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ABSTRACT
We present a supervised machine learning methodology to classify stellar populations in the Local Group dwarf-irregular galaxy
NGC 6822. Near-IR colours (J − H, H − K, and J − K), K-band magnitudes and far-IR surface brightness (at 70 and 160 μm)
measured from Spitzer and Herschel images are the features used to train a Probabilistic Random Forest (PRF) classifier. Point-
sources are classified into eight target classes: young stellar objects (YSOs), oxygen- and carbon-rich asymptotic giant branch
stars, red giant branch and red supergiant stars, active galactic nuclei, massive main-sequence stars, and Galactic foreground
stars. The PRF identifies sources with an accuracy of ∼ 90 per cent across all target classes rising to ∼96 per cent for YSOs.
We confirm the nature of 125 out of 277 literature YSO candidates with sufficient feature information, and identify 199 new
YSOs and candidates. Whilst these are mostly located in known star-forming regions, we have also identified new star formation
sites. These YSOs have mass estimates between ∼15 and 50 M�, representing the most massive YSO population in NGC 6822.
Another 82 out of 277 literature candidates are definitively classified as non-YSOs by the PRF analysis. We characterize the
star formation environment by comparing the spatial distribution of YSOs to those of gas and dust using archival images. We
also explore the potential of using (unsupervised) t-distributed stochastic neighbour embedding maps for the identification of
the same stellar population classified by the PRF.

Key words: methods: statistical – stars: formation – stars: protostars – galaxies: individual (NGC 6822) – Local Group –
galaxies: stellar content.

1 INTRODUCTION

Resolved star formation has been extensively studied on large scales
in both the Milky Way and Magellanic Clouds (MCs). Stepping out
to a distance of ∼490 kpc (e.g. Sibbons et al. 2012, 2015) NGC 6822
is the closest dwarf irregular galaxy to the Milky Way beyond the
MCs. With no known companions (see e.g. De Blok & Walter 2000),
and no previous interactions with large Local Group galaxies M31 or
the Milky Way (McConnachie et al. 2021), NGC 6822 presents itself
as a non-tidally disrupted analogue to the SMC. By understanding
how star formation progresses in NGC 6822 the impact of tidal
interactions on triggering star formation can be better constrained.
Understanding massive star formation in a metal-poor environment
has implications for studies of the early Universe as well, and
NGC 6822 provides an analogue for typical star forming galaxies
at z ∼ 2.

NGC 6822 has a metallicity approximately equal to that of the
SMC (∼0.2 Z�, e.g. Skillman, Terlevich & Melnick 1989; Richer
& McCall 2007) and it is relatively gas rich with very conspicuous
large-scale East–West ‘wings’ of H I gas (Volders & Högbom 1961).
The total H I mass is estimated to be 1.38 × 108 M� (Mateo 1998),
and the molecular and dust masses are, respectively, Mmol < 1 ×
107 M� (Gratier et al. 2010) and Mdust = 2.9+2.8

−0.8 × 105 M� (Rémy-
Ruyer et al. 2015). Using these mass estimates, Schruba et al.

� E-mail: d.a.kinson@keele.ac.uk

(2017) find a gas-to-dust ratio of 480+170
−240. The total stellar mass

is 1.5 × 108 M� (Madden et al. 2014), giving a observed baryonic
mass of ∼2.9 × 108 M�. Weldrake, de Blok & Walter (2003) find
a total dark matter mass to 5 kpc (the extent of the H I disc) of
∼3.2 × 109 M�, implying that NGC 6822 is heavily dark-matter-
dominated.

The H I gas distribution in NGC 6822 has a very intricate structure.
It is dominated by a large underdensity or cavity seen to the south-
east of the main galaxy body (e.g. Gottesman & Weliachew 1977;
De Blok & Walter 2000). The inner rim of this cavity is edged
by optical emission that could be linked to its origin in large-scale
stellar feedback (Cannon et al. 2012), although no agreement has
been reached on the mechanism responsible (De Blok & Walter
2000). Opposing this feature on the north-west wing of the main
H I distribution there is a large overdensity of gas. It has been
suggested that this overdensity is due to the presence of a putative
interacting companion (e.g. De Blok & Walter 2000, 2003). However,
this hypothesis is not supported by stellar population studies across
NGC 6822 (Cannon et al. 2012). A likely explanation for the complex
extended H I structure in NGC 6822 is a warped disc inclined with
respect to the line of sight (e.g. Cannon et al. 2012).

Clearly apparent in NGC 6822 is the central bar which runs nearly
perpendicular to the H I gas distribution in a North–South direction
for ∼1.4 kpc (∼10 arcmin; see Fig. 1). This central bar is host to
the young stellar component of the galaxy, with older populations
more elliptically distributed (e.g. Letarte et al. 2002; Hirschauer et al.
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Figure 1. An RGB image of NGC 6822 showing H I gas emission (red, Schruba et al. 2017), 8 µm Spitzer IRAC (green, Kennicutt et al. 2003) and 2MASS
K-band1 (blue) images. The area covered by this study is shown by the dashed yellow line. The coverage of the far-IR Herschel PACS images is given by
the white dashed line. CO (2 − 1) coverage from Gratier et al. (2010) is shown by the blue dashed rectangle. Major SFRs are identified. The cavity in the H I

distribution can be seen in the lower left of the image. Note the H I coverage extends far beyond the area of the main image, see inset upper right. The off-galaxy
fields used for Galactic foreground comparison in Section 4.2.2 and Appendix B are indicated by the red outlines in the inset H I image.

2020). The central bar is boxed at either end by bright star forming
regions (SFRs) first identified by Hubble (1925) with ages up to
10 Myr (Efremova et al. 2011; Bianchi et al. 2012). Attempts to find
sites of star formation beyond the bar, namely in the H I overdense
region, have so far been unsuccessful (Schruba et al. 2017) despite
promising indicators in the distribution of H I gas (De Blok & Walter
2000, 2003).

CO emission is often used as a proxy for molecular hydrogen
(which does not emit at radio wavelengths) due to their general
spatial coincidence. No CO maps of the entirety of the central

1https://old.ipac.caltech.edu/2mass/

bar of NGC 6822 have yet been produced, with published studies
focusing on the brightest SFRs (Gratier et al. 2010; Schruba et al.
2017). Schruba et al. (2017) produced ALMA high-resolution maps
of several small (110 × 110 arcsec2) fields in CO (2 − 1), four of
which are centred on the most prominent SFRs: Hubble I/III, IV, V,
and X. They find CO cores with typical sizes of ∼2.3 pc and propose
that such small scales could be the cause of the low levels of CO
emission seen in many dwarf galaxies, due to poor beam filling at
lower resolutions.

Previous studies of resolved young stellar object (YSO) popula-
tions in NGC 6822 on a galaxy wide basis have used established
colour-cuts (Jones et al. 2019) or basic statistical (Hirschauer et al.
2020) classification criteria. In Jones et al. (2019) candidate YSOs
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