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Abstract. The Magellanic Clouds are nearby dwarf irregular galaxies that represent a unique
laboratory for studying galaxy interactions. Their morphology and dynamics have been heavily
influenced by their mutual interactions as well as with their interaction(s) with the Milky Way.
We use the VISTA near-infrared Y J K, survey of the Magellanic Clouds system (VMC) in com-
bination with stellar partial models of the Large Magellanic Cloud (LMC), the Small Magellanic
Cloud (SMC) and the Milky Way to investigate the spatial distribution of stellar populations
of different ages across the Magellanic Clouds. In this contribution, we present the results of
these studies that allow us to trace substructures possibly related to the interaction history of
the Magellanic Clouds.
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1. Introduction

Located at approximately 50 and 60 kpc, the Magellanic Clouds (MCs) represent the
nearest interacting pair of galaxies to the Milky Way. They have been targets of intensive
research for many years, making them an unparalleled benchmark for studying galaxy
interactions in a near-field cosmological context. Our view of the MCs has changed rapidly
during the last decade: proper motion measurements suggest that the MCs may be on
their first infall to the Milky Way (e.g. Kallivayalil et al. 2006), new satellites of the MCs
were discovered (e.g. Torrealba et al. 2016) and new substructures were found in their
outskirts (e.g. Mackey et al. 2018).

The LMC is an almost face on, gas-rich galaxy with an offset bar. It is known for
its non-planar structure (e.g. Nikolaev et al. 2004) characterized by warps and twists
(e.g. Olsen & Salyk 2002; Choi et al. submitted) and for its distinct multiple spiral arms
(e.g. de Vaucouleurs & Freeman 1972; Besla et al. 2016). The structure of the SMC
appears ellipsoidal and strongly elongated along the line-of-sight (e.g. Scowcroft et al.
2016; Jacyszyn-Dobrzeniecka et al. 2016). The SMC is known for its less pronounced
bar and eastern extension, also named the Wing. Young and old stellar populations
display different spatial distributions across the MCs. In the LMC, young stars exhibit a
rather irregular structure characterized by spiral arms and tidal features, while older stars
tend to be more smoothly and regularly distributed (e.g. Cioni et al. 2000; Nikolaev &
Weinberg 2000). Young populations in the SMC are concentrated in the central parts and
in the Wing, while the older populations can be designated as a spheroid or ellipsoid (e.g.
Cioni et al. 2000; Zaritsky et al. 2000). The morphology of the MCs can be considered
as a fossil record of their interaction history and its study deems itself important as tidal
forces caused structural changes in the galaxies.
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Figure 1. Left: Near-infrared (J — Ky, K;) Hess diagram of the SMC. The colour scale indi-
cates the stellar density in logarithmic scale while the yellow boxes indicate the boundaries of
our regions; the bin size in Ky is 0.0055 mag and in J — K it is 0.0220 mag. Right: Simulated
(J — Ks, K5) CMD illustrating stellar populations of the SMC corresponding to a wide range of
ages as shown in the figure and metallicites ([M/H] = —1.68 dex to [M/H] = —0.55 dex).

2. Stellar population selection and data analysis

The VISTA near-infrared survey of the Magellanic Clouds system (VMC, Cioni et al.
2011) offers the deepest Y JK band photometry across the MCs to date, reaching a
depth of Ky =20.3 (Vega) at S/N =10 with a sensitivity corresponding to the bottom of
the red giant branch population. Our aim is to derive the morphology of the MCs using
different stellar populations. We have used the (J — Ky, K5) colour-magnitude diagram
(CMD) in combination with stellar partial models of the LMC, SMC, and of the Milky
Way to select different classes of objects as shown in Figure 1. We used CMD regions
defined in Cioni et al. (2014) for the LMC while for the SMC, we shifted these regions
both in colour and magnitudes to take into account differences in mean distance and
metallicity of the stellar populations, as in Cioni et al. (2016). The exact location of
the CMD regions is based on the analysis of the star formation history by Rubele et al.
(2012). Furthermore, in order to assess the completeness of our aperture photometry, we
used artificial star tests performed on point spread function photometry catalogues and
found that it shows a good performance even in the crowded parts of the galaxies. In
addition, we also used stellar partial models to determine the Milky Way contamination
in our regions and found that regions F and H have the highest contamination levels (over
70%) followed by regions G and I (~ 15%). We did not correct our data for reddening as
the dust content of the Magellanic Clouds is low, E(V —I) ~ 0.06 mag (Haschke et al.
2011) on average corresponding to an absorption A;=0.04 and Axs=0.02 mag using
the Cardelli reddening law.

3. Morphology of the Magellanic Clouds

Traced by different stellar populations, the morphology of the MCs shows different
properties, the detailed structures in the central regions of our maps are characterised
for the first time at the spatial resolution of 0.13 kpc and 0.16 kpc for the LMC and SMC,
respectively. Figure 2 provides examples of morphological maps of young main sequence
stars (region A and/or B), subgiant and/or main sequence stars (region D) and red giant
branch stars (region K) across the MCs.

Young main sequence stars in the LMC exhibit coherent structures. Two star form-
ing regions are outlined as over densities, Shapely’s constellation ITI (ARA = —1 deg,
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Figure 2. Examples of stellar density/contour maps of the LMC (top) and SMC (bottom),
for young (left), intermediate-age (middle) and old (right) stellar populations. The colour
bar shows the contour levels outlining the number of stars per bin, the bin size is 0.03 deg?.
The projection origin for the LMC and SMC are respectively set to be at (RAg, Deco) = (81.00°,
~69.73°) and (RAo, Deco) = (13.05°, —72.82°).

ADec = 2.5 deg) and 30 Doradus (ARA = 0.5 deg, ADec = 0.5 deg), these features seem
to grow dimmer as we progress in age. The bar is traced by a thin structure with no
central nucleus, three major overdensities are visible, one at either the East and West
end of the classical bar (ARA = —2 deg to ARA =2 deg), in addition to a third western
density (ARA =2 deg), a clear break between the classical bar and the western den-
sity is also visible, this break becomes more inconspicuous as the population becomes
younger. Main sequence stars also trace the distinct multi-arm structure of the LMC,
we found a clear connection between the southern tip of the South-West spiral arm
(ARA =1 deg, ADec = —0.5 deg) and the bar becomes more enhanced with age. Other
young populations such as supergiants and asymptotic giant branch stars trace similar
substructures. The overall structure of the galaxy, as traced by intermediate-age subgiant
and/or main sequence stars, appears to be more regular with no significant spiral arms
except for the South-West arm. The population has one major overdensity while the
bar itself is inconspicuous. The overall morphology of these stars resembles that traced
by red clump stars, but with a less dense nucleus. The spatial distribution of the red
giant branch population is smooth and regular while the bar is more prominent with
an overdensity at its centre resembling that of other old tracers such as from RR Lyrae
stars.

The SMC’s young main sequence stars show an asymmetric distribution with an
irregular bar and an eastern extension. The presence of the Wing is most evident is
these populations (ARA = —1 deg, ADec=0 deg), protuberances possibly related to
tidal interaction events are visible in the North (ARA =1 deg, ADec =2 deg) and the
South (ARA = —2 deg to ARA =3 deg, ADec = —0.3 deg) of the bar. The intermediate-
age population showcases the transition from an asymmetric irregular structure to a
spheroidal one, several clumps are visible outlining the partially smooth distribution
(e.g. ARA =0.5 deg, ADec = —0.3 deg). On the other hand, the old stellar population of
the SMC shows a smooth and regular distribution which is typical for a spheroidal body.
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4. Conclusions

In this contribution, we utilised near-infrared photometric data from the VMC survey
in combination with stellar partial models of the MCs and Milky Way to carry out
a detailed and comprehensive study of the morphological properties of the MCs. We
produce several stellar density/contour maps at the spatial resolution of 0.13 kpc and
0.16 kpc for the LMC and SMC, respectively, for various stellar populations, we find that
the multi-arm structure of the LMC grows more enhanced with age in main sequence
stars, most of the young populations show no clear separation between the classical bar
and the western density of the LMC except for the oldest main sequence stars. Our
morphological maps of the SMC highlight the transition of the SMC morphology as a
function of time from a spheroidal system to an asymmetric and an irregular one.
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