of Drew et 41.[(1997).
disk and the stellar windl'he highest mass loss occurs along  As already pointed out by other authot al.
the polar direction . P004;[Monnier et dIf 2005), the inferred inner disk radius fo
MWC 297 is not compatible with the dust evaporation distance
from the star. Using the disk model with the "fjed up” inner
rim (Dullemond et dl| 2001; Isella & Naffa 2005), the inner ra
We have presented extensive existing data and new AMBIRRis of the disk would be located at about 3 AU from the star,
and ISAAC data on the Herbig Be star MWC 297. We have siven in the most favourable hypothesis that the dust evapora
multaneously modeled interferometric and non-interfegtim  tion temperature is of 2000 K. Moreover, MWC 297 seems not
data. The continuum emission is generated by an optically thto be a special case, since this behavior is common to the othe
disk heated by stellar irradiation and accretion, whergéisa two early HBe stars (Z CMa A with a spectral type B0 and
and NIR emission lines find their origin in an outflowing stell v 1685 Cyg with spectral type B 3) observed with near infrared
wind. interferometers|(Monnier et dl. 2J05). One possible explan
The modeling presented in the previous section, althougbn may be that the gas is the dominant source of absorption
rather successful, raises new questions on the physicseof iththe inner part of the disk, preventing dust grains frompeva
circumstellar environment of intermediate-mass youngsta  oration near to the star.
this section, we discuss them by addressing first sepasatess  Using Rosseland gray opacitids (Ferguson Ht al.]2005), we
about the disk and the wind, and then those raised by the cathecked that the disk is always optically thick both for an ac

Fig. 7. The visibility observed with AMBER (points with error
bars) and the one obtained from the outflowing wind mod
(full line).

6. Discussion

bined model. creting disk (accretion rate higher than 204, yr1) or for a
reprocessed distdisk density at the disk edge higher than
6.1. Physical conditions in the disk 1% of the typical value of the solar nebuld; ;

Pavid[200b).

Our continuum observations placed in the context of young Even with the last assumption, the structure of the inner

stellar objects allow us to bring new elements into the discuegion of early HBe stars is not totally understood. The jptals

sion of protoplanetary disk models. reason why the optically thick gas disk should be truncated a
0.5 AU from the star is not clear.

6.1.1. Reprocessing versus accretion in MWC 297

The mass accretion rate is hardly constrained by the visco6u%'3' lonization of the disk
accretion disk model. In the first place because the viscosit We estimate if the circumstellar disk is susceptible to neagn
the accretion disk is quite poorly understood, and theegtioe  tohydrodynamical (MHD) instabilities, and thus if the disk
quoted accretion rate cannot be assessed with real cgriaintin active accretion state by means of magneto-rotatioséin
the second place, we obtain two orders of magnitude vaniatipilities (MRI; Balbus & Hawle}{ 1991). Given the large inner
in the value of the accretion rate, by varying the stellaapar radius of 05 AU, it is not expected that the disk is accreting,
eters according to their uncertainties (see $edt. 5.1). otherwise the region interior to the disk inner radius would
The ratio between the reprocessed energy from the steti@giickly be filled. Indeed, in the previously discussed hydro
irradiation and the viscous heating due to the accretiongalo—,
the disk varies fromix down to 3 x (Mace/1075 Mg yr=1)-1
from the inner part to the outer part of the disk. Therefore fo

Solar nebula density law useBy = 1.7x10® (r/1AU)"1® g/cn??
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IOTA data

dynamic case, we saw that the disk seems to be dominated by o

reprocessing.

Whether MHD instabilities in a given circumstellar disk
operate or are suppressed can be estimated with the mag-
netic Reynolds number (see e[g. Ganjinie JL996). By setting
the Reynolds number equal to one, a threshold disk ionizatio
fraction, ne/ny, of 3x 10713 is found. In this computation we
adopted the same parameters for the MWC 297 star-disk sys- L sy
tem as in the previous sections. The ionization fractioaghy e
old is essentially determined by the ionization rate and the
particle density in the disk. Considering a high (1M, yr1)
and a low (10°M, yr1) mass accretion rate for MWC 297, . A M
we can use Fig. 1 df Inutsuka & Sanjo (2P05) to deduce that
the required ionization rate in a dusty disk should range be-
tween 10% and 10'°s™? or between 101° and 10%!s™ re- Fig.9. ContinuumH-band squared visibilities obtained with
spectively. Given that the cosmic ray ionization rate isel the disk model compared to the IOTA visibilities observed du
1017s™1, we conclude that cosmic rays alone are ffisientto  ing the transit of the object over the sky with the IOTA S15N35
incite andor sustain the required fractional ionization for MRbaseline.
to operate.

Since ultraviolet radiation is generally considered torbe i gjnce the typical radius of emission of theyBemission

efficient due to the very small attenuation length, X-ray ionizg, _ 43R, (see Sec@Z) the size of 1&0derived from the

tion may play an important role in the ionization structufe Q¢epjerian rotation of a rotating stellar Be wind is not ctsit
the disk. The very strong X-ray activity reported for MWC 29¢,ith our interferometric measurement.

with ASCA (Hamaguchi et 4l 20p0) should be interpreted |, fact in order to obtain an emitting zone radius compat-
with care given the reasonably strong case for source comusi|e with our interferometric measurement we need to assume
)_' An inner disk radius of®AU is thus prob- 5 rqtational velocity of less than 250 kitor a rotation law
ably not susceptible to MHD instabilities. We conclude th”f%r from the Keplerian one. In total, we ran 50 models in our
that from a MHD and a hydrodynamic point of view an inerbuempt to fit the By, Ha, H3 lines and the visibility in By
reprocessing disk may exist. We note however that if in the pgjmitaneously using this type of wind model. None of these

the_ disk of MWC 297 was in fact a magne?ically active disk i, ogels was able to fit correctly the Bline profile displayed
which MRl operated, that then the concomitant MRI turbuieng, Fig.B nor the intensity ratio of the three hydrogen lines.

could have sustained the ionization degree above the bitesh, yition, the H and H3 emission lines require to form at least
level even in the presence of dupt (Inutsuka & ${ano P00S). parially in a strong stellar wind to reproduce the 600 kin's

line width in contrast with the Brline displaying a 60 km#
6.2. Geometry of the wind double-peaked profile. This is unlikely in the same environ-

ment.

F|_rst, we investigate why the standard Be model of a rotatm_g The outflowing stellar wind coupled with an optically thick
wind is unsuccessful to reproduce the MWC 297 data. In thigsk gives a better explanation of the kinematical and geéeme
model (Stee & de Araujp 19p4; Stee effal. 1995), the@nis- yical morphology of MWC 297. In Fid]8, we present the inten-
sion would originate from a rotating flattened envelope W”Qty maps of MWC 297 computed with our model seen edge-on
no orlittle radial expansion. We can test the consistency gfine three hydrogen lines in order to better localize thyiore
this model by comparing the size of the emitting region give§t emission of the lines. The emission frdda and Hg orig-
by the kinematics revealed by the splitting of theyBmission jyates from a large and somewhat spherical region where the
line into two_ pegks_gnq the. radiu§ of this same region inﬁb"@elocity can reach up to 600 km's The By line is confined
by the drop in visibility in this By line. _ into a narrower region just above the optically thick diskené

~ Onthe one hand, the projected rotational velocity of the Qfe velocity is dominated by the disk Keplerian rotation and
biting material is given by the separation of the two/Beaks terminal velocity of 70 kms! (see parameters in Talg 4). In
and is proportional to the maximum extension of the emittir\%ct]ﬁurdoch & DreW [1994) have already pointed out that the
region (Huanly 1977; Hirata & Kogufe 1984). Using a rotatlongy,/Bry line flux ratio shows an increase at low velocity that

velocity law of the formv(r) = vo (r/R.)™, wherevo is the star cannot be interpreted as an outwardly-accelerated wincemod
rotational velocity at the equatar,is the distance to the star,

andx is the exponent of the rotational velocity law, the separa-

tion between the two peaks is proportional tg &ni (r/R,)™*. 6-3. Disk and wind interaction in MWC 297
Therefore the maximal radius of emission of theyBine is
~ (2vpsini/d)Y*, and the stellar parameters given by Dre
et al. (1997) and a Keplerian rotation yieldL40R, .

0.5+ -

Vis2

H.A.

Even if the disk and the wind have been modeled separately,
Whese two physical phenomena need to be compared at least at
the parameter level. We find a good correspondence between
the inclinations deduced from the disk modet(15+5° from
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Ha Hf3 Bry
.
' A ——

1 AU

Fig. 8. Edge-on intensity maps of the wind in the computed Hg, Bry lines.

the visibility fit ) and from the wind modei (= 25+ 5° from the environment is out of the scope of this paper but would
the asymmetry of the Bry line peaks). The disk inclination allow to better constrain thghysical processes in action both
is strongly constrained by the IOTA visibilities spread ouer in the disk and the windike accretion and ejection, at least
a large range of hour angle as shown in Iﬂg. 9. The wind mdssm the observational point of view.
loss rate is smaller than thmaximum disk accretion rate by
several orders of magnitude, and therefore compatible wit
most diskwind theories but also with most observations of out-
flows and accretion activities. As shown in Sct. §.1.3,thei  The modeling presented in this paper does a reasonably good
radius is hardly ionized and thus will not contribute to tlye h job in reproducing nearly all the observational data and pro
drogen lines, confirming our choice to modehBonly in the duces fiducial physical parameters for the circumstellai-en
wind. ronment of MWC 297. However, we derive an inclination of
Figure shows the pole-on intensity maps of the disk20° for the system, which is not consistent with a near edge-
model in the continuum and of the wind in theyBine, as well on orientation as proposed #1.(997). The laster i
as their respective intensity profile. This is a graphicalaxa- inferred from the photospheric lines that indicate a 350 kms
tion of the visibilities observed by AMBER: the wind angulaprojected rotational velocity. An inclination of 2@vould lead
extension in the Br line is larger than the disk apparent sizeip a rotation above the break-up velocity.
and therefore the visibility is smaller within the line. The controversy becomes even more pronounced given the
Can the result obtained with these observations constréia spectro-polarimetric results py Oudmaijer & Dterg%).
the nature of the wind? We recall that in protoplanetarysliskThese authors find ndfect across the line, a result consistent
two main classes of disk wind models have been proposed déth a symmetric emission zone foraH On the contrary, the
pending on the geometry of the magnetic field lines. morphology of the radio emissiop (Drew el fl. 7997) favors a

_ The disk wind initially proposed bjf Blandford & Payn bipolar interpretation and again would point to a high inak

1982) and studied in detail for examplg in Casse & Fe reeigg:ygr::riy;teeon:ﬁe?wg?}ggmn;re(;osngg:ge%:Tg;g‘?je; hDV:;W
2000Q). In this theory the magnetic field is attached to th

. . . 99).
disk and f[he parycles which accrete to the star may 5e7a possible reconciliation of the seemingly contradictory
launched into a wind eventually collimated at a certain dis;

Observables and derived physical parameters is a tidally in
$§C§Of icej Siaé'h L71994) has afiid duced warped geometry for the circumstellar disk (Terquem &
_ I g Or_i\évil:at ;S rn )ra (;is o trr(]a(r;t(jgi:lsel(o\ll”\rllr(]aé?(’e 6%frtout) due to a stellar companion located at a dietanc
magnetic field lines are localized in the equatorial plane. ofa few hundred AU. Recentl05) rep(_)rted the_
presence of a close-by late-type companion at a projecged di
With the present state of data, we cannot even distinguish k&nce of 850 AU. By converting the-band magnitude of the
tween a stellar wind and such disk winds since we are unabldfiok et al} {200p) companion star to a spectral type A2V and
recover a precise kinematical map of the wind. We note holy calculating the steady-state deformation of the MWC 297
ever that our model with Keplerian rotation does not resgiext circumstellar disk due to the star at 850 AU, (Eq. 25 of Temue
conservation of angular momentum and can only be sustairfe®ertout [L998), we find a deformation of less thaf.a00
if additional MHD energy is injected in the wind. More speceven at the edge of the disk at 60 AU. Clearly this star would
tral resolution with AMBER will help to answer the questionnot be the right candidate, but we feel that the possibilitg o
especially using the 1000 spectral resolution mode. tidally deformed disk may not yet be ruled out given the many
In conclusion, we can claim that the models of disk argbmpanion stars found near MWC 247 (Testi ¢fal. 1999; Vink
wind are compatible anithe combination of them is probably et al.[2005). An even closer companion can not be excluded, a
close to the reality. A complete and self-consistent modedif

.4. Inclination discrepancy
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Fig. 10.Pole-on intensity maps of the wind Bemission (left panel) and of thé-band disk continuum emission (center panel).
Right panel shows a radial cut of these intensity maps wiBity wind in solid line and the continuum disk in dashed line.

hint of which may be the CHANDRA X-rays found coincident We are not yet able to constrain the exact nature of the
with the position of MWC 297. wind and the type of connection with the disk, but we expect
that future observations with AMBER will bring new pieces
in the understanding of MWC 297. As a matter of fact, the
vibrations in the VLTI UT coudé train should be diagnosed
We have presented first spatially and spectrally resolvedmb and fixed in a short term, the VLTI equipped with a fringe
vations of the diskvind interaction in the young stellar systeniracker, allowing AMBER to be operated at its highest spec-
MWC 297 with the VLT interferometer equipped with the intral resolution £ 10,000) which will give new kinematical
strument AMBER. The uniquspectral capability of AMBER information on this interesting and intriguing region amdu
has allowed us to measure for the first time the visibility iMWC 297. Another direction of investigation would be to garr
the Bry emission line in a young stellar object and to comparmit AMBER observations with three telescopes, in order to
it to the continuum visibility. The continuum visibility ithe measure the closure phase witlifelient baseline configura-
K-band drops from 0.50 to 0.33 in the Bemission line of tions, and therefore measure possible departure fromaentr
MWC 297. The spectrum obtained with AMBER is consistersymmetry of the material around MWC 297.

with a double peaked spectrum observed with ISAAC on the

VLT, where the peaks are roughly separated by approximatéﬁynqwledgamnts. These observations would not have.been possi-
60kms?. blé without the support of many colleagues and funding aigeng his

We have successfully modeled the circumstellar enviro‘f"\'r-oject has benefited of the funding from the French Centreohil
de la Recherche Scientifiqgue (CNRS) through the Instituiddat

ment of MWC 297 u§ing an optica_lly th,iCk geo.metricqlly thirbles Sciences de I'Univers (INSU) and its Programmes Nationa
disk and an outflowing stellar radial wind having an iNCreagasHRA, PNPS). The authors from the French laboratoriedavike
ing outflowing velocity starting from the surface of the digk g thanks also the successive directors of the Observateita Cote
to the pole. This combined model is able to reproduce magyzur (OCA), as well as the INSICNRS directors. A. Isella, L. Testi
observational features like the continuum visibilitiesasered and A. Marconi acknowledge partial support from MIUR graotthe
by AMBER as well as the visibilities in the Brline, together Arcetri ObservatoryA LBT interferometric arm, and analysis of VLTI
with the shape of the SED over more than three orders of maigjerferometric data andFrom Sars to Planets: accretion, disk evolu-

nitude of the wavelengths, the broad-band visibilitiesagietd tion and planet formation. A. Marconi acknowledges partial support
by other infrared interferometers as well as the, #3, and from INAF grants to the Arcetri Observato8ellar and Extragalactic
Bry line profiles Astrophysics with Optical Interferometry. We would like to thank also

We have discussed our result in the liaht of more so hith_e stdf of the European Southern Observatory who provided their
9 P I§elp in the design and the commissioning of the AMBER insgom

tlc_ated models. We shoyved_that .the Inner rad!us |s_n0t d_etWé are grateful to R. Millan-Gabet and J. Eisner who kindlyviied
mined by the dust sublimation distance, and is unlikely i0Rseair |OTA and PTI measurements.

ized by cosmic rays only. The disk flux is mainly driven by the  This work is based on observations made with the European
stellar reprocessing although we cannot rule out that theeac Southern Observatory telescopes. The commissioning dathe re-
tion process may play a role on the vertical structure. Wee havieved from the ESO Science Archive Facility. This reshdras also
shown that our AMBER observations interpreted by our modekde use of the ASPRO observation preparation tool frondee-
predict emission of the & and H3 lines in the polar regions Marie Mariotti Center in France, the SIMBAD database at CDS,
whereas the Br emission arises mainly from the region jusptrasbourg (France) and the Smithso/ékBA Astrophysics Data
above the surface of the disk. AMBER continuum and line o§YStem (ADS). The data reduction softwaredlib is freely avail-
servations point both toward an system inclination of agjpro 2°/€ 0N the AMBER sitéhttp: //amber..obs.ujf-grenoble. fr.
matively 20.

7. Summary and perspectives
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It has been linked with the free software Yoridlo provide the user
friendly interfaceammyorick.

Appendix A: Wind model equations

F. Malbet et al.: Disk and wind interaction in MWC 297 resaol with VLTI/AMBER

Garcia Lopez, R., Natta, A., & Testi, L. 2005, in prep.

Hamaguchi, K., Terada, H., Bamba, A., & Koyama, K. 2000,
ApJ, 532,1111

Hayashi, C. 1981, Progress of Theoretical Physics Suppieme
70,35

Following|Stee & de Araulo|(1994) and Stee et pl. (1995), theerbig, G. H. 1960, ApJS, 4, 337

mass flux is parametrized as:

D(6) = Dpole + [(Peg — Ppote) I (H)], (A1)

Hillenbrand, L. A., Strom, S. E., Vrba, F. J., & Keene, J. 1992
ApJ, 397,613

Hirata, R. & Kogure, T. 1984, Bulletin of the Astronomical

wheremy, is the first free parameter which describes the vari- Society of India, 12, 109
ation of the mass flux from the pole to the equator. The rati¢hang, S. 1972, ApJ, 171, 549

between the equatorial and polar mass flugis= ®eq/D.pole-
The values o€; are typically between #0and 16 (Lamers &

Waterd 1997). Equatiofi (4.1) can be rewritten as:

O(6) = Dpoie[1 + (C1 — 1) sid™(6)]. (A.2)
The expansion velocity field is given by:

Vi (1, 0) = Vo(6) + [Veo(0) = Vo(O)](1 - ?)y, (A.3)
with y = 0.86 and

Vo(6) = 6) _ Opoie[1 +(C1 - 1) Sirfm(@)]. (A4)

Po Po

The second free parametss is introduced in the expres-
sion of the terminal velocity as a function of the stellaitiate:

Voo(6) = Vo (pole)+ [V (eq) — Ve (pole)] sid™(6). (A.5)

Finally the density distribution in the envelope is giventhg
equation of mass conservation:

)
o(r,6) = —(LR)zvr(r, 5 (A.6)
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