
Constraining the TP-AGB phase with resolved stellar populations in the Small Magellanic Cloud 

Context. Modeling the Thermally-Pulsing Asymptotic Giant Branch (TP-AGB) phase is fundamental for our interpretation of the integrated light of galaxies, the cosmic dust production and the chemical enrichment of the interstellar 
medium. In this work, we couple high quality observations of the AGB population in the Small Magellanic Cloud with detailed stellar population synthesis simulations that include the TP-AGB phase. We put quantitative constraints on 
the uncertain processes of third dredge-up (3DU) and mass loss by reproducing the observed luminosity functions (LFs) of AGB, Carbon-rich, Oxygen-rich and extreme-AGB stars in the 2MASS Ks-band. 
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Fig. 1 Coverage of the VISTA Survey of the Magellanic Clouds 
(VMC, Cioni+11) and stellar density map of AGB stars 
identified in the SAGE-SMC survey (Boyer+11, Srinivasan+16).

●Synthetic photometry produced with the TRILEGAL population 
synthesis code (Girardi+05, Marigo+17) compared to the AGB data. 

●New set of TP-AGB tracks in response to the emerging discrepancies. 
●Successive iterations to find the best-fitting models. 
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TP-AGB models. We calculated a grid of 33 sets of TP-AGB models with the COLIBRI code (Marigo+13), in which we vary the mass-
loss prescriptions (series 1) and the 3DU prescriptions (series 2).

Results

Star counts and Ks-band LFs reproduced by two sets of 
COLIBRI models →  very similar photometric performance, but 
different input prescriptions. 

The best-fitting models Conclusions

Reliable calibration of TP-AGB models in the SMC:

●Two best-fitting models reproduce the SMC photometry

S_07  → Efficient 3DU & very efficient mass-loss for         
             O-rich stars                                                          
S_35  → Less efficient 3DU for Mi > 3 M☉ & less efficient   
             mass-loss 

●Pre-dust mass-loss important for low-mass O-rich stars

●Mass-loss based on C-star dynamical models

●C-star formation limited to 1.4 ≲ Mi /M☉ ≲ 3 at Zi ~0.004

●Robust constraints on TP-AGB lifetimes and contribution 
to the integrated luminosities of SSPs

Have a look at Pastorelli+19 for more details!
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Ongoing work

●Additional constraints from the initial-to-final mass 
relation & the chemical yields to discriminate between 
the two best-fitting models

●Extending the calibration to the Large Magellanic Cloud

● Including additional objects in the calibration cycle to 
broaden the metallicity range covered, i.e. M31, M33, 
Local Group Dwarf galaxies

●Efficient 3DU with λMAX~1 
for Mi > 3M☉ (Karakas+02)

●Very efficient mass-loss for 
O-rich stars (BL95 η=0.06)

●Less efficient 3DU with  
λMAX < 0.6 for Mi > 3M☉ 

●Less efficient mass-loss for 
O-rich stars (BL95 η=0.03)

Calibration strategy

●Mass loss:                
Two-regimes scenario

●Third dredge-up
1) Onset: minimum temperature 
at the base of the convective 
envelope, Tb

dred                            
2) Efficiency: λ = ΔMdu/ΔMcore

2) Dust-driven regime:

-O-rich: semi-empirical 
mass-loss prescriptions, i.e. 
Blöcker, 95 (BL95), 
Vassiliadis & Wood, 93.

-C-rich: grid of dynamical 
atmosphere models (CDYN)
f(Mi, Zi, L, Teff, C-O) by 
Mattsson+10, Eriksson+14.  
  

●C-star formation limited to Mi ≲ 3 M☉ (Zi ~ 0.0005 - 0.008)

●Mild contribution of TP-AGB stars to the integrated luminosity of single 
stellar populations (SSPs)

Calibrated stellar isochrones available   → stev.oapd.inaf.it/cmd 

and fully described in Pastorelli+19        →  arxiv.org/abs/1903.04499

Fig. 6 Summary of the models performance 
in terms of star counts and Ks-band LFs.

●Good reproduction of Spitzer luminosity functions

1) Pre-dust regime: 

Alfvén waves and turbulence 
in the cool extended 
chromosphere of red giants 
(Cranmer & Saar, 11). Fig. 3 Impact of the pre-dust mass-loss 

on low-mass, low-metallicity O-rich stars.

Fig. 4 Mass-loss rate over time for a 2M☉ 
TP-AGB track. Left: starting set S_00. 
Right: set S_07, for which we adopt the 
CDYN models.

Fig. 5 Impact of different prescriptions for 
the 3DU efficiency on the C-star LF. 

Fig. 10 Contribution of TP-AGB stars (Zi = 0.004) to the integrated K-band luminosity of SSPs 
from our models compared to Maraston 05, (M05) and Bruzual & Charlotte 03, (BC03) models.

Fig. 8 Comparison between the observed LFs in the Spitzer bands and the synthetic 
ones from the best-fitting set S_35. TRILEGAL synthetic photometry based on 
bolometric corrections by Aringer+09, Aringer+16, and circumstellar dust models by 
Groenewegen+06, as in Marigo+08. 

●Accurate derivation of SFR(t), Z(t), reddening 
and distance for ~170 SMC regions based on 
the VMC deep near-IR CMDs (Rubele+18).

Fig. 2 Scheme of the codes and data used in the calibration cycle.

Fig. 9 Observed and synthetic Ks-band LFs from S_07 (left) and S_35 (right).

1University of Padova – Italy, 2INAF Padova –  Italy, 3Uppsala University – Sweden, 4SISSA – Italy, 5STScI – USA, 6University of Washington –  USA, 
7Royal Observatory – Belgium, 8University of Vienna –  Austria, 9Eureka Scientific Inc. – USA, 10Australian National University, 11AIP Potsdam – Germany

Fig. 9 Bolometric magnitudes as a function of Mi for a few relevant transition stages: first TP, 
O-rich to C-rich transition (quiescent stages and low-luminosity dips), and AGB tip. We show 
the results from the starting set (S_00), and the two best-fitting sets (S_07 and S_35).
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