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Figure 1: Detail around 30Dor from the 888 MHz image of the LMC obtained with ASKAP (Pennock et al. 2021).
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Editorial

Dear Colleagues,

It is our pleasure to present you the 172nd issue of the Magellanic Clouds Newsletter. The variety of topics is as diverse
as ever – including the measurement of a fundamental constant and fantastic new results from facilities such as Gaia
and the Australian SKA Pathfinder and an inventory of star formation in N44 (the range of environments found across
the LMC alone is astonishing, each having the potential to tell us something new about the star formation process).

The next issue is planned to be distributed on the 1st of October.

Editorially Yours,

Jacco van Loon & Peter Pessev
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Refereed Journal Papers

Diving below the spin-down limit: constraints on gravitational waves
from the energetic young pulsar PSRJ0537−6910

R. Abbott1 et al.

1LIGO, USA

We present a search for quasi-monochromatic gravitational-wave signals from the young, energetic X-ray pulsar
PSRJ0537−6910 using data from the second and third observing runs of LIGO and Virgo. The search is enabled by
a contemporaneous timing ephemeris obtained using Neutron star Interior Composition Explorer (NICER) data. The
NICER ephemeris has also been extended through 2020 October and includes three new glitches. PSRJ0537−6910 has
the largest spin-down luminosity of any pulsar and exhibits frequent and strong glitches. Analyses of its long-term and
interglitch braking indices provide intriguing evidence that its spin-down energy budget may include gravitational-
wave emission from a time-varying mass quadrupole moment. Its 62 Hz rotation frequency also puts its possible
gravitational-wave emission in the most sensitive band of the LIGO/Virgo detectors. Motivated by these considera-
tions, we search for gravitational-wave emission at both once and twice the rotation frequency from PSRJ0537−6910.
We find no signal, however, and report upper limits. Assuming a rigidly rotating triaxial star, our constraints reach
below the gravitational-wave spin-down limit for this star for the first time by more than a factor of 2 and limit
gravitational waves from the l = m = 2 mode to account for less than 14% of the spin-down energy budget. The
fiducial equatorial ellipticity is constrained to less than about 3 × 10−5, which is the third best constraint for any
young pulsar.

Published in ApJ
Available from https://arxiv.org/abs/2012.12926
and from https://doi.org/10.3847/2041-8213/abffcd

On the nitrogen variation in ∼ 2 Gyr old massive star clusters in the
Large Magellanic Cloud

S. Martocchia1, C. Lardo 2, M. Rejkuba3, S. Kamann4, N. Bastian4,5,6, S. Larsen1, I. Cabrera-Ziri4, W.

Chantereau7, E. Dalessandro8, N. Kacharov9 and M. Salaris4

1Department of Astrophysics/IMAPP, Radboud University, P.O. Box 9010, 6500 GL Nijmegen, The Netherlands
2Dipartimento di Fisica e Astronomia, Università degli Studi di Bologna, Via Gobetti 93/2, 40129, Bologna, Italy
3European Southern Observatory, Karl-Schwarzschild-Straße 2, D-85748 Garching bei München, Germany
4Astrophysics Research Institute, Liverpool John Moores University, 146 Brownlow Hill, Liverpool L3 5RF, UK
5Donostia International Physics Center (DIPC), Paseo Manuel de Lardizabal, 4, 20018, Donostia-San Sebastián, Guipuzkoa, Spain
6IKERBASQUE, Basque Foundation for Science, 48013, Bilbao, Spain
7Université de Strasbourg, CNRS, Observatoire astronomique de Strasbourg, UMR 7550, F-67000 Strasbourg, France
8INAF–Osservatorio di Astrofisica & Scienza dello Spazio, via Gobetti 93/3, I-40129, Bologna, Italy
9Leibniz-Institut für Astrophysik, An der Sternwarte 16, 14482 Potsdam, Germany

We present ESO/VLT FORS2 low resolution spectroscopy of red giant branch stars in three massive, intermediate
age (∼ 1.7–2.3 Gyr) star clusters in the Large Magellanic Cloud. We measure CH and CN index bands at 4300 Å
and 3883 Å, as well as [C/Fe] and [N/Fe] abundance ratios for 24, 21 and 12 member stars of NGC1978, NGC1651,
NGC1783, respectively. We find a significant intrinsic spread in CN in NGC1978 and NGC1651, a signal of multiple
stellar populations (MPs) within the clusters. On the contrary, we report a null CN spread in NGC1783 within our
measurement precision. For NGC1978, we separated the two populations in the CN distribution and we translated
the CN spread into an internal N variation ∆[N/Fe] = 0.63 ± 0.49 dex. For NGC1651 and NGC1783, we put upper
limits on the N abundance variations of ∆[N/Fe] ≤ 0.2 and 0.4 dex, respectively. The spectroscopic analysis confirms

3

https://arxiv.org/abs/2012.12926
https://doi.org/10.3847/2041-8213/abffcd


previous results from HST photometry, where NGC1978 was found to host MPs in the form of N spreads, while slightly
younger clusters (e.g., NGC1783, < 2 Gyr old) were not, within the limits of the uncertainties. It also confirms that
intermediate age massive clusters show lower N abundance variations with respect to the ancient globular clusters,
although this is in part due to the effect of the first dredge up at these stellar masses, as recently reported in the
literature. We stress the importance of future studies to estimate the initial N abundance variations, free of stellar
evolutionary mixing processes, by observing unevolved stars in young clusters.

Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2106.02054

Deuterated polycyclic aromatic hydrocarbons in the interstellar
medium: the C–D band strengths of multi-deuterated species

X.J. Yang1,2, Aigen Li2, C.Y. He1 and R. Glaser3

1Hunan Key Laboratory for Stellar and Interstellar Physics and School of Physics and Optoelectronics, Xiangtan University, Hunan 411105,

China
2Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA
3Department of Chemistry, Missouri University of Science and Technology, Rolla, MO 65409, USA

Observationally, the interstellar gas-phase abundance of deuterium (D) is considerably depleted and the missing D
atoms are often postulated to have been locked up into carbonaceous solids and polycyclic aromatic hydrocarbon
(PAH) molecules. An accurate knowledge of the fractional amount of D (relative to H) tied up in carbon dust and
PAHs has important cosmological implications since D originated exclusively from the Big Bang and the present-day
D abundance, after accounting for the astration it has experienced during the Galactic evolution, provides essential
clues to the primordial nucleosynthesis and the cosmological parameters. To quantitatively explore the extent to which
PAHs could possibly accommodate the observed D depletion, we have previously quantum-chemically computed the
infrared vibrational spectra of mono-deuterated PAHs and derived the mean intrinsic band strengths of the 3.3-µm
C–H stretch (A3.3) and the 4.4-µm C–D stretch (A4.4). Here we extend our previous work to multi-deuterated PAH
species of different deuterations, sizes and structures. We find that both the intrinsic band strengths A3.3 and A4.4

and their ratios A4.4/A3.3 not only show little variations among PAHs of different deuterations, sizes and structures,
they are also closely similar to that of mono-deuterated PAHs. Therefore, a PAH deuteration level (i.e. the fraction
of peripheral atoms attached to C atoms in the form of D) of ∼ 2.4% previously estimated from the observed 4.4-µm
to 3.3-µm band ratio based on the A4.4/A3.3 ratio of mono-deuterated PAHs is robust.

Accepted for publication in The Astrophysical Journal Supplement Series
Available from https://arxiv.org/abs/2106.07883

Optical properties of elongated conducting grains

X.M. Huang1,2, Qi Li2,3, Aigen Li2, J.H. Chen1,2, F.Z. Liu4 and C.Y. Xiao5

1College of Physics and Electronics, Hunan Normal University, Changsha, Hunan 410081, China
2Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA
3Hunan Key Laboratory for Stellar and Interstellar Physics and School of Physics and Optoelectronics, Xiangtan University, Hunan 411105,

China
4College of Information Science and Engineering, Hunan Normal University, Changsha, Hunan 410081, China
5Department of Astronomy, Beijing Normal University, Beijing 100875, China

Extremely elongated, conducting dust particles (also known as metallic “needles” or “whiskers”) are seen in carbona-
ceous chondrites and in samples brought back from the Itokawa asteroid. Their formation in protostellar nebulae
and subsequent injection into the interstellar medium have been demonstrated, both experimentally and theoreti-
cally. Metallic needles have been suggested to explain a wide variety of astrophysical phenomena, ranging from the
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mid-infrared interstellar extinction at ∼ 3–8 µm to the thermalization of starlight to generate the cosmic microwave
background. To validate (or invalidate) these suggestions, an accurate knowledge of the optics (e.g., the amplitude and
the wavelength dependence of the absorption cross sections) of metallic needles is crucial. Here we calculate the ab-
sorption cross sections of iron needles of various aspect ratios over a wide wavelength range, by exploiting the discrete
dipole approximation, the most powerful technique for rigorously calculating the optics of irregular or nonspherical
grains. Our calculations support the earlier findings that the antenna theory and the Rayleigh approximation, which
are often taken to approximate the optical properties of metallic needles, are indeed inapplicable.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2103.06774

Discovery of Magellanic stellar debris in the H3 survey

Dennis Zaritsky1, Charlie Conroy2, Rohan P. Naidu2, Philip A. Cargile2, Mary Putman3, Gurtina Besla1, Ana

Bonaca2, Nelson Caldwell2, Jiwon Jesse Han2, Benjamin D. Johnson2, Joshua S. Speagle2,4 and Yuan-Sen Ting5,6,7,8

1University of Arizona, USA
2Harvard Smithsonian, USA
3Columbia Univ., USA
4Univ. of Toronto, Canada
5Institute for Advanced Study, USA
6Princeton, USA
7Carnegie Observatories, USA
8Mt. Stromlo Obs., Australia

We report the discovery of 15 stars in the H3 survey that lie, in projection, near the tip of the trailing gaseous Magellanic
Stream (MS). The stars have Galactocentric velocities < −155 km s−1, Galactocentric distances of ≈ 40 to 80 kpc
(increasing along the MS), and [Fe/H] consistent with that of stars in the Small Magellanic Cloud. These 15 stars
comprise 94% (15 of 16) of the H3 observed stars to date that have RGAL > 37.5 kpc, −350 km s−1 < VGSR < −155
km s−1, and are not associated with the Sagittarius Stream. They represent a unique portion of the Milky Way’s
outer halo phase space distribution function and confirm that unrelaxed structure is detectable even at radii where H3
includes only a few hundred stars. Due to their statistical excess, their close association with the MS and H i compact
clouds in the same region, both in position and velocity space, and their plausible correspondence with tidal debris in
a published simulation, we identify these stars as debris of past Magellanic Cloud encounters. These stars are evidence
for a stellar component of the tidal debris field far from the Clouds themselves and provide unique constraints on the
interaction.

Published in ApJL, 905, L3 (2020)
Available from https://arxiv.org/abs/2011.09395

Kinematic complexity around NGC419: resolving the proper motion of
the cluster, the Small Magellanic Cloud, and the Magellanic Bridge

Davide Massari1,2, Silvia Raso1,3, Mattia Libralato4 and Andrea Bellini4

1INAF – Osservatorio di Astrofisica e Scienza dello Spazio di Bologna, Via Gobetti 93/3, I-40129 Bologna, Italy
2Kapteyn Astronomical Institute, University of Groningen, NL-9747 AD Groningen, The Netherlands
3Dipartimento di Fisica e Astronomia, Università degli Studi di Bologna, Via Gobetti 93/2, I-40129 Bologna, Italy
4Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA

We present Hubble Space Telescope proper motions in the direction of the star cluster NGC419 in the Small Magellanic
Cloud. Because of the high precision of our measurements, for the first time it is possible to resolve the complex
kinematics of the stellar populations located in the field, even along the tangential direction. In fact, the proper
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motions we measured allow us to separate cluster stars, which move on average with (µα cos δNGC419, µNGC419
δ ) =

(+0.878± 0.055,−1.246± 0.048) mas yr−1, from those of the Small Magellanic Cloud and those belonging to a third
kinematic feature that we recognise as part of the Magellanic Bridge. Resolving such a kinematic complexity enables
the construction of decontaminated colour–magnitude diagrams, as well as the measurement of the absolute proper
motion of the three separate components. Our study therefore sets the first steps towards the possibility of dynamically
investigating the Magellanic system by exploiting the resolved kinematics of its stellar clusters.

Published in MNRAS
Available from https://arxiv.org/abs/2011.03288

A 5% measurement of the gravitational constant in the Large
Magellanic Cloud

Harry Desmond1, Jeremy Sakstein2 and Bhuvnesh Jain3

1Astrophysics, University of Oxford, Denys Wilkinson Building, Keble Road, Oxford OX1 3RH, UK
2Department of Physics & Astronomy, University of Hawai’i, 2505 Correa Road, Honolulu, Hawai’i, 96822, USA
3Center for Particle Cosmology, Department of Physics and Astronomy, University of Pennsylvania, Philadelphia, PA 19104, USA

We perform a novel test of general relativity by measuring the gravitational constant in the Large Magellanic Cloud
(LMC). The LMC contains six well-studied Cepheid variable stars in detached eclipsing binaries. Radial velocity
and photometric observations enable a complete orbital solution, and precise measurements of the Cepheids’ periods
permit detailed stellar modelling. Both are sensitive to the strength of gravity, the former via Kepler’s third law
and the latter through the gravitational free-fall time. We jointly fit the observables for stellar parameters and the
gravitational constant. Performing a full Markov Chain Monte Carlo analysis of the parameter space including all
relevant nuisance parameters, we constrain the gravitational constant in the Large Magellanic Cloud relative to the
Solar System to be GLMC/GSS = 0.93+0.05

−0.04. We discuss the implications of this 5% measurement of Newton’s constant
in another galaxy for dark energy and modified gravity theories. This result excludes one Cepheid, CEP-1812, which is
an outlier and needs further study: it is either a highly unusual system to which our model does not apply, or it prefers
GLMC < GSS at 2.6σ. We also obtain new bounds on critical parameters that appear in semi-analytic descriptions of
stellar processes. In particular, we measure the mixing length parameter to be α = 0.90+0.36

−0.26 (when assumed to be
constant across our sample), and obtain constraints on the parameters describing turbulent dissipation and convective
flux.

Published in Phys. Rev. D, 103, 024028 (2021)
Available from https://arxiv.org/abs/2012.05028

A dearth of young and bright massive stars in the Small Magellanic
Cloud

A. Schootemeijer1, N. Langer1,2, D.J. Lennon3,4, C.J. Evans5, P.A. Crowther6, S. Geen7, I. Howarth8, A. de

Koter7, K.M. Menten2 and J.S. Vink9

1Argelander-Institut für Astronomie, Universität Bonn, Auf dem Hügel 71, 53121 Bonn, Germany
2Max-Planck-Institut für Radioastronomie, Auf dem Hügel 69, 53121 Bonn, Germany
3Instituto de Astrof́ısica de Canarias, E-38200 La Laguna, Tenerife, Spain
4Departamento de Astrof́ısica, Universidad de La Laguna, E-38205 La Laguna, Tenerife, Spain
5UK Astronomy Technology Centre, Royal Observatory, Blackford Hill, Edinburgh EH9 3HJ, UK
6Department of Physics and Astronomy, University of Sheffield, Sheffield, S3 7RH, UK
7Anton Pannekoek Institute for Astronomy, University of Amsterdam, Science Park 904, 1098 XH Amsterdam, The Netherlands
8University College London, Gower Street, London WC1E 6BT, UK
9Armagh Observatory, College Hill, Armagh BT61 9DG, UK

Massive star evolution at low metallicity is closely connected to many fields in high-redshift astrophysics, but is poorly
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understood so far. Because of its metallicity of ∼ 0.2 Z⊙, its proximity, and because it is currently forming stars, the
Small Magellanic Cloud (SMC) is a unique laboratory in which to study metal-poor massive stars.
We seek to improve the understanding of this topic using available SMC data and a comparison to stellar evolution
predictions.
We used a recent catalog of spectral types in combination with GAIA magnitudes to calculate temperatures and
luminosities of bright SMC stars. By comparing these with literature studies, we tested the validity of our method,
and using GAIA data, we estimated the completeness of stars in the catalog as a function of luminosity. This allowed us
to obtain a nearly complete view of the most luminous stars in the SMC. We also calculated the extinction distribution,
the ionizing photon production rate, and the star formation rate.
Our results imply that the SMS hosts only ∼30 very luminous main-sequence stars (M ≥ 40 M⊙; L>

∼ 3 · 105 L⊙),
which are far fewer than expected from the number of stars in the luminosity range 3 · 104 < L/L⊙ < 3 · 105 and
from the typically quoted star formation rate in the SMC. Even more striking, we find that for masses above M >

∼ 20
M⊙, stars in the first half of their hydrogen-burning phase are almost absent. This mirrors a qualitatively similar
peculiarity that is known for the Milky Way and Large Magellanic Cloud. This amounts to a lack of hydrogen-burning
counterparts of helium-burning stars, which is more pronounced for higher luminosities. We derived the H i ionizing
photon production rate of the current massive star population. It agrees with the Hα luminosity of the SMC.
We argue that a declining star formation rate or a steep initial mass function are unlikely to be the sole explanations
for the dearth of young bright stars. Instead, many of these stars might be embedded in their birth clouds, although
observational evidence for this is weak. We discuss implications for the role that massive stars played in cosmic
reionization, and for the top end of the initial mass function.

Published in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2012.05913
and from https://ui.adsabs.harvard.edu/abs/2021A%26A...646A.106S/abstract

A relation between the radial velocity dispersion of young clusters and
their age: evidence for hardening as the formation scenario of massive

close binaries

Maria Claudia Ramı́rez Tannus1, Frank Backs2, Alex de Koter2, Hugues Sana3, Henrik Beuther1, Arjan Bik4,

Wolfgang Brandner1, Lex Kaper2, Hendrik Linz1, Thomas Henning1 and Hanneke Poorta2

1Max Planck Institute for Astronomy, Germany
2Anton Pannekoek Institute, University of Amsterdam, The Netherlands
3Institute of Astronomy, K.U. Leuven, Belgium
4Department of Astronomy, Stockholm University, Sweden

The majority of massive stars (> 8 M⊙) in OB associations are found in close binary systems. Nonetheless, the
formation mechanism of these close massive binaries is not understood yet. Using literature data, we measured the
radial-velocity dispersion (σRV) as a proxy for the close binary fraction in ten OB associations in the Galaxy and
the Large Magellanic Cloud, spanning an age range from 1 to 6 Myrs. We find a positive trend of this dispersion
with the cluster’s age, which is consistent with binary hardening. Assuming a universal binary fraction of fbin = 0.7,
we converted the σRV behavior to an evolution of the minimum orbital period Pcutoff from ∼ 9.5 years at 1 Myr to
∼ 1.4 days for the oldest clusters in our sample at ∼6 Myr. Our results suggest that binaries are formed at larger
separations, and they harden in around 1 to 2 Myrs to produce the period distribution observed in few million year-old
OB binaries. Such an inward migration may either be driven by an interaction with a remnant accretion disk or with
other young stellar objects present in the system. Our findings constitute the first empirical evidence in favor of
migration as a scenario for the formation of massive close binaries.

Published in Astronomy and Astrophysics Letters
Available from https://arxiv.org/abs/2101.01604
and from 10.1051/0004-6361/202039673
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A multiwavelength survey of Wolf–Rayet nebulæ in the Large
Magellanic Cloud

Clara Shang Hung1,2, Po-Sheng Ou1,3, You-Hua Chu1,3,4, Robert A. Gruendl4 and Chuan-Jui Li1

1Institute of Astronomy and Astrophysics, Academia Sinica, Taiwan
2Summit Public School: K2, USA
3Department of Physics, National Taiwan University, Taiwan
4Department of Astronomy, University of Illinois, USA

Surveys of Wolf–Rayet (WR) stars in the Large Magellanic Cloud (LMC) have yielded a fairly complete catalog
of 154 known stars. We have conducted a comprehensive, multiwavelength study of the interstellar/circumstellar
environments of WR stars, using the Magellanic Cloud Emission Line Survey images in the Hα, [O iii], and [S ii]
lines; Spitzer Space Telescope 8- and 24-µm images; Blanco 4 m Telescope Hα CCD images; and Australian Telescope
Compact Array + Parkes Telescope H i data cube of the LMC. We have also examined whether the WR stars are in
OB associations, classified the H ii environments of WR stars, and used this information to qualitatively assess the WR
stars’ evolutionary stages. The 30Dor giant H ii region has active star formation and hosts young massive clusters,
thus we have made statistical analyses for 30Dor and the rest of the LMC both separately and altogether. Due to the
presence of massive young clusters, the WR population in 30Dor is quite different from that from elsewhere in the
LMC. We find small bubbles (< 50 pc diameter) around ∼ 12% of WR stars in the LMC, most of which are WN stars
and not in OB associations. The scarcity of small WR bubbles is discussed. Spectroscopic analyses of abundances are
needed to determine whether the small WR bubbles contain interstellar medium or circumstellar medium. Implications
of the statistics of interstellar environments and OB associations around WR stars are discussed. Multiwavelength
images of each LMC WR star are presented.

Published in The Astrophysical Journal Supplement Series, 252, 21 (2021)
Available from https://arxiv.org/abs/2101.01622
and from https://iopscience.iop.org/article/10.3847/1538-4365/abcc00

Measuring young stars in space and time – I. The photometric catalog
and extinction properties of N 44

Victor F. Ksoll1,2, Dimitrios Gouliermis1,3, Elena Sabbi4, Jenna E. Ryon4, Massimo Robberto4,5, Mario Gennaro4,5,

Ralf S. Klessen1,2, Ullrich Koethe6, Guido de Marchi7, C.-H. Rosie Chen8, Michele Cignoni9,10,11 and Andrew E.

Dolphin12,13

1Universität Heidelberg, Zentrum für Astronomie, Institut für Theoretische Astrophysik, Albert-Überle-Str. 2, D-69120 Heidelberg, Ger-

many
2Universität Heidelberg, Interdisziplinäres Zentrum für Wissenschaftliches Rechnen, Im Neuenheimer Feld 205, D-69120 Heidelberg, Ger-

many
3Max Planck Institute for Astronomy, Königstuhl 17, D-69117 Heidelberg, Germany
4Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
5Johns Hopkins University, 3400 N. Charles Street, Baltimore, MD 21218, USA
6Universität Heidelberg, Heidelberg Collaboratory for Image Processing, Visual Learning Lab, Berliner Str. 43, D-69120 Heidelberg, Ger-

many
7European Space Research and Technology Centre, Keplerlaan 1, 2200 AG Noordwijk, The Netherlands
8Max-Planck-Institut für Radioastronomie, Auf dem Hügel 69, D-53121 Bonn, Germany
9Department of Physics-University of Pisa, Largo B. Pontecorvo, 3 Pisa, I-56127, Italy
10INFN, Largo B. Pontecorvo 3, I-56127, Pisa, Italy
11INAF–Osservatorio di Astrofisica e Scienza dello Spazio, Via Gobetti 93/3, I-40129, Bologna, Italy
12Raytheon, 1151 E. Hermans Road, Tucson, AZ 85706, USA
13Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721, USA

In order to better understand the role of high-mass stellar feedback in regulating star formation in giant molecular
clouds, we carried out a Hubble Space Telescope (HST) Treasury Program Measuring Young Stars in Space and Time
(MYSST) targeting the star-forming complex N44 in the Large Magellanic Cloud (LMC). Using the F555W and
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F814W broadband filters of both the ACS and WFC3/UVIS, we built a photometric catalog of 461,684 stars down to
mF555W ≃ 29 mag and mF814W ≃ 28 mag, corresponding to the magnitude of an unreddened 1 Myr pre-main-sequence
star of ∼ 0.09 M⊙ at the LMC distance. In this first paper we describe the observing strategy of MYSST and the
data reduction procedure and present the photometric catalog. We identify multiple young stellar populations tracing
the gaseous rim of N44’s superbubble, together with various contaminants belonging to the LMC field population.
We also determine the reddening properties from the slope of the elongated red clump (RC) feature by applying the
machine-learning algorithm RANSAC, and we select a set of upper-main-sequence stars as primary probes to build
an extinction map, deriving a relatively modest median extinction AF555W ≃ 0.77 mag. The same procedure applied
to the RC provides AF555W ≃ 0.68 mag.

Published in AJ
Available from https://arxiv.org/abs/2012.00521
and from https://iopscience.iop.org/article/10.3847/1538-3881/abee8b

Measuring young stars in space and time – II. The pre-main-sequence
stellar content of N 44

Victor F. Ksoll1,2, Dimitrios Gouliermis1,3, Elena Sabbi4, Jenna E. Ryon4, Massimo Robberto4,5, Mario Gennaro4,5,

Ralf S. Klessen1,2, Ullrich Koethe6, Guido de Marchi7, C.-H. Rosie Chen8, Michele Cignoni9,10,11 and Andrew E.

Dolphin12,13

1Universität Heidelberg, Zentrum für Astronomie, Institut für Theoretische Astrophysik, Albert-Überle-Str. 2, D-69120 Heidelberg, Ger-

many
2Universität Heidelberg, Interdisziplinäres Zentrum für Wissenschaftliches Rechnen, Im Neuenheimer Feld 205, D-69120 Heidelberg, Ger-

many
3Max Planck Institute for Astronomy, Königstuhl 17, D-69117 Heidelberg, Germany
4Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
5Johns Hopkins University, 3400 N. Charles Street, Baltimore, MD 21218, USA
6Universität Heidelberg, Heidelberg Collaboratory for Image Processing, Visual Learning Lab, Berliner Str. 43, D-69120 Heidelberg, Ger-

many
7European Space Research and Technology Centre, Keplerlaan 1, 2200 AG Noordwijk, The Netherlands
8Max-Planck-Institut für Radioastronomie, Auf dem Hügel 69, D-53121 Bonn, Germany
9Department of Physics-University of Pisa, Largo B. Pontecorvo, 3 Pisa, I-56127, Italy
10INFN, Largo B. Pontecorvo 3, I-56127, Pisa, Italy
11INAF–Osservatorio di Astrofisica e Scienza dello Spazio, Via Gobetti 93/3, I-40129, Bologna, Italy
12Raytheon, 1151 E. Hermans Road, Tucson, AZ 85706, USA
13Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721, USA

The Hubble Space Telescope survey Measuring Young Stars in Space and Time (MYSST) entails some of the deepest
photometric observations of extragalactic star formation, capturing even the lowest-mass stars of the active star-
forming complex N44 in the Large Magellanic Cloud. We employ the new MYSST stellar catalog to identify and
characterize the content of young pre-main-sequence (PMS) stars across N 44 and analyze the PMS clustering struc-
ture. To distinguish PMS stars from more evolved line of sight contaminants, a non-trivial task due to several effects
that alter photometry, we utilize a machine-learning classification approach. This consists of training a support vector
machine (SVM) and a random forest (RF) on a carefully selected subset of the MYSST data and categorize all observed
stars as PMS or non-PMS. Combining SVM and RF predictions to retrieve the most robust set of PMS sources, we
find ∼ 26, 700 candidates with a PMS probability above 95% across N 44. Employing a clustering approach based on a
nearest neighbor surface density estimate, we identify 16 prominent PMS structures at 1σ significance above the mean
density with sub-clusters persisting up to and beyond 3σ significance. The most active star-forming center, located at
the western edge of N 44’s bubble, is a subcluster with an effective radius of ∼ 5.6 pc entailing more than 1100 PMS
candidates. Furthermore, we confirm that almost all identified clusters coincide with known H ii regions and are close
to or harbor massive young O stars or YSOs previously discovered by MUSE and Spitzer observations.

Published in AJ
Available from https://arxiv.org/abs/2012.00524
and from https://iopscience.iop.org/article/10.3847/1538-3881/abee8c
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Gaia Early Data Release 3: structure and properties of the Magellanic
Clouds

X. Luri1, L. Chemin2, G. Clementini3, H.E. Delgado4, P.J. McMillan5, M. Romero-Gómez1, E. Balbinot6, A.
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Context: This work is part of the Gaia Data Processing and Analysis Consortium (DPAC) papers published with the
Gaia Early Data Release 3 (EDR3). It is one of the demonstration papers aiming to highlight the improvements and
quality of the newly published data by applying them to a scientific case.
Aims: We use the Gaia EDR3 data to study the structure and kinematics of the Magellanic Clouds. The large distance
to the Clouds is a challenge for the Gaia astrometry. The Clouds lie at the very limits of the usability of the Gaia
data, which makes the Clouds an excellent case study for evaluating the quality and properties of the Gaia data.
Methods. The basis of our work are two samples selected to provide a representation as clean as possible of the stars
of the Large Magellanic Cloud (LMC) and the Small Magellanic Cloud (SMC). The selection used criteria based on
position, parallax, and proper motions to remove foreground contamination from the Milky Way, and allowed the
separation of the stars of both Clouds. From these two samples we defined a series of subsamples based on cuts in the
colour–magnitude diagram; these subsamples were used to select stars in a common evolutionary phase and can also
be used as approximate proxies of a selection by age.
Results: We compared the Gaia Data Release 2 (DR2) and Gaia EDR3 performances in the study of the Magellanic
Clouds and show the clear improvements in precision and accuracy in the new release. We also show that the
systematics still present in the data make the determination of the 3D geometry of the LMC a difficult endeavour;
this is at the very limit of the usefulness of the Gaia EDR3 astrometry, but it may become feasible with the use of
additional external data. We derive radial and tangential velocity maps and global profiles for the LMC for the several
subsamples we defined. To our knowledge, this is the first time that the two planar components of the ordered and
random motions are derived for multiple stellar evolutionary phases in a galactic disc outside the Milky Way, showing
the differences between younger and older phases. We also analyse the spatial structure and motions in the central
region, the bar, and the disc, providing new insights into features and kinematics. Finally, we show that the Gaia
EDR3 data allows clearly resolving the Magellanic Bridge, and we trace the density and velocity flow of the stars from
the SMC towards the LMC not only globally, but also separately for young and evolved populations. This allows us to
confirm an evolved population in the Bridge that is slightly shift from the younger population. Additionally, we were
able to study the outskirts of both Magellanic Clouds, in which we detected some well-known features and indications
of new ones.
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The ASKAP-EMU Early Science Project: 888 MHz radio continuum
survey of the Large Magellanic Cloud
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We present an analysis of a new 120 deg2 radio continuum image of the Large Magellanic Cloud (LMC) at 888 MHz
with a bandwidth of 288 MHz and beam size of 13.′′9× 12.′′1 from the Australian Square Kilometre Array Pathfinder
processed as part of the Evolutionary Map of the Universe survey. The median root mean squared noise is 58 µJy
beam−1. We present a catalogue of 54 612 sources, divided over a Gold list (30 866 sources) complete down to 0.5
mJy uniformly across the field, a Silver list (22 080 sources) reaching down to < 0.2 mJy, and a Bronze list (1666
sources) of visually inspected sources in areas of high noise and/or near bright complex emission. We discuss detections
of planetary nebulæ and their radio luminosity function, young stellar objects showing a correlation between radio
luminosity and gas temperature, novæ and X-ray binaries in the LMC, and active stars in the Galactic foreground
that may become a significant population below this flux level. We present examples of diffuse emission in the LMC
(H ii regions, supernova remnants, bubbles) and distant galaxies showcasing spectacular interaction between jets and
intracluster medium. Among 14 333 infrared counterparts of the predominantly background radio source population,
we find that star-forming galaxies become more prominent below 3 mJy compared to active galactic nuclei. We com-
bine the new 888 MHz data with archival Australia Telescope Compact Array data at 1.4 GHz to determine spectral
indices; the vast majority display synchrotron emission but flatter spectra occur too. We argue that the most extreme
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spectral index values are due to variability.
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