
Resolving the dusty dis
s around post-AGBbinariesDeroo, PieterInstituut voor Sterrenkunde, Celestijnenlaan 200D, 3001 Leuvenpieter�ster.kuleuven.beSummary. Although the presen
e of a 
ir
umbinary dis
 around binary post-AGBstars is now well established, its a
tual stru
ture but also its formation, stabilityand evolution remain largely unknown. We therefore used the MIDI interferometerto observe the dis
s around a sample of 9 post-AGB binaries. These measurementsshow the very 
ompa
t nature of the 
ir
umstellar environment and 
on�rm thedis
 interpretation of their SED. In addition, a large diversity is observed in theradial distribution of the 
rystallinity over the N-band . While some obje
ts showa homogeneous distribution of the 
rystallinity, for some obje
ts the 
rystallinity is
on�ned to the inner most regions. Whether this is a result of the formation pro
essor due to annealing during the long storage time in the dis
 is not 
lear. Moreover,using the 
ombination of AMBER and MIDI, we were able to 
onstrain with extremedetail the dust geometry for one target. We modeled the 
ir
umstellar environmentfor this target using a passive dis
 in hydrostati
 equilibrium and �nd that the dustaround this evolved target is indeed lo
ked in su
h a 
ir
umbinary dis
 in whi
h theinner rim is largely pu�ed up.Key words: stars: AGB and post-AGB, Stars: 
ir
umstellar matter, Te
hniques:interferometry1 Introdu
tionOne of the 
ommon observational 
hara
teristi
s of binary post-AGB stars is thatthey are surrounded by a stable dusty dis
 (see e.g. [8℄). For these obje
ts, the dustex
ess starts at dust sublimation temperature, irrespe
tive of the e�e
tive tempera-ture of the 
entral star [3℄. Using the equation of thermal equilibrium of bla
kbodydust grains, dust starting at sublimation temperature translates into a limit on thedistan
e of these dust grains from the 
entral star (= d):
1200 K = Tdust = (

R∗

2d
)1/2T∗ (1)The e�e
tive temperature of the post-AGB obje
ts are dedu
ed from spe
-tros
opy. The linear relationship between R∗ and d shows that the angular size
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e of the ob-je
t given the photometri
 magnitudes dete
ted. For a 
entral star of 7500K and atypi
al luminosity of 5000L⊙, the dust sublimation radius is about 4A.U..Be
ause the dis
s around binary post-AGB obje
ts must be 
ompa
t, interfer-ometry is a ne
essary and ideal tool to study their spatial stru
ture. Be
ause for allobje
ts, a large fra
tion of the total luminosity is emitted in the N-band, the MIDIinterferometer � produ
ing spe
trally dispersed fringes in the N-band � is ideallysuited, not only to resolve the 
ompa
t dis
s, but also to obtain spatial informationof the di�erent dust 
omponents.2 a MIDI interferometri
 survey in the N-bandTo study the spatio-
hemi
al nature of the dusty dis
s, we observed a sample of 9obje
ts with the MIDI instrument mounted on the VLTI. All sele
ted obje
ts are
on�rmed binaries with binary periods ranging from 288 to 1350 days (for a referen
eon the binarity see e.g. [8℄).In [1℄, a subsample of only two obje
ts was studied, i.e. SXCen and HD52961.It was demonstrated that the 
ir
umstellar emission originates from a very 
om-pa
t region with the emission of SXCen being unresolved even on a 45m baseline.This implies an upper limit for the diameter of the dust emission of some 18A.U..Moreover, it was shown that for HD52961, whi
h was resolved, the dust is not ho-mogeneously distributed in the dis
. For this obje
t, the inner regions of the dis
 aremu
h more 
rystalline than the outer most regions. The other obje
ts of the sam-ple 
on�rm the results obtained in [1℄ but also show diversity in their 
ir
umstellarenvironments.All obje
ts show a 
ompa
t emission region with diameters ranging from 20to about 60 A.U.. Be
ause a dusty mass loss is not expe
ted for the obje
ts dueto high temperature of the post-AGB star, this provides 
on
lusive eviden
e forthe existen
e of a stable reservoir around the binary. A Keplerian dis
 seems themost likely geometry. The dis
-like nature of the 
ir
umstellar environment 
an beinferred from the asymmetri
 emission observed for some obje
ts, with the moststriking observation being IRAS17038-4815 (see Fig. 1). This obje
t was observedat three di�erent proje
ted angles (PA) for whi
h a large di�eren
e in diameter ofthe emission region is observed. This 
learly points to the o

urren
e of an in
lineddis
 around this obje
t.While the 
ir
umstellar environment 
onsists for all obje
ts of highly pro
essedsili
ate dust ([4℄), large di�eren
es are observed in the spatial distribution of thispro
essing. While two obje
ts show an inhomogeneous distribution of the dust pro-
essing, with the 
rystallinity 
on�ned to the inner most regions, most obje
ts donot show eviden
e for this. The distribution of the 
rystallinity 
an give important
lues to the formation history of the dis
. Two formation pro
esses are proposed:the dis
 is formed through (1) 
apture of a �normal� AGB wind or through (2) non-
onservative mass transfer in an intera
ting binary. In the �rst s
enario, the dustenters the dis
 in the form of amorphous sili
ates (e.g. [7℄), after whi
h the innermost regions 
rystallize through heating above the glass temperature. In the inter-a
ting binary s
enario, all grains were likely at high temperatures for a long period
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Fig. 1. The elongated emission region of IRAS17038-4815. Left: A s
hemati
 dia-gram of the di�erent angles under whi
h the three measurements were performed.Right: The observed diameter of the N-band emission along the di�erent angles.of time, in
reasing the 
han
e of a substantial 
rystallization. The large di�eren
ein the spatial distribution of the dust 
omponents in the sample 
ould therefore bea result of a di�erent formation history of the dis
. This 
ould be linked with thefa
t that indeed only the obje
ts with the largest binary periods display an inhomo-geneous dust distribution. The binary periods are, however, for all obje
ts too smallto a

ommodate a full grown AGB star. This would point more to the o

urren
eof an intera
ting binary s
enario for all obje
ts.3 the dust geometry through the AMBER + MIDI
ombinationTo determine most strongly the inner stru
ture of the dusty environment, we probedthe 
ir
umstellar dis
 around IRAS08544-4431 using the AMBER and MIDI inter-ferometer. In this manner, we got spatial information on the dusty environment inboth the K and N-band, tra
ing two totally di�erent temperature regimes. More-over, the unique 
losure phase 
apabilities of the AMBER instrument allow us todete
t dire
tly the asymmetry in the dusty emission and that on milli-ar
se
onds
ales. The obje
t IRAS08544-4431 was sele
ted as an ideal 
ase study be
ause thebinary nature of the obje
t is well established (orbital period is 499 ± 3days, [6℄)and it is bright in both wavelength regions.In [2℄, we developed, 
ompliant with the energeti
s of the sour
e, a self-
onsistent,passive dis
 model to understand the interferometri
 observations. The dis
 model
ontains a large inner hole, sin
e dust 
annot survive above sublimation temperature(∼ 1500K). The main 
onsequen
e of this inner hole is the o

urren
e of a verti
alboundary irradiated dire
tly by the 
entral post-AGB star. This results in a hightemperature of this region and will 
ause the inner dis
 rim to be pu�ed up bygas pressure. In order to 
onstrain the geometry self-
onsistently, we used a 2D
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ode developed in [5℄ to 
ompute the temperature and verti
aldensity stru
ture of the dis
.As a �rst step, we determined a model whi
h reprodu
es the broad band SEDof IRAS08544-4431 and 
onstrained most parameters of the dis
 based on the un-resolved 
hara
teristi
s of the sample. In [2℄, we show that this model, 
onstrainedsolely on the basis of the spatially unresolved 
hara
teristi
s of the emission, re-produ
es the interferometry extremely well. Not only the wavelength dependentintensity distribution of our dis
 model (in K and N !) is fully 
ompatible withthe observations, even the strong K-band 
losure phase is reprodu
ed with extremepre
ision.The morphology of the dust emission reprodu
ing the interferometry best isshown in Fig. 2. We �nd that the dis
 of IRAS08544-4431 is seen under an in
linationof 58+5
−30 deg and at an orientation of 186 ± 10 deg East of North. The SED, thenon-zero 
losure phase and the visibilities show that the dis
 is 
ir
umbinary witha large pu�ed up inner rim (see Fig. 2).

Fig. 2. The morphology of the 
ir
umstellar environment of IRAS08544 in the K-band (2µm, left panel) and the N-band (10 µm, right panel): North is up and East isto the left. The position angles of the baselines in the K-band are 43, 85 and 112 degand in the N-band 49 and 58 deg. The images are 
ontour plots using 25 equallyspa
ed levels whi
h are �lled in greys
ale. The position of the giant is indi
ated bythe 
ross. The brightest region is the inner wall on the far side.4 Con
lusion:The main 
on
lusion of our observations is that they prove the very 
ompa
t natureof the 
ir
umstellar environment for all obje
ts. Moreover, from the 
ombination ofAMBER + MIDI, we 
ould very stringently 
onstrain the geometry of the dustyenvironment as that of a passive 
ir
umbinary dis
 with a large pu�ed up inner rim.Remark that the asymmetri
 nature of the 
ir
umstellar environment is found forvarious targets even in the N-band. A Keplerian dis
 is indeed the only plausiblesolution.
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ially in the radialdistribution of the 
rystalline dust. For some obje
ts the 
rystallinity is 
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