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Abstract. Most of the physical processes driving the TP-AGB evolution are not yet fully under-
stood and they need to be modelled with parameterised descriptions. We present the results
of the on-going calibration of the TP-AGB phase based on a complete sample of AGB stars in
the Small Magellanic Cloud (SAGE-SMC survey). We computed large grids of TP-AGB models
with several combinations of third dredge-up and mass-loss prescriptions with the COLIBRI
code. The SMC AGB population is modelled with the population synthesis code TRILEGAL
according to the space-resolved star formation history derived with the deep photometry from
the VISTA survey of the Magellanic Clouds. We put quantitative constraints on the efficiencies
of the third dredge-up and mass loss by requiring the models to reproduce the star counts and
the luminosity functions of the observed Oxygen-, Carbon-rich and extreme-AGB stars and we
investigate the impact of the best-fitting prescriptions on the chemical yields.
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1. Modelling the AGB populations in the SMC

A reliable calibration of TP-AGB models requires: 1) a robust measurement of the
Star Formation History (SFH) of the SMC 2) a complete sample of observed AGB stars
accurately classified 3) detailed TP-AGB models to be included in the population syn-
thesis code. Rubele et al. (2018) derived the SFH, the reddening and the distance of 168
subregions of the SMC, for a total area of 23.57 deg?, using the deep photometry of the
VISTA Survey of the Magellanic Clouds (VMC, Cioni et al. 2011). The main advantages
of using VMC data are the lower extinction in the near-infrared passbands and the pho-
tometry reaching the oldest main-sequence turn-off points, ensuring a robust estimate
of the ages. Our calibration is based on the AGB candidate list by Srinivasan et al.
(2016) (SR16). The AGB population is classified into Carbon-rich (C-rich), Oxygen-rich
(O-rich), anomalous (a-AGB) and extreme AGB (X-AGB), on the basis of photometric
criteria (Boyer et al. 2011) and complemented with the available spectroscopic informa-
tion (Ruffle et al. 2015, Boyer et al. 2015). The TP-AGB models are computed with
the COLIBRI code (Marigo et al. 2013) in which we adopt a scheme that considers two
regimes of mass loss: (i) “pre-dust mass-loss” (Mpye_dust) and (i) “dust-driven mass-loss”
(Mdust). We test two formalisms for Mp,.e_dust: the modified Schréder & Cuntz (2005)
relation (Rosenfield et al. 2016), and the algorithm developed by Cranmer & Saar (2011)
(CS11), in which Mpre,dust is driven by the pressure of Alfén waves in the chromosphere.
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Figure 1. Mean Ks-band LFs of models S_00, S_07 and S_27 with error bars (coloured his-
tograms), as compared to the observations (dark-line histogram) for the entire AGB sample and
for the three main classes of AGB stars. The x?p specific to each panel is also reported.

During the dust-driven regime, we investigate a few among the most popular prescrip-
tions of Mg, i.e. Vassiliadis & Wood (1993) and Blocker (1995) (BL95). In addition,
we use the recent results of dynamical atmosphere models by Mattsson et al. (2010)
and Eriksson et al. (2014) (CDYN) for C-stars. The occurrence of a mixing event is
checked with the T} gred parameter, i.e. the minimum temperature that should be reached
at the base of the convective envelope at the stage of the maximum post-flash luminos-
ity. The efficiency of each mixing event is described by the parameter A, i.e. the fraction
of the increment of the core mass during an inter-pulse period that is dredged-up at
the next thermal pulse. For any combination of input prescriptions, we compute a com-
plete set of TP-AGB tracks (M; = [0.5-6] Mg; Zi= [0.0005-0.02] ), for a total of about
700 evolutionary tracks. Model quantities are converted into the relevant photometry
as detailed in Marigo et al. (2017). We use the population synthesis code TRILEGAL
(Girardi et al. 2005) to simulate each subregion covered by both VMC and SAGE-SMC
surveys. Our primary calibrators are the star counts in the Ks-band Luminosity Functions
(LFs) and K, vs. J—Ky CMD and we require the models to simultaneously reproduce
these quantities for the O-, C-, and X-AGB star observed samples.

2. Calibration results

We start by simulating the SMC population using the TP-AGB tracks presented in
Marigo et al. (2017) (S-00, left panel of Fig. 1). The total number of AGB stars is repro-
duced to within 10 per cent, in agreement with the previous calibration on low-metallicity
dwarf galaxies (Rosenfield et al. 2016). However, there are evident discrepancies in the
O-rich, C-rich and X-AGB LFs. First, we calculate a series of seven models exploring the
effect of different mass-loss prescriptions for both O- and C-rich stars, while keeping the
same prescriptions for the 3DU. We adopt the CS11 formalism for Mpre,dust and for the
C-stars in the dust-driven regime we adopt the CDYN results. The sequence of models is
computed by increasing the efficiency parameter of the B95 prescription applied to the
M-stars, with 74ust ranging from 0.02 to 0.06. This results in a relatively modest effect
on the total number of O-rich stars, whereas a significant impact shows up on the pre-
dicted C-rich LF. The reason is that the bulk of O-rich stars have low-mass progenitors
and their lifetimes are mainly affected by the Mpre,dust, whereas the B95 relation mainly
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Figure 2. Top rows: efficiency of the 3DU (\) as a function of the core mass M. of a few
selected evolutionary tracks with Z;=0.004 and M; as indicated. Middle rows: observed (black
histograms) and simulated C-stars LFs as derived from the corresponding sets of models. The
models share the same input prescriptions but for the onset and the efficiency of the 3DU.
Bottom rows: final C/O and **N/*®O ratio.

affects the evolution of more massive (and brighter) AGB stars due to its high luminosity
dependence. The best-fitting model of this first series (S_07, middle panel of Fig. 1) pro-
vides reasonably correct TP-AGB lifetimes, for the assumed 3DUP description, but the
comparison with semi-empirical initial-to-final mass relations (IFMRs) (El-Badry et al.
2018; Cummings et al. 2018) reveals that such models tend to underestimate the White
Dwarf (WD) masses for M; > 3Mg. We compute a second series of models with lower
mass-loss efficiency (npros =0.01 — 0.03), focusing on the calibration of 3DU parameters
and taking into account also the IFMR constraints. In Fig. 2 we show some of the fun-
damental steps that lead us to find a reasonable parametrisation of the 3DUP. We find
that in order to reproduce the C-star LF (model S_27 in Fig. 2) and the LFs of O-rich,
X-AGB, and the AGB sample, in addition to the final WDs masses, we need to keep
a lower mass-loss efficiency and a lower efficiency of the 3DU for stars with M; > 3Mg
(Z;=0.004). Different 3DU parametrisations have a large impact on the resulting chemical
yields as shown in the lower panels of Fig. 2, which we are currently investigating.
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Discussion

VENTURA: Which is the fraction of HBB stars within the X-AGB sample of the SMC?
Do you believe possible a calibration of Hot Bottom Burning by the study of these bright
sources

PASTORELLI: Our two best-fitting models predict a number of HBB stars around ten
within the X-AGB sample. A calibration of the HBB using these sources would be possible
if such stars could be clearly identified in the observations. In the Ky vs. J—Ky CMD
they are not always clearly distinguishable, but we can use other combinations of near-
and mid-infrared colours to identify them and and eventually perform a HBB calibration.

SRINIVASAN: Thanks for showing us the excellent agreement between your models and the
observed Kg-band LF. Have you compared your prescription for circumstellar reddening
with the Spitzer (e.g. 8 pm) LEF? Do you find similar agreement?

PASTORELLI: Yes, we find a very good agreement with the Spitzer LFs and also with
several combinations of colour-colour diagrams
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