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ABSTRACT
We used models of thermally-pulsing asymptotic giant branch (AGB) stars, that also
describe the dust-formation process in the wind, to interpret the combination of near{
and mid{infrared photometric data of the dwarf galaxy IC 1613. This is the �rst time
that this approach is extended to an environment di�erent from the Milky Way and
the Magellanic Clouds (MCs). Our analysis, based on synthetic population techniques,
shows a nice agreement between the observations and the expected distribution of
stars in the colour{magnitude diagrams obtained with JHK and Spitzer bands. This
allows a characterization of the individual stars in the AGB sample in terms of mass,
chemical composition, and formation epoch of the progenitors. We identify the stars
exhibiting the largest degree of obscuration as carbon stars evolving through the �nal
AGB phases, descending from 1� 1:25M � objects of metallicity Z = 10 � 3 and from
1:5� 2:5M � stars with Z = 2 � 10� 3. Oxygen{rich stars constitute the majority of the
sample (� 65%), mainly low mass stars (< 2M � ) that produce a negligible amount
of dust (6 10� 7M � =yr). We predict the overall dust-production rate from IC 1613,
mostly determined by carbon stars, to be� 6� 10� 7M � =yr with an uncertainty of 30%.
The capability of the current generation of models to interpret the AGB population
in an environment di�erent from the MCs opens the possibility to extend this kind of
analysis to other Local Group galaxies.

Key words: Stars: abundances { Stars: AGB and post-AGB. ISM: abundances, dust

1 INTRODUCTION

Stars of mass in the range 1 M � 6 M 6 8 M � , after
the consumption of helium in the core, evolve through the
thermally-pulsing asymptotic giant branch (AGB) phase.
This evolutionary phase, though extremely short compared
to the duration of the core hydrogen and helium burning,
is of paramount importance, because it is during the AGB
phase that most of the mass loss occurs, thus allowing the
pollution of the interstellar medium with gas and dust.

The importance of this class of objects stems from their
relevance in several astrophysical contexts, such as their ef-
fect on the determination of the masses and star{formation
rates of low{ and high{ redshift galaxies (Maraston et al.
2006; Conroy et al. 2009), their role in the chemical evolu-
tion of galaxies (Romano et al. 2010), and likely the forma-
tion of second generation stars in globular clusters (Ventura
et al. 2001). Furthermore, AGB stars are e�cient dust man-
ufacturers, owing to the thermodynamic conditions of their

circumstellar envelope, a favourable environment for dust
formation (Ferrarotti & Gail 2001, 2002, 2006).

The evolution through the AGB is as complex as it is
important, owing to the delicate interface between the ther-
modynamic structure of the compact, degenerate core and
the tenuous, expanded convective envelope. In the stellar
layers separating these two regions, the main physical vari-
ables, i.e. pressure, temperature and density, drop by sev-
eral orders of magnitude, thus rendering the physical and
numerical description of the stellar structure problematic.
To this, we add the uncertain description of convection and
mass loss, which is still unknown based on �rst principles
and thus modelled via empirical prescriptions. These are the
main reasons why, despite the signi�cant progress of AGB
modelling over the last few years (e.g., Karakas & Lattanzio
2014), the results are still not completely reliable. The com-
parison between theoretical AGB models with observations
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2 Dell'Agli et al.

is crucial in order to substantially improve the predictive
power of the stellar evolution models.

The Magellanic Clouds (MCs) have been extensively
used to test theoretical predictions and to derive information
on the internal structure and on the e�ciency of the mecha-
nisms that are altering the surface chemical composition of
AGB stars. The near{ and mid{infrared (IR) colours of the
stars observed are extremely sensitive to the dust present in
the wind; they can thus test the description of the dust for-
mation in the circumstellar envelope, which some research
groups have recently coupled with the modelling of the cen-
tral star (Ventura et al. 2012a,b; Di Criscienzo et al. 2013;
Ventura et al. 2014a; Nanni et al. 2013a,b, 2014). This �eld
of research is currently undergoing signi�cant improvements,
with the introduction of chemical{dynamical models of the
circumstellar envelope which are promising replacements of
the hydrostatic approximation currently used (Marigo et al.
2016).

The comparison between the Spitzer data and the evo-
lutionary sequences allowed the characterisation of the AGB
population of the MCs, in terms of mass, age and metallicity
distribution (Dell'Agli et al. 2014a, 2015a,b). The analysis
of the stars exhibiting the largest degree of obscuration in
the MCs was shown to be a valuable indicator not only of
the main physical processes taking place during the AGB
evolution, but also of the e�ciency with which dust grains
form and grow in the circumstellar envelope (Ventura et al.
2015, 2016).

To allow a more exhaustive test of the theoretical mod-
els used so far, it is crucial to extend this kind of analysis
to environments with di�erent metallicities and star forma-
tion histories (SFH). This is now possible, thanks to the
mid{IR survey of DUST in Nearby Galaxies with Spitzer
(DUSTiNGS; Boyer et al. 2015a,b), which provided 3 :6� m
and 4:5� m Spitzer imaging of 50 dwarf galaxies within 1.5
Mpc. The availability of mid{IR data complements recent
HST studies aimed at constraining the lifetimes of AGB
stars in nearby galaxies (Girardi et al. 2010; Rosen�eld et
al. 2014, 2016). In particular, the combination of near{ and
mid{IR photometry is a powerful diagnostic of the AGB
population of dwarf galaxies, with the goal of characteriz-
ing the stars observed in terms of mass, chemical compo-
sition, and progenitor formation epoch. Following the same
approach adopted to study the evolved, obscured sources of
the MCs, we base our analysis on the AGB evolutionary se-
quences that account for dust formation in the wind; this is
required to correctly interpret the near{ and mid{IR uxes
of AGB stars surrounded by dust. We also investigate the
most obscured stars in the galaxy and predict the overall
dust{production rate from AGB stars. To date, this is the
�rst time that this methodology is applied to galaxies other
than Milky Way and the MCs, providing a test of the current
generation of AGB models in di�erent environments.

The paper is organised as follows: the observational
sample of AGB stars considered for the analysis is described
in section 2; section 3 presents the numerical and physical
inputs used to model the AGB phase and to produce the syn-
thetic population. The description of the main properties of
the AGB phase, including dust evolution and the impact on
the IR emission, is discussed in section 4; section 5 present
the interpretation of the observations and our conclusions
are o�ered in section 6.

2 IC 1613: INFRARED OBSERVATIONS AND
SFH

In this work, we focus on the irregular dwarf galaxy IC
1613, one of the nearest gas{rich dwarf galaxies in the Local
Group, characterized by low internal reddening and fore-
ground contamination. This choice is mainly motivated by
the numerous population of AGB stars, widely studied in
the literature. Borissova et al. (2000) presented the J { and
K {band photometry of IC 1613, studying the distribution
of AGB stars in the galaxy. Albert et al. (2000) identi�ed
� 200 carbon stars (C{stars) via a narrow{band wide �eld
survey of IC 1613, focused on the CN and TiO photometry.
Battinelli & Demers (2009), compared narrow{band identi-
�cation of hundreds of C{stars with their J � and K � pho-
tometry classi�cation, �nding a threshold for the detection
of C{stars. Menzies et al. (2015) presented a 3yr{survey of si-
multaneous imaging in the J , H and K s of IC 1613, focused
on the identi�cation of supergiants, oxygen{rich (O{rich)
and C{stars. Wider and complete surveys of this galaxy in
the near{IR bands were conducted by Sibbons et al. (2015)
and Chun et al. (2015), and the former presented a popula-
tion of � 800 AGB candidate classi�ed on the basis of JHK
photometry. The distance of IC 1613 has been studied by
several groups using di�erent methods (Dolphin et al. 2001;
Pietrzy�nski et al. 2006; Tammann et al. 2011). We adopt
the mean distance of � 760 kpc, determined by Bernard et
al. (2010) by comparing their own measurement using RR
Lyrae and Cepheid data to the values found in the literature.

We base our analysis of the IC 1613 AGB population on
near{ and mid{IR observations. More speci�cally, we con-
sider the sample of AGB candidates observed by Sibbons et
al. (2015) with the Wide Field CAMera (WFCAM) mounted
on UKIRT, in the J , H and K bands, covering an area of
0.8 deg2 on the sky, within 4.5 kpc from the galactic cen-
tre. The e�ects of the internal reddening in the near{IR is
negligible (E (J � K ) = 0 :010 � 0:015 mag; Sibbons et al.
(2015)), therefore no correction has been made to account
for it. All magnitudes and colours are corrected for fore-
ground extinction using the extinction map from Schlegel et
al. (1998), which gives E (B � V ) = 0 :02 � 0:03 mag. Sib-
bons et al. (2015) agged each object (as stellar, probably
stellar, noise like, saturated etc.) in each band, on the base
of the ux curve-of-growth for a series of apertures (Sibbons
et al. 2012). Their criterion to select sources required that a
given object has a magnitude measurement in all the three
bands and that it is classi�ed as stellar or probably stellar in
at least two of the three bands1 .To exclude the bulk of the
foreground objects, Sibbons et al. (2015) assumed a color
cut of ( J � H )0 > 0:64 mag. This is not su�cient to remove
completely the foreground sources, which are estimated to
contaminate the sample in the central region at the level
of < 1%. In order to identify AGB candidates, they con-
sidered only stars brighter than the K 0 = 18 :28 mag, i. e.
the magnitude of the tip of the red giant branch (TRGB)
at the distance of IC 1613. The resulting catalogue of AGB
candidates is composed of� 840 stars. The AGB sample
was further classi�ed in C{ and O{rich stars, adopting the
following criterion: stars were classi�ed as O{rich if they

1 This criterion allows to remove the majority of the background
galaxies, as shown by Sibbons et al. (2015).
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