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ABSTRACT

We present new long-baseline spectro-interferometriemasions of the Herbig Ae star HD 163296 (MWC 275) obtainedhie

H and K bands with the AMBER instrument at the VLTI. The observasimover a range of spatial resolutions betwe@&and
~12 milliarcseconds, with a spectral resolution~0. With a total of 1481 visibilities and 432 closure phagbsy represent the
most comprehensivel(v) coverage achieved so far for a young star. The circumstabderial is resolved at the sub-AU spatial scale
and closure phase measurements indicate a small but signtifleviation from point-symmetry. We discuss the reswdésiming that
the near-infrared excess in HD 163296 is dominated by thesiam of a circumstellar disk. A successful fit to the spéenergy
distribution, near-infrared visibilities and closure pba is found with a model in which a dominant contributiorhisl andK band
emission originates in an optically thin, smooth and psiymmetric region extending from about 0.1 to 0.45 AU. At aatise of
0.45 AU from the star, silicates condense, the disk becompiisatly thick and develops a fii@d-up rim, whose skewed emission can
account for the non-zero closure phases. We discuss theesolithe inner disk emission and tentatively exclude derdecular gas
as well as optically thin atomic or ionized gas as its possiligin. We propose instead that the smooth inner emissiproduced by
very refractory grains in a partially cleared region, extiag to at least-0.5 AU. If so, we may be observing the disk of HD 163296
just before it reaches the transition disk phase. Howewenate that the nature of the refractory grains or, in facndthe possibility

of any grain surviving at the very high temperatures we nmeqg@ 2100—- 2300 K at 0.1 AU from the star) is unclear and should be
investigated further.
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1. Introduction were larger than expected by classical accretion disk nsodel
, ) ) Millan-Gabet et al. 2001), and were found to be correlatéd w
Herbig AeBe stars (HAeBe) are intermediate-mass young Stghe stellar luminosity [(Monnier & Millan-Galet 2002). This
surrounded by large amounts of dust and gas. The distrilyinorts the idea that the NIR emission is dominated by e th
tion of this circumstellar material remains actively d&ht 51 emission of hot dust heated by stellar radiation. Nate! e
Various types of models can reproduce the spectral enesgy qbog1) suggested that an inner, optically thin cavity preilby
tribution (SED) by considering material in geometricallyrt st sublimation exists inside the disk. At the edge of thigan,
accretion disks| (Hillenbrand et/al. 1992), in a sphericaléen \here dust condensates, the disk is expected fioupubecause
lope (Miroshnichenko etal. 1997), a fjed-up inner disk rim ot the direct illumination from the star (Dullemond et/al.G0
(DuIIe'm_ond etall 2001; Isella & Nalta 2005) or a disk plus [e|ja & Nattd 2005), explaining the size-luminosity lawided
halo (VinkoviC et al. 2006). Fitting the SED alone is them o erhig Ae (and late Be) stars by Monnier & Millan-Gabet
highly ambiguous. o 2002). Based on a small number of interferometric observa-
Near-infrared (NIR) long baseline interferometry has akons, simple geometrical models were proposed to explen t
lowed us to directly probe the properties of matter withie thgjopal morphology of these regioris (Millan-Gabet et al. 200
innermost astronomical unit (AU), where key quantitiestfee  [Eisner et gl 2004: Monnier etlal. 2005, 2006). However, when
star-disk-protoplanets interactions are set. The firstiatomet- larger sets of data became available, it became clear thaeth
- ] ) ) that a deeper understanding requires the combination of pho
Send offprint requests to: benisty@arcetri.astro.it tometric and multi wavelength interferometric measureiman

* Based on AMBER observations collected at the VLTI (Europe i ; it
Southern Observatory, Paranal, Chile) with Arcetri Gutged Time Fhe mill _arcsecond resolution and more_ SOphIStI?atedeméd
program 081.C-0124, LAOG Guaranteed Time program 081@407  In this study, we present an analysis of the inner disk sur-
and open time programs 081.C-0851, 081.C-0098. rounding the HAe star HD 163296 (MWC275). This isolated
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Herbig Ae star is described well by a spectral type of Al, a r ]
~30 Ly luminosity, and a~2.3 M, mass|(van den Ancker etlal.
1998; Natta et al. 2004; Montesinos etial. 2009). It is is teda

at 122}; pc and exhibits a NIR excess interpreted as the emis-
sion from a circumstellar disk (Hillenbrand etlal. 1992) aktde- i i
scale disk was detected in scattered light (Grady et al. R@80 L % i
well as at millimeter wavelengths (Mannings & Sargent 1997)
This inclined disk, traced out to 540 AU, was found to be in
Keplerian rotation, and probably evolving towards a dedisk
phasel(lsella et al. 2007). In addition, it also exhibits ayna
metric outflow on large scales27”) perpendicular to the disk,
with a chain of six Herbig-Haro knots (HH409) that traces the

50— B

VIN [m/um]

I » ]

history of mass loss (Devine etlal. 2000; Wassell et al. 2006) 50l |
The spectrophotometric observations that probe the irgdiate L i
and small spatial scales are also compatible with the pcesan L+ EO0-GO-HO - 04/06 x A0-KO-G1 - 08/07 -
a disk.[Doucet et al[ (2006) studied the warm dust emitting in LA EOSCO-HO=05/06 vy A0-KO-GL1 - 19/07 |
the mid-infrared, located in the surface layers of the mr L " AO-DO-HO [ ui-uz2-u4

diate regions of the disk (30-100 AU) and concluded that the 50 0 -50
emission was consistent with a disk that has little flarinigisT

conclusion is consistent with the classification of HD 16829 U/A [m/um]

ig.1. (u,v) plane coverage of the observations in spatial fre-
uencies. The observing nights are plotted witfiedent sym-
bols and the corresponding telescope configurations aoetezh

in the figure.

plained by assuming that the inner part of the disk shields t
outer part from stellar radiation. In the innermost regjahe
far-UV emission lines have been attributed to opticallythas
accreting onto the stellar surface, a magnetically confimied,
or shocks at the base of the jet (Deleuil et al. 2005; Sward et
2005). Weak X-ray emission (JL, ~ 5107 was detected on i )
large scales and attributed to the Jet (Giinther & ScHmigggo 2. Observations and data reduction
In the NIR, the S_ED time variability was mterpreted to b_e thue 21 Observations at VLTI
changes in the inner disk structure, on timescales sinl&ne
generation of the HH objects (Sitko etlal. 2008). HD 163296 was observed in the NIR with the AMBER in-
strument |(Petrov et al._2007), at the Very Large Telescope
Interferometer (VLTI Schollér 2007), located at Cerrodteal,
Chile and operated by the European Southern Observatory
(ESO). The AMBER instrument allows the simultaneous com-
bination of three beams in thd and K bands i.e.,, from 1.6
to 2.5um) with spatial filtering. The instrument delivers spec-
With a disk, signs of accretion, and a bipolar outflowtrally dispersed interferometric observablesg( visibilities,
HD 163296 provides an excellent case study to understand helasure phases, filerential phases) at spectral resolutions of up
circumstellar material is distributed on the sub-AU scdls. to 12000.
NIR disk was resolved by IOTA, PTI, and Keck-Interferometer In the following, we present observations taken at the low
(Millan-Gabet et al.| 2001; Eisner etlal. 2009; Monnier et akpectral resolution mode @30) with the 1.8 m Auxiliary
2005%), and at milli-arcsecond (mas) resolution with theglonTelescopes (AT) and the 8.2 m Unit Telescopes (UTs). The data
CHARA baselines| (Tannirkulam etlal. 2008) (T08, hereaftemyvere obtained within programs of both guaranteed time and
T08 found that their observations could not be reproducetyus open time observations (081.C-0794; 081.C-0098; 081 2401
models where the majority of th€ band emission originates in081.C-0851). HD 163296 was observed with 1#atent base-
a dust rim, but that an additional NIR emission inside thet duines of 5 VLTI telescope configurations, during 8 nightsnfro
sublimation radius could explain the visibilities and theEs May to July 2008. The longest baseline~i&28 m correspond-
They interpreted this additional emission as being prodige ing to a maximum resolution of 3.5 mas in thKeband, and of
gas, as suggested for other Herbig AeBe stars (Eisnel €i@i; 2 2.7 mas in théd band. In this paper, we use the VLTI nomencla-
Isella et al.l 2008; Kraus etlel. 2008b). The advent of spectrtuire to identify the dierent configurations. A summary of the
interferometry, as provided by the AMBER instrument at VLTlobservations can be found in Table 1, including the weattwer c
allows us to simultaneously measure the emission at vaNtRs ditions, the average baseline position angleaYBand projected
wavelengths and consequently, to derive temperatureg@sdit lengths (B). The projected baseline is obtained when the vec-
the emission, bringing additional constraints on its ratlrthis  tor between the two telescopes is projected onto the platieof
paper, we present an observational study of the circurasteltky. Because of the Earth rotation, measurements with the sa
disk around HD 163296 at the sub-AU scale, using the larggstysical baseline but atfiierent hour angles correspond to dif-
interferometric dataset obtained for a young star so fae. d& ferent projected baselines.
per is organized as follows: in Sect. 2, we describe the spectAll the observations were performed with three telescopes,
interferometric observations obtained at AMB&RTI and the cept during the night of the 2008 May 26 when only two
data processing; in Sect. 3, we present the obtained vigbil were available. In addition to HD 163296, three calibratars
and closure phases. In Sect. 4, we outline a successful @idkim (HD 156897, HD 160915, HD 163955) were observed before
that reproduces all observables and we discuss its phymieal and after each measurement on the scientific target to ¢dorec
gin. We summarize our results in Sect. 5. instrumental &ects. Their stellar parameters, including their di-

bylMeeus et al. (2001) in their Group Il, whose SED can be eE
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Table 1. Log of the interferometric observations. The seeing aymere measured at 650 nm.

Date Spectral window Telescope Baseline Projected Positio Calibrator Seeing 19 FINITO
[um] configuration name length Hm]  angle Boa [°] name 1 [ms]
24-05-2008 [1.67-1.80]-[2.06-2.42] AO0-DO-HO AO0-DO 26.7 1.8 HD156897 1.0 3.9 Y
DO-HO 53.5 81.6
AO0-HO 80.2 81.6
26-05-2008 [1.62-1.79]-[2.05-2.31] DO0-G1-HO DO0-G1 69.7 3812 HD156897 0.8 4.4 Y
04-06-2008 [1.60-1.82]-[2.03-2.33] E0-GO0-HO EO0-GO 14.3 6.5 HD156897 0.6 3.9 N
HO-GO 28.7 56.5
EO0-HO 43.0 56.5
05-06-2008 [1.61-1.82]-[2.02-2.29] E0-GO0-HO EO0-GO 15.9 1.17 HD156897 0.8 4.1 N
HO-GO 31.7 71.1 HD163955
EO0-HO 47.7 71.1
24-06-2008 [1.65-1.80]-[2.02-2.33] U1-U2-u4 u1-u2 55.8 3.8 HD156897 1.1 1.4 N
u2-u4 82.6 89.8
U1-u4 122.8 67.6
06-07-2008 [1.63-1.79]-[2.01-2.45] DO0-G1-HO DO-HO 60.2 0.4 HD160915 1.0 2.3 N
DO0-G1 69.2 137.1
G1-HO 71.4 7.6
08-07-2008 [1.60-1.82]-[2.01-2.44] A0-KO-G1 AO0-G1 81.4 2116 HD160915 0.8 2.9 N
G1-K0 86.5 29.9
AO0-KO 108.4 74.9
19-07-2007 [1.61-1.80]-[2.06-2.42] A0-KO-G1 AO0-G1 82.4 2416 HD156897 1.0 1.6 N
G1-K0 88.6 32.7
AO0-KO 115.2 77.6

ameters, can be found in Table 2. About 25% of the obsentid@n the other hand, their accuracy changes with varying selec
were performed using the VLTI fringe-tracker FINITO thaess tions, and the optimal caséd, with the smallest errors) was
70% of theH band flux to measure the relative optical path difebtained with a 20% and 80% best exposure selections for the
ference between the light beams (Le Bouquin et al. 2008).  squared visibilities and the closure phases, respectitrelgd-
dition, data obtained at very high airmass with unstablegfi

) _ tracking were removed. No selection based on the optical pat
Table 2. Star and calibrator properties. The latter have been chfifferencei(e., piston) was performed, since the numbers of use-
sen with SearchCal (htfpvww.jmmc.fysearchcapage.htm) ful exposures could have been a possible source of bias.
and getCal (httg/mscweb.ipac.caltech.efc\WebgcWeb.jsp)  For each night, special care was given to the calibration
and stability of the AMBER VLTI instrumental transfer func-

Star V. K H Spectral Type Diameter [mas] tion throughout the whole observing period. Measuremefits o
HD 163296 6.9 4.8 55 AlVe / HD 163296 were encircled with observations of targets of
HD 156897 4.4 3.1 3.1 F2 0:8.2 known diameters (see Talfle 2) and the transfer function mas i
HD 160915 4.9 3.8 3.9 F5V 0£0.1

terpolated along all calibrations of the night. The errorghie
calibrated spectral visibilities and closure phases iheline sta-
tistical errors obtained when averaging the individualesyres
as well as the errors in the calibration star diameters. Towatt
for the variation in the transfer function with time, we quaid
2.2. Photometry ically added the dispersion over the calibrator measurésiten
- o ] the errors. The latter is théfect that dominates the error budget.
In addition to this interferometric dataset, we coIIectehizp With 8 to 14 spectral channels in theband and 5 to 8 in the
tometric_data from the literature_(Tannirkulam et al. _2008; band, the total data set (after processing) consists of 4060
Sitko et all 2008). 304 spectrally dispersed band visibilities and closure phases,
respectively, and 481 and 128 band visibilities and closure
2.3. Data reduction phases, respectively. The processed data will be madebieail
for the community in the OI-FITS format (Pauls etlal. 2005) on
The interferometric data reduction was performed follayinthe OLBIN websit8l in January 2010.
Tatulli et al. (2007), using themdlib package (release 2.1)
and theyorick interface provided by the Jean-Marie Mariotti
Center (JMMC). This led to spectrally dispersed raw visibil3 Results
ties and closure phases for all exposures of each obserigng fi
Not all exposures turned out to provide useful data. In sgveilhe set of interferometric data presented in this paper &by
cases, instrumental jitter, infiicient fringe tracking, and unsat-the largest for a single pre-main sequence star. The camesp
isfactory light injection into the instrument led to low deast ing (u, v) plane coverage is shown in F[gd. 1. In this section, we
interferograms of our rather faint source, and we had tocsel@resent a summary of the results and describe the main eharac
the good exposures. Various selection thresholds wereiagdm teristics of the inner region of HD 163296 as measured by NIR
based on the fringe signal-to-noise ratio (SNR) criteriod ked
to the same absolute values for the interferometric obbégsa ! httpy/olbin.jpl.nasa.gov

HD 163955 4.7 45 46 BOV 0.2
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Fig.2. Squared visibilities against spatial frequencigsiB theK band (left panel) and thid band (right panel). Dierent symbols
correspond to dierent configurations, that are reported in the upper righiteroof the left panel.
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Fig.3. Broad-band squared visibilities against spatial freqieng/1 in the K band (left panel) and thel band (right panel).
Different symbols and colors correspond tfietient configurations that are given in Hi§j. 2. The IOTA poarts overplotted in the
right panel (empty circles).

can immediately see from the figures that at these spatiad res
lutions, the circumstellar matter around HD 163296 is nesml
Within the error bars, thél band visibilities vary with baseline
gualitatively in the same wau as those of #idand. However,
at spatial frequencies higher than 2(um, theH band \? are at

Figure[2 presents the spectral visibilities as a functiorthef l€ast 25% higher than those in tKeband.

spatial frequencyife., the ratio of the projected baseline length  The errors in individual points vary significantly from nigh

to the wavelength of the observation). Figlite 3 similarlgvgd to night. However, some of the scatter is not caused by the un-
broad-band visibilities, obtained when averaging ovesp#ic- certainties in individual measurements, sincetlent observa-
tral channels, for th& band (left) and théd band (right). One tions were performed with baselines of similar projecteseba

interferometry. For the sake of clarity, we separatelhendK
band results in most of the figures below.

3.1. Visibilities
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lines (equivalently, at similar spatial frequencies) biffedent j‘HO—DO A BL=42 m: Bea=88°
position angles, therefore sampling distinct orientegion the

sky. This éfect means that the source geometry deviates from
a circular one, and can instead present an elongated shapeéa -

6 $BL=64 m; Bpa=70° |

00990

expected for an inclined disk. £ 5 0002°0 A
We note thatin thél band, at the shortest spatial frequencie® * © 900 ° Laasaaat st T
(below 10 mum), the AMBER visibilities do not reach unity. NN i
This can be due to flux from an extended halo as suggested by | ° ]
Monnier et al. [(2006) from their IOTAd band measurements. 2m S ——
All the I0TA points, except one, are consistent with our mea- ~ F'aoyo ST ' ABLoam: Bo7s® ]

surements (see Figl 3, right). On the other hand, tfieceis not
clearly seen in th& band, where visibilities are close to unity I
at short baseline®g., V?=0.94:t0.03 at a 13.8 m baseline). @ 1
The observations show the? also depends on wavelengthg ]
(Fig.[2). This can be related to the physical extension oéthé- <@
ting region at various wavelengths and the existence of ¢eaip

61 $BL=81 m; Bpa=83° |

IN
T
|

o>
o>
o>
o>
o>
o>
o >
o>
o>
o >
o>
o>

ture gradients within it. Since the interferometer resolutalso [ 856500

changes with wavelength, it is natural to visualize thisetep 2 L e —
dence using a geometrical model to convert the measurements [~ 7 7 o " B 232 m Boas700
in angular sizes while taking thigfect into account. With this r Do-AO & BL=24 m, BraeBE0

aim, we fit the \# in each spectral channel for each measure- ¢
ment, using a ring of uniform brightness (with a 20% thicls)es @ -
Although the circumstellar material is mainly responsifde g | o
the emission in théd andK bands, the star also contributes too

the measured fluxes and visibilities. We estimate a corttabu
from the stellar photosphere 83% in H and~14% in K (see

éﬁggéi%égﬁgéé

Sect[4.1 for details). The flux from the circumstellar mattas 2L S N - N -
then computed for each AMBER channel as thedence be- 18 20 22 24
tween the observed NIR flux (T08) and the photospheric flux. A (um)

Figure[4 gives an example of the wavelength dependence of the .
size obtained on the three baselines of the A0-D0-HO configtid- 4. Example of wavelength dependence for the squared visi-
ration, in the two extremes cases (observed maximum and m@iities obtained on the three baselines during obsematiaith
mum variations with wavelength). the AO—DO-HQ cpnﬁguratlon. In each panel, the characierist
For the majority of the measurements (except those obtairiége of the emission is given at each wavelength acrosd e
at very small baselines with the EO-GO-HO configurationg, t< band. These sizes are derived from a ring model of uniform
size of the circumstellar matter slightly increases withveva Prightness to account for the change of resolution with wave
length. To quantify the wavelength dependence of the isiblength. The triangles show the maximum chromaticity over th
ity, we studied its variation over only th¢ band,H band, and Whole wavelength range, while the circles give the minimum
over both bands together. Across tieandH band separately, Variation. For each measurement, the corresponding peajec
24% and 31%, respectively, of the measurements show a ctf@seline length and position angle are indicated in theitgiy r
maticity above the 2r level. Over the entire spectral range, &0rner.
stronger €ect is expected due to the greater wavelength inter-
val, 62% of the data show a chromaticity greater than tle 2-
level. This is consistent with the case shown in Elg. 4, whieee brightness distribution, which in turn strongly depend loa ta-
characteristic size of the emitting region increases betwthe tio of the star to circumstellar matter flux.
H andK bands. This trend is also observed in the spectrally dis- One or more closure phase (CP) measurements were ob-
persed measurements across theeBnission line obtained with tained for each observing night, except for the night of 2008
the Keck-Interferometer (Eisner et lal. 2009). May 26. In total, we obtained 304 CP in tikeband, and 128
in the H band. This is an enormous improvement over the ex-
isting datasets for a young star. The full set of measured CP
across theK andH bands is shown in Fid.]5, plotted against
The closure phase is a quantity that can be derived fronfamter the maximum spatial frequencymBi/4, where Bnax refers to
ometric observations with at least 3 telescopes. By combinp the projected length of the longest baseline in the correding
the phases of the fringes obtained with 3 telescopes, the-atronfiguration.
spheric disturbances are cancelled out. Consequenthguime The CP signal depends on the spatial resolution achieved by
of the three phases (the closure phase) is atmospherd-&ee,the interferometer (unresolved sources are centro-syrignet
independent of the phase fluctuations. It is related to tigeede Figure[6 show the broad-band CP Knand H plotted against
of asymmetry of the observed brightness distribution: apoi the maximum spatial resolutioty Bnyax, achieved with the cor-
symmetric object will have zero closure phases, while arene- responding three-telescope configuration. It can be sextitité
measurement is indicative of a deviation from point-synmnet level of the CP signal increases with the power of resolution
The sign of the CP is derived from the way that it is calculatg@ee, for example, the configurations of aligned telescajmesy
(clockwise or counterclockwise). Physically, the CP defseon the same Ba, E0-G0-HO, and A0-DO-HO0). Tablgl 3 gives the
the directions that are sampled by the individual baselofes corresponding broad-band CP averaged over all the measure-
the configuration since they probefgrent asymmetries of the ments as well as the achieved maximum spatial resolution for

3.2. Closure phases
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Fig.5. Measured closure phases for each configuration (reportbeé itop left corners) plotted versus maximum spatial fregye
In all panels, except for U1-U2-U4 for which onl§ band data were useful, the measurements include botd #redK bands.

each telescope configuration. Since we checked that all the C TheH band CP are slightly lower than those measured in the
were calculated in the same way, the relative signs betwesan mK band, as expected since the emissioH iprobably originates
surements obtained with various configurations are retesath in a more compact region, as most of our data suggest, than the
should be reproduced by model fitting. one emitting the< band flux. However, considering the large er-
The CP is close to zero for the short linear array (EQ-GO-HG)pr bars, this #ect is hardly significant. Over th¢ band ancH
we do not detect any meaningful deviations from zém,(@any band separately, 12% and 15% of the CP, respectively, show a
flux asymmetries) at these low spatial resolutions (10.8&6d variation above the i=level and all measurements are consis-
mas in theK andH band, respectively). Monnier et/al. (2006}ent with variations within the 2= level. Considering the entire
detected CP signals below5° for 12 Herbig AeBe stars with range of wavelengthH andK together), 45% of the CP show a
the I0TA-3T interferometer, including HD 163296 for whichvariation with wavelength above thea2level.
they derived 0.60.4° at a resolution of 11.8 mas. Our obser-
vations.at similar regolution provide comparable_ resqlts. 4. Modelling the interferometry results
At higher resolutions, we found that the CP signal is not zero
i.e, that the emission is no longer centro-symmetric. Howevdrhie analysis of visibilities and closure phases requiresaist
the departure of the closure phase signals from zero is smaimption of a model for the brightness distribution on trenpl
with a maximum average CP i band of 11.#2.% and inH  of the sky to be compared with the observations. Even when the
band of -5.8:2.5 (see Tabl&l3). As we discuss in the followingcomparison is successful, it is impossible to know if theusol
section, this level of asymmetry is not compatible with sgly  tion is unique, and because models afi@ilt to compute, it is
skewed distributions for the circumstellar material in ihier- practically impossible to explore all possibilities. Hevee are
most regions surrounding the star. guided by the current paradigm that the NIR emission in exces
Except in one case (A0-K0-G1), the CP does not vary muéfi the photospheric one is produced by the inner parts of-a cir
with varying hour angle (see Fig:112). This means that, ebnsicumstellar disk.
ering the change in maximum resolution and position angle th
occurs when varying the hour angles(, when changing the di-
rection and the projected baseline length),Bhe level of asym-
metry does not change much. Consequently, the circumstella model the interferometry results, one needs to know the-un
matter must have a rather smooth azimuthal brightnesshiistr solved contribution of the star to the total flux at the wangkh
tion. of interest. We compute it from the observed magnitude in the

4.1. Stellar parameters
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Fig.6. Broad-band closure phases plotted against the maximuials@solution achieved for all telescope configuratida®and,
left; H band, right). The configurations and the corresponding ysrdre reported at the bottom of the left panel.

Table 3. Values of the closure phase as averaged over all tHe2. Incoherent flux
measurements obtained with the various configurations. T

e — . .
dates of the observations, the wavelength range, and tievach our models, we consider incoherent flux possibly emitted b
maximum spatial resolution are reported. an extended halo, as first suggested_by Monnieriet al. (2006).

They estimated its contribution to be 5% of the tdthlband
fluxes {.e., 10% in \?), a value that TO8 also used when mod-

Configuration Date Band I[?rﬁzg;unon (o)CP e!ling their K band data. OuH b_and data suggest a slightly
AODOHFO 240508 K 79 6514 higher value of~8% (i.e., ~15% in V?). We adopt this value
H 5.8 4318 when fitting both théd andK band interferometric observations.
EOGOHO 0406/08 K 11.6 0.6:2.1 The precise origin of this emission is unknown and discigsgin
H 9.0 -1.5:1.3 is beyond the scope of this paper.
0506/08 K 10.0 -2.:1.7
H 7.9 0.21.1
ulu2u4 2406/08 K 3.8 -0.5:10.1 4.3. Disk position angle and inclination
DOHOG1 0807/08 E ;(1) giég Values of inclination (i) and position angle (PA) of the
AOKOG1 0807/08 K 3.3 11.22.9 HD 163296 disk i(.e., its major axis) have been de-
H 3.2 0.3:4.6 rived at diferent wavelengths with a variety of tech-
190708 K 4.1 3.2:2.6 niques and tend to agret: Wassell ét al. (200651i+1Y:
H 3.0 3.3:3.7 PA=139+15), lIsellaetal. |(2007) &46°+4°;PA=128+4°)

and TO8 (48 +2°;PA=136’+2°). They are also consistent with
our visibility data, which infer an inclination of 4@ 10° and a
position angle of 140+ 15°, when fitted with geometrical mod-
I band {.e,, 6.71+ 0.026, with very little variability over a pe- €IS Of uniform brightness ring. Since we do not constrairséhe
riod of about 20 year$ (de Winter et al. 2001; Tannirkulam st #arameters better, in the following, we adopt the valuewelér
2008), assuming ZAMS colors for a AL star and an extinctidty 108,16, i=48" and PA=136". In the following sections, we
Ay = 0.25. The resulting stellar fluxes are about 1.4 Jy in K arl¢f€ the #fective baseline, which is defined by :

2.2 Jy in H. The observed NIR fluxes display a moderate vari-
ability (Sitko et al 2008), so that the stellar contributimay be Ber = B+/c0SX(0) + cos?(®)sin?(6)

in the interval 14-18% in K and 33-37% in H, respectively. The . . o ]
effect of variability on the interferometry results and theides Whered is the angle between the baseline direction and the major
ability of performing simultaneous photometry were disads axis of the disk, an@ is the disk inclination (T08). This repre-
by|Sitko et al.[(2008). This, unfortunately, is practicatiypos- Sentation allows us to show the data_ln a concise way once the
sible with AMBER/VLTI, and we do not know the values of theinclination and position angle of the disk are known.

total flux at the time of the observations. In this paper, wapad

stellar contribution 0f14% and~33% to the observeld andH  , 4 A isk rim

band fluxes, respectiveliye., on the lower side of the estimates. ™

These numbers are in agreement with the CHARA and AMBERarly NIR interferometric studies of Herbig Ae stars havevgh
measurements at long baselines, where all the circumstedia  that standard accretion disks, extending up to the dusi-subl
ter appears to be resolved, and are similar to the valuedediopnation radius do not fit the observations (Millan-Gabet et al
by|Tannirkulam et &l. (2008). The HD 163296 SED is shown [B007) and that superior fits are obtained by assuming that the
Figs[8 and®. disk develops a curved rim, probably (but not necessariy) c
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Fig.7. Model visibilities when considering a rim alone, locate®#3, 0.36, and 0.45 AU (dashed red, dotted blue, and futkbla
lines respectively), versudtective spatial frequencyds/4, compared to the measured broad-band visibilities (bllesfuares)

in the K band (left) and thed band (right). The predictions of the model described in TBich includes an additional inner
component interpreted as gas, is given in red (T08; dastdai)t TheK band measurements obtained at CHARA and Keck-1 are
overplotted (circles and triangles respectively) in tife panel, as well as the IOTA band data (triangles) in the right panel. An
incoherent flux contributing te 8% of the totaH andK band fluxes is considered.

trolled by dust sublimation and its dependence on gas dewe include theK band visibilities obtained at CHARA (circles;
sity (Isella & Nattal 2005; Tannirkulam etlal. 2007). Not onhTannirkulam et al. 2008) and at Keck-I (triangles; Monnieale
the disk rim hypothesis is supported by physical calcutetiol2005) as well as thél band IOTA data (upside down triangles;
(Dullemond et al. 2001; Isella & Natta 2005): the overallpeo IMonnier et al. 2006). We emphasize that all measurements fro
ties of HD 163296 are also consistent with this model. The SBBese four interferometers are compatible with each otlithirw
appears to be consistent with a rim emission up tourm8and a their error bars. The results for three rim models computed b
disk in the shade at longer wavelengths (Dullemond et all20@ssuming a 30 & stellar luminosity and silicate grain sizes of 3,
Isella et al. 2007). In addition, our measured visibilitsgow a 0.6, or 0.3um, corresponding to inner rim radii at 0.23, 0.36, and
dependence on hour angle (or similarly on baseline positien 0.45 AU, respectively, are overplotted. These models pre@n
gle Bpa) consistent with an elliptical shape, as expected in eithemission that does not exceed the observed flux at any wave-
a rim or any axisymmetrical distribution seen at high inatin length, and, contributes respectively, to about 80, 50 2844 of
tion. Finally, the detection of non-zero closure phasepstp the observed emission i, and 91, 86, and 66% iK. All mod-
the idea that an asymmetric brightness distribution - ssdi@ els show large departures from the observations. In aadglitib
disk inner rim - contributes to the NIR emission. these models have very asymmetric emission, and produce a cl
As in the NIR, the contribution of the disk outside the rinsure phase signal greater than observed (se€Hig. 12, reeiddas
can be neglected (Isella et al. 2007), we begin by examinifiges). Our large data sets, which inclutieand K visibilities

a star+ rim system to model the NIR emission followingand closure phases, reinforce the conclusions of otheoesjth
Isella & Natta (2005). We adopt a stellar luminosity and magmmely that there should be an additional, symmetric eonissi
of 30 L, and 2.3 M, respectively, and anfliective tempera- closer to the star (T08).

ture of 9250 K. The disk is assumed to be in hydrostatic equi-

librium. The dust consists of silicates with optical propes o )

given by Weingartner & Drainé (2001). The evaporation tempe?-2- A bright inner disk

ature, of around 1500 K, depends on the local gas density a\ifim alone cannot re ;
. - produce our observations. As a matter of
Pollack et al.[((1994). Since the shape of the rim is contdiie 5 the Jack of bounces in the visibilities suggests a ioont

the largest grains, we consider a single size for the sdidast, ;5 and smooth distribution of matter in the inner regions of
which is therefore the only free parameter in the model. e 45 163296, and a low contribution of the rim to the NIR emis-
pendence of the evaporation temperaturezomplies that the qjq, ' the following, we explore theffect of adding emission
distance from the star at which dust evaporates increaseZwi t.om an inner disk (inside the rim) to both the star and rimtden
i.e. that the rim is curved. butions. We fix the rim location to be,R=0.45 AU. This large
As can clearly be seen in Figl 7, our interferometric meaadius is implied by the results of our three-component ngde
surements are inconsistent with a circumstellar emissioA pas we show in the following. It can, for example, be obtaingd b
duced by a rim only, regardless of its location. This figurevehr considering small silicate grains (from 0.05 to @rf) in a high-
the AMBER broad-band visibilities as a function of thifee- density dusty disk, or micron-sized grains in a low-density
tive spatial frequency &/A. In addition to the AMBER data, gion, where the evaporation temperature is lower. In bosesa
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the rim dfective temperature is quite low I ~1000 K) and (e.g., < 0.01). In the NIR, H dominates the emission. We show
accounts for the total observed flux in the wavelength rangeia Fig.[8, right, that for surface density values of 0.1, 1d &n

8 um, but not at shorter wavelengths (see Fig. 8, cyan dastgdn? (all much lower than predicted by the viscous accreting
line). The SED of the proposed additional inner disk can lm-co disks modelled by Muzerolle et al. 2004), the continuum emis
puted by subtracting both the stellar and disk rim fluxes ftben sion is always too weak to be significant. Increasing it ferth
observed ones. As shown in Fid. 8 (dotted line), it peaksén thvould require higher surface densities, in which case LT co
H band and is higher than the rim emission at all wavelengttiions would very likely be reached. In fact, f&r= 6 g/cn?,
shorter than about 2&m. Therefore, the NIR emission is dom-the mean optical depth to the stellar radiation is alreadgref
inated by the inner disk component rather than the rim. der unity. Moreover, we note that the wavelength dependefice
We obtain a first estimate of the emission properties of therin the non-LTE continuum is inconsistent with the observegidn
disk by modeling it as a region of constant surface brightes particular, the H- bound-free emission produces a sharp atro
tween an inner and outer radius. The surface brightnessiis cth.6 um corresponding to its activation energy, which would be
strained by the condition that the integrated flux must bektgu seen in the HD 163296 high resolution spectra (Sitko et &1820
the flux derived from the SED for the additional component. Wéthe gas emission was higher.

compute visibilities and find that these three-componertdets TO08 suggested that hot gas is the physical origin of the addi-
reproduce thed and K band observations quite well over th&jonal inner component. We note that their models cannabrep
entire range of baselines if the smooth, inner emissionnetete qyce our AMBERVLTI data, mostly because of their small in-
between~0.10 and~0.45 AU. The emission can be roughly dener rim radius. However, we examined the possibility thatghs
scribed as that of a diluted black-body with temperatu®500  is heated to higher temperatures by additional energy seurc
K and optical depth~0.2, which decreases as™° with in- \we computed the properties of the same disk model but after
creasing wavelength. A natural interpretation is that thse  fixing the temperature to 8000 K. In this case, the ionizafiac-
sion originates in an optically thin region inside the rim.the  tjon is high (-0.5) and the emission is dominated by bound-free
following sections, we discuss the physical nature of tiSic yrocesses. The emission can be very high, but its waveleegth

ponent. pendence is inconsistent with the observations (se€ Fim8).
Based on these crude considerations, we tend to exclude that
4.5.1. An inner gaseous disk ? the NIR flux detected by the interferometers is dominatedby t

ssion of hot gas inside the dust sublimation radius. Hewe
clear that, before this can be definitely ruled out, oeeds

e realistic, non-LTE models that treat the transitiamfrop-

ly thin to optically thick layersi.e., from atomic to molec-
ular gas in a dust-free environment. These models would also
Ha important for the interpretation of the hydrogen andumeli

Several authors have suggested that NIR interferometers ﬁg;l
tect the emission of gas within the dust evaporation radijs,,
(Eisner et all 2007; Isella etlal. 2008; Tannirkulam e al&0 4
Kraus et al. 2008b). This interpretation presents sevéfiatal-

ties in the case of HD 163296, where the additional compon

dominates the emission i andK, and where good observa-yocompination lines, which appear very strong in the models
tions of high spectral resolution exist over a wide range afev Atomic lines - mostly hydrogen and helium ones - are often in-

lengths. o . . _cigrpreted as being emitted in magnetospheric accretiamuou
Models of the emission of purely gaseous disks insi gas. This, however, is unlikely to be true for most Herbigy A

the dust sublimation radius were computed by Muzerolle.et 8 pased on the results obtained with spectro-interfetry
(2004) for HAe stars assuming LTE opacities. For typical HAgoynq the By emission line [(Kraus et Al 2008a; Eisner et al.

accretion rates~( 10~ Moyr™), the inner, dust-free, disk 9852009), since this line seems to be formed in most cases, kn dis

surface density is higher than 3g/cn?, the gas temperature marerial closer to the star than the silicate dust sublinata-
ranges from a few thousand to a few hundred K, and the gagj|§s put outside the corotation radius.

fully molecular. The NIR emission is fliciently strong to, in

principle, account for the observations. However, as ha be

pointed out by several authors, the models also predict mang.2. An inner dusty disk ?

strong molecular bands (mostly water and CO overtone transi

tions) that are absent in the HD 163296 spectrum (see[Fig.I8side the silicate sublimation radius, not only gas but at®re
left) (Naiita et all 2000, 2007). This problem is also dis®adsin  refractory grains can exist and contribute to the observi®l N
Naijita et al. (2009), in connection with the non-detecti6i€® emission. In this section, we explore the possibility th&tyeer
overtone and water emission in the Herbig Ae star, MWC486f refractory grains, extending between an inner and anroute
that also exhibits a hot compact NIR excess previously dedius (inside the rim), accounts for the interferometnid pho-
tected with interferometry and interpreted as resultiognfwa- tometric observations of HD 163296. We assume that the layer
ter (Eisner 2007). is optically thin in the vertical direction with surface dsty pro-

The assumption that the gas is in LTE, however, is certainfije X4,s:and that its vertical optical depth is proportional tw,1
inappropriate at least in the upper disk layers, where thle stwherer is the distance from the star (D’Alessio etlal. 1999). We
lar radiation can penetrate, ionize, and dissociate matédr compute grain temperatures and emissivity in the Hand K&and
above the LTE predictions. However, these thin gas layers and vary the inner and outer radii j{Rand Ry, respectively)
unlikely to contribute significantly to the broadband olveer as well as the optical depth of the layer. We then computed the
fluxes. We computed the emission from thin layers of gas, usmission, visibilities, and closure phases for modelsiticdtide
ing the code Cloudy (Ferland et al. 1998). We assumed that thés inner layer, the star, and the rim. We consider sepgrate
region inside the rim can be described as a geometrically thhree grain species known to be refractory: iron, graplaite
disk, heated from the outside by the star. The disk extermuats fr corundum (aluminium oxides). The iron and corundum grain
0.1 to 0.45 AU and has a constant surface density. In these coross-sections are computed for spherical grains from fhe o
ditions, as long as the disk is optically thin to the steliadia- tical constants tabulated in_Pollack et al. (1994), Koikalet
tion, the gas is mostly atomic and the ionization fractiolois  (1995), and Begemann et gl. (1997). We use the graphite cross
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Fig.8. SED of HD 163296/ (Sitko et al. 2008; Tannirkulam etlal. 200&hvthe predictions of gaseous disk models. The flux
emitted by the rim located at 0.45 AU (cyan dashed line) as agethe additional inner disk emission (black dotted lime)added

in both panels to allow direct comparisons. Left: the prédits for optically thick and dense layers of gas in LTE (Muotke et al.
2004) are overplotted (red full line). In this case, the gamostly in a molecular state. Right: the continuum emisa®predicted
by thin disks of gas in non-LTE, heated from the top by thdatehdiation, are shown. The gas extends from 0.1 to 0.45AdJ a
has constant surface densities of 0.1, 1, angcg(red line with squares, blue line with triangles and greaa lvith diamonds,
respectively). In these conditions, the gas is mostly atoiitie predictions of a fully ionized layer of gas at 8000 Khwatconstant
surface density of 0.06/gT? are also reported (magenta curve with diamonds). As lonpeslisk remains optically thin, the
emission is proportional to the surface density, and thisesaas chosen only to display its wavelength dependence.

sections tabulated by B. Draffidbased on the optical constantsorundum, respectively. Tablé 4 indicates the grains ptizse
oflLaor & Draine (1993). For relatively small grains, the ield used in these models. The total mass with#50AU, which is
temperature profile follows r=%4 (Fig.[g, left). For comparison, always very low €& 10°® Mg), is also reported. Although we
we also show the temperature profile of very large grainsdwhihave not tried to constrain the grain parameters in anyldetai
behave as blackbodies), which have flat opacity from the UV tmte that very large refractory grains do not provide an Byua
the IR (T o r=09), good fit to the SED, as the ratio of tit¢ to the K emission is
These models are very simple, but probably not unrealitie. always too high.

strongest approximation concerns the dust temperaturehwhThese models successfully reproduce the interferomedté; ¢h
we compute by assuming that each grain is heated by the stetims of both visibilities and CP. Since all three modelgipice
lar radiation, and attenuated by an average optical dagth« similar results, we present the case for iron grains. Fifire
0.25. In fact, the attenuation is not constant, since the aptishows the broad-band visibilities compared with the predic
path toward any individual grain varies not only withbut also tions of such a model. Figufe112 presents the broadband clo-
with the incident angle of the stellar radiation. Once thm-te sure phases plotted versus hour angle and the model pogdicti
perature of the grains is known, then the emission is condputealculated for each telescope configuration. We overpéoptie-

at all NIR wavelengths using a ray-tracing algorithm. As-diglictions of the rim-alone models (red, dashed line) to show h
cussed in the following, a rim caused by silicate condeasatiadding the optically thin dusty, inner disk emission smestbut
can form in the low density region that we propose and its profhe asymmetry induced by the rim by the correct amount. Table
erties may also féected by refractory grains in the inner disksummarizes the structural parameters of this model, agéufe
which absorb a small fraction of the stellar radiation. Hegre from SED and interferometric data fitting, and Figl 11 shdves t
a self-consistent calculation of the rim properties is beythe correspondindd andK band images.

purpose of this paper. In this section, we model the rim oy ; ; ; ;
Sl & Naith (2005 an sl 0. (Z000),assuming orer . 11 525 C1SY o e inner sk cen be derwed fom e
Siz€ s_lllcates, an evaporation temperature-d250 K, and_ aN minium in the solid species are known. Assuming, for example
effective stellar luminosity of 75% L to account for the shield- that 50% of the iron is in grains, the gas surface density at
ing by the inner disk. The rim radius is about 0.45 AU and it§ 15 AU will be 0.2 ger? (0.02 gc’rnz if 30% of carbon is in
effective temperature '$ about 1000 K. ) ) raphite, or 1.3 gn? if all aluminium is in corundum). The
We obtain a good fit to the SED, as shown in [ig. 9 (righthas density can be higher if a lower fraction of the metals is
for Ry = 0.10 AU andRo,¢ = 0.45 AU, and an optical depth in condensed. However, it seems likely, from the considematid
the H band atR, of 0.31, 0.2, and 0.25 for iron, graphite, andsect, 4.5.1, that the gas density cannot be too high. A gensit
only a few times higher than the above lower limits is infdrre
2 httpy/www.astro.princeton.eduaraingdusfdust.diel.html by the properties of the rim in HD 163296. In particular, both
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Fig.9. Left: radial temperature profiles for graphite (green linthwriangles), corundum (red line with crosses), or iroluédine
with squares). The prediction from a black bod.( large grains) is overplotted to allow comparisons. Thdicardotted line
indicates 0.10 AU. Right: SED of HD 163296 together with thedictions of three models that include an inner disk macdiust
in addition to the star and the rim. The additional disk comgatt has structural characteristics that are reported e & and
is made of a single refractory species - either graphiteyrwuim, or iron. The dotted lines represent the correspgrehmssion,
while the full lines show the total flux.
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Fig.10. Left: Visibilities produced by our model that assumes thanigrains are responsible for the additional dusty innsk di
emission, inK band (left) andH band (right) compared to the observations. The AMBEAR| observations (blue full squares)
as well as the Keck-I (triangles) and the CHARA (circles) adeled. The IOTAH band data (upside down triangles) are plotted
together with the AMBER visibilities.

the large rim radius and its lowffective temperature can beof ~ 1um size, we analyzed the rim properties in disks of
reproduced in a low density disk by silicates of micron sizéncreasing (but still low) surface density. Fbr= 5(r/0.1AU)™*

as inferred in several HAe stars (Isella et al. 2006), andato rg/cn?, the vertical optical depth to the stellar radiation 4s.0
require very small grains. Assuming that the rim is produmed for a gas surface density of 1/ag? at Rim, large enough
the evaporation of silicates and that all the silicon is iwine to allow the formation of an optically thick rim that can be
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Fig. 11. Model images of the circumstellar matter surrounding HD298 in the case where the inner disk is consists of refractor
iron grains and a rim (outer ring). The colors represent tineifi W.gm?.

Table 4. Refractory dust model parameters. For each speciexamined reach temperatures of 2100-2300 K-a0.10 AU

the optical depths ik andK bands at 0.10 AU (R) are reported (Fig. [3, left). While similar values are possible for graghi
as well as the minimum and maximum grain sizes considered|kKrugel 2003), they are too high for both iron and corundum in
the calculations. The resulting surface denSifys; and the total the pressure of our inner disk (Pollack et'al. 1994; Posch et a

mass of dust grains are also given. 2003; Kama et al. 2009). However, there is room for discumssio
(Najita et al! 2009), as the balance between gas and dusgin th
Species | Tkr, THR, &min  8max T dust M aust conditions of the inner disk should be reconsidered in tetai
[um]  [um] [gcm? [Me] (Duschl et all. 1999). We emphasize that only a small amount of
Iron 025 031 02 2 2310 95107 refractory grains need to survive these high temperatiles,

Graphite | 0.14 020 0.05 05 2110 8.7108 probably a minor fraction of the original population. Theigs
Corundum| 0.16 0.25 0.7 5 3.210 1.310°% thatwe have considered are likely candidates, but if othere
refractory species can form, they would certainly fit theesba-
Hons equally well.

Table 5. Parameters of our model with iron grains distribute
between R and Ry, the location of the disk rim. For both
bands, the ratio of the stellar, rim, and inner disk contidns .
(F., Fim, and F respectively) to the total flux in theedel (F) °: Summary and conclusions

are reported. This paper had discussed the largest set of NIR interfemienet
data collected so far for a young star. HD 163296 has a well

Wavelength| Rin ~ Rn T F/Fo Fin/Fo F/Fot studied disk at large spatial scale, which motivated owrjre-
[AV] [AV] Kl [%] [%]  [%] tation of the NIR interferometry using a stainner disk model.
Kband | 045 010 2100 14 36 50 Both interferometric and photometric data can be accouisied
H band " " " 30 16 o4 by an inclined disk with a low density inner region. The NIR

continuum emission is then not dominated by the thermal-emis
sion from the dusty disk rim located at the sublimation radifi
modelled following Isella & Nattal (2005). The low gas dewsit astronomical silicates, but by the additional opticallintbom-
and the correspondingly low evaporation temperature, movygonent located inside. This component emits about 32% of the
the rim radius further from the star. Assuming a reasonal@kes stellar luminosity, but 54% (50%) of the observed radiafion
height of 102 — 102 AU, the gas density is 10 g/cm?, and H (K) band. Because of the silicate condensation and the strong
the silicate evaporation temperature of the order of 1150H€ increase in opacity, the disk rim forms in this low-denségion
corresponding rim radius is0.4-0.5 AU, and its fective tem- at ~ 0.45 AU from the star and emits about 16% (36%) of the
perature is about 1000-1100 K, as required to fit the HD 163286(K) band flux. The combination of the unresolved stellar ra-
SED and interferometric data. diation, the smooth and point-symmetric emission of thesinn
disk region, and the skewed disk rim emission can succédgsful
The only dificulty in assuming that the inner disk emis€xplain the visibilities and non-zero closure phases nredsia
sion originates in grains within the silicate sublimati@uius, both bands.
is the need for them to survive at temperatures much higher The nature of the emission in the inner disk remains a mat-
than is generally assumed. The three types of grains that teeof discussion. We argue against gas being mainly refilens
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Fig.12. Closure phases versus hour angle. In each panel, the poediof the disk rim model (dashed red lines) and our mod¢l tha
includes iron grains (full black line) are overplotted. Tdwresponding telescope configuration and wavelength Aenihdicated
in the upper, left corners. Th€ band andH band measurements are plotted with circles and triangdepectively.

for this continuum emission. A dense, cold disk, as expefcted We suggest instead that a small fraction of refractory grain
viscous accretion models (Muzerolle et al. 2004), would- praurvive very close to the star. We propose models for the opti
duce strong molecular lines that are not seen in high-résalu cally thin emission of the innermost region, using varioinslk
spectra. Non-LTE tenuous gas layers, in an atomic statelyf omof refractory grains, distributed from 0.10 AU to 0.45 AU.&h
heating by the star is assumed, or fully ionized by additiondust surface density provides only a lower limit to the gas su
sources of energy, cannot account for the observed prepati face density, as we do know neither the exact nature of thagyra
the NIR continuum. However, we emphasize that self-comsist nor their abundance. However, we find that a low density regio
models of dust-free gaseous disks are not currently avajlabt is consistent with the location and properties of the rinc@s

are needed to exploit the full potential of the interferomneatb- densation of silicates will occur, and with the lack of malec
servations. lar features in the spectrum of HD 163296. We expect the gas
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in the inner disk indeed to be mostly atomic, in non-LTE, anghd S. Renard for fruitful discussions. We acknowledge thengmous referee
although its continuum emission will be weak, hydrogendingor his comments that improved the clarity of the paper.
can be strong. The models used in Sect. 4.5.2 to argue for the

presence of refractory grains, make a number of crude assump

tions, and improved models that self-consistently compluge

grain temperature and emission in the thin disk as well as the

properties of the rim are being developed. Our study indiat

that the inner region of HD 163296 is quite empty, with a very

low surface density that is inconsistent with a dense aiceret

disk. For comparison, a surface density of/¢ng at ~0.10 AU

corresponds, in a standard accretion disk@.01), to an accre-

tion rate of~ 1071 Myyr~t, much lower than typical values

for Herbig Ae stars| (Garcia Lopez et al. 2006). With our data,

we do not constrain the outer radius of this low density regio

which can be larger than 0.5 AU. However, we know that at large

radii the HD 163296 disk is massive and dense, as shown by the

millimeter interferometric observations|of Isella et &007). It

seems likely that HD 163296 has a dense disk with an inner cav-

ity, and that we observe it just before it reaches the trimsit

disk phase, as suggested by Sitko et al. (2008).

It is fair to emphasize that we make no claim that our
interpretation is unique. As stated at the beginning of .S&ct
we assumed that the NIR emission of HD 163296, at spatial
scales of less than 0.5 AU, is dominated by the emission of a
circumstellar disk. Moreover, we interpreted the non-zealaes
of the CP as evidence of the asymmetric emission of a disk
rim. While the properties that we derived for the smooth mne
emission are probably robust, the existence of the rim is les
so. In particular, the lack of visibility bounces at largesélines
argues against the presence of a rim. In this case, the @uoserv
closure phases may possibly be caused by any asymmetric
brightness distribution, such as a symmetric flared disk wit
stellar contribution that is f6-centered by a few percent of the
inner disk radius with respect to the disk (Malbet ef al. 2001
by a hot spot on the disk, or by a density discontinuity. Only a
larger (u,v) coverage, providing access to more details of the
morphology could solve this ambiguity.

Our interpretation of the smooth, inner emission as origina
ing in refractory grains requires their survival at verythigm-
peratures+{ 2100- 2300 K), much higher than expected, even
for the most refractory grains, at the pressure of the lonsidg
inner disk ((Pollack et al. 1994; Kama et al. 2009). However,
clearing the innermost regions and optically thin emis$iom
left-over refractory grains could be a common phenomenon in
Herbig Ae stars. Their presence within the first few tentharof
AU is a promising interpretation of the observed depletions-
fractory dust species - such as iron - in jets of young statsdte
launched from this region (Nisini etlal. 2005; Podio et al0&0
Similar interferometric studies, with a large number of smeaa-
ments in various wavelength bands simultaneously, shoeld b
performed for a large sample of stars. A higher level of com-
plexity in models is also needed to account for both the dudt a
the gas emission in a self-consistent way. Finally, the atloé
the next-generation of imaging instruments will hopefylhp-
vide unambiguous constraints on these complex envirorsnent
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