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ABSTRACT

Context. Young close binaries clear central cavities in their surrounding circumbinary disk from which the stellar objects can still
accrete material. This process takes place within the first astronomical unit and is still not well constrained because the observational
evidence has been gathered, until now, only by means of spectroscopy. Theoretical models for T Tauri stars in close binaries predict a
variability of the hydrogen emission lines attributable to periodic changes in the accretion rates as the secondary approaches periastron.
Whether a similar scenario applies to more massive objects is unclear, and still needs to be proven observationally.

Aims. The young object HD 200775 (MWC 361) is a massive spectroscopic binary (separation of ~15.9 mas, ~5.0 AU), with uncertain
classification (early/late Be), that shows a strong and variable H, emission. We aim to study the mechanisms that produce the H,, line
at the AU-scale, and their dependence on binarity.

Methods. Combining the radial velocity measurements and astrometric data available in the literature, we determined new orbital
parameters and revised the distance to 320+51 pc. With the VEGA instrument on the CHARA array, we spatially and spectrally
resolved the H, emission of HD 200775 on a scale of a few milliarcseconds, at low and medium spectral resolutions (R~1600 and
5000). Our observations cover a single orbital period (~3.6 years). Spectra, spectral visibilities, and differential phases have been
derived. A simple analytical model of a face-on Gaussian located along the binary axis was used to analyze the interferometric
observables over the spectral range.

Results. We observe that the H,, equivalent width varies with the orbital phase, and increases close to periastron, as expected from
theoretical models that predict an increase of the mass transfer from the circumbinary disk to the primary disk. In addition, using
spectral visibilities and differential phases, we find marginal variations of the typical extent of the H, emission (at 1 to 20" level) and
location (at 1 to 5o level). The spatial extent of the H, emission, as probed by the Gaussian FWHM, is minimum at the ascending
node (0.67+0.20 mas, i.e., 0.22+0.06 AU), and more than doubles at the periastron. In addition, the Gaussian photocenter is slightly
displaced in the direction opposite to the secondary, ruling out the scenario in which all or most of the H,, emission is due to accretion
onto the secondary. This favors a scenario in which the primary is responsible for the enhanced H, activity at periastron. These
findings, together with the wide H,, line profile, may be due to a non-spherical wind enhanced at periastron.

Conclusions. For the first time in a system of this kind, we spatially resolve the H, line and estimate that it is emitted in a region larger
than the one usually inferred in accretion processes. The H,, line could be emitted in a stellar or disk-wind, enhanced at periastron as
a result of gravitational perturbation, after a period of increased mass accretion rate. Our results suggest a strong connection between
accretion and ejection in these massive objects, consistent with the predictions for lower-mass close binaries.
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1. Introduction for the observed excess emission from the infrared to the sub-

. . . millimeter (e.g., Alonso-Albi et al. 2009). Their spectra display
Herbig AeBe (HAeBe) stars are pre-main-sequence objects of  any emission lines, which are signatures of accretion and out-

intermediate mass, with spectral types from B to F. They are g,y (Mundt & Ray 1994). These objects are of particular inter-
surrounded by protoplanetary disks of gas and dust, responsible o ¢ they lie between solar-mass young stars, thought to form

through gravitational collapse of a molecular cloud, and the mas-

Send offprint requests to: Myriam.Benisty @obs.ujf-grenoble.fr
* Based on observations made with the VEGA/CHARA instrument



M. Benisty et al.: Enhanced H,, activity at periastron in the young and massive spectroscopic binary HD 200775

sive young stars for which the process of formation is still matter
of debate.

Like their lower mass counterparts (e.g., Duchéne et al.
2007), a large fraction of Herbig AeBe stars is found in multi-
ple systems (up to 68+11%, Baines et al. (2006)). Once formed,
close binary stars are thought to accrete mass from an envelope
through a circumbinary disk. However, it is not clear what effect
preferential mass accretion will have on the evolution of the two
components. Observations have shown that a number of close
T Tauri star binaries (e.g., DQ Tau, Basri et al. 1997) show en-
hanced emission line activity close to periastron, indicating that
the accretion is non-axisymmetric. Numerical studies of young
close binary systems have shown that an inner cavity forms in-
side the 2:1 resonance and that accretion streamers can still feed
the stars inside the circumbinary disk, producing the observed
periodic line changes (Artymowicz & Lubow 1996; Giinther &
Kley 2002; de Val-Borro et al. 2011). This interaction between
the circumbinary disk and the stars occurs at (sub-)AU scales
and, until now, only spatially unresolved observations have been
published. Being able to directly probe the disk-binary interac-
tion is crucial to test models of young binary evolution.

The object HD 200775 (MWC361) is a triple system con-
sisting of a spectroscopic binary (SB) at ~18 milliseconds of arc
(mas) separation (Millan-Gabet et al. 2001), and a third compan-
ion at 6” (Li et al. 1994). Based on the analysis of the H,, line,
a radial velocity (RV) orbit with a period of 1341 days was re-
ported for the SB (Pogodin et al. 2004). From their analysis of
33 spectral features, Herndndez et al. (2004) classified the SB
as a Herbig Be star with a luminosity of 15000-L,. However,
because of the large uncertainty on the age of the system, the
fundamental parameters of the individual sources remain highly
uncertain, although it is likely that at least one of the two is an
early Herbig Be star that dominates the spectrum.

Various terminologies and criteria have been used to dis-
tinguish one star from the other in the literature, generating
some confusion. Using H-band interferometric measurements,
Monnier et al. (2006) determined an astrometric orbit with a
projected separation of 15.14 + 0.70 mas and an inclination of
i~65°+8°. They defined as primary target, the brightest near in-
frared (NIR) source, and found an H-band brightness ratio of
6.5 £ 0.5. They modeled the NIR visibilities around the primary
star, assuming that the secondary was unresolved in the NIR, i.e.,
it did not possess any extended disk at their angular resolution
(~4.3 mas). Using analytical models, they found a uniform disk
diameter of 3.6 = 0.5 mas, i.e., 1.3 £ 0.2 AU, at a distance of
360*12 pe.

HD 200775 was later observed during an extensive spec-
tropolarimetric campaign (Alecian et al. 2008). Two individ-
ual components were found in the photospheric line profiles.
The authors defined as the primary target the one that emits
the sharper lines: the secondary was determined to be the one
responsible for the broader, shallower lines. Based on the RV
of the lines, the authors provided orbital parameters in overall
agreement with Pogodin et al. (2004) and Monnier et al. (2006),
and a mass ratio primary/secondary of 0.81+0.22, indicating that
the star considered as secondary is in practice the most massive
one. The H, bisector velocities computed at a line intensity of
1.5 times the continuum were found to trace the RV of the sec-
ondary, suggesting that the line emission is dominated by this
star. Their observations revealed a strongly inclined dipolar mag-
netic field (1000 + 150 G), found to have been stable for more
than 2 years, and related to the object considered as the primary.
Although the authors derive similar masses and effective tem-
peratures (~10 Mg and 18600 K, respectively), the discrepancy

between the observational properties suggests that the two stellar
components must have grown and evolved differently.

It seems very likely that the component defined as secondary
in Alecian et al. (2008) is actually the one defined as primary
in Monnier et al. (2006), the most massive component. The RV
mass estimate and the dominant H, activity is consistent with
the presence of a circumstellar dusty disk as invoked in Monnier
et al. (2006) around the most massive component. In this paper,
we consider the primary to be the most massive component, i.e.,
the one that possesses a circumstellar dusty disk and dominates
the H, emission. The secondary is the least massive component
that possesses a strong magnetic field.

Mid-infrared (MIR) images obtained with the Keck segment-
tilting experiment indicated a large halo containing 45% of
10.7 ym flux with a north-south elongation (Monnier et al. 2009)
consistent with the orientation of the binary orbit measured by
Monnier et al. (2006). This suggests that the halo is the rem-
nant of a circumbinary disk. This was confirmed by Subaru MIR
images that showed a diffuse emission with an elliptical shape,
suggesting an inclined flared disk (i=54.5°+1.2°; Okamoto et al.
2009). The MIR emission extends up to 20 times the semi-major
axis of the binary, which indicates a large gap in the system.
Furthermore, the system lies in a large scale biconical cavity that
has very likely been excavated by an extended bipolar outflow
inclined by ~70° (Fuente et al. 1998; Watt et al. 1986), a value
also close to the orbital plane inclination. These results support
the presence of a circumbinary disk in the same plane as the or-
bit.

The He and HB emission lines show great variations over
time, indicating changes in activity with a period of 3.68 years,
in agreement with the binary period (Pogodin et al. 2004). In
low states, the lines are double-peaked. In active states, the line
intensities and equivalent widths (EW) increase, while their pro-
files show a complicated multi-component structure, including
a doubling of the central absorption feature with a new, vari-
able, blue-shifted component in addition to the pre-existing red-
shifted one. The EW is found to be at its maximum right after
periastron, indicating that the line activity is indeed related to the
binarity.

The hot gas, responsible for the Hydrogen line, can be in-
volved in accretion and ejection flows close to the source and
can be used to probe the corresponding physical conditions.
These phenomena, however, occur in a small region of a few
AU around the star, corresponding to a few mas. With the re-
cent advent of spectro-interferometric instruments, it has been
possible to achieve such a resolution, and to spatially and spec-
trally resolve some of these lines. The first studies of the kind
showed that the Br, emission line was probably tracing winds or
gas in a rotating disk (Malbet et al. 2007; Kraus et al. 2008). One
of the challenging goals is to study the launching points of the
jets and discriminate between the various theoretical models, X-
wind (Shu et al. 1994) and disk-wind (Casse & Ferreira 2000).
Inspired by the magneto-centrifugal scenario for the acceleration
of jets, Rousselet-Perraut et al. (2010) and Weigelt et al. (2011)
provided realistic solutions to account for the line emission in
disk winds.

From 2008 to 2011, we led an observing campaign over
an entire orbit of HD 200775 with the optical spectro-
interferometer VEGA installed at the CHARA Array. The pa-
per is organized as follows: in Sect. 2 we describe the observa-
tions and the data processing. We present the new orbital solu-
tion, spectra, and interferometric observables in Sects. 3 and 4,
and describe our modeling in Sect. 5. We discuss our results in
Sect. 6 and conclude in Sect. 7.
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Table 1. Log of the observations. ¢ is the orbital phase (zero at periastron). Italics indicate that only spectra were retrieved.

Date UT HID HA Bp PAg Spectral Calibrator To 1)
(h) (2 450 000+) (h) (m) (@) resolution (HD number) (cm)
2008-07-29  10.26 4676.9271 1.86 26.7 -31.0 1600 204770 8-10 -0.012
2008-08-07  9.41 4685.8924 1.60 27.0 -28.0 1600 204770 7-8 -0.006
2008-11-24  4.13 4794.6722 - - - 5000 - 5 0.070
2009-07-26  11.86 5038.9944 - - - 1600 - 5-6 0.240
2009-08-02  8.42 5045.8507 - - - 1600 - 5-6 0.245
2009-08-26  8.46 5069.8228 1.86 26.8 -31.0 1600 197950 8 0.262
2010-08-01  7.00 5409.7917 -1.25 283 0.9 5000 197950 ;204770  10-11  0.499
2010-09-14  6.95 5453.7833 - - - 5000 - 7 0.530
2010-09-17  8.07 5456.8361 - - - 5000 - 6-7 0.532
2011-07-28  9.61 5770.8896 - - - 5000 - 5 0.752
2011-07-29  7.77 5771.8236 - - - 5000 - 7 0.752
2011-08-28  9.63 5801.9007 3.11 251 -440 5000 197950 6-7 0.773
2011-10-16  5.61 5850.7340 231 262 -36.0 5000 197950 7-8 0.806
2011-10-21  3.62 5855.6507 - - - 5000 - 5-6 0.811

2. Observations and data processing
2.1. VEGA observations

The data were collected at the CHARA array (ten Brummelaar
et al. 2005), with the VEGA instrument (Mourard et al. 2009).
Our datasets were obtained with two telescopes (S1S2) and
cover the period from July 2008 to October 2011, i.e., an or-
bital period. The average projected baseline length (Bp) is about
27 m, and the average baseline position angles (PAg) are given
in Table 1. The angular resolution (4/2Bp) of our observations
is ~2.5 mas. We therefore fully resolve the spectroscopic binary.
The interferometric field of view is +2” in the slit direction and
excludes the third object of the system (at 6”).

The first dataset was recorded with the lowest spectral reso-
lution of VEGA (R~1600, hereafter LR), as the target is at the
instrumental sensitivity limit (my = 7.4). Instrumental improve-
ments allowed us to later record data in medium spectral resolu-
tion (R~5000, hereafter MR).

Each observation followed a calibrator-star-calibrator se-
quence, with 40 files of 1000 short exposures (15 ms) per obser-
vation. The calibrators were chosen to be close to the target both
in distance and in spectral type, to be small enough at visible
wavelengths, and to have an angular diameter known to an ac-
curacy of a few percentage points. Using the SearchCal IMMC
tool, we selected HD 204770 and HD 197950 (uniform disk di-
ameters of ~0.17+0.01 mas and ~0.33+0.02 mas, respectively).

2.2. Data processing

Spectra: the spectra were extracted using a classical scheme
of collapsing the 2D flux in one spectrum, calibrating the
pixel-wavelength relation using a Thorium-Argon lamp, and
normalizing the continuum by a polynomial fit. We used the
H, absorption lines of the calibrators to check the spectral
calibration at medium resolution. The accuracy of the spectral
calibration is 0.13 nm (i.e., 60 km/s) in MR, and 0.39 nm (i.e.,
178 km/s) in LR.

Visibilities and differential phases: The standard routines of the
VEGA data reduction pipeline were used (Mourard et al. 2009).
We computed visibilities and differential phases in individual
spectral channels, using the cross-spectrum method between two
spectral channels [1] and [2] (for more details, see Berio et al.
1999). To reach a sufficient signal-to-noise ratio (SNR) (at least
1 photon per speckle, spectral channel and single exposure), we

considered the spectral band [1] to be as wide as the entire spec-
tral range (32 nm, i.e., a broad band measurement), and [2], to
be 4 nm-wide. This method first led to the determination of the
differential phase between [1] and [2], and of the product of the
visibility amplitude V;*V,. The dataset was calibrated from the
residual atmospheric piston and chromatic optical path differ-
ence with the model described in Mourard et al. (2009). V;>
were estimated using the integration of the spectral densities of
the short exposures over the entire spectral range [1] and cali-
brated from the instrumental transfer function estimated on the
calibrators. Using an estimate of V; and of the transfer function,
we deduced the calibrated visibility V, for the narrow spectral
channel [2]. By sliding the narrow spectral channel [2] with steps
of 2 nm across the entire spectral range [1], we obtained a set of
13 visibilities V, and differential phases, A¢ = ¢, — ¢, with a
final spectral resolution of ~160. We considered A¢ equal to 0 in
the continuum part of the spectrum, which means that the differ-
ential phases measured in the H, line correspond to astrometric
offsets along the baseline direction, with the photocenter in the
continuum as a reference point.

The data reduction pipeline provided individual errors for
each spectral channel, that account for photon noise only. To ac-
count for other sources of noise, we adopted conservative errors
by considering the largest value between the rms in the con-
tinuum and the error computed by the pipeline. As the num-
ber of photons Ny, is much higher in the Ha spectral channel
than in the continuum, we estimated the error in the Ha visi-
bility by dividing the continuum error by VNgq/Ncont. Finally,
as HD 200775 is a faint target compared to the VEGA limiting
magnitude, excellent weather conditions are required to obtain
good quality data. As a consequence, only 6 observations over
our 14 attempts have led to a sufficient SNR to produce interfer-
ometric observables.

3. Orbital parameters

Several determinations of the binary orbit exist in the literature.
However, the SB2 radial velocities (Alecian et al. 2008) and re-
solved astrometric observations (Monnier et al. 2006) have never
been fitted conjointly. Consequently, we revisit these works with
the goal of determining the dynamical distance of the system
and the individual masses of the components. We combined
the available datasets following the formalism detailed in Le
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Fig. 1. Left: H, VEGA spectra obtained at R=1600 (LR). Right: Additional VEGA spectra obtained at R=5000 (MR).
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Fig. 3. Variation of the line profile measured with VEGA at R~5000, with the orbital phase. In each panel, the astrometric orbit is shown, with a
full black circle indicating the corresponding orbital phase. The thick part is oriented towards the observer.

Bouquin et al. (2013) and performed a Levenberg-Marquardt duction of the Hipparcos data (520+ 150 pc, Van Leeuwen 2007)
least-square fit of the data. We are confident in our orbital deter- and the individual masses are smaller by a factor of 2 than the
mination, as the convergence toward a single and deep x> mini- ones derived in Alecian et al. (2008).

mum is fast and robust for a wide range of initial guesses. The er-

ror bars on the parameters were obtained by bootstrapping. The

best-fit parameters are provided in Table 3. We note that the dy-

namical distance is out of the confidence interval of the new re-
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Fig. 2. Equivalent widths of the Ha line over the orbit for all the spectra.
Table 2. Detection level of the V and A¢ change in Ha. o¢oy and oy,

are the errors in the continuum and in the line, respectively (computed
as in Sect. 2.2).

Date ¢ Detection V Detection A¢
2008-07-29  -0.012 2.0 0cont /3.2 0l 1.8 0 cont
2008-08-07 -0.006 1.0 0cont/ 1.7 The 1.5 0 cont
2009-08-26  0.262 -/ 1.0 oyq -
2010-08-01  0.499 -/- 3.4 0cont
2011-08-28 0.773  1.50con /2.1 oga -
2011-10-16  0.806 1.0 0cont/ 1.8 i 4.6 O cont

Table 3. Best fit orbital elements and related physical parameters

Parameter Value Unit
tp 48962 + 55 JD-2400000
P 1433 + 17 days
Aapp 159+0.7 mas

e 0.30 £ 0.02

Q -77+6 deg

w -136+ 1 deg

i 66 +7 deg
K, 19.8+£0.5 kms™
K, 16.1 £ 0.9 kms™'
Vo -8.1+0.3 kms™!
Aphy 5.0+0.5 AU

d 320 £ 51 pc
M,/M 1.23 £ 0.08

My+M 98 +3.6 Mo
M, 537+1.9 Mp
M, 44 +1.7 Mo

4. Spectro-interferometry
4.1. Spectroscopy

Figure 1 presents 14 different H, spectra that show a drastic
change of intensity with time as well as slight changes in the
full width at half maximum (FWHM) of the line. With these
measurements, we confirm that the equivalent width (EW) of
the line (Fig. 2) varies with the orbital phase, and reaches its
maximum close to the periastron. In the following, we refer to

’active phase or state’ when the system is close to the perias-
tron, otherwise to ’quiescent phase or state’. In the quiescent
state, we measure an EW of ~35-40 10%, about twice as much as
in the active phase which is in agreement with previous studies
(Miroshnichenko et al. 1998; Alecian et al. 2008). For the sake of
clarity, Fig. 3 shows six of the spectra obtained at medium spec-
tral resolution, with a schematic of the system at the correspond-
ing orbital epoch. The line is double peaked in the quiescent
state with peak-velocities of ~75-80 km/s, FWHM~450 km/s
and broad wings at very high velocities (~800 km/s), as deter-
mined through Gaussian fitting of the profiles. The profile is
almost symmetric close to the ascending node (¢ ~ 0.5), and
slightly asymmetric as the system gets closer to the periastron
(¢ ~0.8), with more blue-shifted emission. At periastron (¢ ~0),
the line is single peaked, and shows a slight asymmetry with
more redshifted emission. There is no variability in the broad
wings. These results support the idea that the binarity is at the
origin of the line profile and intensity variations, as expected and
observed in other close binaries.

4.2. Interferometry

Figure 4 presents the visibilities and differential phases, as well
as the corresponding spectra at a resolution of 1600.

Change in the spectral shape of the visibility. By comparing
the interferometric quantities in the continuum to the ones in the
spectral channel centred on H,, we detect a marginal visibility
drop in the line during the active states (¢ ~0 and 0.8; Table 2).
This means that at least at these dates, the bulk of the H, emis-
sion is spatially resolved and extended.

Change in the spectral shape of the differential phases. We
find that within large error bars, the differential phase in the line
is consistent with zero for all measurements, except for ¢ ~0.5
and 0.8. The differential phase signals can be translated into a
photocenter displacement in the plane of the sky along the di-
rection of the projected baseline. For the S1S2 baseline used for
the observations, a positive phase corresponds to a photocen-
ter displacement towards the south, and a negative phase cor-
responds to the displacement towards the north, as detailed in
Mourard et al. (2012). Therefore, the measured non-zero differ-
ential phases trace for all epochs a photocenter displacement in
the direction opposite to the secondary. As the measured dif-
ferential phases are low (A¢ < 20°), the photocenter of the
H, emission is rather close to the continuum/binary photocen-
ter. Detection levels are defined using the errors in the contin-
uum and in the line (0con and o g4, respectively, computed as in
Sect. 2.2) and are reported in Table 2.

Change in the absolute level of the visibility. We notice that
the level of the continuum visibility varies with the orbital phase,
even if the measurements were obtained at similar angular res-
olutions (~2.5 mas). This behavior is expected since the contin-
uum emission is due to the binary that is spatially resolved by the
interferometer. Therefore, any change in binary separation, posi-
tion angle and/or flux ratio strongly affects the visibilities. Close
to the ascending node (2009 dataset), we measure a continuum
visibility close to 1, corresponding to an unresolved emission
along the baseline position angle, while in the active state, the
continuum visibility can be as low as ~0.76.
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Table 4. Orbital phase (¢), angular separation (Aa, AS), and position angle (PAy;,) of the SB at the date of the interferometric observations. PAg is
the baseline position angle, FR the binary flux ratio in the continuum, ®y, and py, the H, FWHM and displacements resulting from the best fit of
a face-on Gaussian model, in mas and AU at 320 pc. The displacements are counted positive towards the secondary.

Date ¢ Aa A6 PAbin PAB FR ®Hq @H” PH, PH,
(mas)  (mas) ®) ®) (mas) (AU) (mas) (AU)
2008-07-29 -0.012 -1372 9387 -171.7 -31.0 0.1070% 191x0.13 0.61£0.04 -0.10+£0.03 -0.03+0.01
2008-08-07 -0.006 -1.712 -8.891 -169.1 -28.0 0.07j8:85 1.65+0.33  0.53+0.11 -0.19+0.03  -0.06+0.03
2009-08-26  0.262  -3.558 16961 -11.8  -31.0 0.01j8:8g 0.67+0.20  0.22+0.06 -0.03+0.04 -0.01+0.01
2010-08-01  0.499  3.766 15567 13.6 0.9 O.29j§j§% 1.41£0.17 0.45+£0.05  0.0+0.10 0.0+0.03
2011-08-28 0.773  7.066 -4.305 121.3 -44.0 0.0770%  1.95+020 0.62+0.06 0.4+0.04 0.0+£0.04
2011-10-16  0.806  6.510 -6.927 136.8 -36.0 O.99j§3§z 1.85£020 0.59+0.06 -0.32+0.30 -0.10+0.10
5. Results is at the photocenter of the continuum emission (i.e., A¢=0 in

The goal of the analysis is to derive the basic properties of the
H,, emitting region. This requires a proper subtraction of the con-
tinuum emission that is only due to the binary stars. To do so, we
first fit a binary model to the continuum visibilities, with fixed
orbital parameters (Table 3), in order to determine the flux ratio
(FR) between the two stars. This flux ratio will set our model in
the continuum for both the visibilities and differential phases.

5.1. Binary flux ratio

In the spectral range of our observations, we assume that the
only emitters in the continuum are the two stellar components.
Their relative flux ratios, separations, and position angles have
a strong impact on the visibility in the continuum. Assuming
that the relative stellar fluxes vary over the orbit, we can use
our continuum visibilities to retrieve the flux ratio at different
epochs, assuming that the individual stars are unresolved, and
using a simple analytical formula for the binary visibility.

We first compute the position angle and separation for each
epoch, using the orbital parameters determined in Tab. 3. We
then compute a large grid of ~1000 binary models, and mini-
mize a 2. Individual fits to each data set provide flux ratios from
0.07f8'82 to 0.29f8'i§ (x*=1.5 at most). This suggests that the sec-
ondary is the dimmer object in the continuum. At the ascending
node ¢ ~0.26 where V~1 and the binary is unresolved, all flux
ratio values below 0.06 provide an equally good fit (y*=1.1),
while for ¢ ~0.81 all possible flux ratio values surprisingly pro-
vide a bad fit (y>=3.3). The second dataset shows a large in-
trinsic scatter in the continuum (rms~10%), and seems to suffer
from calibration problems that prevent us from determining a
good absolute value for the visibility. Because we cannot deter-
mine a flux ratio for this measurement, we scale the average con-
tinuum visibilities, for this dataset only, to the binary model pre-
dictions with FR=0.10, which corresponds to the best-fit model
assuming a constant flux ratio over the entire orbit (y*>=3.8). The
scaling factor is ~25%, as shown in Fig. A.1, together with the
best fit of the binary model for each dataset. Values of flux ratios
are given in Table 4. Because of the large error bars, we cannot
determine whether the change in FR with the orbital period is
significant and expect that further high SNR observations would
answer this question.

5.2. Size and photocenter of the H, emission
To model the H,, circumstellar emission, we consider the contri-

bution of the binary to the measured visibilities and differential
phases using the complex visibilities. Assuming that the binary

the continuum), we find that for each spectral channel k

iA
Feontk Veontk + Fr, k Vi, x€'29Hak

Vk Giquk =

, ey

Fcont,k + FHly,k

where the indices cont and H,, refer to the continuum (binary)
and circumstellar emission, A¢; is the measured differential
phases in the spectral channel k, and A¢y, is the differential
phase due to the H, emitting region. The real and imaginary
parts of Eq. 1 lead to two equations that can be solved for Vy,
and A¢y, (see, eg., Weigelt et al. 2007; Eisner et al. 2010).

With the best binary model, and the line to continuum ra-
tio determined from the spectra after subtraction of the photo-
spheric H, absorption, we fit our model for the H, emission to
Vy, and A¢y,, in the two spectral channels that contain most or
all of the line. Considering the low quality of our datasets, we
limit ourselves to a simplistic analytical approach with a face-on
Gaussian model, which FWHM (considered as a typical size)
and location can vary. We restrict the Gaussian displacement
along the binary axis only, since our measurements have been
obtained along a single baseline orientation at a time, which pre-
vents us from determining a full 2-D position. The reference is
taken to be the primary and displacements are counted positive
towards the secondary. We vary the Gaussian FWHM from O to
6 mas, and since the sign of the differential phases indicates a
displacement in the direction opposite to the secondary, we vary
the Gaussian location from -4 to 0 mas, and minimize a ,\/2 to
find the best model parameters.

Figure 5 shows the best-fit to the H,, visibilities and differ-
ential phases, and Fig. 6 presents the model parameters as they
vary with the orbital phase (values are in Table 4). Our model
fits the observations well, with a reduced )(2 of 2.7 (at most)
in the line+continuum (1.1 in the H, spectral channels only).
Conservative error bars have been obtained by considering the
extreme values of the visibilities and FR within their error bars.

We find that the spatial extent of the emission changes
over the orbit. In the quiescent state, the Gaussian FWHM is
0.67+£0.20 mas (i.e., ~0.22 AU) and increases up to ~1.95+0.20
mas (i.e., ~0.62 AU), close to periastron. The displacements to-
wards the opposite direction than the secondary appear to be
quasi constant along the orbit, with absolute values close to
0.10+0.03 mas (i.e., 0.03+0.01 AU). The errors on the displace-
ment are dominated by the errors on the binary flux ratio, hence
are very large for ¢ ~0.81.

Because our measurements only probe one direction at
a time, we are not able to determine an inclination and a
position angle for the H, emitting region, and leave this for a
detailed radiative transfer modeling combined with additional
simultaneous multi-baseline interferometric observations. Thus,
we would like to stress that the obtained parameter values are
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Fig. 5. Best-fit continuum and H,, line model (dashed line). The first two
lines give the visibilities, the following two, the differential phases. We
recall that the visibilities for ¢=0.806 have been scaled to the binary
model with FR=0.10.

model-dependent and different geometries (e.g., ring, uniform
disk) lead to slightly larger values of typical size, as expected
with such simple prescriptions. In addition, the values of the
displacement strongly depend on the binary flux ratio that set
the phase values in the continuum. However, the variations
of the H, characteristic size along the orbit and the negative
photocenter displacements still hold.

6. Discussion
6.1. Characteristic spatial extents in H,

It is useful to compare the H, size estimates to typical radii
in the close circumstellar regions probed by our measurements.
If we consider the extreme values of luminosities found in the
literature (~3000 and ~15000 Ly from Alecian et al. (2008);
Hernandez et al. (2004)), we derive an estimate of the location
of the dust sublimation radius of the circumprimary disk to be
between 3.7 and 8.4 AU (e.g., Dullemond & Monnier 2010).
These estimates are larger than the dust inner radius (~1.73 mas,
i.e., 0.55 AU at 320 pc) measured by Monnier et al. (2006). This
apparent discrepancy can be explained with optically thick ma-
terial inside the dust sublimation radius that efficiently shields
the dust from the stellar light (Monnier & Millan-Gabet 2002).
Considering the vsin(i) estimate and stellar properties from
Alecian et al. (2008), we find that the corotation radius should
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Fig. 6. Best-fit model parameters, Gaussian FWHM (top) and displace-
ment (bottom), over the orbit.

be ~0.30+0.15 AU. This estimate suffers from the large un-
certainties on the stellar parameters inferred in the literature.
Nonetheless, our Gaussian fit seems to indicate that the bulk of
the H, emission as described by a Gaussian model is most likely
located between the corotation radius and the dust sublimation
radius, and is more extended than the typical regions involved
in accretion processes onto the star. In the case of a low mass
star, the truncation radius is set by the interaction of the stellar
magnetic field and the gaseous disk in a region very close to the
star. In a massive star, although this is still a matter of debate,
the accretion is thought to occur through a boundary layer.

Similar extents for Hydrogen line emission have been found
in other Herbig Be stars, in the Br,, line, and interpreted as orig-
inating in a stellar or disk wind (e.g., Kraus et al. 2012; Weigelt
et al. 2011; Benisty et al. 2010), in contrast with the findings of
Eisner et al. (2010) on a survey of lower mass young stars that
are consistent with accretion.

It also seems unlikely that the bulk of the H,, emission is due
to a rotating disk, even in the quiescent state, where the H, line
profile shows a double peak at low velocities (~75 kmy/s). If we
consider a mass of ~10 My, and the velocity field of a disk in
Keplerian rotation (v = YGM../R/sin(i)), the H, double peak in
the quiescent state could result in a rotating disk with a mini-
mum outer radius of R~1.2 AU, a much larger value than our
estimates (Table 4). The disk region responsible for the broad
H, wings would be located very close to or inside the stellar
surface (~7.6 Ry).

6.2. Origin of the H, burst

The results given in the previous section can be interpreted in
the context of mass ejection. The extended H, emission together
with the increase of the H, line intensity may trace a period of
enhanced mass loss in a strong wind emitted by the primary.
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Such an event could follow a period of enhanced mass accre-
tion from the circumbinary disk to the primary disk, triggered
at periastron as predicted by numerical models. The photocenter
displacements in the direction opposite to the secondary indi-
cate that if a wind is responsible for the H, emission, the emis-
sion should be enhanced along this direction. The wind therefore
could not be fully spherical, as the consequent emission would
be symmetric.

Figure 1 shows that the H, broad line wings (~800 km/s)
are very stable, and can be due to outflowing matter, as such
velocities are often seen in wind tracers. The additional emis-
sion at periastron is produced only at very low projected ve-
locities, probably coming from a plane close to perpendicular
to our line of sight. The lack of P Cygni absorption indicates
that the wind is not self-absorbing along our line of sight. This
would support a wind with a higher density towards low lati-
tudes, close to the equatorial plane, in agreement with the model
predictions of poorly collimated winds in massive stars (Vaidya
et al. 2011). With a non-zero inclination, an outflow can also
produce the double peaked profile observed in quiescent state,
as shown in Stee & de Araujo (1994) for Be stars, and more re-
cently in Weigelt et al. (2011) for a Herbig Be star of similar
mass. However, complex line opacity effects can come into play,
as suggested by Elitzur et al. (2012) who showed that it is in
practice impossible to disentangle effects of kinematics and line
opacity effects in double peaked lines and that proper radiative
transfer is needed. In addition, we note that spectra obtained at
high spectral resolution (Alecian et al. 2008) show that the line
profile is extremely complex with variable features, which seem
to indicate a combination of various variable mechanisms.

The additional emission at periastron could, in principle,
come from either the primary, the secondary, or a combination
of both. However, the low differential phases indicate that the
photocenter of the H, emitting region is close to the continuum
photocenter, which is located close to the primary (since the bi-
nary best-fit flux ratio is 0.10). The displacement values found
by our simple analytical model fitting therefore rule out a sce-
nario in which all of the additional H, emission at periastron
comes from the secondary. It seems therefore very unlikely that
accretion onto the secondary or wind-enhancement on the sec-
ondary is the key-mechanism at periastron or that both objects
are equally responsible for the increase. On the contrary, because
the displacements are in the opposite direction to the secondary,
the burst of activity at periastron seems to be connected to the
primary. Although the variation of photocenter with the orbital
phase is marginal, a smaller displacement at the ascending node
is consistent with a smaller emitting region and a lower line in-
tensity. An almost-constant displacement at all other phases is
also in agreement with the derivation of a similar extent at these
dates. This is supported by recent numerical simulations of ac-
cretion flows in close binaries done at high resolution (de Val-
Borro et al. 2011). These models suggested that accretion from
the circumbinary disk onto the primary is favored at periastron.
In that scenario, it is expected that most or all of the additional
Ha emission in the active state comes from the primary star,
as our data seem to indicate. We note, however, that with our
single-baseline measurements, we are not able to disentangle
more complex scenarios.

Whatever the mechanism favored to enhance the H, emis-
sion at periastron, additional mass has to be fed into the inner-
most regions at these active stages. If mass is transferred through
accretion streamers from the circumbinary disk to the primary
disk, there should be a consequent time delay to allow matter to
flow through the primary disk and reach the innermost AU. The

viscous time is proportional to ~R/ (@ cs H/R), with R the radius,
H the disk scale height, and « the turbulence parameter (propor-
tional to the viscosity; Shakura & Sunyaev (1973)). Considering
a maximum outer disk radius for the circumprimary disk of 2 AU
(because the binary separation at periastron is ~4 AU, (Monnier
et al. 2006)), @=0.01, and H/R=0.05, the viscous time needed
for the mass flow to propagate is of the order of a few ten thou-
sand years, much larger than the binary period. An alternative
scenario is that the secondary induces gravitational instabilities
in the primary disk as it approaches. In fact, tidal effects could
induce strong waves all over the disk spatial range and produce
instabilities, which would in turn enhance the mass accretion in
the inner AU and result in a higher mass loss. The exact physical
process that leads to the H, increase still remains to be under-
stood.

The comparison of Fig. 2 and Fig. 6 seems to suggest that
the variations in H, EW and sizes are slightly shifted in time,
as the size appears to increase faster than the absolute EW. This
delay is difficult to interpret as we would expect a larger emitting
area to produce a stronger H, emission, but considering the large
error bars on our size estimate and the sparse time sampling of
the orbit, we cannot determine whether it is a real feature or not.

7. Summary and conclusion

In this paper, we report the first spatially and spectrally resolved
observations of the H, line emitting region in a close binary
system using the VEGA spectrometer on the CHARA array. As
previous authors have already pointed out (Pogodin et al. 2004;
Alecian et al. 2008), we find that HD 200775 shows a variation
of the H, EW with the orbital phase. We use a simple Gaussian
model located along the binary axis to fit the H,, visibilities and
differential phases, and find marginal evidence for a change in
spatial extent during the orbit that is minimum in quiescent state
(close to the ascending node). The H, Gaussian photocenter is
at all epochs located in the direction opposite to the secondary,
supporting a dominant emission by the primary.

We find typical H, extents within the sublimation radius.
These H, spatial extents do not support an accretion origin for
the bulk of the line emission, as it would involve smaller scales.
Instead, we interpret these results in the context of an enhanced
mass-loss event, triggered by the gravitational influence of the
secondary. Such a scenario would suggest a strong connection
between accretion and ejection in this Herbig Be star, as al-
ready noted in other massive objects (e.g., Ellerbroek et al. 2011;
Benisty et al. 2010).

A dominant contribution to the H, line by the primary is sup-
ported by our results and by the analysis of Alecian et al. (2008)
and Monnier et al. (2006). However, although the stellar param-
eters are still highly uncertain, it is puzzling that only the pri-
mary has a circumstellar disk which accretes from the circumbi-
nary disk. In particular, the kilo-Gauss magnetic field detected
on the secondary should induce the formation of a gaseous disk
which should in turn emit H,,. The circumstellar environments of
the two objects must either have evolved differently, or the sec-
ondary could itself be an unknown spectroscopic binary of lower
mass which would more easily explain the strong magnetic field,
an uncommon feature in Herbig Be stars.

We find that the binary flux ratio in the continuum is ~0.10
(from ~0.07 to ~0.29, Tab. 4). Because of large error bars on the
visibilities, we are not able to retrieve a precise flux ratio at each
orbital phase and to determine whether the change in H, EW is
correlated with some change in the amount of reprocessed and
scattered light as observed in other young close binaries (van
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Boekel et al. 2010). We notice a discrepancy between our flux
ratio estimates in the continuum and the estimate of Alecian
et al. (2008), based on an analysis of spectral lines (~0.67).
These estimates are difficult to reconcile, unless one invokes
variable extinction on one of the two objects, or if one of the
two (most likely the magnetic secondary) is already chemically
peculiar. Besides, the large uncertainties on the individual
masses, the distance, and age of the system prevents the nature
of the individual objects from being assessed precisely. As
noted by Alecian et al. (2008), photometric observations of each
component separately are necessary. In addition, a regular and
full coverage of the orbit is required to answer a number of open
questions, such as a possible time delay between periastron
passage and maximum activity. More detailed modeling, as well
as an intensive high SNR spectro-interferometric campaign with
additional baselines at various orientations are also expected to
properly constrain the complex interplay between accretion and
ejection in such massive close binary systems.
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Fig. A.1. Best-fit binary models in the continuum (dashed blue line).
The red dotted line in the lower right panel is the prediction of a binary
model with flux ratio of FR=0.10 to which the continuum visibilities
measured for $=0.806 were re-scaled.
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Fig. 4. VEGA spectro-interferometric measurements over the orbit.
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