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avoid the need of extra nuclear processes like LEPP, the
neutron exposures must be very efficient, so that the average
metallicity of the stars most efficiently contributing to the solar
distribution must be rather high (and rather constant in time), as
typical of the long evolutionary stages of the Galactic disc,
during which the age–metallicity relation is essentially flat (see
Maiorca et al. 2012 for a detailed discussion).

However, complementary indications that come from
different astrophysical sites exist. They allow us to verify
whether the hydrogen profile induced by MHD mixing is really
capable of accounting for a larger number of constraints than in
previous parametric choices. One such constraint lays in the
recent suggestion (Liu et al. 2015) that extended reservoirs of
13C, characterized by a rather flat distribution, might be
required to explain the isotopic and elemental admixture of s-
elements in presolar SiC grains. However, the model discussed
here remains oxygen-rich during the whole of its evolution. In
order to verify the above suggestions we shall therefore present
soon new calculations for higher masses (reaching C/O�1
even at high metallicities).

In any case we know that high C/O ratios are easily reached
at low metallicity even for rather low masses. We can exploit
this fact to compute neutron captures in a model star with
conditions typical of some low-metallicity, post-AGB objects
(De Smedt et al. 2014). Post-AGB stars can play a crucial role
in the understanding of s-process nucleosynthesis. They
represent the final evolutionary phase of low and intermediate
mass stars, on their way from the Hayashi track to the planetary
nebula stages. The timescales for the post-AGB phase predicted
by stellar models are in range 10–105 years, inversely
depending on the core mass. Crucial in determining this
duration are the treatment of current mass loss and its history
along the AGB. Since this evolutionary phase is fast, post-AGB
stars are rare; yet they are also intrinsically bright. Hence, there
is a rather vast sample of data and information on them, both
for the central stars and their circumstellar material. Comparing
our model predictions with the observational data gives rise to
relevant constraints about the absolute s-process enrichment
with respect to carbon.

In the present work, we focus our attention on a specific
example: the source J00441.04–732136.4 (hereafter
J00441.04), for which an accurate spectral analysis was
performed by De Smedt et al. (2012, 2014; other examples
of post-AGB stars will be investigated in a forthcoming paper).

J00441.04 is a peculiar stellar object: with an initial mass
and metallicity of 1.3 Me and Z = 0.001, respectively, this star
is the only one in the Small Magellanic Cloud showing the SiC
feature at 21 μm; it also shows one of the highest over-
abundances of s-process elements, with a moderate
C-enhancement. We then computed the nucleosynthesis
ensuing from a 13C-pocket like the one described in Section 3
for the case of a 1.3 Me star with [Fe/H] = −1.4. This offers
us an occasion to check our predictions against observations for
both the s-process distribution and the total s/C abundance
ratio. This last value has remained so far unexplained.

In Figure 4 we show our results for the [X(i)/Fe] ratios, as
obtained by applying our post-process to a suitable AGB stellar
model from Straniero et al. (2003). As the typical α-
enhancement for oxygen is usually larger than for other α-
rich elements, we assumed initial abundance values increased
by +0.6 (O) and +0.4 (Mg, Si, S, Ca, Ti), respectively.

In Figure 4 our predicted abundances are represented by the
red line and the observational data by the black points with the
corresponding indication of the error bar. AGB nucleosynthesis
models based on small 13C-pockets can reproduce the average
abundances of s-elements only after many thermal pulses,
which means also obtaining necessarily a huge C abundance, as
confirmed in De Smedt et al. (2012, 2014). However, this is at
odds with observational data. For the same reason, the C/O
ratio was also not reproduced so far. These problems are not
met by our model, whose fit is indeed very good for both light
and heavy elements, within the uncertainties. This is an
immediate consequence of our extended 13C-pocket, because it
implies always a high s/C ratio in the material dredged up from
the He-intershell. It was shown that the previous models can
get close to the data only by assuming the existence of a late
thermal pulse with a deep dredge-up and a small dilution with
the convective envelope (calculations were done with the
STAREVOL code by Siess 2007). However, again the C/O
ratio is not reproduced. We consider the automatic solution of
all these problems as a striking evidence in favor of our model,
in which s-elements are very effectively produced in few
thermal pulses. We recall that this does not descend from any
ad-hoc assumption and derives rather simply from our MHD-
driven mixing mechanism.
A remaining problem for us, (which is actually met by any

attempt with s-process codes) is the strangely moderate
abundance observed for Pb, unexpected at this metallicity.
Actually, it is an intrinsic nuclear property of s-processing to
shift the abundances toward the magic nuclei at N=126 at
low metallicity, where the number of neutrons per iron seed
becomes very large (Gallino et al. 1998). To our knowledge,
this is an intrinsic nuclear property and is not model dependent;
it leads us to suppose that something is wrong either with the

Figure 4. Comparison between model predictions (red line) and the
J004441.04–732136.4 post-AGB abundance ratios ([X(i)/Fe]) identified by
full black points and their corresponding error bars (De Smedt et al. 2012,
2014). A selection of elements, with nuclear charge in the range 2�Z�83, is
shown. Since the [Pb/Fe] data represents only an upper limit, it is identified by
a down arrow. Our calculation also shows the enhancement factor of
α-elements.
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