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An asymptotic giant branch (AGB) star evolves to the postBAthase and then may become the
core of a planetary nebula. The star evolves at a constamdsity to hotter temperatures while
the mass of the thin H-rich region decreases because of w8tdedust oxide and silicate grains
are formed around AGB stars and recovered from meteorites ofigin of the “Group Il grains”
is currently explained by invoking the occurence of somallohextra-mixing process in AGB
stars. We propose an alternative explanation: these gragsave originated from the winds of
post-AGB stars and planetary nebula cores. We predict hiimtvind shows the signature of H-
burning. We compare our predictions from stellar modelfigodompositions observed in Group
Il stardust oxide and silicate grains to assess this hyg®h@/e find that the O- and Al-isotopic
composition of the winds is very close to that of Group Il ggiespecially if some mixing of
the ejected material is performed. However, the Mg-isaapimposition of the winds does not
provide as close a match to the Group Il grains.
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1. Introduction

Stardust grains are recovered from primitive meteoritek aralysed in the laboratory (Fig.
1) [1]. Stardust and oxide silicate grains are classified fatr groups [2]: Group | grains show
exesses in’0 and are believed to have originated from red giants and A@B.sGroup |l grains
show deficits int80 and enrichments i¥O and are currently explained by the presence of extra-
mixing in AGB stars. Group Ill grains show deficits 140 and80 and their origin is unclear.
Group IV grains show excesses'ffO and are believed to have originated in supernovae. Fagusin
on Group Il grains, the current explanation for their conifms involves the presence of some
kind of extra-mixing process in AGB stars [3]. The physicaahanism responsible for such deep
mixing remains unclear (even though work is in progress @gtoblem [4, 5]) and it is debated
if this mechanism is really needed to explain stellar otetius [6, 7].

In this paper we wish to test an alternative explanationferdomposition of oxide and silicate
stardust grains of Group Il by linking their origin to the wiepisodes that occur beyond the tip of
the AGB. After its H-rich envelope is reduced 4010 °M,,, an asymptotic giant branch (AGB)
star evolves to become a post-AGB star and then may beconmethef a planetary nebula. The
star evolves at a constant luminosity to hotter temperatwigle the mass of the thin H-rich region
decreases because of winds. These winds carry the sigruttive H-burning material that gets
progressively exposed to the stellar surface.

2. Methods and results

To look at the composition of post-AGB and planetary nebole avinds we took a.25 M.,
model of solar metallicity from [9] and selected the deeddst® M., H-rich region of the star
during a typical interpulse period. The material has C/Ogtanse we have considered a stellar
model that does not experience any dredge-up of material the He- and C-rich region into the
envelope during its AGB phase. We simulated mixing of thetepg material, as it may occur in
the winds or during the interaction of the winds with the sunding material. We experimented
with different types of mixing possibilities. We refer theader to [8] for a detailed description
of these different mixing schemes. In Figs. 3, 4, 5 and 6 wegnethe O-, Al- and Mg-isotopic
compositions obtained by keeping the material stratifiachifiixed”) or mixed in the different
ways described in [8] and compare them to the stardust datéspo

Figs. 3 and 4 show that the “unmixed” compositions (longrskbashed line) do not provide
a very close match to the Group Il grains. The “mixed” compaoss (solid lines) allowed us to
move away from the solar compaosition to reach the majoritthefGroup Il grains and to cover
the 180/1%0 and?®Al/?’Al grain data, except that tHéO/*%0 ratios are not matched since they
remain roughly 50% higher than the data points. To match toe®lI grains, our results show that
we need to mix within the inner half of the total TOM ., mass we are considering. If we include
in the mixture too much material from the outer half of the memnge, we quickly move towards
180/160 ratios greater than 0.001. The different mixing schemethi®®sMg compositions (Figs. 5
and 6) were not as successful in covering the data. They apipba able to cover the negative but
not the positived?°Mg/?*Mg values.?>Mg can be enhanced in the He-rich layer located just below
the region we are considering here dueé?dble(a, n)*>Mg reactions, however, mixing material
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Figure 1: Corundum (A}O3) stardust grain recov- Figure 2: Isotopic ratios in a 1.25 solar mass AGB star

ered from a primitive meteorite. The size of this graimith Z=0.02 as a function of the mass coordinate, where

is approximately B um. mass=0 is the centre of the star. The vertical black lines
enclose the deepest 1¥M., H-rich layer during a typical
interpulse period. We assume that this material is represen
tative of the material lost in the winds after the tip of the
AGB. The dotted line represents the abundance of protons
and helps locate the underlying H-burning shell at roughly
0.5625M,. These compositions clearly show the typical
signature of H-burning.

from this region would produce C-rich compositions, whiléde grains need O-rich conditions to
form.

3. Discussion

The main problem of our proposed scenario is that the totabrimaolved in the grain forma-
tion process is very small. Since the mass of the AGB envdltugieluring AGB winds, where the
vast majority of oxide and silicate grains form,4s0.7 M., the mass considered here represents
less than 0.1% of the total mass lost in the stellar winds.h@rother hand, approximately 10-15%
of presolar oxides and silicate grains belong to Group I1.h8w can we produce such a large
proportion of grains from such a small fraction of mass?

One possibility for dust formation in our scenario are shoickthe post-AGB winds, which
dynamically interact with the material that exists arouhd tentral star from the previous AGB
wind episodes (eg. [10]). Dust is observed to form in posie&iregions in different environments,
from the colliding winds of binary massive stars like EtaiGae and Wolf Rayet stars of WC type,
to supernovae post-shock regions (see [11] and refereheesirt). The scenario involving extra-
mixing in AGB stars is much more accurate in reproducing #ta {fL2], but our alternative cannot
be excluded for the moment, while its unknown if dust is fodfrem the winds from central stars
of planetary nebulae. To our knowledge, there are no thieatair observational studies about
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Figure 3: The 170/A80 versus!80/160 isotopic Figure 4: Same as Fig. 3 but for theAl/27Al
ratios corresponding to the stratified compositioversust®0/:°0 isotopic ratios.

(“unmixed”, long-short dashed line) and to the

mixed composition (solid lines) from different

mixing schemes [8], compared to data for oxide

and silicate stardust grains. Vertical and horizon-

tal dashed lines represent the solar value.
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Figure 5. 25Mg/>*Mg versus'’O/*®0 in preso- \ljle?gazlzoi%ge as Fig. 5 butfor thi#*Mg/*'Mg
lar grains and from our model predictions. The
lines are the same as in Figs 3 and2Mg/?*Mg
are given asd-values, which represent permil
variations with respect to solard?°Mg/?*Mg =
{[((*>Mg/**Mg)/(**Mg/**"Mg)., - 1)x1000]}
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the possibility of grain formation in post-shock regionsplanetary nebulae, and does about the
resulting grain size distribution and features. Also, weché perform a close revision of the
reaction rates we are using before any conclusions can be.mad
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