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3 NAOJ (Japan)Summary. The high angular resolution and dynami
 range a
hieved by the NACOadaptive opti
s system on the VLT is an ex
ellent tool to study the morphology ofPlanetary Nebulae (PNe). We observed four stars in di�erent evolutionary stagesfrom the AGB to the PNe phase. The images of the inner parts of the PN Hen2-113reveal the presen
e of a dusty torus tilted with respe
t to all the other stru
turesof the nebula. A void 0.3 ar
se
 in diameter was dis
overed with NACO around the
entral sour
e. These data indi
ate the presen
e of a 
o
oon of hot dust (T∼1 000K) with a total mass 10−9M⊙ in the 
ore of the nebula. This was not expe
ted so
lose to a hot (Teff∼30 000K) 
entral star, and our observations indi
ate that dustis present 
lose to this 
entral star. The NACO observations of Roberts 22 reveal anamazingly 
omplex nebular morphology with a S-shape that 
an be interpreted interms of the 'warped dis
' s
enario of I
ke (2003). Comparing these observations withprevious HST images seems to indi
ate that this S-shaped stru
ture is expanding at
∼450 km.s−1. Combined NACO and MIDI (the VLTI mid-infrared interferometer)observations of the nebula OH231.8+4.2 have enabled us to resolve a very 
ompa
t(diameter of 30-40 mas , 
orresponding to 40-50 a.u.) dusty stru
ture in the 
ore ofthe nebula. Finally, re
ent observations of the AGB star V Hydrae show that thisstar present a departure from spheri
al symmetry in its inner shell and is probablyon its way to be
ome an asymmetri
al planetary nebula. These observations showthat NACO is a great instrument for the dis
overy and study of small stru
tures in
ir
umstellar envelopes and PNe and a good 
omplement to interferometri
 devi
es.Key words: AGB, post-AGB , Planetary Nebula, Adaptive opti
s1 Introdu
tionHigh sensitivity and angular resolution observations are of high interest for theunderstanding of PNe morphologies. Thus, the appearan
e of CCD dete
tors in the80s and then the su

essful laun
hing of the Hubble Spa
e Teles
ope (HST) havehelped to reveal an amazingly ri
h variety of PNe morphologies (see Bali
k and Frank
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 et al.(2002)). With the installation of adaptive opti
s instruments on 8m-
lass teles
opes,it is now possible to obtain good sensitivity images from the ground thanks to realtime 
orre
tion of the atmospheri
 turbulen
e. Combining this with the angularresolution a
hieved with su
h teles
opes provides a great tool for the study of verysmall stru
tures in the heart of PNe, as well as 
ir
umstellar envelopes around theirpre
ursors AGB stars and pre-PNe (PPN).We used the adaptive opti
s imager NACO on the VLT, whi
h 
an providedi�ra
tion limited images in the near-infrared and spatial resolution around 60masin K and L bands, to observe 4 obje
ts in di�erent evolutionary phases from theAGB to the PNe stage. These obje
t are surrounded by dust so that infrared imagingallows us to deeply study inner details of their envelopes or nebula. In this paperwe present the results from our observations of the planetary nebulae Hen 2-113 andRoberts 22, the nebula OH231.8+4.2 and the extreme AGB star V Hya.2 Hen 2-113Hen 2-113 (hereinafter HEN) is a PN with a [WC10℄ 
entral star. HST observations ofthis obje
t by Sahai et al. (2000) have shown that HEN exhibits a 
omplex geometry,roughly bipolar with two bright, knotty, 
ompa
t ring-like stru
tures around the
entral star (See left panel of Fig. 1). This 
ompa
t stru
ture is embedded in a largerand fainter spheri
ally symmetri
 AGB envelope remnant. Infrared observations ofHEN were obtained with NACO and MIDI (Lagade
 et al. 2006). We also attemptedto dete
t and study small s
ales stru
tures in the Mid-IR with the long baselineinterferometer MIDI but the nebula appeared over-resolved with 46m baselines sothat no interferometri
 data 
ould be re
orded. HEN exhibits a 
lear 1" torus-likestru
ture superimposed to a more di�use environment visible in the L' (3.8µm), M'(4.8µm) and 8.7µm bands. We interpret the two ring-like stru
tures as due to theproje
tion of the lobes of a diabolo-shaped stru
ture observed with an in
linationof about 40o.Photometry of the 
entral star in L′ and M′ band indi
ates that it is ∼300and ∼800 times brighter than predi
ted by stellar models. Moreover, the 
entralobje
t appears resolved in L' band with measured FWHM of about 155mas. Simple
al
ulations indi
ate that this infrared ex
ess 
an be explained by emission fromhot dust grains. A mass of ∼ 10−9M⊙ with T∼900K 
an a

ount for this infraredex
ess. By a totally independent way (�tting of the SED), Sahai et al. (2000) alsoindi
ated the possible presen
e of hot dust (T∼900K and M ∼ 10−9M⊙) inside thenebula. This is a 
lear eviden
e that hot dust is present real 
lose to the hot [WC℄star. Finding hot dust around a hot star (Teff∼30 000K) with a strong wind issurprising and we 
an wonder whether a single star alone is able to produ
e thisdust in su
h 
onditions. Su
h dusty stru
tures 
ould be 
ommon to PPNe and PNeas it has been shown that 
olour measurements in other PNe observed with adaptiveopti
s on Ke
k indi
ate the presen
e of hot dust 
lose to the CS among a few ofthem (e.g. IRAS 16342�3814 (Sahai et al., 2005) and IRAS 18276�1431 (Sán
hez-Contreras et al.,2007)).
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Fig. 1. Left: opti
al HST image of Hen 2-113 (Sahai et al. 2000). Right: NACOimage of Hen 2-113 at 3.74µm (Lagade
 et al. 2006).3 Roberts 22Roberts 22 (IRAS10197-5750) is a bipolar PN, displaying OH maser emission at1612 and 1665MHz. The 
ir
umstellar envelope expands with a velo
ity of about
20 kms−1 (Zijlstra et al. 2001). Opti
al spe
tros
opy shows that the Hα line pro�lehas wings extending up to ± 450 kms−1, a signature of high-speed out�ows.In this work, we present new observations of this young PN obtained with NACOat 2.12 µm. The nebula around Roberts 22 has previously been imaged in the opti
al

Fig. 2. Left: NACO image of Roberts 22 at 2.12 µm. Right, 
ontours of Roberts 22images at 2.12µm. Bla
k 
ontours: our NACO observations; red 
ontours: 2003 HSTobservations.
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 et al.by the HST (Sahai et al. 1999). These observations show that the nebula is bipolar,with bright lobes shaped like a butter�y's �wings�. A dark equatorial body due todense dust that obs
ures the 
entral star is also observed. This dark equatorialstru
ture is oriented at a position angle of 120o and is 
lose to, but not exa
tlyparallel to the sides of the parallelogram formed by the bright lobes. The brightlobes are surrounded by a faint halo, whi
h morphology is similar to that of thebright lobes.The NACO image of Roberts 22 reveals a 
omplex morphology of its nebula(Lagade
 et al, in preparation). The parallelogram-shaped stru
ture observed bythe HST is faintly visible in our NACO images. But inside this stru
ture, the nebulahas a 
omplex roughly S-shaped morphology. The tail of this S-shaped stru
ture areobserved outside of the parallelogram-shaped halo. This stru
ture is very 
lumpywith holes 
ertainly due to a la
k of material. These holes are bigger toward thenorth and south edges of the S-shaped stru
ture. The tail of this stru
tures seemsto be organized in �laments. Three �laments are 
learly observed in the north. Two�laments are also observed in the south. A third in
omplete one might be presenton the South-East.Some unpublished images of Roberts 22 have been obtained by the HST at2.12µm, i.e. at the same wavelength as ours, but 3 years before. We thus 
omparedboth images to look for evolutions in the shape of the nebula. To make both images
omparable we had to arti�
ially de
rease the spatial resolution of our NACO imageby 
onvolving it with a Gaussian having the same FWHM as the HST Point SpreadFun
tion. We then superimposed the two images using 4 �eld stars. The 
ontoursof the two resulting images are shown in Fig.2. We have to keep in mind that itis very di�
ult to 
ompare two images taken with di�erent instruments as theirsensitivities are di�erent, furthermore here, as one image was taken from the groundand the other one from spa
e. Nevertheless, these images seems to indi
ate that theNACO image is more extended toward the North-West and South-East (i.e. alongthe dire
tion of the S-shaped stru
ture) by ∼0.1�. At the distan
e of the nebula(∼2kp
), su
h an extension in 3 years 
orresponds to an expansion velo
ity of ∼450km.s−1, whi
h is the speed of the high velo
ity out�ows measured in Hα. It is thusvery tempting to 
laim that the S-shaped stru
ture in the heart of the nebula isexpanding at a speed of 450 km.s−1 and that the out�ow is almost in the plane ofthe sky. However, to 
on�rm this, integral �eld spe
tros
opy of Roberts 22 will beneeded.
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(c)Fig. 3. Left: NACO image of OH231.8 at 2.12µm. Right NACO image of OH231.8at 3.78µm. The 
aption show a zoom on the 
ore of the nebula.OH 231.8+4.2 is the nebula around the star QX Pup. It shows two (ionized)bipolar lobes on either side of a 
entral obs
uring lane. The obs
ured 
entral starshows Mira-like variability, indi
ative of an evolved AGB star. Opti
al spe
tros
opyindi
ates the presen
e of a hot A-type binary 
ompanion to the AGB 
entral star(Sán
hez-Contreras et al., 2004). We obtained NACO observations of this nebula(Matsuura et al., 2006). The resulting data are arranged in Fig. 3. The left panelshows the 2.12 mi
ron image, with the two lobes 
learly identi�able. The right panel,b), shows the L-band image. Panel 
) shows a fo
us on the 
ore seen on panel b). Herethe 
entral region is shown to 
ontain a bright, very 
ompa
t, unresolved sour
e.To see if this stru
ture was a dusty dis
 similar to the ones observed at the heartof some PN (see Chesneau et al. and Lykou et al., these pro
eedings), we observedthis 
entral sour
e with the VLTI mid-infrared interferometer MIDI. This is a twoteles
ope interferometer, using two VLT UT 8.2 teles
opes for our observations. Itthus has a resolution proportional to the distan
e between the two teles
opes inthe dire
tion formed by the two teles
opes (the baseline) and the resolution of a8.2 meter teles
ope in the perpendi
ular dire
tion. In a previous work (Matsuuraet al. 2006), we obtained observations using several VLTI/MIDI baselines nearlyperpendi
ular to the observed bipolar out�ows of the nebula. The unresolved sour
ein our NACO images was resolved, with a diameter of approximately 30-40 mas.However, as our measurements have been only made in one dire
tion, it wasimpossible to know the shape of the observed 
ompa
t stru
ture. It 
ould indeedbe a dis
 or a spheri
al shell for example. We thus obtained new observations withbaselines having di�erent orientations along the pole of the nebula. The observedvisibilities are presented Fig. 4 (for more details on observations with MIDI, we refer
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Along the poles

Equatorial planFig. 4. Left: MIDI visibilities of OH231.8+4.2 for di�erent baselines. Right: Gaus-sian �t to these visibilities.to the 
ontribution by Chesneau et al., these pro
eedings). The Gaussian �t to thevisibilities provide a measurements of the size of the observed stru
ture along thebaseline dire
tion. The right panel of Fig. 4 shows that the shape of the stru
turedepends on the wavelength. At 8µm, the dusty stru
ture is 1.3 times more extendedalong the equator than along the poles of the nebula. At 13 µm, this stru
ture hasalmost the same dimension in all the dire
tions. These visibilities are di�
ult to�t in the pi
ture of a nearly edge-on dis
. There is a �atten stru
ture at 8µm that
ould 
orrespond to the inner rim of the dusty environment, embedded in a morespheri
al dusty halo (the dense dusty wind of the Mira). Radiative transfer modellingis needed to 
on�rm this hypothesis.5 V HyaVHydrae (VHya), is an evolved 
ool 
arbon star lo
ated at 380 p
 from the sun(Knapp et al. 1997) with a high mass loss rate. VHya is asso
iated with a veryfast (> 100 kms−1) out�ow that was observed in the CO J=2-1 and J=3-2 spe
tra(Knapp et al. 1997). Knapp et al. (1997) also proposed that the fast-moving gasis expanding along the East-West dire
tion. From re
ent HST observations, Sahaiet al. (2003) reported the dis
overy of a newly eje
ted high-speed jet-like out�owin this star. These observations, 
ombined with the previous interferometri
 CO(J=1-0) map of VHya, favor the pi
ture of an expanding, tilted and dense disk-likestru
ture, oriented north-south, present inside the inner envelope.Previous mid-IR images show that the 
ir
umstellar envelope of VHya is roughlyspheri
ally symmetri
 in the 
entral parts but present an elongation in the East-Westdire
tion at intensity levels lower than 20% of the 
entral intensity peak (Lagade
et al. 2005). The observed elongated feature in the East-West dire
tion 
ould beasso
iated with the dust emission from material blown away perpendi
ularly to theequatorial disk, 
onsistent with the model proposed by Sahai et al. (2003).
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Fig. 5. Left: NACO image of VHya at 3.74µm. Right: Ellipti
ity of the envelopeas a fun
tion of the radius.We imaged the 
ir
umstellar envelope around V Hya using NACO at 3.8µm(Fig. 5, Mékarnia et al., in preparation). We 
learly see that at large s
ale, the
ir
umstellar envelope of VHya is quasi-spheri
al. But in the heart of the nebula,the dust emission shows an extension along the East-West dire
tion. This is 
leareron the right panel of Fig. 5, whi
h shows the ellipti
ity of the observed 
ir
umstellarenvelope as a fun
tion of the radius. Within 1� to the star, the ellipti
ity steadilyde
rease from ∼1.2 to ∼1. VHya thus displays a departure from spheri
al symmetryin its heart, like what is observed for the 
losest AGB star, IRC+10 216 (Leão etal. 2006). This elongation in the 
ore of the envelope has the same orientationas the jet observed previously in CO. VHya appears as an AGB star that waspreviously spheri
ally symmetri
, now being shaped by a high velo
ity jet. VHyais thus an AGB star on his way to be
ome an asymmetri
al PPN and then PN.These observations thus show the importan
e of high speed jet for the formation ofplanetary nebula, as early as during the AGB phase.6 Con
lusionThe observation we presented here show that adaptive opti
s imaging imaging withNACO on the VLT is of great use to the study of small stru
tures around evolvedstars. We have shown that the shape of the nebula around Hen2-113 
ould be ex-plained by the proje
tion of a diabolo-shaped stru
ture and that hot dust was present
lose to its [WC10℄ 
entral star. The NACO 2.12 µm image of the PN Roberts 22revealed a very 
omplex S-shaped stru
ture embedded in a more di�use re
tangular-shaped envelope. Observations of these nebula at two di�erent epo
hs seems to in-di
ate that the S-shape is in expansion at a speed of ∼ 450 km.s−1. Our 
ombinedNACO/MIDI observations of OH231.8+4.2 have revealed the presen
e of a very
ompa
t �attened dusty stru
ture in its 
ore (40-50 a.u.). The shape of this stru
-ture is not the same at 8 and 13 µm, due to emission from hot dust heated by the hot
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ompanion. Finally, the NACO image of the AGB star VHya shows that its enve-lope is spheri
al at large s
ale and elongated toward a dire
tion roughly East-Westin its 
ore. This asymmetry is probably due to a jet shaping the AGB 
ir
umstellarenvelope that will be
ome an asymmetri
 planetary nebula whi
h should providebeautiful images for the 
onferen
e APN5446 or more.Referen
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