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ABSTRACT

Aims. The vast majority (&90%) of presolar SiC grains identified in primitive meteorites are relics of ancient asymptotic giant branch
(AGB) stars, whose ejecta were incorporated into the Solar System during its formation. Detailed characterization of these ancient
stardust grains has revealed precious information on mixing processes in AGB interiors in great detail. However, the mass and
metallicity distribution of their parent stars still remains ambiguous, although such information is crucial to investigating the slow
neutron capture process, whose efficiency is mass- and metallicity-dependent.
Methods. Using a well-known Milky Way chemo-dynamical model, we follow the evolution of the AGB stars that polluted the Solar
System at 4.57 Gyr ago and weighted the stars based on their SiC dust productions.
Results. We find that presolar SiC in the Solar System predominantly originated from AGB stars with M ∼ 2 M� and Z ∼ Z�.
Our finding well explains the grain-size distribution of presolar SiC identified in situ in primitive meteorites. Moreover, it provides
complementary results to very recent papers dealing with the characterization of parent stars of presolar SiC.

Key words. Asymptotic giant branch stars – Galaxy chemical evolution – Circumstellar dust – Carbonaceous grains – Solar nebula

1. Introduction

Stars are very efficient nuclear cauldrons, making the vast major-
ity of chemical elements in the Universe. Isotopes freshly syn-
thesized in their interiors are directly ejected (in case of explo-
sive events) into the interstellar medium (ISM) or carried to the
surface by convective mixing episodes (known as Dredge Ups)
and then lost to the ISM by stellar winds. In stars, elements heav-
ier than iron are mostly produced via two neutron capture pro-
cesses: the rapid process (r-process; see Cowan et al. 2019 for
a review) and the slow process (s-process; see Busso et al. 1999
for a review). The latter mainly occurs during the asymptotic gi-
ant branch (AGB) phase of low-mass stars (see, e.g., Straniero
et al. 2006).

Isotopic ratios of s-process elements can be obtained in
single µm-sized presolar SiC grains with very high precisions
(<10% errors; Savina et al. 2003; Stephan et al. 2016). The ma-
jority (& 90%) of presolar SiC grains identified in extraterrestrial
materials, including mainstream, Y, and Z grains (AGB grains
hereafter), came from ancient C-rich AGB stars that evolved
prior to the Solar System formation (Zinner 2014). Compared to
mainstream grains, Y and Z grains are much rarer ( 5% of all SiC
each) and their abundances increase with decreasing grain size
(Zinner 2014; Hoppe et al. 2010; Xu et al. 2015). Based on their
Si and Ti isotopic compositions, Y and Z grains were previously
inferred to have originated from low-mass AGB stars of 0.5 Z�

and 0.3 Z� , respectively (Zinner et al. 2007). However, Liu et al.
(2019) showed that these low-metallicity models adopted by
Zinner et al. (2007) cannot consistently explain the Mo isotopic
compositions of Y and Z grains and that, more likely, Y and
Z grains came from low-mass AGB stars of & 0.7 Z�. A small
fraction of presolar SiC, including X and possibly AB grains,
also came from ancient Type II supernovae (Zinner 2014; Liu
et al. 2017a; Hoppe et al. 2019). These stellar dust grains were
incorporated into small bodies that formed shortly after the Sun’s
birth. Billions of years later, primitive extraterrestrial materials,
fragments of undifferentiated small bodies (e.g. asteroids and, to
a lesser extent, comets), fell and delivered their initially incor-
porated ancient stellar dust on Earth. The linkage between these
AGB grains and C-rich AGB stars is particularly supported by
the s-process isotopic signatures preserved in the grains, which
have provided a number of stringent constraints on the nucle-
osynthesis occurring in AGB interiors (e.g., Lugaro et al. 2003;
Liu et al. 2014, 2015, 2019).

Unfortunately, the distribution (i.e. masses and metallicities)
of the parent stars of AGB grains remains unknown due to the
lack of direct observations and thus needs to be inferred based on
Galactic evolution models. Gail et al. (2009) presented a Galac-
tic Chemical Evolution (GCE) model with dust yields computed
with synthetic AGB models, based on which they concluded
that the majority of presolar SiC grains originated from AGB
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HARPS data 

MCM13 model

Fig. 1. Scatter points are HARPS CTO data (recently re-analyzed data
by Delgado Mena et al. 2017 and ages estimates by Anders et al. 2018),
which represent the age metallicity relation (AMR) in the Galaxy.
Dashed grey line shows the average of the total sample, which appears
flat in the last ∼5 Gyr. Color-coded curves indicate averages of sub-
samples according to their birth locations from the MCM13 model. The
apparent flatness in the local AMR can be explained by the superposi-
tion of well-defined AMRs of stars born in narrow birth-radius bins.

stars with masses 1.5≤ M/M� ≤4.0 and roughly solar metallic-
ity. More recent studies focusing on the isotopic compositions
of AGB grains suggested that AGB grains predominantly came
from low-mass stars (. 3 M�) with close-to-solar metallicities
(e.g., Liu et al. 2018, 2019) or slightly super-solar metallicity
(Lewis et al. 2013). Finally, Lugaro et al. (2018, 2020) proposed
AGB stars with larger masses (M/M� ∼ 3.5 − 4) and higher
metallicities (Z/Z� ∼ 1.5− 2) as the parent stars of large (> 1µm
in diameter) mainstream grains.

Here we aim at constraining the mass and metallicity distri-
bution of the grains’ parent stars, by coupling chemo-dynamical,
stellar and dust growth codes. This will help to discriminate
among the proposed s-process models currently available in the
literature.

2. Milky Way chemo-dynamical model

To quantify the number of AGB stars close to the Sun’s birth
place at the epoch of its formation, we use the chemo-dynamical
model by Minchev et al. 2013 (hereafter MCM13). This model
was created by combining a high-resolution simulation in the
cosmological context with a detailed Milky Way chemical evo-
lution model. The simulation used here was part of a suite of
numerical experiments presented by Martig et al. (2012), in
which the authors studied the evolution of 33 simulated galax-
ies from redshift z = 5 to z = 0. To avoid problems with sub-
grid physics in fully cosmological chemo-dynamical models (i.e.
with on the fly star-formation and chemical enrichment), a de-
tailed semi-analytical chemical evolution model for the Milky
Way was coupled with the simulation a posteriori, assigning el-
emental abundances to stars according to their ages, birth radii,
and the weighted star-formation history. The unconstrained na-
ture of the simulation allows stars to migrate radially in a fully
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Fig. 2. Contour plot of the stellar mass-metallicity distribution in the
Solar vicinity at the epoch of Solar System formation (MCM13 model
output).

self-consistent matter. Given the impossibility to follow single
stars during their migration, they are grouped in "Star Parti-
cles" (hereafter SPs), each with a mass of 7.5 × 104 M�. The
corresponding hybrid chemo-dynamical model succeeded in re-
producing the chemo-kinematic relations in the Milky Way (see
Minchev 2016 and references therein).

We expect that stars attaining their AGB phase in the Solar
vicinity at the epoch of Sun formation (4.57 Gyr ago) produced
the vast majority of presolar SiC grains. It is possible that some
dust that was produced in AGB stars evolved far from the Sun’s
birth place, arrived in the Solar vicinity with different delays (on
average less than 300 Myr prior to the Sun’s birth; Heck et al.
2020). However, the number of such migrated grains should be
very small, due to the large dilution caused by the isotropic emis-
sion at the source (matter ejected by low-mass stars has no pref-
erential direction) and to the (probable) destruction caused by
the most energetic radiation permeating the ISM.

The almost flat age-metallicity relation (AMR) in the Solar
neighborhood for the last 5 Gyr (dashed grey curve in Fig. 1)
seems to suggest that the metallicity distribution of the Galactic
disk barely evolved over time1. However, the temporal evolution
of the metallicities of the local stars is also driven by dynamical
processes such as stellar migration, which modifies the distri-
bution of stars in the Solar vicinity over time. In fact, the local
AMR is largely controlled by long-lived stars, a large fraction
of which migrate out from the inner disk, where the metallic-
ity for a given age is higher. This effect is illustrated in Fig. 1:
the apparent flatness of the observed AMR in the Solar vicin-
ity (HARPS-GTO data) can be explained by the MCM13 model
as the result of radial migration and the superposition of stars
born at different Galactic radii. As indicated by the color-coded
curves in Fig. 1, stars born in narrow birth-radius bins have well-
defined AMRs. However, when put together, the total sample ap-
pears much flatter. This is a case of the statistical phenomenon
known as Simpson’s paradox (see Minchev et al. 2019).

The mass-metallicity probability distribution of AGB stars
1 On the x-axis, time t=0 yr refers to the current date.
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Fig. 3. Panel (a): same as Fig. 2, but with percentages weighted by the SiC grain yields of the corresponding AGB models (initial seed dust number
εSiC = 10−15 cm−3). Panel (b): corresponding distribution of SiC production versus grain size (in diameter), compared to SiC grains identified in
situ in primitive meteorites (see text for details).

present in the Solar neighborhood at the epoch of its formation
(4.57 Gyr ago) obtained with the MCM13 model is shown in
Fig. 2. We assumed that the Sun formed at an inner galactocen-
tric radius (6 Kpc) and subsequently migrated to its current ra-
dius of 8 kpc (Wielen et al. 1996; Clayton 1997; MCM13). The
grid resolution is determined by the resolutions of the masses
and metallicities of the available AGB stellar models contained
in the FRUITY database2 (Cristallo et al. 2009, 2011; Piersanti
et al. 2013; Cristallo et al. 2015). In the framework of our AGB
models, we did not consider stars with masses below 1.3 M�
since they do not experience enough dredge up to become C-
rich (except for very low metallicities, which are irrelevant for
this study). The MCM13 model was used to directly output the
metallicity distribution of considered SPs, in the Solar vicinity
at 4.57 Gyr ago, as shown in Fig. 2.

The determination of the corresponding mass distribution
was more complex. In order to obtain the mass distibution, we
assume each SP consisting of a simple stellar population. The
distribution of SPs in the solar vicinity at the epoch of the Sun
formation is already given by the MCM13 model, but we also
need to know the number of objects on the AGB phase within
each of the SPs, which is intrinsically connected to the SP age. In
fact, being a simple stellar population, the mass evolving on the
AGB is univocally determined for each SP. For example, only
SPs older than 10 Gyr can host AGB stars with initial masses
below 1 M�. In order to extract this quantity, we grouped SPs in
temporal bins, which are defined based on the timescale needed
for a star to reach the AGB (depending on the initial stellar
mass). For instance, a 1.5 M� star needs approximately 3 Gyr
to attain the AGB phase, while a 6.0 M� only needs about 70
Myr. Given that we know the distribution of SPs in each tempo-
ral bin, in order to extract the number of AGB stars from each
SP, we applied a Salpeter initial mass function (IMF; Salpeter
1955).

2 http://fruity.oa-abruzzo.inaf.it/

The predicted distribution in Fig. 2 is largely weighted to-
ward 1.5 M� mass at lower-than-solar metallicities (Z ' 0.7
Z�)3. This is a direct consequence of the IMF peaking at ex-
tremely low masses. Finally, to investigate their contributions to
the presolar SiC inventory in the Solar System, these AGB stars
in Fig. 2 have to be further weighted by their SiC dust produc-
tion.

3. Dust growth model

In order to determine SiC yields in AGB stars, we adopted a
dust growth code, coupled with wind dynamics, initially based
on Ferrarotti & Gail (2006), but with some important modifica-
tions in the input physics (Nanni et al. 2013, 2016; Nanni 2019).
For each mass-metallicity combination identified by the MCM13
model, we calculated the corresponding dust yield. The refer-
ence stellar evolutionary models are taken from the FRUITY
database. For each model we extract physical inputs along the
AGB track (i.e. luminosity, current stellar mass, temperature,
mass-loss rate and surface chemical abundances). As output, we
obtain the chemical composition of the produced dust, the rela-
tive yields of different dust species and the expansion velocity of
the external layers of the circumstellar envelope.

In this work we introduced a time-averaged shock density
profile in the inner part of the envelope before the onset of the
dust-driven wind, starting from the prescriptions by Cherchn-
eff et al. (1992). Such a modification is necessary for reliably
modelling the condensation of SiC. Indeed, SiC is condensed
at higher temperatures with respect to carbon (amorphous) dust.
The formation of such a dust species, under favorable conditions,
accelerates the outflow via dust-driven wind. In particular, the
original stationary wind profile underestimates the density at the
formation radius of SiC, making it difficult to produce large SiC

3 In FRUITY models, Z� = 1.4 × 10−2.
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grains (highlighted by laboratory measurements; see Next Sec-
tion).

Operatively, in order to describe the circumstellar envelope,
we ideally divide it into three spatially separated regions: a) from
the photosphere to the condensation radius, Rcond, where the first
dust species form; b) from Rcond to the radius at which the out-
flow starts to accelerate through dust-driven wind, Racc; c) from
Racc outwards. For the temperature profile from Rcond outwards,
we adopt the Lucy approximation (Lucy 1976) as already used in
several other works (e.g. Ferrarotti & Gail 2006; Ventura et al.
2012; Nanni et al. 2013). For describing the inner temperature
profile from the photosphere to Rcond, we adopt the following
temperature profile:

Tinner(r) = Teff

( r
R∗

)−αT
, (1)

where Teff is the effective temperature, R∗ the stellar radius and
αT is a parameter determined by linking the inner and outer tem-
perature profiles at Rcond.

For describing the density profile in the region with dust-
driven wind in region c), the stationary wind equation is adopted
(e.g. Ferrarotti & Gail 2006; Ventura et al. 2012; Nanni et al.
2013). For describing the density profile in the regions a) and
b), we adopt the time-averaged approximation for the shock ex-
tended zone presented in Cherchneff et al. (1992):

ρ(r) = ρ0 × exp
∫ r

R∗
−

(1 − γ2
shock)

H0(r′)
dr′, (2)

where R∗ is the photospheric radius, ρ0 is the value of the den-
sity at the photosphere, γshock is the shock strength and is eval-
uated by linking the inner density profile with the density value
obtained at Racc from the stationary wind profile. The quantity
H0(r) is given by:

H0(r) =
kT (r)r2

µmHGM∗
, (3)

where k is the Boltzmann constant, T (r) the temperature profile,
µ is the mean molecular weight, mH the mass of hydrogen atom,
G the gravity constant, and M∗ the stellar mass. The density
profile is numerically evaluated by performing the integral of
H0(r) in Eq. 2. We note that we assumed a different temperature
profile with respect to Cherchneff et al. (1992), who choose a
fixed value for the parameter α=0.6 (assumed representative for
describing the temperature profile of the circumstellar envelope
of the carbon star IRC+10216). Since in our work we need to
simulate a variety of carbon stars evolving through the AGB
phase, the adoption of the same kind of temperature profile is
not straightforward, because we would need to predict how
α changes as a function of the stellar parameters. Therefore,
we adopted the temperature profile by Lucy (1976) from Rcond
outwards, which is consistently computed taking into account
the amount of dust formed in the circumstellar envelope as a
function of the stellar parameters. Then, in order to compute the
integral of H0(r) in Eq. 2, we adopt the temperature profile from
the photosphere to Rcond given by Eq. 1, consistently matched
with the outer temperature profile.

We model the grain growth process on starting seed nuclei
of two types of carbonaceous grains: amorphous carbon and
SiC. For amorphous carbon, the seed particle abundance εC -
i.e. the abundance of particles, with respect to hydrogen atoms,
on which other molecules accrete - was selected in order to
yield typical dust grains of size / 0.04 µm. The value of εC

is proportional to the carbon excess: εC = εC,0 × (C − O).
The value of εC,0 together with optical constants from Hanner
(1988) have been selected to reproduce both the photometry in
the near and mid-infrared bands (Nanni et al. 2016) and Gaia
Data Release 2 (Nanni 2019). The condensation of amorphous
carbon is assumed to occur by a successive addition of C2H2
molecules to the seed particle below a temperature of 1100
K (Frenklach & Feigelson 1989; Cherchneff et al. 1992). The
probability for molecules (in our case C2H2) to stick on the grain
surface is known as “sticking coefficient”. Those coefficients
cannot be derived from theoretical calculations and are poorly
constrained by laboratory experiments. We initially adopt a
sticking coefficient equal to unity for amorphous carbon (as well
as for SiC, see below). However, with such a choice we were not
able to reproduce the observed expansion velocity vs mass-loss
rates observed for Galactic carbon-stars. As already highlighted,
carbon dust is responsible for the outflow acceleration: a sticking
coefficient equal to unity would lead to an outflow expansion
velocity larger than the observed ones. On the other hand, a
sticking coefficient of 0.2 reduces the expansion velocity by
lowering the amount of amorphous carbon and, coupled to an
initial wind speed of 4 km s−1, produces final velocity profiles
that are consistent to observations.

SiC formation is assumed to proceed through the addition
of Si atoms and C2H2 molecules on the seed. We maintain the
original value of a sticking coefficient for SiC equal to unity. A
variation in the sticking coefficient for SiC does not affect the
outflow expansion velocity, since the formation of SiC is not
responsible for accelerating the outflow. We did not find valid
reasons to modify the SiC sticking coefficient, especially con-
sidering the lack of observational constraints. The condensation
of SiC is prevented at high temperatures by chemisputtering, i.e.
the destructive bombardment of a solid by molecular hydrogen
(H2). Below a certain temperature, which is model-dependent,
destruction becomes inefficient and SiC grains can thus grow
unhindered. We adopted the optical constants from Pitman et al.
(2008) for β-SiC, since structural analyses of presolar SiC grains
revealed that they consist dominantly of β-SiC, also known as
cubic SiC (3C-SiC; Daulton et al. 2002; Liu et al. 2017b). For
the seed particle abundance, we choose εSiC = 10−15. In order
to evaluate the sensitivity of our results to this free parameter,
we also tested significantly larger (εSiC = 10−13) and lower
(εSiC = 10−18) values (see next Section). We expect some
degeneracy between the results obtained with a large sticking
coefficient and a low seed particle abundance and the results
obtained with a low sticking coefficient and a large seed particle
abundances. For this reason we varied one parameter only (εSiC),
which, in any case, produces the largest differences as far as the
total predicted mass of SiC dust is concerned.

4. Results and Discussions

Once the SiC dust yields were calculated based on FRUITY
models, these values were used to assign weights to the percent-
ages obtained with the chemo-dynamical MCM13 model (Fig.
2). The weighted SiC production distribution is shown in Fig.
3a, which reveals a number of interesting features as summa-
rized below:

1. Since this study focuses on SiC dust, only C-rich models
were considered in our simulations. This led to a reduced
number of considered mass and metallicity combinations. As
a result, the 1.5 M� stars at large metallicities and, in gen-
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Fig. 4. Same as Fig. 3, but assuming εSiC = 10−13 cm−3 (panels a and b) and εSiC = 10−18 cm−3 (panels c and d) See text for details.

eral, stars more massive than 3 M� are thus excluded in our
simulations, because they are predicted to be oxygen-rich by
FRUITY stellar models. Although this prediction depends
strictly on the Third Dredge Up (TDU) efficiency of our stel-
lar models, the number of these stellar objects is negligible
in the Solar neighborhood at 4.57 Gyr ago according to the
MCM13 modelling result. In other words, our results shown
in Fig. 3 are barely affected by these stellar objects even if
they could become carbon-rich.

2. Fig. 3a illustrates that ∼ 2 M� AGB stars are the dominant
contributors to AGB grains in the Solar System, resulting
from the fact that they were numerous at the epoch of its
formation and are predicted to dredge up more material with
respect to lower-mass stars (see, e.g., Cristallo et al. 2011).

3. Fig. 3a reveals a general shift to larger metallicities with re-
spect to Fig. 2. This can be easily understood in terms of
the SiC formation process, which is governed by carbon and
silicon abundances. While the former depends on the TDU
efficiency, the latter is directly proportional to the metallicity
of the model. Thus, the higher the metallicity, the higher the
expected SiC yield. It is noteworthy that an extra-production
of 12C, which occurs at lower metallicities, does not directly
translate to a higher production of SiC, because the carbon
excess tends to form extra amorphous carbon (see Nanni
et al. 2013 and references therein).

By extracting presolar SiC grains from Murchison meteorite via
acid dissolution, Amari et al. (1994) studied the grain size distri-
bution and found that the grain size distribution has a maximum
at 0.4 µm, and follows a power law with an exponent between
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-4 and -5 for sizes between 0.7 and 3.2 µm. This estimate, how-
ever, is likely skewed toward larger sizes, since the extraction
of smaller grains is expected to be less efficient. In addition to
the acid-extraction method, presolar SiC grains can also be di-
rectly identified in situ in primitive meteorites by isotopic map-
ping. Such samples should better represent the whole population
of AGB grains incorporated during the Solar System formation.
We calculated the size distribution of AGB grains identified in
situ in the most primitive meteorites (Floss & Stadermann 2009;
Nguyen et al. 2010; Nittler et al. 2018; Haenecour et al. 2018)
to eliminate the effect of parent-body processing on varying the
grain size (Davidson et al. 2014). The result (blue histogram) is
compared to our model predictions (orange histogram), in Fig.
3b. The model result overlaps with the grain data with a small
shift to larger grains (by ∼100 nm).

In order to strengthen our results, we tested larger and lower
initial seed particle abundances (εSiC = 10−13 and 10−18 cm−3, in
comparison to εSiC = 10−15 cm−3 in Fig. 4) in our calculations.
The results are shown in Fig. 4b and 4d. The εSiC = 10−13 cm−3

case matches the small-size tail of the grain distribution. On the
other hand, the εSiC = 10−18 cm−3 case predicts the formation
of large grains, a consistent fraction of which ranges from 0.5 to
∼1 µm in size (thus larger than grain data). Thus, εSiC = 10−18

cm−3 can be considered as a lower limit for the seed particle
abundance. The corresponding mass-metallicity distributions of
the AGB stars are reported in Fig. 4a and Fig. 4c. Based on Fig.
3 and 4, we conclude that AGB stars with M ∼ 2 M� and Z
∼ Z� are the dominant contributors to AGB grains identified in
primitive extraterrestrial materials. The predicted distributions
of AGB stars in Figures 3a, and 4a and 4c also provide a natu-
ral explanation to the abundances and isotopic compositions of
Y and Z grains. Y and Z grains were constrained to have come
from low-mass AGB stars of & 0.7 Z� based on comparison of
their Mo isotopic compositions with FRUITY model predictions
(Liu et al. 2019). Both the lower limit of their parent star metal-
licities and their low abundances are consistent with the decreas-
ing probabilities of low-mass AGB stars toward lower metallici-
ties ([Fe/H]=-0.2, corresponding to 0.63 Z�, represents a sort of
lower limit of our metallicity distribution). Note that the metal-
licity distribution only varies slightly from εSiC = 10−13 cm−3 to
εSiC = 10−18 cm−3, thus demonstrating that our conclusions are
barely affected by the choice of εSiC (which is by far the largest
uncertainty source of the SiC dust growth process). As a mat-
ter of fact, we demonstrated that the distribution of parent AGB
stars of presolar grain is dominantly shaped by the result of the
MCM13 model.

Besides the differences in the physical recipes of the dust
growth models (see the discussion in Section 3), our conclusions
are similar to the results by Gail et al. (2009). Nonetheless, some
differences have to be highlighted. In particular, in the study of
Gail et al. (2009), parent AGB star distribution is characterized
by lower metallicities and larger masses. First, let us note that
a standard GCE model (as the one adopted by Gail et al. 2009)
cannot obtain super-solar metallicities at the moment of the for-
mation of the solar system. This is an intrinsic property of one-
dimension GCE models, in which the mean metallicity is ex-
pected to grow with time. In contrast, with our chemo-dynamical
model we found that metal-rich stars (Z > Z�) may migrate
from the inner galaxy to the galacto-centric position where the
Sun formed. This automatically reduces the relative contribution
from low metallicity AGBs. Moreover, due to the long migration
timescales of these stars, they also affect the mass distribution
of SiC parent stars. As a matter of fact, low mass (1.5-2.0 M�)
metal-rich stars are favored, because they evolve on long evo-

lutionary timescales (and thus they have time to migrate). Our
mass distribution is weighted toward lower initial stellar masses
also because of a different TDU efficiency. In their synthetic ap-
proach, Gail et al. (2009) adopted the TDU efficiencies of AGB
models by Karakas et al. (2002). Those models are characterized
by a larger TDU efficiency in the 3-4 M� mass range with respect
to our models (for a comparison see Cristallo et al. 2011), result-
ing in the larger weight of 3-4 M� in the final SiC parent AGB
star distribution with respect to our results.

Recently, Lugaro et al. (2020) (see also Lugaro et al. 2018)
proposed that presolar SiC grains originated from more massive
(M ∼ 4 M�) and more metal-rich (Z ∼ 2 × Z�) AGB stars. It is
noteworthy that the grains discussed in these papers are unusu-
ally large (> 1 µm) and correspond to a very minor fraction of
presolar SiC, in contrast to the much smaller grains discussed
here, which are the dominant population of AGB grains. Thus,
the discrepancy could be resolved, if the grain size is metallicity-
dependent, i.e., decreasing grain size with decreasing metallicity.
Note that this hypothesized size-metallicity correlation seems to
be supported by the size-dependent Sr and Ba isotopic anomalies
observed in bulk meteoritic SiC acid residues (Ott & Begemann
1990; Podosek et al. 2004). In this scenario, the small population
of large AGB grains is well explained by the rarity of super-solar
metallicity AGB stars present in the Solar vicinity at 4.57 Gyr
ago, as predicted by the MCM13 model. In comparison, ∼2 M�,
∼Z� AGB stars were much more common, resulting in the dom-
inant population of small grains, as shown in Fig. 3 and 4. Inter-
estingly, Vescovi et al. (2020) recently showed that the same set
of measured AGB grain data can be well explained by magnetic
FRUITY model predictions for 2 M� AGB stars with close-to-
solar metallicities, thus supporting our result.

Finally, we would also like to clarify the explanation to the
recent proposal by Ek et al. (2019) that the Solar System s-
process component was produced with a higher efficiency than
the s-process component recorded in bulk AGB grains. First of
all, we note that this proposal in fact is a natural consequence
of GCE. During GCE, gas, the dominant form of ISM material
from which the Solar System formed, preserved all its memory
of s-process production over the previous ∼6.5 Gyr, while the
incorporated AGB grains mostly recorded the s-production from
the last ∼300 Myr prior to the Solar System formation (Heck
et al. 2020). Since the efficiency of the s-process increases with
decreasing metallicity and in turn decreases over time due to the
AMR, the Solar System thus naturally contains a more efficient
s-process component than its incorporated AGB grains. How-
ever, this natural difference between the Solar System and its in-
corporated AGB grains may not be the explanation to the small
Pd isotopic anomalies with respect to Mo and Ru observed by Ek
et al. (2019). This is because the Solar System abundances for
the three elements received only ∼35% to ∼50% contributions
from the s-process (Prantzos et al. 2020), the missing part com-
ing from the r-process. The latter may have enhanced their Solar
System abundances with different efficiencies, as it is expected
in astrophysical r-process sites with varying electron abundances
(e.g., production of higher-than-solar Mo/Pd and Ru/Pd by the
r-process with Ye of 0.25-0.30; see, e.g., Lippuner & Roberts
2015). Hence, the smaller-than-expected Pd isotopic anomalies
observed by Ek et al. (2019) does not necessarily suggest that
AGB grains dominantly came from super-metallicity AGB stars
and is irrelevant when discussing the absolute metallicities of the
parent stars of AGB grains.
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5. Conclusions and future plans

We determined the mass and metallicity distribution of presolar
SiC parent stars, by integrating a numerical Milky Way chemo-
dynamical model with dust yields from FRUITY models. Our
models predict that the SiC production at the epoch of the Solar
System formation is dominated by contributions from AGB stars
with M ∼ 2 M� and Z ∼ Z�, which are thus likely the parent stars
of most presolar SiC grains identified in extraterrestrial materi-
als.

In the future, we plan to investigate the proposed metallicity-
size correlation (based on size-dependent isotopic anomalies ob-
served in bulk SiC acid residues) by implementing our treatment
of magnetic buoyancy (Vescovi et al. 2020) in all FRUITY stel-
lar models. As shown by Vescovi et al. (2020), such a treatment
is needed for FRUITY models to reproduce the s-process iso-
topic signatures of AGB grains. By adopting magnetic FRUITY
stellar models in the framework of the analysis presented in this
paper, we will be able to provide further insights into the sug-
gested metallicity-size correlation.

Finally, it is noteworthy that there still exist a number of un-
knowns in AGB modelling, such as the efficiency of TDUs, the
mass-loss law, and the origin of mixing processes at work in stel-
lar interiors. Dust nucleation (theory), describing the transition
from gas phase molecules to dust grains via molecular clusters,
appears even more uncertain (Gobrecht et al. 2017). Unlike their
bulk analogue (β-SiC), the smallest SiC clusters are character-
ized by atomic segregation of silicon and carbon atoms. It is still
a matter of debate, at which cluster size SiC favours structures
with alternating Si-C atomic ordering since the SiC cluster en-
ergies strongly depend on the employed level of theory (density
functional). For this reason, further theoretical investigation is
required, as well as a corresponding thorough experimental ver-
ification.
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