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Editorial

Dear Colleagues,

It is my pleasure to present you the 167th issue of the Magellanic Clouds Newsletter. There is a lot of work on the
properties of the interstellar medium and star formation, but also on clusters, evolved stars and supernova remnants.

I’m sure you’ll find Michel Dennefeld’s article about the history of discovery of the Magellanic Clouds fascinating, and
Alexander Rosenbusch’s reviews of novæ also refers to those found in the Magellanic Clouds.

The IAU General Assembly is less than a year ahead, so the announcement of one of the focus meetings, on massive
stars and star clusters, is probably just the first of more to come. Let’s hope we’ll be able to meet in person, rather
through our digital renditions.

If you have – or know of – a picture for the front cover, something beautiful or just unusual, just let me know and
we’ll try to share it that way.

Stay safe and sane, and keep watching the Clouds!

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

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

Anomalous extinction towards NGC1938
Guido De Marchi1, Nino Panagia2,3 and Antonino P. Milone4,5

1European Space Research and Technology Centre, Noordwijk, The Netherlands
2Space Telescope Science Institute, Baltimore, United States of America
3Supernova Ltd., Virgin Gorda, United Kingdom
4Dipartimento di Fisica e Astronomia, Università di Padova, Italy
5Istituto Nazionale di Astrofisica, Padova, Italy

Intrigued by the extended red giant clump (RC) stretching across the color–magnitude diagram of the stars in a 50×50
pc2 region of the Large Magellanic Cloud (LMC) containing the clusters NGC1938 and NGC1939, we have studied
the stellar populations to learn about the properties of the interstellar medium (ISM) in this area. The extended RC is
caused by a large and uneven amount of extinction across the field. Its slope reveals anomalous extinction properties,
with AV /E(B − V ) ≃ 4.3, indicating the presence of an additional gray component in the optical contributing about
30% of the total extinction in the field and requiring big grains to be about twice as abundant as in the diffuse ISM.
This appears to be consistent with the number of big grains injected into the surrounding ISM by the about 70 SN
II explosions estimated to have occurred during the lifetime of the ∼ 120 Myr old NGC1938. Although this cluster
appears relatively small today and would be hard to detect beyond the distance of M31, with an estimated initial
mass of ∼ 4800 M⊙, NGC1938 appears to have seriously altered the extinction properties in a wide area. This has
important implications for the interpretation of luminosities and masses of star-forming galaxies both nearby and in
the early universe.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2007.11577
and from www.starformation.eu

Strömgren metallicities for intermediate-age and old star clusters
Andrès E. Piatti1,2

1Instituto Interdisciplinario de Ciencias Básicas (ICB), CONICET–UNCUYO, Padre J. Contreras 1300, M5502JMA, Mendoza, Argentina
2Consejo Nacional de Investigaciones Cient́ıficas y Técnicas (CONICET), Godoy Cruz 2290, C1425FQB, Buenos Aires, Argentina

We report results that show that the straightforwardly star cluster metallicities obtained from Strömgren vby photom-
etry is age-dependent and need to be corrected for further use. This outcome arises from the comparison of [Fe/H]
values derived from Strömgren photometry with those metallicities published in the literature for 26 Large and Small
Magellanic Cloud star clusters, whose ages range from ∼ 1 Gyr up to the known oldest globular clusters’ ages in
these galaxies. While deriving mean star cluster metallicities we carried out a thorough selection of red giant branch
candidates to comply with the Strömgren metallicity calibration validity regime. We paid attention to the effect of
contamination by field stars, particularly of those that lie inside the star clusters’ radii, distributed along the star
cluster red giant branches, and with [Fe/H] values covering a similar range as that for the selected stars. We found
that the measured Strömgren metallicities are systematically more metal-poor than the published ones and that a
quadratically age-varying function reproduces the relative metallicity values with an overall uncertainty of ∼ 0.05 dex.
We finally performed a similar comparison relying on a fully independent approach, that consisted in using theoretical
red giant branches of old globular clusters spanning [Fe/H] values from −2.0 up to 0.0 dex as standard ones. We then
superimposed on to them the red giant branches of star clusters with ages in the range 1.0–12.5 Gyr and estimated
by interpolation their associated metallicities. The derived theoretical relative metallicities follow a similar trend as a
function of the star clusters’ ages than that found from observations of star clusters.

Accepted for publication in Astronomy and Astrophysics
Available from https://arxiv.org/abs/2008.05270
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Energy conservation in the thin layer approximation – II. The
asymmetric classic case for supernovæ remnants

Lorenzo Zaninetti 1

1Department of Physics, Via Pietro Giuria 1, Turin, Italy

Here we extend the conservation of energy in the framework of the thin layer approximation to the asymmetrical case.
Four types of interstellar medium are analysed, in which the density follows an inverse square profile, a power law
profile, an exponential profile and a toroidal profile. An analytical solution for the radius as a function of time and the
polar angle in spherical coordinates is derived in the case of the inverse square profile. The analytical and numerical
results are applied to two supernova remnants: SN 1987A and SN1006. The back reaction due to the radiative losses
is evaluated in the case of the inverse square profile for the surrounding medium. Two models for the image formation
are presented, which explain the triple ring visible in SN1987A and the jet feature of SN 1006.

Published in The International Journal of Astronomy and Astrophysics, 10, 165 (2020)
Available from https://arxiv.org/abs/2007.01670

AstroSat view of LMCX-2: evolution of broad band X-ray spectral
properties along a complete Z-track

V.K. Agrawal1 and Anuj Nandi1

1Space Astronomy Group, ISITE Campus, U.R. Rao Satellite Centre, Bangalore, 560037, India

In this paper, we report the first results of the extragalactic Z-source LMCX-2 obtained using the ∼ 140 ks observations
with Large Area X-ray Proportional Counter (LAXPC) and Soft X-ray Telescope (SXT) onboard AstroSat. The HID
created with the LAXPC data revealed a complete Z-pattern of the source, showing all the three branches. We
studied the evolution of the broadband X-ray spectra in the energy range of 0.5–20.0 keV along the Z-track, a first
such study of this source. The X-ray spectra of the different parts of the Z-pattern were well described by an absorbed
Comptonized component. An absence of the accretion disc component suggests that the disc is most probably obscured
by a Comptonized region. The best fit electron temperature (kTe) was found to be in the range of 1.7–2.1 keV and
optical depth (τ) was found to be in the range of 13.2–17.5. The optical depth (τ) increased as the source moved from
the normal/flaring branch (NB/FB) vertex to the upper part of the FB, suggesting a possible outflow triggered by
a strong radiation pressure. The power density spectra (PDS) of HB and NB could be fitted with a pure power-law
of index α ∼ 1.68 and 0.83 respectively. We also found a weak evidence of QPO (2.8 σ) in the FB. The intrinsic
luminosity of the source varied between (1.03–1.79)×1038 ergs s−1. We discuss our results by comparing with other
Z-sources and the previous observations of LMCX-2.

Published in MNRAS, 497, 3726 (2020)
Available from https://arxiv.org/abs/2007.05938

Towards a multi-tracer timeline of star formation in the LMC – I.
Deriving the lifetimes of H i clouds

Jacob L. Ward1, Mélanie Chevance1, J.M. Diederik Kruijssen1, Alexander P.S. Hygate2,1, Andreas Schruba3 and

Steven N. Longmore4

1Astronomisches Rechen-Institut, Zentrum für Astronomie der Universität Heidelberg, Mönchhofstraße 12-14, D-69120 Heidelberg, Ger-

many
2Max-Planck Institut für Astronomie, Königstuhl 17, D-69117 Heidelberg, Germany
3Max-Planck Institut für Extraterrestrische Physik, Gießenbachstraße 1, D-85748 Garching bei München, Germany
4Astrophysics Research Institute, Liverpool John Moores University, IC2, Liverpool Science Park, 146 Brownlow Hill, Liverpool L3 5RF,

United Kingdom

The time-scales associated with the various stages of the star formation process remain poorly constrained. This
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includes the earliest phases of star formation, during which molecular clouds condense out of the atomic interstellar
medium. We present the first in a series of papers with the ultimate goal of compiling the first multi-tracer timeline
of star formation, through a comprehensive set of evolutionary phases from atomic gas clouds to unembedded young
stellar populations. In this paper, we present an empirical determination of the lifetime of atomic clouds using the
Uncertainty Principle for Star Formation formalism, based on the de-correlation of Hα and H i emission as a function
of spatial scale. We find an atomic gas cloud lifetime of 48+13

−8 Myr. This timescale is consistent with the predicted
average atomic cloud lifetime in the LMC (based on galactic dynamics) that is dominated by the gravitational collapse
of the mid-plane ISM. We also determine the overlap time-scale for which both H i and Hα emission are present to be
very short (tover < 1.7 Myr), consistent with zero, indicating that there is a near-to-complete phase change of the gas
to a molecular form in an intermediary stage between H i clouds and H ii regions. We utilise the time-scales derived
in this work to place empirically determined limits on the time-scale of molecular cloud formation. By performing the
same analysis with and without the 30Doradus region included, we find that the most extreme star forming environ-
ment in the LMC has little effect on the measured average atomic gas cloud lifetime. By measuring the lifetime of
the atomic gas clouds, we place strong constraints on the physics that drives the formation of molecular clouds and
establish a solid foundation for the development of a multi-tracer timeline of star formation in the LMC.

Published in MNRAS
Available from https://arxiv.org/abs/2007.03691
and from https://academic.oup.com/mnras/article-abstract/497/2/2286/5868276

Imagery and UV spectroscopy of the LMC supernova remnant N103B
using HST

William P. Blair1, Parviz Ghavamian2, John C. Raymond3, Brian J. Williams4, Ravi Sankrit5, Knox S. Long5, P.

Frank Winkler6, Norbert Pirzkal5 and Ivo R. Seitenzahl7

1The Henry A. Rowland Department of Physics and Astronomy, Johns Hopkins University, 3400 N. Charles Street, Baltimore, MD, 21218,

USA
2Towson University, Towson MD 21252, USA
3Harvard–Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA, 02138, USA
4NASA Goddard Spaceflight Center, Greenbelt, MD 20771, USA
5Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD, 21218, USA
6Department of Physics, Middlebury College, Middlebury, VT, 05753, USA
7School of Science, University of New South Wales, Northcott Drive, Canberra, ACT, 2600, Australia

We present HST/WFC3 multiband imagery of N103B, the remnant of a Type Ia supernova in the Large Magellanic
Cloud, as well as HST/COS ultraviolet spectroscopy of the brightest radiatively shocked region. The images show a
wide range of morphology and relative emission-line intensities, from smooth Balmer-line dominated collisionless shocks
due to the primary blast wave, to clumpy radiative shock filaments due to secondary shocks in density enhancements.
The COS data show strong FUV line emission despite a moderately high extinction along this line of sight. We use the
COS data with previous optical spectra to constrain the shock conditions and refine the abundance analysis, finding
abundances typical of the local interstellar medium within the uncertainties. Under an assumption that the material
being shocked was shed from the pre-supernova system, this finding places constraints on any significant enrichment
in that material, and thus on the non-degenerate star in what was presumably a single-degenerate Type Ia supernova.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/2008.12273
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ALMA CO observations of γ-ray supernova remnant N132D in the
Large Magellanic Cloud: possible evidence for shocked molecular clouds

illuminated by cosmic-ray protons
H. Sano1,2,3, P.P. Plucinsky4, A. Bamba5,6, P. Sharda7,8, M.D. Filipović9, C.J. Law4, R.Z.E. Alsaberi9, Y.

Yamane2, K. Tokuda1,10, F. Acero11, M. Sasaki12, J. Vink13, T. Inoue2, S. Inutsuka2, J. Shimoda2, K. Tsuge2, K.

Fujii5, F. Voisin14, N. Maxted15, G. Rowell14, T. Onishi10, A. Kawamura1, N. Mizuno1, H. Yamamoto2, K.

Tachihara2 and Y. Fukui2,3

1National Astronomical Observatory of Japan, Mitaka, Tokyo 181-8588, Japan; hidetoshi.sano@nao.ac.jp
2Department of Physics, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan
3Institute for Advanced Research, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan
4Center for Astrophysics, Harvard–Smithsonian, 60 Garden St., Cambridge, MA 02138, USA
5Department of Physics, Graduate School of Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
6Research Center for the Early Universe, School of Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
7Research School of Astronomy and Astrophysics, Australian National University, Canberra, ACT 2611, Australia
8Australian Research Council Centre of Excellence for All Sky Astrophysics in 3 Dimensions (ASTRO 3D), Australia
9Western Sydney University, Locked Bag 1797, Penrith South DC, NSW 1797, Australia
10Department of Physical Science, Graduate School of Science, Osaka Prefecture University, 1-1 Gakuen-cho, Naka-ku, Sakai 599-8531,

Japan
11Service d’Astrophysique, CEA Saclay, F-91191 Gif-sur-Yvette Cedex, France
12Dr. Karl Remeis-Sternwarte, Erlangen Centre for Astroparticle Physics, Friedrich-Alexander-Universität Erlangen-Nürnberg, Sternwart-

straße 7, D-96049 Bamberg, Germany
13Anton Pannekoek Institute/GRAPPA, University of Amsterdam, P.O. Box 94249, 1090 GE Amsterdam, The Netherlands
14School of Physical Sciences, The University of Adelaide, North Terrace, Adelaide, SA 5005, Australia
15School of Science, University of New South Wales, Australian Defence Force Academy, Canberra, ACT 2600, Australia

N132D is the brightest γ-ray supernova remnant (SNR) in the Large Magellanic Cloud (LMC). We carried out
12CO(J = 1–0, 3–2) observations toward the SNR using the Atacama Large Millimeter/submillimeter Array (ALMA)
and Atacama Submillimeter Telescope Experiment. We find diffuse CO emission not only at the southern edge of the
SNR as previously known, but also inside the X-ray shell. We spatially resolved nine molecular clouds using ALMA
with an angular resolution of 5′′, corresponding to a spatial resolution of ∼ 1 pc at the distance of the LMC. Typical
cloud sizes and masses are ∼ 2.0 pc and ∼ 100 M⊙, respectively. High-intensity ratios of CO J = 3–2 / 1–0 > 1.5 are
seen toward the molecular clouds, indicating that shock-heating has occurred. Spatially resolved X-ray spectroscopy
reveals that thermal X-rays in the center of N132D are produced not only behind a molecular cloud, but also in front
of it. Considering the absence of a thermal component associated with the forward shock towards one molecular cloud
located along the line of sight to the center of the remnant, this suggests that this particular cloud is engulfed by
shock waves and is positioned on the near side of remnant. If the hadronic process is the dominant contributor to
the γ-ray emission, the shock-engulfed clouds play a role as targets for cosmic-rays. We estimate the total energy of
cosmic-ray protons accelerated in N132D to be ∼ 0.5–3.8× 1049 erg as a conservative lower limit, which is similar to
that observed in Galactic gamma-ray SNRs.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2007.07900
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The intrinsic reddening of the Magellanic Clouds as traced by
background galaxies – II. The Small Magellanic Cloud

Cameron P.M. Bell1, Maria-Rosa L. Cioni1, A.H. Wright2, Stefano Rubele3,4, David L. Nidever5,6, Ben L. Tatton7,

Jacco Th. van Loon7, Dennis Zaritsky8, Yumi Choi5,9, Samyaday Choudhury10,11, Gisella Clementini12, Richard de

Grijs10,11,13, Valentin D. Ivanov14, Steven R. Majewski15, Marcella Marconi16, David Mart́ınez-Delgado17, Pol

Massana18, Ricardo R. Muñoz19, Florian Niederhofer1, Noelia E.D. Noël18, Joana M. Oliveira7, Knut Olsen6, Clara

M. Pennock7, V. Ripepi16, Smitha Subramanian20 and A. Katherina Vivas21

1Leibniz Institute for Astrophysics Potsdam (AIP), Germany
2Astronomisches Institut, Ruhr-Universität, Germany
3Dipartimento di Fisica e Astronomia, Università di Padova, Italy
4INAF – Osservatorio Astronomico di Padova, Italy
5Department of Physics, Montana State University, USA
6National Optical–Infrared Astronomy Research Laboratory (NOIRLab), USA
7Lennard-Jones Laboratories, School of Chemical and Physical Sciences, Keele University, UK
8Steward Observatory, University of Arizona, USA
9Space Telescope Science Institute, USA
10Department of Physics and Astronomy, Macquarie University, Australia
11Research Centre for Astronomy, Astrophysics and Astrophotonics, Macquarie University, Australia
12INAF- - Osservatorio di Astróısica e Scienza dello Spazio di Bologna, Italy
13International Space Science Institute–Beijing, China
14European Southern Observatory, Germany
15Department of Astronomy, University of Virginia, USA
16INAF – Osservatorio Astronomico di Capodimonte, Italy
17Instituto de Astrof́ısica de Andalućıa, Spain
18Department of Physics, University of Surrey, UK
19Departamento de Astronomı́a, Universidad de Chile, Chile
20Indian Institute of Astrophysics, India
21Cerro Tololo Inter-American Observatory, National Optical Astronomy Observatory, Chile

We present a map of the total intrinsic reddening across ≃ 34 deg2 of the Small Magellanic Cloud (SMC) derived
using optical (ugriz) and near-infrared (IR; Y JKs) spectral energy distributions (SEDs) of background galaxies.
The reddening map is created using a subsample of 29,274 galaxies with low levels of intrinsic reddening based on the
lephare χ2 minimisation SED-fitting routine. We find statistically significant enhanced levels of reddening associated
with the main body of the SMC compared with regions in the outskirts [∆E(B − V ) ≃ 0.3 mag]. A comparison with
literature reddening maps of the SMC shows that, after correcting for differences in the volume of the SMC sampled,
there is good agreement between our results and maps created using young stars. In contrast, we find significant
discrepancies between our results and maps created using old stars or based on longer wavelength far-IR dust emission
that could stem from biased samples in the former and uncertainties in the far-IR emissivity and the optical properties
of the dust grains in the latter. This study represents one of the first large-scale categorisations of extragalactic sources
behind the SMC and as such we provide the lephare outputs for our full sample of ∼ 500, 000 sources.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2009.04480
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DeGaS-MC: Dense Gas Survey in the Magellanic Clouds – I. An APEX
survey of HCO+ and HCN(2–1) toward the LMC and SMC

M. Galametz1, A. Schruba2, C. De Breuck43, K. Immer4, M. Chevance5, F. Galliano1, A. Gusdorf6,7, V.

Lebouteiller1, M.Y. Lee8, S.C. Madden1, F.L. Polles7 and T.A. van Kempen9

1AIM, CEA, CNRS, Universite Paris–Saclay, Université Paris Diderot, Sorbonne Paris Cite, F-91191 Gif-sur-Yvette, France
2Max-Planck-Institut für extraterrestrische Physik, Gießenbachstraße 1, D-85748 Garching bei München, Germany
3European Southern Observatory, Karl-Schwarzschild-Straße 2, D-85748 Garching bei München, Germany
4Joint Institute for VLBI ERIC, Oude Hoogeveensedijk 4, 7991 PD Dwingeloo, The Netherlands
5Astronomisches Rechen-Institut, Zentrum für Astronomie der Universität Heidelberg, Mönchhofstraße 12-14, D-69120 Heidelberg,Germany
6Laboratoire de Physique de l’École Normale Supérieure, ENS, Université PSL, CNRS, Sorbonne Université, Université de Paris, Paris,

France
7LERMA, Observatoire de Paris, PLS research University, CNRS, Sorbonne Université, 75104 Paris, France
8Korea Astronomy and Space Science Institute, 776 Daedeokdae-ro, 34055, Daejeon, South Korea
9SRON Netherlands Institute for Space Research, Sorbonnelaan 2, 3584 CA Utrecht, The Netherlands

Understanding the star-forming processes is key to understanding the evolution of galaxies. Investigating star formation
requires precise knowledge of the properties of the dense molecular gas complexes where stars form and a quantification
of how theyare affected by the physical conditions to which they are exposed. The proximity, low metallicity, and
wide range of star formationactivity of the Large and Small Magellanic Clouds (LMC and SMC) make them prime
laboratories to study how local physical conditions impact the dense gas reservoirs and their star formation efficiency.
The aim of the Dense Gas Survey for the Magellanic Clouds (DeGaS-MC) project is to expand our knowledge of
the relation between dense gas properties and star formation activity by targeting the LMC and SMC observed in
the HCO+(2–1) and HCN(2–1) transitions. We carried out a pointing survey targeting two lines toward about 30
LMC and SMC molecular clouds using the SEPIA180 instrument installed on the Atacama Pathfinder EXperiment
(APEX) telescope. We performed a follow-up mapping campaign of the emission in the same transition in 13 star-
forming regions. This first paper provides line characteristic catalogs and integrated line-intensity maps of the sources.
HCO+(2–1) is detected in 20 and HCN(2–1) in 8 of the 29 pointings observed. The dense gas velocity pattern follows
the line-of-sight velocity field derived from the stellar population. The three SMC sources targeted during the mapping
campaign were unfortunately not detected in our mapping campaign but both lines are detected toward the LMC
30Dor, N44, N105, N113, N159W, N159E, and N214 regions. The HCN emission is less extended than the HCO+

emission and is restricted to the densest regions. The HCO+(2–1)/HCN(2–1) brightness temperature ratios range from
1 to 7, which is consistent with the large ratios commonly observed in low-metallicity environments. A larger number
of young stellar objects are found at high HCO+ intensities and lower HCO+/HCN flux ratios, and thus toward denser
lines of sight. The dense gas luminosities correlate with the star formation rate traced by the total infrared luminosity
over the two orders of magnitude covered by our observations, although substantial region-to-region variations are
observed.

Accepted for publication in A&A
Available from https://arxiv.org/abs/2009.00431
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The R136 star cluster dissected with Hubble Space Telescope/STIS – II.
Physical properties of the most massive stars in R 136

Joachim M. Bestenlehner1, Paul A. Crowther1, Saida M. Caballero-Nieves1,2, Fabian R.N. Schneider3,4, Sergio

Simón-Dı́az5,6, Sarah A. Brand7, Alex de Koter7,8, Götz Gräfener9, Artemio Herrero5,6, Norbert Langer9, Daniel J.

Lennon5,6, Jesus Máız Apellániz10, Joachim Puls11 and Jorick S. Vink12

1Department of Physics & Astronomy, Hounsfield Road, University of Sheffield, Sheffield, S3 7RH, UK
2Department of Aerospace, Physics and Space Sciences, Florida Institute of Technology, 150 W. University Boulevard, Melbourne, FL

32901, USA
3Zentrum für Astronomie der Universität Heidelberg, Astronomisches Rechen-Institut, Mönchhofstr. 12–14, D-69120 Heidelberg, Germany
4Heidelberger Institut für Theoretische Studien, Schloß-Wolfsbrunnenweg 35, D-69118 Heidelberg, Germany
5Instituto de Astrof́ısica de Canarias, E-38200 La Laguna, Tenerife, Spain
6Departamento de Astrof́ısica, Universidad de La Laguna, E-38205 La Laguna, Tenerife, Spain
7Anton Pannekoek Institute for Astronomy, University of Amsterdam, 1090 GE Amsterdam, The Netherlands
8Institute of Astrophysics, K.U. Leuven, Celestijnenlaan 200D, 3001 Leuven, Belgium
9Argelander-Institut für Astronomie der Universität Bonn, Auf dem Hügel 71, D-53121 Bonn, Germany
10Centro de Astrobioloǵıa, CSIC–INTA, Campus ESAC, Camino bajo del castillo s/n, E-28 692 Villanueva de la Cañada, Madrid, Spain
11LMU Munich, Universitäts-Sternwarte, Scheinerstraße 1, D-81679 München, Germany
12Armagh Observatory and Planetarium, College Hill, Armagh BT61 9DG, UK

We present an optical analysis of 55 members of R 136, the central cluster in the Tarantula Nebula of the Large
Magellanic Cloud. Our sample was observed with STIS aboard the Hubble Space Telescope, is complete down to
about 40 M⊙, and includes 7 very massive stars with masses over 100 M⊙. We performed a spectroscopic analysis to
derive their physical properties. Using evolutionary models we find that the initial mass function (IMF) of massive
stars in R 136 is suggestive of being top-heavy with a power-law exponent γ ≈ 2±0.3, but steeper exponents cannot be
excluded. The age of R 136 lies between 1 and 2 Myr with a median age of around 1.6 Myr. Stars more luminous than
logL/L⊙ = 6.3 are helium enriched and their evolution is dominated by mass loss, but rotational mixing or some other
form of mixing could be still required to explain the helium composition at the surface. Stars more massive than 40 M⊙

have larger spectroscopic than evolutionary masses. The slope of the wind–luminosity relation assuming unclumped
stellar winds is 2.41 ± 0.13 which is steeper than usually obtained (∼ 1.8). The ionising (logQ0 [ph/s] = 51.4) and
mechanical (logLSW [erg/s] = 39.1) output of R 136 is dominated by the most massive stars (> 100 M⊙). R 136
contributes around a quarter of the ionising flux and around a fifth of the mechanical feedback to the overall budget
of the Tarantula Nebula. For a census of massive stars of the Tarantula Nebula region we combined our results with
the VLT-FLAMES Tarantula Survey plus other spectroscopic studies. We observe a lack of evolved Wolf–Rayet stars
and luminous blue and red supergiants.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2009.05136
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Deuterated polycyclic aromatic hydrocarbons in the interstellar
medium: the C–D band strengths of mono-deuterated species

X.J. Yang1,2, Aigen Li2 and R. Glaser3

1Department of Physics, Xiangtan University, Xiangtan 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

Deuterium (D) is one of the light elements created in the big bang. As the Galaxy evolves, the D/H abundance in the
interstellar medium (ISM) decreases from its primordial value due to “astration”. However, the observed gas-phase
D/H abundances of some sightlines in the local Galactic ISM are substantially lower than the expected reduction by
astration. The missing D could have been depleted onto polycyclic aromatic hydrocarbon (PAH) molecules which
are ubiquitous and abundant in interstellar regions. To quantitatively explore the hypothesis of PAHs as a possible
reservoir of interstellar D, we compute quantum-chemically the infrared vibrational spectra of mono-deuterated PAHs
and their cations. We find that, as expected, when H in PAHs is replaced by D, the C–H stretching and bending
modes at 3.3, 8.6 and 11.3 µm shift to longer wavelengths at ∼ 4.4, 11.4 and 15.4 µm, respectively, by a factor of
∼

√

13/7, the difference in reduced mass between the C–H and C–D oscillators. We derive from the computed spectra
the mean intrinsic band strengths of the 3.3 µm C–H stretch and 4.4 µm C–D stretch to be 〈A3.3〉 ≈ 13.4 km mol−1

and 〈A4.4〉 ≈ 7.4 km mol−1 for neutral deuterated PAHs which would dominate the interstellar emission at 3.3 and
4.4 µm. By comparing the computationally-derived mean band-strength ratio of 〈A4.4/A3.3〉 ≈ 0.56 for neutral PAHs
with the mean ratio of the observed intensities of 〈I4.4/I3.3〉 ≈ 0.019, we find that the degree of deuteration (i.e. the
fraction of peripheral atoms attached to C atoms in the form of D) is ∼ 2.4%, corresponding to a D-enrichment of a
factor of ∼ 1200 with respect to the interstellar D/H abundance.

Accepted for publication in The Astrophysical Journal Supplement Series
Available from https://arxiv.org/abs/2009.08402

On the absorption properties of metallic needles
C.Y. Xiao1, Qi Li1,2, Aigen Li2 and J.H. Chen3

1Department of Astronomy, Beijing Normal University, Beijing 100875, China
2Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA
3Department of Physics, Hunan Normal University, Changsha 410071, China

Needle-like metallic particles have been suggested to explain a wide variety of astrophysical phenomena, ranging from
the mid-infrared interstellar extinction to the thermalization of starlight to generate the cosmic microwave background.
These suggestions rely on the amplitude and the wavelength dependence of the absorption cross sections of metallic
needles. On the absence of an exact solution to the absorption properties of metallic needles, their absorption cross
sections are often derived from the antenna approximation. However, it is shown here that the antenna approximation
is not an appropriate representation since it violates the Kramers–Kronig relation. Stimulated by the recent discovery
of iron whiskers in asteroid Itokawa and graphite whiskers in carbonaceous chondrites, we call for rigorous calculations
of the absorption cross sections of metallic needle-like particles, presumably with the discrete dipole approximation.
We also call for experimental studies of the formation and growth mechanisms of metallic needle-like particles as well
as experimental measurements of the absorption cross sections of metallic needles of various aspect ratios over a wide
wavelength range to bound theoretical calculations.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2009.08406
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The VISCACHA survey – II. Structure of star clusters in the
Magellanic Clouds periphery

J.F.C. Santos Jr.1,2, F.F.S. Maia3, B. Dias4, L. Kerber5, A.E. Piatti6,7, E. Bica8, M.S. Angelo9, D. Minniti10,11,12,

A. Pérez-Villegas13, A. Roman-Lopes2, P. Westera14, L. Fraga15, B. Quint16 and D. Sanmartim17

1Departamento de F́ısica, ICEx–UFMG, Av. Antônio Carlos 6627, 31270-901 Belo Horizonte, Brazil
2Departamento de Astronomı́a, Universidad de La Serena, Av. Juan Cisternas 1200 North, 1700000 La Serena, Chile
3Instituto de F́ısica, Universidade Federal do Rio de Janeiro, 21941-972 Rio de Janeiro, RJ, Brazil
4Instituto de Alta Investigación, Universidad de Tarapacá, Casilla 7D, 1000000 Arica, Chile
5Departamento de Ciências Exatas e Tecnológicas, UESC, Rodovia Jorge Amado km 16, 45662-900 Ilhéus, Brazil
6Instituto Interdisciplinario de Ciencias Básicas (ICB), CONICET–UNCUYO, Padre J. Contreras 1300, M5502JMA Mendoza, Argentina
7Consejo Nacional de Investigaciones Cient́ıficas y Técnicas (CONICET), Godoy Cruz 2290, C1425FQB Buenos Aires, Argentina
8Departamento de Astronomia, IF–UFRGS, Av. Bento Gonçalves 9500, 91501-970 Porto Alegre, Brazil
9Centro Federal de Educaç ao Tecnológica de Minas Gerais, Av. Monsenhor Luiz de Gonzaga, 103, 37250-000 Nepomuceno, MG, Brazil
10Departamento de Ciencias F́ısicas, Universidad Andres Bello, Fernandez Concha 700, 7550000 Las Condes, Santiago, Chile
11Millennium Institute of Astrophysics, Av. Vicuna Mackenna 4860, 782-0436 Santiago, Chile
12Vatican Observatory, I-V00120 Vatican City State, Italy
13Universidade de São Paulo, IAG, Rua do Matão 1226, Cidade Universitária, 05508-900 São Paulo, Brazil
14Universidade Federal do ABC, Centro de Ciências Naturais e Humanas, Avenida dos Estados, 5001, 09210-580 Santo André, Brazil
15Laboratório Nacional de Astrof́ısica, Rua Estados Unidos 154, 37504-364 Itajubá, Brazil
16NSF’s OIR Lab – Gemini Observatory, c/o AURA – Casilla 603, 1700000 La Serena, Chile
17Las Campanas Observatory, Carnegie Institution of Washington, Colina el Pino, 601 Casilla, 1700000 La Serena, Chile

We provide a homogeneous set of structural parameters of 83 star clusters located at the periphery of the Small
Magellanic Cloud (SMC) and the Large Magellanic Cloud (LMC). The clusters’ stellar density and surface brightness
profiles were built from deep, AO assisted optical images, and uniform analysis techniques. The structural parameters
were obtained from King & Elson et al. model fittings. Integrated magnitudes and masses (for a subsample) are
also provided. The sample contains mostly low surface brightness clusters with distances between 4.5 and 6.5 kpc
and between 1 and 6.5 kpc from the LMC and SMC centres, respectively. We analysed their spatial distribution and
structural properties, comparing them with those of inner clusters. Half-light and Jacobi radii were estimated, allowing
an evaluation of the Roche volume tidal filling. We found that: (i) for our sample of LMC clusters, the tidal radii are,
on average, larger than those of inner clusters from previous studies; (ii) the core radii dispersion tends to be greater
for LMC clusters located towards the SouthWest, with position angles of ∼ 200◦ and ∼ 5◦ from the LMC centre, i.e.
those LMC clusters nearer to the SMC; (iii) the core radius evolution for clusters with known age is similar to that of
inner clusters; (iv) SMC clusters with galactocentric distances closer than 4 kpc are overfilling; (v) the recent Clouds
collision did not leave marks on the LMC clusters’ structure that our analysis could reveal.

Published in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2008.04399
and from https://doi.org/10.1093/mnras/staa2425
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Runaway OB stars in the Small Magellanic Cloud: dynamical versus
supernova ejections

J. Dorigo Jones1, M.S. Oey1, K. Paggeot1, N. Castro2 and M. Moe3

1Department of Astronomy, University of Michigan, 1085 South University Ave., Ann Arbor, MI 48109-1107, USA
2Leibniz-Institut für Astrophysik, An der Sternwarte 16, 14482 Potsdam, Germany
3Steward Observatory, University of Arizona, 933 N. Cherry Ave., Tucson, AZ 85721, USA

Runaway OB stars are ejected from their parent clusters via two mechanisms, both involving multiple stars: the
dynamical ejection scenario (DES) and the binary supernova scenario (BSS). We constrain the relative contributions
from these two ejection mechanisms in the Small Magellanic Cloud (SMC) using data for 304 field OB stars from the
spatially complete, Runaways and Isolated O-Type Star Spectroscopic Survey of the SMC (RIOTS4). We obtain stellar
masses and projected rotational velocities v sin i for the sample using RIOTS4 spectra, and use transverse velocities
vloc from Gaia DR2 proper motions. Kinematic analyses of the masses, v sin i, non-compact binaries, high-mass X-ray
binaries, and Oe/Be stars largely support predictions for the statistical properties of the DES and BSS populations.
We find that dynamical ejections dominate over supernova ejections by a factor of ∼ 2–3 in the SMC, and our results
suggest a high frequency of DES runaways and binary ejections. Objects seen as BSS runaways also include two-step
ejections of binaries that are re-accelerated by SN kicks. We find that two-step runaways likely dominate the BSS
runaway population. Our results further imply that any contribution from in-situ field OB star formation is small.
Finally, our data strongly support the post-mass-transfer model for the origin of classical Oe/Be stars, providing a
simple explanation for the bimodality in the v sin i distribution and high, near-critical, Oe/Be rotation velocities. The
close correspondence of Oe/Be stars with BSS predictions implies that the emission-line disks are long-lived.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2009.03571

Resolved star formation in the metal poor star-forming region
Magellanic Bridge C

V.M. Kalari1,2, M. Rubio2, H.P. Saldaño3 and A.D. Bolatto4

1Gemini Observatory, Southern Operations Center, c/o AURA, Casilla 603, La Serena, Chile
2Departamento de Astronomı́a, Universidad de Chile, Casilla 36-D, Santiago, Chile
3Observatorio Astronómico, Universidad Nacional de Córdoba, Córdoba, Argentina
4Department of Astronomy, University of Maryland, College Park, MD 20742, USA

Magellanic Bridge C (MB-C) is a metal-poor (∼ 1/5 Z⊙) low-density star-forming region located 59 kpc away in the
Magellanic Bridge, offering a resolved view of the star formation process in conditions different to the Galaxy. From
Atacama Large Millimetre Array CO(1–0) observations, we detect molecular clumps associated to candidate young
stellar objects (YSOs), pre-main sequence (PMS) stars, and filamentary structure identified in far-infrared imaging.
YSOs and PMS stars form in molecular gas having densities between 17–200 M⊙ pc−2, and have ages between <∼ 0.1–3
Myr. YSO candidates in MB-C have lower extinction than their Galactic counterparts. Otherwise, our results suggest
that the properties and morphologies of molecular clumps, YSOs, and PMS stars in MB-C present no patent differences
with respect to their Galactic counterparts, tentatively alluding that the bottleneck to forming stars in regions similar
to MB-C is the conversion of atomic gas to molecular.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2009.11868
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Constraining the thermally pulsing asymptotic giant branch phase with
resolved stellar populations in the Large Magellanic Cloud

Giada Pastorelli1,2, Paola Marigo2, Léo Girardi3, Bernhard Aringer2, Yang Chen2, Stefano Rubele2,3, Michele

Trabucchi4,2, Sara Bladh2,5, Martha L. Boyer1, Alessandro Bressan6, Julianne J. Dalcanton7, Martin A.T.

Groenewegen8, Thomas Lebzelter9, Nami Mowlavi4, Katy L. Chubb10, Maria-Rosa L. Cioni11, Richard de

Grijs12,13,14, Valentin D. Ivanov15, Ambra Nanni16, Jacco Th. van Loon17 and Simone Zaggia3

1STScI, 3700 San Martin Drive, Baltimore, MD 21218, USA
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5Theoretical Astrophysics, Department of Physics and Astronomy, Uppsala University, Box 516, SE-751 20 Uppsala, Sweden
6SISSA, via Bonomea 365, I-34136 Trieste, Italy
7Department of Astronomy, University of Washington, Box 351580, Seattle, WA 98195, USA
8Koninklijke Sterrenwacht van België, Ringlaan 3, B-1180 Brussel, Belgium
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13Research Centre for Astronomy, Astrophysics and Astrophotonics, Macquarie University, Balaclava Road, Sydney, NSW 2109, Australia
14International Space Science Institute–Beijing, 1 Nanertiao, Zhongguancun, Hai Dian District, Beijing 100190, China
15European Southern Observatory, Karl-Schwarzschild-Str. 2, D-85748 Garching bei München, Germany
16Aix Marseille Université, CNRS, CNES, LAM, 38, rue Frédéric Joliot-Curie, F-13388 Marseille Cedex 13, France
17Lennard-Jones Laboratories, Keele University, Staffordshire ST5 5BG, UK

Reliable models of the thermally pulsing asymptotic giant branch (TP-AGB) phase are of critical importance across
astrophysics, including our interpretation of the spectral energy distribution of galaxies, cosmic dust production, and
enrichment of the interstellar medium. With the aim of improving sets of stellar isochrones that include a detailed
description of the TP-AGB phase, we extend our recent calibration of the AGB population in the Small Magellanic
Cloud (SMC) to the more metal-rich Large Magellanic Cloud (LMC). We model the LMC stellar populations with the
trilegal code, using the spatially resolved star formation history derived from the VISTA survey. We characterize
the efficiency of the third dredge-up by matching the star counts and the Ks-band luminosity functions of the AGB
stars identified in the LMC. In line with previous findings, we confirm that, compared to the SMC, the third dredge-up
in AGB stars of the LMC is somewhat less efficient, as a consequence of the higher metallicity. The predicted range
of initial mass of C-rich stars is between Mi ≈ 1.7 and 3 M⊙ at Zi = 0.008. We show how the inclusion of new opacity
data in the carbon star spectra will improve the performance of our models. We discuss the predicted lifetimes,
integrated luminosities, and mass-loss rate distributions of the calibrated models. The results of our calibration are
included in updated stellar isochrones publicly available.

Published in MNRAS
Available from https://arxiv.org/abs/2008.08595
and from https://doi.org/10.1093/mnras/staa2565
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A search for in-situ field OB star formation in the Small Magellanic
Cloud

Irene Vargas-Salazar1, M.S. Oey1, Jesse R. Barnes1, Xinyi Chen1,2, N. Castro3, Kaitlin M. Kratter4 and Timothy

A. Faerber1,5

1University of Michigan, 1085 S. University, Ann Arbor, MI 48109, USA
2Yale University, New Haven, CT 06520, USA
3Leibniz-Institut für Astrophysik An der Sternwarte, 16 D-14482, Potsdam, Germany
4University of Arizona, Tucson, AZ 85721, USA
5Department of Physics and Astronomy, Uppsala University, Box 516, SE-751 20 Uppsala, Sweden

Whether any OB stars form in isolation is a question central to theories of massive star formation. To address this, we
search for tiny, sparse clusters around 210 field OB stars from the Runaways and Isolated O-Type Star Spectroscopic
Survey of the SMC (RIOTS4), using friends-of-friends (FOF) and nearest neighbors (NN) algorithms. We also stack the
target fields to evaluate the presence of an aggregate density enhancement. Using several statistical tests, we compare
these observations with three random-field datasets, and we also compare the known runaways to non-runaways. We
find that the local environments of non-runaways show higher aggregate central densities than for runaways, implying
the presence of some ”tips-of-iceberg” (TIB) clusters. We find that the frequency of these tiny clusters is low, ∼ 4–5%
of our sample. This fraction is much lower than some previous estimates, but is consistent with field OB stars being
almost entirely runaway and walkaway stars. The lack of TIB clusters implies that such objects either evaporate on
short timescales, or do not form, implying a higher cluster lower-mass limit and consistent with a relationship between
maximum stellar mass and the mass of the cluster. On the other hand, we also cannot rule out that some OB stars
may form in highly isolated conditions. Our results set strong constraints on the formation of massive stars in relative
isolation.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/2009.12379

Review Papers

Review of light curves of novæ in the modified scales – I. Recurrent
novæ

Alexander Rosenbush1

1Main Astronomical Observatory of the NAS of Ukraine, Ukraine

We reviewed the light curves of 10 recurrent novæ in the modified scales of the ”logarithmic of time, amplitude of
outburst”. A unified rule was established to normalize the time scale.
Confirmation of the known result: in a series of recurrent outbursts, the light curve of nova retains its shape, was
realized by distinguishing three groups amongst these 10 known recurrent novæ. The CIAql and TPyx groups
contain by one additional member: V2487Oph and IMNor, respectively. The V745 Sco group includes two more
novæ: V394CrA and V3890 Sgr. Outside of the groups there were four RNs: TCrB, RSOph and USco with well-
presented light curves; each nova has its own uniqueness.
After comparing the light curves of galactic novæ with the light curves of some novæ of the Large and Small Magellanic
Clouds (LMC and SMC), we selected several candidates for recurrent novae in addition to 3 known recurrent novæ in
these galaxies. Their belonging to a certain group or the likeness of a specific galactic nova was specified. Assuming
that the physical characteristics of the novæ in the group coincide, we estimated the absolute magnitudes of the
galactic novæ: CIAql and V2847Oph have absolute magnitudes MV = −7.m5, IMNor and TPyx – MV = −7.m2,
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V3890 Sgr – MV = −7.m9, USco – MI = −9.m0. These estimates of the absolute magnitudes of galactic recurrent
novæ differ from the published data within the error limits.
The preservation of the shape of the light curves of recurrent novæ in the sequence of outbursts and the existence of
groups of recurrent novæ provide the basis for a similar review of the light curves of classical novæ.
A comparison of the summarized light curves of recurrent novæ with the light curves of some low-amplitude classical
novæ allowed us amongst the last to distinguish the list of 26 candidates in recurrent novæ. Three of them are known
from lists of other authors. An interesting example is the V1017 Sgr, which erupted in 1919 as a nova of the TPyx
type, and which often also shows less bright outbursts classified as dwarf nova outbursts.

Published in Astronomische Nachrichten (3764)
Available from https://arxiv.org/abs/2007.10480

Review of light curves of novæ in the modified scales – II. Classical
novæ

Alexander Rosenbush1

1Main Astronomical Observatory of the NAS of Ukraine, Ukraine

The presentation of the light curves of the novæ on the logarithmic scale of the radius of the shell ejected during the
outburst and in the scale of the amplitude of the outburst simplified the review of the light curves of all the known,
about 500, classical novæ of our Galaxy and the Large and Small Magellanic Clouds. As a result, the modified light
curves about of 250 classical novæ were grouped into 7 typical groups with subgroups defined by the light curves of
prototypes. Less than 70 galactic novæ remained outside the groups as they have not sufficient photometric data;
more than 20 novæ were previously included in the list of candidates for recurrent novæ.
The largest group is the DQHer group with V1280 Sco as the main prototype. This is novæ with three or four variants
of a dust condensation. Less frequently the dust condensations occurs in other groups. Beside with this group adjoins
a small group of novæ with the prototype of GQMus, a bright source of X-ray during an outburst.
CPPup, CPLac, V1974Cyg, and V1493Aql are prototypes for 4 groups with close tilts of the initial brightness decline
phase of the light curves. The group with the prototype RRPic, including the HRDel subgroup, has a prolonged state
of maximal brightness with the presence of several brightness variations before the final decline phase.
The relationship of groups of novæ, or form of the light curve, with processes in the circumstellar and circum-binary
system environment is discussed. The material ejected during an outburst forms expanding shells of a generally
ellipsoidal shape. In the Lac, Pup, and Cyg groups, the shells do not show a pronounced regular structure, except for
their ellipsoidal shape. Shells of novæ with a dust condensation (the DQHer group) have an ellipsoidal shape with
an equatorial belt. The unique shell of CKVul, NovaVul 1670, gives an idea about the possible shape of the shells
of other members in the V1493 Sql group. The prototypes RRPic and HRDel have a very bright belt. The trend
in a change of the shell shape: from an ellipsoid with a bright belt to a structure-less ellipsoid, can be traced in the
well-known ”absolute maximal magnitude, rate of brightness decline” or the MMRD relation from the faint its end to
the bright end.
Modified light curves of recurrent novæ are inside the zone of classical novæ. Some classical novæ, such as the
V838Her, can be examples of the transition from recurrent novæ to classical ones.

Published in Astronomische Nachrichten (3764)
Available from https://arxiv.org/abs/2007.11025
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A history of the Magellanic Clouds and the European exploration of the
southern hemisphere

Michel Dennefeld1

1IAP/CNRS and Sorbonne University, Paris, France

The Magellanic Clouds were known before Magellan’s voyage exactly 500 years ago, and were not given that name
by Magellan himself or his chronicler Antonio Pigafetta. They were, of course, already known by local populations
in South America, such as the Mapuche and Tupi-Guaranis. The Portuguese called them Clouds of the Cape, and
scientific circles had long used the name of Nubecula Minor and Major. We trace how and when the name Magellanic
Clouds came into common usage by following the history of exploration of the southern hemisphere and the southern
sky by European explorers – which ultimately led to the founding of ESO.

Published in the ESO Messenger (in slightly abbreviated form)
Available from https://arxiv.org/abs/2009.04973

Announcement

IAU GA Focus Meeting 4
UV Insights to Massive Stars and Young Stellar Clusters

Focus Meeting 4 to be held during the XXXIst General Assembly of the International Astronomical Union

Busan, Republic of Korea, August 16–27, 2021

This Focus Meeting will bring together astronomers who study resolved massive stars, the integrated light of stellar
clusters, and their effects on their host galaxies, combining state-of-the-art rest-frame UV spectra and photometric
observations with models. This meeting will have a significant interdisciplinary component, focusing on the interplay
between massive stars and their host galaxies (e.g., the consequences of environment on the formation and evolution
of massive stars and clusters, and their subsequent feedback in terms of ionizing photon production, mass-loss due to
winds, and properties of the ISM). The topics and the timing of the meeting are largely driven by the data release of
the HST ULLYSES and CLASSY surveys. The former is a complete spectroscopic UV survey of individual massive,
metal-poor stars in the Local Group, and the latter provides integrated high-resolution UV spectra of young massive
star clusters in the nearby universe.

See also https://busan2021fm4.org/
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