
The VLTI view of 
ompa
t dusty environmentsaround evolved starsChesneau, O.Observatoire de la C�te d'Azur-CNRS-UMR 6203, Dept Gemini, Avenue Coperni
,F-06130 Grasse, Fran
e Olivier.Chesneau�obs-azur.frSummary. The VLTI equipped with a near-IR (AMBER) and a mid-IR (MIDI)re
ombiners is one of the most versatile opti
al interferometer world-wide. Its abilityto tra
e the dust at high spatial resolution (1-10mas) is well suited for the study ofmany aspe
ts of the late evolution of stars and in parti
ular, to deal with the asym-metry in PNe ba
k to the AGB. Many results 
an be expe
ted soon and the mostre
ent VLTI observations of evolved stars are presented, fo
using on the study ofdusty disks embedded in bipolar PNe. Re
ently, thanks to the MIDI instrument, theinner rim of a disk in CPD-568032 
ould be studied in detail (Rrim=75mas,110 AU),a disk in the 
enter of the Ant nebula (Menzel 3) has also been dete
ted (10x30mas,15x45AU) and observations of the Butter�y nebula (M2-9) are under way. The in-terferometri
 measurements of the strongly opti
ally thi
k 
ore of OH231.8 indi
atea dusty 
ompa
t sour
e whose 
omplexity is 
urrently out of rea
h of the limitedimaging 
apabilities of the VLTI, and we stress out that some 
autions have to betaken when the word 'disk' is employed. The potential of the VLTI for the observa-tions of bright novae is also shown, together with some in-depth studies of famoussymbioti
 systems. PNe observations with the VLTI are just beginning, are 
urrentlyperformed by a small number of persons and represent the tip of the i
eberg of what
ould be done by this fa
ility. The VLTI is dedi
ated for the use of a wide 
ommu-nity and, as su
h, 
ould be part of the observational strategy of many parti
ipantsof this meeting.Key words: Planetary Nebulae � Mz 3, M2-9, Hen2-113, CPD-56◦8032, OH231.8+4.2,Novae � RSOph, V1280 S
o, Symbioti
s � HMSge, AGB: π1Gru, Te
hniques: in-terferometri
; Te
hniques: high angular resolution; Stars: 
ir
umstellar matter1 The VLTIThe Very Large Teles
ope Interferometer (VLTI) 
onsists in the 
oherent 
ombi-nation of the four 8m VLT Unit Teles
opes (UTs) and of the four movable 1.8mAuxiliary Teles
opes (ATs). Two re
ombiners are 
urrently o�ered to the 
ommu-nity. AMBER is an interferometri
 beam 
ombiner working in the near-infrared(mostly H and K bands). It is able to simultaneously handle 3 beams 
oming from



318 Chesneau, O.3 identi
al teles
opes. AMBER interferograms are spe
trally dispersed with a reso-lution R of about 35, 1500 and 12000. MIDI operates in the N band and re
ombinestwo beams (R=30 or 230). The domain of appli
ability of interferometry in terms ofsensitivity, spatial and spe
tral resolution has been greatly extended with the VLTI,but the targets must be 
arefully 
hosen. An interferometer measures the 
ontrastof the fringes produ
ed by several teles
opes, using beams propagated with about 30mirrors. The transmission is not large (about 1%) and any potential sour
e has tobe bright, although this 
ondition is not su�
ient. The fringe 
ontrast of unresolvedsour
es is 1, whereas the 
ontrast of extended sour
es drops rapidly to zero. Thismeans that even for a bright, but too extended sour
e, the dete
tability of the fringes
an be problemati
. A potential sour
e for MIDI must exhibit a 
ore extending from5 to 100mas to be s
ienti�
ally interesting, and from 1 to 20mas typi
ally for AM-BER observations. This is the �ux (or magnitude) of this 
ore (the 
orrelated �ux)that determines the feasibility of the interferometri
 observations for a given lengthof baseline, whatever the single-dish beam �ux. Typi
al lower limits for 
orrelated�ux with MIDI are about 1 Jy (N=4) with UTs and 20 Jy (N=0.75) with ATs; withAMBER, K=7-4.5 in low resolution mode (UTs/ATs), and K=4-1.5 with R=1500.Some N band sour
es appeared to be over resolved with the 
hosen baselines: the
ore of the PN Hen2-113, imaged with the single dish UT, but over-resolved for a40m baseline ([16℄), or the OH/IR star OH 26.5+0.6, barely resolved with a UT,but for whi
h no fringes 
ould be dete
ted with a 100m baseline ([10℄). Any 
ompa
tsour
es of about 4Jy (
lumps or star �ux visible through the dust envelope) wouldhave produ
ed dete
table fringes and was therefore ex
luded for this 700 Jy sour
e.Despite these stringent 
onditions, numerous bright and 
ompa
t evolved stars arewell suited for this te
hnique. We shall fo
us here on the targets related to the ap-pearan
e of the asymmetries dete
ted in the latest stages of the stellar evolution oflow to intermediate mass stars.2 CPD-56◦8032The dis
overy by De Mar
o et al. ([12℄) of a dark lane in the STIS/HST spe
traof the PN CPD-56◦8032, was interpreted as a disk and prompted us to investigatewhether the MIDI/VLTI interferometer 
ould help 
hara
terizing this 
ompa
t dustyenvironment, and may be applied to other asymmetri
al PNe. CPD-56◦8032 andHen2-113 were 
hosen for this �rst attempt. These targets, whose 
entral stars andnebula share many 
hara
teristi
s, exhibit a 
ore dominated by dust emission, anda 
omplex dust 
hemistry witnessed by the simultaneous appearan
e of oxygen-ri
h(sili
ate) emission and 
arbon-ri
h features in the form of strong PAHs emission.The 
hosen baselines, of the order of 46m, were in the lowest range allowed bythe �xed UTs, but they were already too long for these 'extended' environments.The torus in Hen2-113 (des
ribed in Lagade
 et al. [16℄ and these pro
eedings) has atypi
al diameter of 0.6" and the torus/disk of CPD-568032 appears more 
ompa
t,0.15" in diameter, but still very extended for su
h a long baseline. As a 
onsequen
e,the interferometer is insensitive of most of the 30 Jy extended �ux in the 
ore andit dete
ted only the 1-2 Jy originating from the disk's sharp inner rim.A global pi
ture emerged from the ISO (14"' x 22") and MIDI (0.6" x 0.6")spe
tra, the HST image and the visibility 
urves. The outer nebula shows multiplelobes ex
avated in a dense environment. The ISO spe
trum is dominated at long
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rystalline sili
ates, while in the N band, the emissionis 
ompa
t and almost unresolved for a 8m teles
ope, ex
ept in the PAHs bands.These inner regions produ
e a 
ontinuum probably dominated by featureless 
arbongrains emission, and the balan
e between the di�erent PAHs features seen in theMIDI spe
trum is dramati
ally 
hanged 
ompared with the ISO spe
trum. From thevisibilities, a sharp, in
lined ring (diameter of ∼200AU) 
ould be inferred. The de-rived in
lination of 28◦ is in apparent 
ontradi
tion with the edge-on disk suggestedby the STIS/HST spe
trum. Radiative transfer models showed that the disk is op-ti
ally thin in the N band and highly �ared, probably 
aught in a dissipation stage.The inner rim is at about 500K, but fa
es the 225km.s−1 wind from the 
entralWolf-Rayet star. A passive disk was used for interpreting these observations, but atorus geometry may be more pertinent. CPD-56◦8032 is a very interesting targetthat would deserve a more extensive interferometri
 mapping. However, MIDI is asimple 2-beam re
ombiner, la
king 
losure phase information and su
h observationswould be time-
onsuming. Su
h an e�ort 
ould be undertaken with MATISSE, these
ond-generation 4-beam re
ombiner su

essor of MIDI.3 OH 231.8+4.2OH 231.8+4.2 is a well studied pre-planetary nebula. The 
entral sour
e is a binarysystem formed by an M9-10III Mira variable and a hot 
ompanion (probably a A0Vstar, [25℄). It is worth mentioning that, rarely enough, the distan
e of this sour
e,1.5 kp
, and the in
lination of the bipolar axis with respe
t to the plane of thesky, 36◦, are well known ([6℄, Desmurs et al. these pro
eedings). In the near tomid-IR, the 
ore is deeply embedded into a highly opti
ally thi
k dust envelope.This 
ore is unresolved at 0.1" s
ale in K and L bands with a UT (see images inLagade
 et al. these pro
eedings, and [19℄). The ∼10 Jy �ux from the 
ore drops toless than 1 Jy in the deep sili
ate absorption feature. The fa
t that the sour
e is soopti
ally thi
k implies, at least, that a putative 'disk' at i=54◦should be highly �aredand dense to inter
ept emission in the line-of-sight. The �rst MIDI measurements,using baselines roughly perpendi
ular to the bipolar lobes were able to provide anextension of the sour
e (assuming a Gaussian model) from 30mas at 8µm to 50masat 13µm, i.e 40-70AU at 1.5kp
). The interferometri
 observations were also able tostate that nearly no 
orrelated �ux of stellar origin is dete
table. Considering thatthe stru
ture is �attened in a plane perpendi
ular to the bipolar axis its aspe
t ratiobetween the proje
ted minor and major axis should be ∼55%. The new visibilitiesobtained re
ently in the dire
tion of the bipolar axis 
on�rm only partially thispi
ture: although the visibilities are higher implying a smaller extension in thisdire
tion, the ratio between the extensions at perpendi
ular dire
tions is less than30% at 8µm and less than 10% at 13µm. The 
ore 
annot be as
ribed by a spheri
alshell, but it is not sure that the term 'disk' is pertinent for a stru
ture with su
h anopening angle. In this 
ontext the VLBA observations are very helpful ([6℄, Desmurset al. these pro
eedings): the medium is opti
ally thin at these wavelengths andthe spatial resolution is better than the VLTI one, about one mas only. A 12AUdiameter equatorial 'torus-like' stru
ture tra
ed by SiO masers exhibits a 
omplexvelo
ity �eld involving rotation and also infall of material toward the 
entral star.As for CPD-568032, a 8µm mapping with a large uv 
overage is needed to betterunderstand the geometry of the hot dust emission.



320 Chesneau, O.4 Bipolar nebulae: Mz 3 and M2-9CPD-568032 and OH231.8 are targets too 
omplex to be investigated at low 
ostvia our partial interferometri
 observations. Moreover, the intermediate in
linationof these targets a�e
ts their aspe
t in a manner di�
ult to infer. After these �rstattempts, our team and others de
ided to fo
us on 
ompa
t systems whose in
lina-tion is either 
lose to 90◦(edge-on 
on�guration) or 0◦(pole-on 
on�guration). Forthe latter 
ase, assuming 
ir
ular symmetry, a few baselines 
an e�
iently 
onstrainthe density law and stru
ture of the disk (see a re
ent example for the T Tauri starTW Hya, [22℄). We de
ided to fo
us on the famous bipolar nebulae Mz3 and M2-9exhibiting the tighter waists, among the extreme 
ases of asymmetri
al shaping.The results of Mz 3 
ould rapidly be interpreted in terms of a �at 10 x 20masstru
ture, and therefore there was no doubt that a disk was dete
ted. This promptedus to use a radiative model to interpret these observations. This work is des
ribed inthe 
ontribution from F. Lykou (these pro
eedings) and in an a

epted letter ([7℄).The preliminary results of M2-9 are promising. They �rst show that the putative'disk' inside the nebula is more extended than the one in Mz3. A larger mass (fa
-tor ∼4) is inferred in Smith&Gehrz (2005) and they report that the SED suggestsdust at somewhat 
ooler average temperature than Mz3. Se
ond, the �rst visibil-ities reveal some features indi
ative of 
rystalline sili
ates, generally asso
iated tolong-lived disks, i.e a disk probably older than the bipolar stru
tures seen in theHST images. The analysis of these results is at the moment too early to draw �rm
on
lusions.What kind of targets 
ould be observed in the near future? Some dis
ussionduring the 
onferen
e fo
used on the need to know better how the a

retion disk ofa 
ompanion 
an help shaping the nebula via winds or jets. Our present strategy tofo
us on nearly edge-on bipolar nebula prevents us to see su
h a

retion disks. Apromising approa
h would 
onsist in sele
ting and observing bipolar nebulae seenpole-on, so that both the external dusty disk and a putative a

retion disk 
ould beinvestigated by MIDI and AMBER.5 Symbioti
 systemsMIDI is well suited to study the D-type (dusty) symbioti
 systems and AMBERbetter suited for S-type systems. These obje
ts are intera
ting binary stars with anextended 
ool giant as primary 
omponent and a hot 
ompa
t 
omponent, presum-ably a white dwarf (WD), as se
ondary. These systems exhibit by nature a 
omplexspatial 
on�guration and one 
an guess that the large amount of dust seen in theseD-type systems resides in the form of torus-like stru
tures in the orbital plane, asseen in the HST images of some resolved systems (for instan
e Hen 2-147 [27℄).In order to interpret the ISO spe
tra obtained for many dusty symbioti
s, modelsinvolving multiple spheri
al dust shells were developed, whose sizes 
an be dire
tlyprobed by mid-IR interferometry. We observed the system HMSge with MIDI ([23℄)and used the visibilities to test the validity of models involving single and doubledust shells published in the literature ([26℄,[5℄). Generating multiple shell models viaradiative transfer 
odes is easy, but the way the �uxes from the two stars a�e
t theshells is often treated under several more or less arti�
ial assumptions. When one
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Fig. 1. Right: the MIDI visibilities obtained on Mz 3, the highest levels 
orrespond-ing to the smallest extensions in the sky, with baselines aligned with the bipolaraxis. The large amplitude of visibility variations witnesses a �at stru
ture. Left: thetypi
al angular extensions assuming a Gaussian distribution of �ux. The order ofthe baselines is now inverted, from large to small sizes. The steep in
rease of thesize due to the sili
ate feature at 9µm is superimposed to a slow in
rease of the
ontinuum size suggestive of a disk-like stru
ture.needs to predi
t interferometri
 observables su
h as visibilities, the relative positionof the shells must also be taken into a

ount, and this o�set is far from negligible inthe 
ase of HM Sge sin
e the WD is lo
ated 40mas away from the Mira. The resultsof the tests showed that the bulk of the dust emission originates from the dense andquasi-spheri
al Mira wind, and that all double shell models failed to �t the observedvisibilities. A growing asymmetry is dete
ted toward the short edge of the N bandthat 
an be interpreted with two di�erent 
on�gurations. In the �rst s
enario, theemission from a 
olliding wind (hot dust) is added to the spheri
al emission of theMira. Su
h a 'perturbed' model should exhibit an asymmetry that 
an theoreti
allybe dete
ted using the phase of the fringes, but the a

ura
y of the mid-IR measure-ments is su
h that this 
onstraint is weak (near-IR measurements are better suitedto test this e�e
t). In the se
ond s
enario, the dust density is in
reased toward theorbital plane and the 
hanging aspe
t ratio of the sour
e with wavelength is a dire
t
onsequen
e of the disk stru
ture and �aring of the system (assuming i∼20-40◦).The impa
t of the VLTI on the study of symbioti
 stars is potentially large: thetargets are bright and this fa
ility provides a spatial information that is 
urrentlystrongly needed for validating the numerous models developed to interpret the SEDsof these sour
es ([1℄,[2℄,[3℄).6 The binary system at large separation π1 Gruis
π1 Gruis is one of the 
losest S star (d=153p
), a 
hemi
ally enri
hed evolved redgiant of spe
tral type 
lose to an M star. Near-IR and mid-IR interferometri
 obser-vations are well suited for studying the inner mole
ular and dust formation regions



322 Chesneau, O.and π1 Gruis was naturally 
hosen by our group as a bright and nearby target toobserve. The fa
t that π1 Gruis is a visual binary with a G0V 
ompanion at 2.7"was not 
onsidered as important. The Field-Of-View (FOV) of the MIDI interfero-metri
 observations with the ATs is the beam of the 1.8m teles
ope, i.e. ∼1300masat 10µm. The 
ompanion is even at the limit for the a
quisition images that havea FOV of a few ar
se
 only. The study of the envelope was already well advan
edwhen Chiu et al. ([11℄) reported the dete
tion of a disk and a fast out�ow basedon millimetri
 observations. The MIDI visibilities, at �rst sight, do not suggest anydeparture from spheri
ity, but one has to be 
areful sin
e our baseline are so longthat the signal is dominated by the (spheri
al) 
entral star (about 20mas) and notreally the (potentially disturbed) envelope. Is the far 
ompanion responsible of thedisk formation? Frankowski et al. ([15℄) suggest, based on Hippar
os data, that a
lose 
ompanion 
ould also be hidden 
lose to the star. It is too early to answerthis question, but this system appears as a very interesting 
ase that deserves moreextensive near- and mid-IR interferometri
 observations.7 Interferometri
 observations of NovaeA 
lassi
al nova eruption results from a thermonu
lear runaway on the surfa
e ofWD that is a

reting material from a 
ompanion star in a 
lose binary system.The temporal development of the �reball, followed by a dust formation phase orthe appearan
e of many 
oronal lines 
an be studied with the VLTI. The detailedgeometry of the �rst phases of novae in outburst remains virtually unexplored. There
ent outburst from the re
urrent nova RS Oph showed how 
omplex su
h aneje
tion 
an be, as seen in the radio-interferometers and the HST images of therapidly formed bipolar nebula formed rapidly ([4℄,[20℄). AMBER observations werese
ured only 5.5 days after dis
overy ([9℄) providing an ex
ellent K band dataset,in
luding two bright emission lines Brγ and HeI2.06µm. The triplet of baselinesused was not determining the geometry, but 
ould provide the typi
al size of the Kband 
ontinuum (dominated by the mostly opti
ally thi
k emission from the nova),Brγ (formed in the nova wind), and the more extended HeI 2.06µm line (formed
lose to the sho
k propagating inside the slow and dense wind of the red giant). Animportant information 
ould also be extra
ted on the two 
omponents kinemati
sinside the Brγ line, an equatorially enhan
ed 'slow' (∼1800km.s−1) eje
tion, andthe jet-like E-W emission at 'high' speed (∼3000km.s−1). These observations werebased on a single snapshot and the temporal evolution of this sour
e 
ould notbe monitored. More re
ently, the 
lassi
al nova V1280 S
o was monitored during 4months, providing the �rst spatially resolved observations of a (hopefully spheri
al!)dust forming nova.8 To be or not to be a disk?The studies presented here are illustrative of the numerous appli
ations of the VLTIfor the study of evolved stars. Many arti
les, referring more on the evolved starsphotosphere and their winds 
ould also be 
ited, su
h as the re
ent extensive studyof the mass-loss of some Mira stars in 
onne
tion with their stellar pulsations: SOri
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t dusty environments around evolved stars 323by Wittkowski et al.([28℄) and VOph by Ohnaka et al. ([21℄). Another aspe
t nottreated here, is the dete
tion, in the dust forming site, of big dust 
lumps seen in themost extreme envelopes, su
h as the ones reported in RCrBs and re
ently observedaround RYSgr by MIDI (Leão et al. [18℄).One 
ommon feature of the work presented above, is that our 
ommon languagesimpli�
ations are often not re�e
ting the diversity of dust distributions around the
omplex obje
ts observed. Out of the targets 
ited here, only Mz 3 surely harborswhat is usually denoted as a 'disk'. The �ared, dissipating stru
tures seen aroundthe Wolf-Rayet stars in CPD-568032 and Hen2-113 would probably be better �ttedusing homogeneous torus of dust than a strati�ed passive disk. The situations getseven more 
ompli
ated with OH231.8 and dusty symbioti
 systems like HM Sgefor whi
h a dense, spheri
al Mira wind is more or less perturbed by a 
ompanion.Disk-like geometries are no longer pertinent in that 
ontext, and imaging 
apabil-ities are ne
essary to 
larify the 
omplex intera
tion between the stars and theirenvironment. The VLTI is already in the Phase B study of the se
ond generationre
ombiners that should be able to re
ombine the 4 ATs or 4 UTS simultaneously(MATISSE in the mid-IR [17℄). Also very promising is the 
onvergen
e in termsof spatial resolution between the opti
al and millimetri
 interferometry te
hniques.The Plateau de Bure's interferometer new long baselines provide now a spatial reso-lution in the millimetri
 domain 
omparable with the resolution of a single-dish UTat 10µm (∼300mas) and ALMA should extend this 
omplementarity to the s
ale ofthe dusty disks 
urrently dis
overed with the VLTI.Referen
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