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ABSTRACT

Aims. We aim to explore the photosphere of the very cool late-type\8X Sgr and in particular the existence and characteéazat

of molecular layers above the continuum forming photospher

Methods. We obtained interferometric observations with the VIAMBER interferometer using the fringe tracker FINITO in the
spectral domain 1.45-2.58n with a spectral resolution ef 35 and baselines ranging from 15 to 88 meters. We perfornparmtient
image reconstruction for fierent wavelength bins and fit the interferometric data wigle@metrical toy model. We also compare the
data to 1D dynamical models of Miras atmosphere and to 3Dduyaramical simulations of red supergiant (RSG) and asyticpto
giant branch (AGB) stars.

Results. Reconstructed images and visibilities show a strong wagthedependence. The H-band images display two bright spots
whose positions are confirmed by the geometrical toy modw.iithomogeneities are qualitatively predicted by 3D satiohs. At

~ 2.00 um and in the region.35 - 2.50 um, the photosphere appears extended and the radius is thagein the H band. In this
spectral region, the geometrical toy model locates a thiighbspot outside the photosphere that can be a featureeahtiecular
layers. The wavelength dependence of the visibility canuaditatively explained by 1D dynamical models of Mira atiplsres. The
best-fitting photospheric models show a good match with biseved visibilities and give a photospheric diameted ef 8.82+0.50
mas. The HO molecule seems to be the dominant absorber in the moldeaylkexs.

Conclusions. We show that the atmosphere of VX Sgr rather resembles/MBB star model atmospheres than RSG model atmso-
pheres. In particular, we see molecular (water) layersatetypical for Mira stars.

Key words. stars: AGB, Post-AGB, supergiant — stars: atmospheregs: stdividual: VX Sgr — techniques: interferometric

1. Introduction (AAVSO). [Lockwood & Wing (198R) found that VX Sgr ex-
hibits stronger CN and VO bands with respect to Mira varigble

VX Sagittarii (HD 165674) is a cool semi-regular variablevith similar temperature. Enhanced CN absorption is an-indi
with a long mean period of 732 days (Kholopov et al.. 1987¢ator of high luminosity in RSGs of earlier type and, togethe
Lockwood & Wing (198P) reported a spectral type varying fronwith VO, also of S stard, Speck ef al. (2D00) categorized VX
M5.5 (near the time of visual maximum) to M9.8 (at mini-Sgr as an oxygen-rich star and found a strong silicate featur
mum light)..Lockwood & Wing [(1982) determined that the ef10 um, that indicates a dusty circumstellar environment. Using
fective temperature of VX Sgr is ranging between 3300 arberture-masking and JRptical-telescope array interferometry
2400 K (maximum to minimum light). Garcia-Hernandez et at 2.16m,[Monnier et al.[(2004) revealed that VX Sgr exhibits
(2007) findTe=2900 K at the time of their high-resolution speca dusty environment with a flux contribution of about 20% ia th
troscopic observation, when the star was near minimum ligktband and some evidence of departure from circular symmetry
even if they could not place strong limits on possible asymme
tries because of calibration uncertainties. The dustyrenment
Send offprint requests to: A. Chiavassa is confirmed by HST images (Schuster €tlal., 2006). VX Sgr's

* Based on the observations made with VLTI-ESO Paranal, Ghile
der the programme IDs 081.D-0005(A, B, C, D, E, F, G, H) 1 www.aavso.org
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circumstellar environment is the result of the heavy mass loof this paper is to study the continuum forming photosphiéies,
experienced by the star.@l- 10°°Myyr~t, CO measurements; existence, and the characterization of molecular layergXof
IKnapp et al.| 1989). The mass-loss process appears to be Sarprobing diferent wavelengths in the H and K bands.
ticularly asymmetric for the inner regions (Chapman & Cahen
[1986). Using AAVSO datd, Kamohara et al. (2005) show that
the optical light curve has a much smaller amplitude of abogt Observations and data reduction
2 mag in the years 1998-2003, much less than the usual 6-7
mag. An examination of AAVSO data shows that the decrea¥é¢ée obtained near-infrared interferometry data of VX Sgr
to this smaller amplitude has happened several times iraie With _the Very Large Telescope Interferometer (VLTI,
70 years, and that the star is probably currently in thaestat Haguenauer et al., 2008) using the near-infrared beam cembi
The classification of VX Sgr as a red supergiant or an AGB AMBER (Petrov et al.) 2007) that simultaneously covers the
thus not firmly established. A further constraint can be ghau J. H, and K bands with a spectral resolution f 35. VX
by an estimate of its luminosity, in order to better ascartaP9r has been observed in less than 1.5 months using the AT
its position in the HR diagraMmphwh EL_(.J.I972) mhcé:(_)nflguratlons: AO'DO'HO, DO-HO'Gl and EO-GO0-HO. The
VX Sgr in the vicinity of the Sgr OB1 cluster at 1.7 kpc:finge tracker FINITO [(Le Bouquin etal., 2008) has been
Murakawa et al.[(2003) found 1:8.5 kpc measuring the GHz used for all the observations. In addition to the sciencgetar
H,O maser expansio al. (2007) reported adistancém‘ﬁe cahbratqr stars have been observed close in time and
1.57+0.27 kpc using 43 GHz SiO maser proper motions; finalljnterleaved with VX' Sgr: HD169916 (KOIV), HD146545
the trigonometric parallax of Hipparcos (van Leeuwen, 00¥K5!1l) and HD166295 (K2lIIfIV). The calibrator diameters
gives a distance of 0.2620.655-0.109) kpc, probably unreli- Were retrieved from_Richichi et al. (2005), Borde et al. G2p
able due to the size and asymmetry of the stellar photospherénd [Richichi & Percheron| (2002). The diameter errors are
Using AAVSO data, we find VX Sgr was at maximum |u-of t_he order of_l%. Details are reporﬁgd in Table 1 with the
minosity during our observations, and we assurifezeof 3200 Projected baseline lengths (B the position angles (R, the
to 3400K. With the 2MASS K magnitudé (Cutri ef 03)§pectral |nt§rval, the calibrators used, the optical geeind the
assuming a distance=d.7 kpc, and using data for Galactic re¢oherence time. _
supergiants from_Levesque ef al. (2005), we derive a luminos Raw V|$|b|I|t|es and C_Iosure phases were comuted_wnh the
ity logL/Lo = 5.25+ 0.25 (Mpo = —8.4 + 0.6). The error latest version of theamdlib package (release 2_ al.,
bar accounts for uncertainties in the photometry, and irathe 2007) and theyorick interface provided by the Jean-Marie
sumedTe at the time of our observation, impacting the boloMariotti Center. Individual frames were averaged afteesel
metric correction at K. Circumstellar emission in IR may ining the 20% best frames based on the fringe SNR only and with
crease further the luminosity by a few tenths of magnitudd,Piston smaller thar20 um. We decided to discard J band
Putting the star at 1.3 kpc would decrease the estimated luffinges because the data quality was significantly worse tbi
nosity to logL/L, = 5.00 + 0.25. The radius is then aboutlonger wavelengths.
1200 R,, and A=2 to 4. This is a too high luminosity for  In addition we used the addons by Millour et al. (2008, re-
an AGB star (e.g!, Vassiliadis & Wood, 1993). Even compardease 1.53) to calibrate the datasets. The transfer funotiea-
to so-called super-AGB stars, where the most recent modstgement for one night is shown in Fig. 1. Both science and cal
show a maximum of loty/L, ~ 4.8 with typical masses rang- ibrator targets have the same detector integration time@§ 0
ing between~ 7 — 11 M, (Siess/2006) and ldg/L, ~ 5 ms, and after the calibration, VX Sgr data have been averaged
(Poelarends et al., 2008), VX Sgr’s luminosity is extrenteggh.  The error bars on the calibrated visibilities include tratistical
IGarcia-Hernandez etldl. (2009) found AGB stars with sinlil-  error of averaging the single frames, the errors of the cadib
minosities and masses &6-7 M, showing Rb enhancementtion stars’ angular diameters, and the scatter of the teafisfic-
in the Magellanic Clouds, and they argue that these AGB stdign measurements. This scatter (top panel of Fij. 1) is much
may be more luminous due to a contribution from Hot Bottortarger than the internal errors, computed by the reductidn s
Burning. However, Garcia-Hernandez et al. (2007), usipg- ware. This basically means that the visibilities errors{ieen
thetic spectra based on classical hydrostatic model atnepsp 0.05 and 0.1) we use in this paper reflect calibration issties a
for cool stars with extensive line lists, found VX Sgr to be thfecting simultaneously a whole range of wavelengths, wihiée
only not Li-rich, long-period, high OH expansion velocittas Wavelength-to-wavelength error is much smaller (typical01
of their Galactic AGB sample. On the other hand VX Sgr’s lowo 0.05): while the visibility errors seem large in a singéabet,
effective temperature, and large V variability are quite untyghe wavelength-variation errors of the same dataset art.sma
ical for an RSG, although_Levesque et al. (2007) found high- The absolute wavelength correction has been done using
variability, low-Teg RSGs in the Magellanic Cloudgmt althe telluric Kitt Peak spectra which we convolved to matah th
(1997) studied the pulsations properties in red supergi@om spectral resolution of the AMBER data. In VX Sgr data, the
10 to 20M,, with high luminosity to mass ratio and show thaband gaps (i.e., between J and H and H and K) are visible and
very large pulsation periods, amplitudes and mass-loss maly we made a linear two-component adjustment of the wavelength
be expected to occur at and beyond central helium ex-haustizale which gave a systematitiset of -0.21um with respect to
over the time-scale of the last few“@ears. This could lead to the initial AMBER table and a 7% wavelength stretch.
an overall dimming of the star after a period of strongerlesci  Fig.[2 shows the final UV-plane coverage of all observa-
lations subsequent to enhanced mass-loss and ejectionust a tlons that successfully passed all steps of the data rexfuatid
shell that screens the stellar radiation. calibration quality control. The north-west south-easediion
It appears that the evolutionary status of VX Sgr is stillwetl is not completely covered because of the actual AT geometry,
established, and more investigations are needed. In platits  while the east-west direction is particularly favored. Tdtar
chemical composition should be scrutinized. exhibits large wavelength-dependent visibilities and &atear
We discuss here interferometric observations of VX Sgron-zero, non-180closure phase (bottom panel of Flg. 1), evi-
made with the VLTJAMBER instrument in the near IR. The aimdencing asymmetries in the intensity distribution.
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Table 1.Observations log for the AMBER observations of VX Sgr. Allsalovations were carried out using FINITO and an integra-
tion time of 50 ms.

Date PA, Spectral Calibrators  Seeing Coherence
[m] [] range pm] [ time [ms]
2008-05-24 HO-DO (58.7@Ap0-A0(29.37)A0-HO (88.14) -99.899.§-99.8 1.8731-2.4766 HD169916 0.65 4.5
2008-05-26  G1-DO0 (71.58)0-H0(63.94)H0-G1 (71.48) -46.00.597.0 1.4492-2.3398 HD166295 0.97 6.0
2008-06-06  HO-GO (30.1030-E0(15.06)E0-HO (45.17) -119,0119.0-119.0  1.4492-2.4458 HD169916, 0.79 45
HD146545
2008-06-07 HO-GO (28.6430-E0(14.33)E0-HO (42.97) -98.898.9-98.8 1.4655-2.5000 HD169916 1.16 2.0
2008-06-08  HO-GO (31.98%0-E0(16.0QE0-HO (47.99) -108,0108.0-108.0 1.4454-2.3708 HD169916, 0.60 2.5
HD146545
2008-07-03  HO-GO (29.6830-E0(14.82)E0-HO (44.46) -100,0100.0-100.0 1.4578-2.2786 HD169916, 1.29 2.0
HD146545
2008-07-04 G1-DO (63.18)0-HO(35.39)H0-G1 (68.78) -4./85.468.8 1.4454-2.4062 HD169916  0.41 75
2008-07-05 G1-DO0 (71.5A)0-H0(63.92)H0-G1 (71.46) -46./63.96.9 1.4511-2.4832 HD169916 0.65 6.5
2008-07-06 G1-DO (65.28)0-H0(55.29)H0-G1 (71.48)  -55/52.6-7.78 1.4540-2.5211 HD169916  0.60 35
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Fig. 1. Transfer function for the night 2008-07-0Bp panel:
squared visibilities averaged over the region 2.1JzhZor both

struction, we use the MIRA software package (Thi€ébaut8200
[Cotton et al., 2008} Le Besnerais et al., 2008). The image is

sought by minimizing a so-callembst function which is the sum

the calibration stars (grey with error bars) and the sciestae of a regularization term plus data-related terms. The datag
(green with error bars). The computed transfer functionpis aenforce agreement of the model image with the measured data
proximated by a linear fit (solid black line), and dasheddingvisibilities). The regularization term is g2 minimization be-
display the scatteBottom panel: closure phase averaged ovetween the reconstructed image andegpected image. The ex-

the same spectral region for both the science target (redl) arected image is issued from a preliminary image reconstnuct

calibrators (black).

3. Image reconstruction

strongly constrained by the assumption of circularity.fesyec-
tral bin has been processed independently (Big. 3, lefinsoju
The reconstructed images clearly highlighffeiient behaviors
across the wavelength range: in the H band 45 - 1.80 um),
the intensity distribution is inhomogeneous and a bifuocedf

The first step in our analysis is a chromatic image reconstrihe image core into a few bright “spots” is visible; at2.00
tion of our data to probe fierent layers in the photosphere angim and at the upper K band edge 2.35- 2.50 um) the radius

above.

appears extended and much larger than in the H band. Astifact

The image reconstruction process is similar to the one penay be introduced by the poor UV-plane coverage in one direc-

formed for T Lep in_Le Bouquin et all (2009). For the recontion (north-west south-east, see Eig 2). However, the tietec
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Fig. 3. Left column: reconstructed images of VX Sgr for several AMé(E[FI&nsapSéctratkaicross the H and K bands. The intendity,
is normalized to the range [0, 1] and plottedl&&®. Some contour lines are indicated (0.251, 0.275, 0.314,2).3.588, 0.889,
0.929, 0.976,0.983,0.990,0.997). The resolution of thkerfarometer is illustrated in the bottom left part of eatlage by the PSF
of a 88x70 m telescopeRight column: images representing our best-fitting geometrical modethfe same spectral channels. The
intensity,|, is normalized to the range [0, 1] and plotted &%,
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of inhomogenetities is out of doubt because there are clgaasi

. 4“\““““‘\“‘
tures in the closure phases (Hig. 1). VX Ser MIS —
2 1oL VLTVAMBER (E0-GO-HO) ]
4. Geometrical toy models g
The reconstructed images are not good enough to firmly est E 10 -
lish the presence of inhomogeneities on VX Sgr's photosphe = i
because the fierent sources of errors can smooth out the info [ L
mation. Thus, in order to confirm their presence and to caimstr 5 87
their flux relative to the total flux, we used a model-fitting ap "% -
proach. We approximated the star with a uniform disk and i 2 6
extended shells by a Gaussian disk, and we added a serie © r -
point sources to model the spots. We performed a fit usingall t 4 | H,0 H,0 HO |

observed wavelengths together, but used five regularlyespa 14 16 ‘1‘8‘ ‘ ‘2‘0‘ ‘ ‘22‘ o4

reference wavelengths tdfectively compute the model (1.54, : : . ) : :

1.78,2.03, 2.28, and 2.5in). To match the data with the model, Wavelength (um)

we interpolated the parameters for other wavelengths uging

bic spline interpolation. The global optimum of the fit wasifol  Fig. 4. VX Sgr Gaussian FWHM values as a function of the

using a set of simulated annealing algorithms complemdntedwavelength compared to the model M18 predictions. The ahshe

standard gradient descent algorithms (see Millour et 8092 line indicates the smallest values. The position of th®Hands

for a first application of this approach). A model with threets are also indicated (after Langon & Woaod, 2000).

(i.e., performing a fit with a uniform disk, a Gaussian diskda

three spots) significantly enhance the fit (~ 25), especially

for the visibilities and closure phases up to spatial freqyeof ) ) )

~ 240 cyclegarcsec. Spatial frequencies above this value con@YeS more robust results than a uniform disk model. Figure 4

spond to a single measurement at the largest baseline |drigth lustrates the change of apparent size with wavelengths Th

details about the fits are reported in TdHle 2. is consistent with what is visible in the reconstructed igmg
Our toy model is probably not perfectly describing the objeéFi9-[3): the radius gets larger between 1.8 andun reach-

at the highest angular resolution available, but givesarraisle N9 local maximum at 2.0m, then gets smaller again to a mini-

fit to intermediate angular resolutions. We also note thataiv Mumaround 2.15to 2.2&m, eventually it becomes much larger

the bright spots are located at the position of the stellgic,dind toward 2.5um. However, Figl} gives only a rough idea of the

one has to beutside the stellar disk in order to fit the observed®Pparent diameter of VX Sgr because the intensity profil@ts n

closure phases. We estimate that the upper value of the’ spgt§aussian disk.

flux is < 10% of the total flux and that the flux of the spot lo- ~ To reproduce the wavelength dependence, we used the one-

cated outside the photosphere has very likely a flux equalro z dimensional dynamic models of Ireland et l. (2004a,b) for

in the H band. FigI3 (right column) displays the appeararice _@<ygen-r|ch Mira stars that include th&ect of m_olecular Iay_ers

the toy model at some selected wavelengths. As a final remafkthe outer atmosphere. These are self-excited dynamic mod

these images resemble the reconstructed images in theleft €/s Whose grey atmospheric temperature stratification was r

umn of the figure. We also note that the bright spot located ogomputed on the basis of non-grey extinction fiiceents that

side the photosphere is particularly visible in the lowghtipart contain all relevant molecular absorbers (e.gOHCO, TiO;

of each panel of the reconstructed images at lower wavedengglar abundances) but do not contain dust. The stellar garam

and somehow less evident at longer wavelength even if it-is d&rs were assumed to be close to those of the M-type Mira proto

pected by the geometrical model. types o Cet and R Leo. This model series has been successfully
What we can conclude from this model-fitting approach ised by Wittkowski et al! (2007, 2008) to explain AMBER ob-
the following: servation of the Mira star S Ori. Due to the poorly understand

ing of the VX Sgr stellar parameters, there is no fully cotesis

— a model with three spots can explain the visibilities anghodel of this star, and the models we used can show only tiypica
closure phases for spatial frequencie®40 cyclegarcsec. characteristics of such a star. Fig[ite 5 shows the compefoso
Higher spatial frequencies are probed in our dataset by orlyort (left and central panels) and long (right panel) prisié

one observation and indicate a more complicated objegiselines. The wavelength dependence of the visibilityridar
shape at smaller scales; for all the nights.

— The best-fitting model locates two of the spotsinside the sup  For the fit, we followed the fitting procedure used by

posed photosphere of the star, but the third spot, mandatQiftkowski et al. (2008) and used only the short baseline dat
to explain the closure phase deviations, is located outsile gptained with EO-G0-HO, because we do not expect to match
photosphere and it is brighter at longer wavelenths; details of the intensity profile probed at high spatial freqcies

— The spots have individual fluxes which, at all wavelengthgjith the M series that has not been designed to match a star
do not exceed 10% of the total flux of the star, for all waveike X Sgr . The dynamic models predict large changes in the

lengths. monochromatic radius caused by the molecular layers alheve t
continuum-forming region in the stellar photosphere. Tapd
5. Model fitting passes around 1.9 and 2 are significantly fiected by HO

molecules with some contribution of CO in the H band and in
The visibility data of VX Sgr show significant wavelengththe long-wavelength part K band. The molecular-bafidats
dependentfeatures. We fitted the visibility curves and ibsuce  change significantly with phase as showrl_in Wittkowski ét al.
phases using a Gaussian disk for each spectral channeh wi{2008). The model M18 (see Talflk 3) provides the best fit to the
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Table 2.Parameters of the best geometrical toy mogék 25).

A Gaussian disk Uniform disk Point source Point source P outce

size flux size flux X y flux X y flux X y flux
[em] [mas] [%] [mas] [%] [mas] [mas] [%0] [mas] [mas] [%] | [mas] [mas] [%0]
1.54 <20 26.7| 83+25 67.0|06+08 28+05 <10| -07+07 -05+05 <10| 10+4 -85+35 0
1.78 <20 32.1| 81+15 59.3 - - <10 - - <10 - - 0
2.03 <20 47.3| 80+06 438 - - <10 - - <10 - - <5
2.28 <30 46.1| 7.7+04 475 - - <10 - - <10 - - <10
252 | 287+26 669 124+19 229 - - <10 - - <10 - - <10

O 5 - T T T T .' T

T E ° °
° E E0-GO, 28.64m R .« aa 2 0.20 ]
2 E 2
= 04F = =
A 3
5 5 0.15 -
> 0.3F E >
= E pe)
3 E S 0.10 b
@ 0.2F E %
S 3 >
3 ! 3
5 0.1 E 5 0.05 ]
5 F 5
3 3 : Y

3 0.00 aassl .
1.4 1.6 1.8 2.0 2.2 2.4 2.6 1.4 1.6 1.8 2.0 2.2 2.4 2.6
Wavelength (um) Wavelength (um)

0014 F HO-GI, 71.46m E

0.012

0.010F

0.008F

0.006

0.004 |

0.002 |

Squared visibility amplitude

1.4 1.6 1.8 2.0 2.2 2.4
Wavelength (um)

Fig.5. Measured VX Sgr visibility data (red crosses with error ha@mpared to the visibilities derived from: (i) the 1D Mira
atmosphere model M18 (model with a phdse 0.75), black solid line; (ii) the best-matching synthetic geaof the 3D simulation
of a RSG star (top central and right panel in [Eib. 6), lightehitiangles; (iii) best match synthetic images of the 3D s$ation of
an AGB star (bottom row in Fid.l6); blue dotseft andcentral panels belong to the night 2008-06-07, andright panel is for the
night 2008-07-03.

VX Sgr data among the 20 available phase and cycle combi@1g.m = 8.7 + 0.4 mas. However, our models do not include
tions of the M series. dust whild_Monnier et al. found a dusty environment aroured th

The M model qualitatively explains the overall wavelengttar with a flux contribution of about 20% in the K band.
dependence of the apparent stellar radius (Big. 5, solickbla e 5150 fitted Gaussian FWHM values to the synthetic visi-
line). However, while the fit is very good at short baselirtee, p;ity yalues based on the M18 model intensity profiles fartea

comparison is less good at long baselines. Two reasons eands | channel, using the same procedure that was used to fi

plain this discrepancy: (i) the ste_llar parameters of the Mjm_s the measured data. The comparison between the fit to the M18
are not well suited for VX Sqr, (ii) there are some surfaceoinh

. ; . odel intensity profiles and the fit to the measured data iwsho
mogeneities detected in the data, that are not in the M mo‘%'Fig.lZ.

The angular photospheric diameter corresponding to the-re

ence radius at 1.0dm is O3 = 8.82+ 0.43 mas for short base- The available Mira models show good agreement with VX
lines where the fit is better. The error on the diameter inedudSgr’s data. However, this comparison can just give a bastqu
systematic calibration and model uncertainties. Thisltésin itative picture of VX Sgr’s surface and more detailed intetp-
agreement to what has been found/ by Monnier etial. (2004ifins of these data must be addressed to next generatiorisnode
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Table 3.Parameters of the simulations. All the models have solar
metallicity.

Model Stellar M L R Terr logg
name type  Mo] [Lo] [Ro] [K] [cgs]
m18? Mira 1.2 4840 210 3310 -

st28gm06n06  AGB 1 6935 429 2542 -0.83
st35gm03n07 RSG 12 93000 832 3490 -0.34

& 1D model; the radius is the Rosseland radiusORB1R, at Mira
phase~0.75; (Ireland et all, 2004a)

b 3D model{ Freytag and Hofrer (2008)

¢ 3D model] Chiavassa etldl. (2009)

with stellar parameters appropriate for VX Sgr, which are cu
rently not available.

Fig. 6. Reconstructed image at Jufn with the intensity normal-
ized to the range [0, 1] and plotted Es3. The contour lines are

6. Complementary comparison with L9
P y P the same as in Fi@l 3.

three-dimensional simulations

In this section, we quantify if the observed asymmetriecare
sistent with three-dimensional simulations of surfacevegn
tion in RSG and AGB stars, and if their chaotic photospher
structure is adequate to explain théelient surface layers struc-0! that there are small-scale granules@5 - 1 mas). The ob-
tures observed. The simulation are carried out witlPBOLD served V'S'b'“.ty points do notshow a goc_)d agreement esfigci
(Ereytag et I/, 2002; Freytag and Hofrler, 2008). Paramete at long baselines where the expected signal is much lower tha

the models are given in Tablé 3. The pulsations are not artifte simulation’s predictions. .
cially added to thge models (e.g. by a pisF:on) but are selitedc The AGB star (Fid.J7) displays a pulsating stellar atmospher

Excitation by not-stationary sonic convective motions exe W|tr][_strong alsymmethnc 3?“0.“1.[3?3 %aused by tfhtishoctlggmhre
sponsible for the pulsations. Molecular opacities areridken  VECtiveé envelope is hardly visible because of the opticiek
account, but radiation transport is treated in grey appnation, ness of the atmosphere even"wnhout the inclusion qf the dust
ignoring radiation pressure and dust opacities. Dynanpiced. OPacity tables.(Ereytag and Hofner, 2008). The AGB's visib

sure lets the density drop much slower than expected for a IJ;SFS ?jnd. clt(r)]suf(e {alhett)sesbs?ow Iargethqlepartur?ﬁ frlom S%/%mletr
drostatic atmosphere. In our 3D simulations, the averagsitye ready in the first jobe, but even in this case, the long €

drops exponentially, and there is no sign of a wind or an ngt"fI‘_ﬁo'ntS cannot ]E)e eﬁplalnfhd. ructed FUX S
tended shell with relatively large densities. Some moréarec € presence of Spots on the reconstructedimage o gr

cal information can be found In Freytag and Hofrier (2008, tcan be qualitatively explained by the synthetic imagesnef/e

; a . " the distribution of the spots in our simulations has litthance
E%?%L(gﬁr&l;ri\r? Fngse(:)r')l\./lanul and in a forthcoming paper by to be exactly the one we observed with AMBER. Unfortunately,

we cannot constrain the 3D simulations in term of surface in-

We computeds 3500 synthetic images from these simula: i trast using th b i b uld
tions at the same wavelengths of the observations usingura§nSI y contrast using these observa |ons’ ecause we oo
etermine an accurate value for the spots’ flux level (Takple 2

radiative transfer code OPTIM3D (Chiavassa ét al., 20087

we generated visibility curves using the method described b

I.. In the case of the RSG simulation, the siath 7 conclusions

images do not change strongly in diameter, shape and asymme-

tries across the wavelength range of the observationshande, Our AMBER observations unveil, for the first time, the shape o

the observed wavelength dependence of the visibility isesmet VX Sgr’s surface.

plained by this approach (blue triangles in Fi. 5). The Isgtit The individual wavelength image reconstruction has been

images of the AGB simulation show a noticeable waveleng@arried out using the MIRA software. VX Sgr displays visibil

dependence and their agreement with the observed vigbilg ties and images with strong wavelength dependence: (ixserf

slightly better than the RSG model, in particular at shogeba asymmetries in the H bane:(1.45 - 1.80 um) and (ii) an ex-

lines (left and central panel, blue dots of Hif). 5). Nevdahs, tended radius at 2 and 2.35-2.5@m. We find that a geometri-

the two 3D simulations analyzed do not provide a better fit &l toy model composed of a uniform disk plus a Gaussian disk,

our AMBER data than the Mira models described in 9dct. 5. and three spots gives a reasonable fit for the AMBER data. We
At last, in order to explain the detected spots on the surfaglgim that at least two spots are present on the photospliere o

of the reconstructed images (Fig. 3), we compare the syinthétX Sgr, and we show that this is qualitatively predicted by 3D

images corresponding to the best-fitting visibility cureéshe hydrodynamical simulations of stellar convection. In did,

3D simulations (see Fifl] 5) to the reconstructed image girh.6 the toy model shows that one spot resides outside the photo-

(Fig[B). This wavelength corresponds roughly to the idon- sphere and it is brighter at longer wavelengths. The presenc

tinuous opacity minimum (i.e., the photosphere becomesmdf this spot located outside the photosphere could be cetate

transparent). The reconstructed image shows two spotseon &complex and irregular structure in the surrounding of VX Sg

as already detected by Kervella et al. (2009) for the RSGaalph
2 www.astro.uu.sébf/co5bold main.html Ori. Also the two bright spots which appear at the position on

surface. Figurg]7 displays the synthetic images of the R&6 st
hich show large convective cells: (4 — 5 mas), and on top
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Fig. 7. Top left panel: synthetic image from the RSG simulation at Ar6, convolved with a 5.94.6 mas PSF. The intensity is plotted
as in Fig[®6. The simulation has been scaled in size to mafotoajmately the visibility data point§op right panel: original RSG
simulated image, the range is [0; 300 000] erg€s1* A-1. Bottom panels; synthetic visibilities and closure phases derived from
the above image (black solid line and dots) compared to teervhations (red with error bars) at Juéh. The dashed lines indicate
the minimum and maximum amplitude of variations of the \lgibs and closure phases issued fronffelient rotations of the
image. In bottom right panel, the axisymmetric case is regried by the solid lines.

the photosphere may both originate at the depth of the contohanges across the H and K bands using new theoretical models
uum photosphere, or higher up in the molecular layers. Iy fawith consistent stellar parameters.

these spots appear at all wavelengths (Hig. 3), also at tker wa

bands, which hide a large part of the continuum photosphesgnowledgements. We would like to thank the complete VLTI team and in

This might be a hint that they originate in the molecular tayeparticular J.-B. Le Bouguin. Moreover, we acknowledge Jiunnier, Aldo
far above the continuum photosphere. Serenelli, Josef Hron and Claudia Paladini for the enlighiliscussions. AC, BP
and EJ acknowledge financial support from ANR (ANR-06-BLAMO5). We
. . . . ..__would like also to thank the IMMC team. The CNRS is acknowdeldfpr sup-
We used 1D dynamical oxygen-rich Mira model predictionyrting us with the Guaranteed Time Observations with AMBEIR thank the
to explain the visibility data points, and we found that thésfi variable star observations from the AAVSO Internationatdbase contributed
very good at short baselines. We conclude thg®Hinolecules by observers worldwide and used in this research. We thaokGINES, France,
strongly dfect the visibility, and thus this molecule seems to b&' lIJPP’V'AX' Sweden, for providing the computational resesrfor the 3D
; L tions.
a dominant absorber in the molecular layers. The atmosxphesr'fn“a'ons
structure of VX Sgr seems to qualitatively resemble Mira-st
models which show molecular layers above the continuum-<{or
ing layer. In addition, its photosphere shows bright spbt t
can be related to giant-cell surface convection and pgs$ibl Bordé, P., Coudé du Foresto, V., Chagnon, G., & Perrin, @22 A&A, 393,
the molecular layer. However, we must point out that the Mira 183 ML & Cohen. R, J. 1986. MNRAS. 220, 513
H apman, J. M., onen, R. J. , y ’
m_odel used here has stellar parameters that are not ccmasgﬁen’ X.. Shen. Z.... & Xu, Y. 2007, Chinese Journal of Aty and
with what we expect for VX Sgr, and there are only observa- agyophysics, 7, 531
tions frqm a single epoc.h.to QO the interpretation. Due t@over _Chiavassa, A., Plez, B., Josselin, E., & Freytag, B. 2009AAB06, 1351
uncertainties, the classification of VX Sgr must be furttrer i Cotton, W., et al. 2008, Proc. SPIE, 7013,
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photometnc and spec.troscop|c observations to.bette.rrde’Ie Archive [Fttp/irsa.ipac.caltech. edapplicationgGatoy)
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