
Chemi
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kelInstituut voor Sterrenkunde, Departement Natuurkunde en Sterrenkunde,K.U.Leuven, Celestijnenlaan 200D, 3001 Leuven, Belgiummaarten.reyniers�ster.kuleuven.beSummary. We report on the 
hemi
al analysis of an exploratory sample of �vepost-AGB stars in the Large Magellani
 Cloud, based on UVES-VLT spe
tra. Thesample reveals a wide 
hemi
al diversity, similar to the diversity seen in Gala
ti
post-AGB stars. One obje
t is a post-3rd dredge-up obje
t, heavily enhan
ed in
arbon and s-pro
ess elements; one obje
t is 
arbon enhan
ed, but does not show s-pro
ess enhan
ements, and its 
hemistry is therefore not understood. The other threeobje
ts show some degree of depletion in their photosphere: the refra
tory elementsare underabundant with respe
t to the non-refra
tories. This depletion pattern isunderstood as the result of a 
hemi
al pro
ess in whi
h a gas-dust separation in the
ir
umstellar environment is followed by a photospheri
 a

retion of only the gas.In the Galaxy, the e�
ien
y of this pro
ess is dependent on the initial metalli
ity.Here we show that at LMC metalli
ities, the depletion pro
ess 
an be very e�
ient.The most favorable 
ir
umstan
e for this pro
ess to o

ur is, if the 
ir
umstellardust is trapped in a disk. The presen
e of a disk in evolved obje
ts is likely relatedto binarity (see 
ontributions of Gielen and Deroo in these pro
eedings).Key words: Stars: AGB and post-AGB � Stars: abundan
es � Stars: 
arbon �Magellani
 Clouds1 Chemi
al diversity of Gala
ti
 post-AGB starsDuring the past de
ennia, it has been realized that post-AGB stars are 
hemi
allymu
h more diverse than previously thought, with only a fra
tion of them showingthe expe
ted signature of a 3rd dredge-up. Binary obje
ts have a totally di�erent
hemi
al signature than single obje
ts, and both subgroups are, in their turn, alsonot 
hemi
ally homogeneous. In this �rst se
tion, we will give a small overview ofthe results on gala
ti
 post-AGB obje
ts (for an extensive review, see [12℄).Binary obje
ts tend to have a totally di�erent photospheri
 
omposition than sin-gle obje
ts. Most binary post-AGB stars show some degree of depletion of refra
toryelements in their photosphere: elements with a high dust 
ondensation temperature
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kelare underabundant, e.g. [6, 8℄. A self-
onsistent evolutionary s
enario for the deple-tion phenomenon is not yet developed, but a rough sket
h is as follows [14℄: Whenthe AGB star evolves into an orbit whi
h is too small to a

ommodate its in
reasein radius, a phase of strong binary intera
tion will o

ur whi
h results in the 
re-ation of a stable 
ir
umstellar disk [4, 5℄. In this disk, dust formation will lead toa 
hemi
al fra
tionation in whi
h elements with a high 
ondensation temperaturewill preferentially 
ondense on dust grains, while elements with a low 
ondensationtemperature will stay in the gas phase. The 
leaned gas separates from the dust andre-a

retes onto the star, making the photosphere devoid of refra
tory elements.Remarkably, depletion patterns are often observed, but in almost all obje
ts thereis observational eviden
e that a stable and probably 
ir
umbinary disk is presentindeed [13℄.RVTauri stars are a sub
lass of the Pop. II Cepheids, probably in the post-AGB stage of evolution, as �rst argued by [7℄. Many of the RV Tauri stars showan infrared ex
ess, whi
h is 
aused by the 
ir
umstellar dust that was likely formedby heavy mass loss during the pre
eding AGB phase. All members of the RVBspe
tros
opi
 subgroup of the RVTauri stars show also some degree of depletionin their photosphere. Our radial velo
ity monitoring of these RVTauri that is stillongoing, proves that the binary fra
tion is indeed very high [8℄. Note that depletiondoes not seem to o

ur in globular 
luster RV Tauri stars, or in �eld RVTauri starsof low metalli
ity ([Fe/H℄<−1).Other post-AGB obje
ts with a spe
tral energy distribution (SED) indi
ative ofa 
ooling and expanding deta
hed shell, but without radial velo
ity information andhen
e presumably single, are also far from 
hemi
ally homogeneous. Some obje
tsare the most s-pro
ess enri
hed obje
ts known to date (e.g. [11℄, and referen
estherein) while others are not enri
hed at all. This di
hotomy is very stri
t, in thesense that mildly enhan
ed obje
ts do not exist, ex
ept for a few rather atypi
alobje
ts. Furthermore, the s-pro
ess enri
hed sub-group exhibits a large spread ins-pro
ess e�
ien
y, as these stars do not obey the expe
ted anti-
orrelation betweenmetalli
ity and s-pro
ess e�
ien
y. In other words, examples exist of post-AGBstars with a very similar metalli
ity, but with a totally di�erent s-pro
ess neutronirradiation.2 The LMC sampleIn this 
ontribution, we report on the abundan
e results of an exploratory sample
onsisting of the �ve brightest RV Tauri stars in the LMC found by the MACHOexperiment [2℄. This LMC sample of RV Tauri stars with their known luminosityis a unique sample to study the nature of these stars and of the post-AGB evolu-tion in general. Moreover, abundan
e analyses of post-3rd dredge-up stars in theLMC should make it possible to study the yields of the AGB nu
leosynthesis in amore metal de�
ient environment than the Galaxy. High resolution, high signal-to-noise opti
al spe
tra of our exploratory LMC sample were taken with the UVESspe
trograph mounted on the VLT-UT2 (Kueyen) teles
ope. More details on theobservations and the redu
tion 
an be found in [9℄.
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Fig. 1. Sample spe
tra of obje
ts in our exploratory LMC sample (ex
ept MA-CHO47.2496.8, see Se
tion 3), together with the spe
trum of ACHer, a gala
ti
depleted post-AGB star. [Zn/Fe-peak℄ and [S/Ti℄ ratios are diagnosti
s for deple-tion, sin
e they are elements with the same 
hemi
al history, but with di�erent
ondensation temperatures. Note the strong Zn line 
ompared to other lines of e.g.Ti of Cr, in the spe
tra of MACHO82.8405.15 and MACHO79.5501.13.3 MACHO47.2496.8: a post-3rd dredge-up obje
tOne obje
t of our sample, MACHO47.2496.8, is a true post-3rd dredge-up obje
tdisplaying strong 
arbon and s-pro
ess enri
hments. Its results are extensively dis-
ussed in a dedi
ated paper [9℄, and the abundan
e pattern has been re
ently mod-eled in a letter [3℄. Here, we only note its remarkably low intrinsi
 metalli
ity of[Fe/H℄=−1.4, and an overall enri
hment of 1.2 and 2.1 dex for the light (Zr-peak)and heavy (Ba-peak) s-pro
ess elements respe
tively.4 Three depleted obje
tsIn three out of �ve obje
ts, we found a 
lear anti-
orrelation in the abundan
e resultsbetween the abundan
es of the elements and their 
ondensation temperature (Fig.2), indi
ating that the depletion phenomenon has taken pla
e. MACHO82.8405.15is the most heavily depleted sour
e of the three, with [Fe/H℄=−2.6, in 
ombinationwith [Zn/Fe℄=+2.3 and [S/Ti℄ =+2.5. This degree of the depletion is 
omparableto the strongest depletions seen in �eld Gala
ti
 RV Tauri stars. The results of thisstar are therefore published in a dedi
ated letter [10℄. MACHO79.5501.13 is alsoquite strongly depleted, with [Fe/H℄=−1.9 and [Zn/Fe℄ =+1.3. The third obje
t,MACHO81.9728.14, is only marginally depleted, but still the elements with thehighest 
ondensation temperature (> 1500K) are underabundant by ∼0.8 dex. If theZn abundan
e is interpreted as the initial metalli
ity of the obje
t, then it seems
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Fig. 2. The SEDs (upper row) and the abundan
e pattern (lower row) of the threedepleted obje
ts in our sample.that the depletion pro
ess is less e�
ient for more metal de�
ient obje
ts. This e�e
tis also seen in Gala
ti
 depleted obje
ts, although initial metalli
ity is 
learly notthe only parameter that determines the depletion e�
ien
y. The SEDs of the threedepleted obje
ts (Fig. 2) have the typi
al shape of a disk obje
t. They 
onsist oftwo 
omponents: an opti
al one from the photosphere, and a hot dust ex
ess in theinfrared, indi
ative for the presen
e of dust near the star likely in a stable disk.5 MACHO81.8520.15: not understoodThe abundan
e pattern of MACHO81.8520.15 (Fig. 3) is not easily understood. Atleast two possible interpretations 
an be put forward: either all elements (in
ludingZn) are depleted, ex
ept 
arbon, or the star is of low initial metalli
ity and has en-han
ed its 
arbon, but not its s-pro
ess elements. The s
enario in whi
h all elements,ex
ept C, are depleted, is less plausible, sin
e in the SED there is no strong indi
a-tion for the presen
e of a disk. Nevertheless, a very small but signi�
ant IR-ex
essis present at 8µm. Moreover, 
arbon stars without s-pro
ess enri
hment do exist inthe Galaxy [1℄, and may be related to this obje
t. We have not yet found a possibleevolutionary 
hannel leading to this abundan
e pattern.6 Con
lusionsThis exploratory sample of �ve post-AGB stars in the Large Magellani
 Cloud re-veals the same 
hemi
al diversity already seen in their Gala
ti
 
ounterparts. Oneobje
t, MACHO47.2496.8, is a true post-3rd dredge-up obje
t, heavily enri
hed in
arbon and s-pro
ess elements. MACHO81.8520.15 is C-ri
h, but not s-pro
ess en-ri
hed, and is therefore not understood with the 
urrent nu
leosyntheti
 AGB mod-els. The other three obje
ts are depleted, showing a stronger depletion for higher
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Fig. 3. The SED (left panel) and the abundan
e pattern (right panel) of MA-CHO81.8520.15.initial metalli
ities. The three depleted obje
ts possess a near IR-ex
ess indi
atinga stable dust reservoir, probably a disk.Referen
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