
Dust-grain pro
essing in 
ir
umbinary disksaround evolved binariesClio Gielen and Hans Van Win
kelInstitute of Astronomy, Katholieke Universiteit Leuven, Celestijnenlaan 200D,3001 Leuven, Belgium 
lio.gielen�ster.kuleuven.beSummary. The number of binary post-AGB stars known in the Galaxy is signi�-
ant, yet their evolutionary status is far from understood. All these evolved binariesseem to be surrounded by a Keplerian dusty disk. By 
ombining a wide range ofobservational data and te
hniques (e.g. infrared spe
trography, SED modelling andradial velo
ity monitoring) we aim at studying the binary nature of our samplestars, as well as the stru
ture and mineralogy of the 
ir
umstellar environment. Ouranalyses show that the dust is highly pro
essed, both in 
rystallinity and grain size.The presen
e of 
ool 
rystals in the disks shows that either radial mixing is e�
ientand/or that the thermal history is very di�erent from that in out�ows. The physi
alpro
esses governing the stru
ture of these disks are very similar to the ones observedin protoplanetary disks around young stellar obje
ts.Key words: stars: AGB, post-AGB - stars: evolution - stars: binaries - stars: 
ir-
umstellar matter1 Introdu
tionBinary post-AGB stars are not un
ommon and a general 
hara
teristi
 is that theyall seem to be surrounded by stable Keplerian dusty disks [7℄. The orbital elementsfrom our radial velo
ity monitoring program indi
ate that these obje
ts must haveundergone severe binary intera
tion, when the primary was at giant dimension,during whi
h the 
ir
umbinary disk has been formed. The binaries are now not in
onta
t but the orbits are too short to a

ommodate a full-grown AGB star. Thedisks are 
ir
umbinary sin
e all orbits dete
ted so far lay well within the sublimationradius of the dust.Infrared spe
tra are ideal tra
ers of the dust in these 
ir
umbinary disks. The
hemistry 
an be tra
ed by resonan
es of the dust spe
ies and the feature pro�les
an be used to 
onstrain the 
hemi
o-physi
al 
onditions of the dust grains. Thetemperature distribution of the dust spe
ies throughout the disk is probed by theratios of the strengths of the features of the same spe
ies at di�erent wavelengths.



536 Clio Gielen and Hans Van Win
kel2 ObservationsSpitzer-IRS high- and low-resolution spe
tra were obtained for 21 sample stars,ranging from 10 µm to 36 µm, with spe
tral resolutions of respe
tively R ∼ 600and R ∼ 100. For some stars we obtained additional ground-based N-band infraredspe
tra with the Thermal Infrared Multi Mode Instrument 2 (TIMMI2), mounted onthe 3.6m teles
ope at the ESO La Silla Observatory. At submillimetre wavelengththere are SCUBA 850 µm measurements available for a few stars only.Orbital parameters are determined using radial velo
ity measurements obtainedwith the CORALIE spe
trograph atta
hed to the 1.2m Swiss Euler Teles
ope. Sofar, orbital parameters for 16/21 sample stars are obtained.3 Mineralogy3.1 GeneralIn all obje
ts the dust is oxygen ri
h and highly 
rystalline (Fig. 1), with strong emis-sion features whi
h we 
an identify as features of the Mg-ri
h end members of 
rys-talline olivine and pyroxene, namely forsterite (Mg2SiO4) and enstatite (MgSiO3).In none of the spe
tra there is eviden
e for a 
arbon-ri
h 
omponent but two obje
tsdo show CO2 emission lines. We �nd a ratio 12C/13C smaller than 10, so 12C is notenri
hed by the third dredge up during the previous AGB evolution.In nearly all the spe
tra there appears to be a shift from the amorphous 18µmfeature towards the right, when 
omparing with syntheti
 spe
tra of amorphousolivine and pyroxene. This points to the dominan
e of Mg-ri
h amorphous dust, alsoin the amorphous 
omponent. The la
k of iron dete
ted in the sili
ates is surprisingsin
e we expe
t the refra
tory iron to be present in the dust. Photospheri
 depletionin iron, whi
h we dete
t in a sample of our stars [5℄, 
an be understood when theiron is indeed lo
ked up in the 
ir
umstellar dust grains and not in the gas-phase[8℄ (see also Reyniers in these pro
eedings). If both the 
rystalline and amorphoussili
ates are devoid of iron, this 
ould mean that iron in stored in metalli
 iron oriron-oxide [6℄.3.2 Spe
tral synthesesWe �t the observed 
rystalline emission features of our sample stars with syntheti
spe
tra of forsterite and enstatite [4℄. We have a

ess to a large sample of massabsorption 
oe�
ients of various dust shapes and sizes. Sin
e di�erent dust shapesresult in di�erent emission pro�les, as a �rst step, we use the observed emissionpro�les to determine the best adopted forsterite dust opa
ity des
ription. The best �tis obtained when using small (< 0.1 µm) forsterite parti
les in the CDE (
ontinuousdistribution of ellipsoids) approximation and big (1.5 µm) forsterite parti
les in theDHS (distribution of hollow spheres) approximation. We use the same dust sizedistribution for enstatite sin
e this is physi
ally more plausible.As a next step we perform a full spe
tral �tting of the 
ontinuum subtra
tedemission features, using the forsterite and enstatite approximations dedu
ed aboveand allowing di�erent dust temperatures and dust fra
tions. A good �t 
an bea
hieved by allowing only two di�erent dust temperatures between 50K and 1500K(Fig. 2).
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Fig. 1. Four of our sample stars, showing the large variety in observed infrared spe
-tra. The �rst three stars are dominated by strong emission features from 
rystallinesili
ates. TWCam is nearly featureless, ex
ept for the strong 11.3 µm forsterite fea-ture.

Fig. 2. Continuum subtra
ted and normalized spe
trum of RUCen. Overplottedour best model �t using a forsterite-enstatite mixture with dust temperatures of150K and 600K [3℄.
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kel4 SED �ttingA study of the spe
tral energy distributions (SEDs) of our sample stars shows thatthe SEDs of all sample stars are very similar. Dust ex
ess starts near sublimationtemperature (≈ 1500K), irrespe
tive of the parameters of the 
entral star [1℄. Our�rst attempt to model the SEDs using a spheri
ally symmetri
 model failed, sin
e we
ould not model simultaneously the SED and the observed infrared spe
tra, withina

eptable evolutionary times
ales.As a next step we performed an SED-�tting using a 2D radiative transfer 
odeassuming a passive disk model [2℄. The stru
ture (s
ale height) of the disk is 
om-puted self-
onsistently using the gas pressure. A signi�
ant fra
tion of large grains(850 µm) is needed to a

ount for the high submillimetre �ux. Sin
e dust settlingtimes for su
h large grains are short 
ompared to disk lifetime s
ales, the pi
turethat emerges is that of an inhomogeneous disk of small grains with a 
ool midplaneof large grains. The small grains will dominate the near- and mid-infrared part ofthe SED, while the large grains will be the main 
ontributor to the far-infrared partof the SED.When modelling the near- and mid-infrared part of the SED of one our samplestars, RUCen, we �nd that the feature-to-
ontinuum ratio of the sili
ate features istoo strong in 
omparison with the ratio observed in the infrared spe
tra [3℄. In
ludingan extra opa
ity sour
e, like large grains and/or metalli
 iron, is needed to redu
ethe strength of the features (Fig. 3).The SED modelling also gives possible values for the in
lination of the system.With these values a minimal mass for the 
ompanion star 
an be estimated, usingthe mass fun
tion and a typi
al value for the primary of M1 = 0.6 − 1.0M⊙. ForRUCen, with a mass fun
tion of f(M) = 0.83M⊙, this yields a minimal mass forthe 
ompanion star of M2 = 1.8 − 2.2M⊙. This means that the 
ompanion is likelyan unevolved main sequen
e star, but with a 
onsiderable mass.5 Con
lusionsOur spe
tral syntheses and SED modelling give 
on
lusive eviden
e for the presen
eof stable Keplerian disks around all our sample stars. Although there is a wide varietyin observed infrared spe
tra, all obje
ts are oxygen-ri
h and show eviden
e of strongpro
essing of the dust grains. Nearly all obje
ts show a high degree of 
rystallinity,with both hot and 
ool dust present in the disk. The observed 
rystalline emissionfeatures are due to small irregular grains, while the submillimetre �ux points tothe presen
e of large grains. The SED modelling is still a degenerate problem sointerferometri
 data is ne
essary to 
onstrain further the disk geometry (see Deroo,these pro
eedings). The sili
ate dominated mineralogy and mass estimates for the
ompanion show that these stars did not evolve on standard evolutionary tra
ks.The 
hemi
al evolution has been short
ut by binary intera
tion. It is likely that theformation of the 
ir
umstellar disk in these obje
ts is 
losely related to the binaryintera
tion.
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Fig. 3. SED disk modelling of RUCen. The dashed line represents the homogeneousdisk model 
onsisting of grains between 0.1 µm and 20 µm. The red line gives the diskmodel with an added bla
kbody to represent the 
ool midplane. Crosses representphotometri
 data and the solid bla
k line the observed Spitzer spe
trum. Note thatthe 850 µm photometri
 point (asterisk) is an estimation.Referen
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