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Editorial

Dear Colleagues,

It is my pleasure to present you the 177th issue of the Magellanic Clouds Newsletter.

As we look up to these Magical Clouds, multi-coloured worlds of wisdom and spirit – you need but open your mind
to find your place among the stars.

Don’t miss Peter Eggleton’s birthday party!

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

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

WO-type Wolf–Rayet stars: the last hurrah of massive star evolution

Erin Aadland1,2, Philip Massey2,1, D. John Hillier3, Nidia I. Morrell4, Kathryn F. Neugent5,2 and J.J. Eldridge6

1Department of Astronomy and Planetary Science, Northern Arizona University, USA
2Lowell Observatory, USA
3Department of Physics and Astronomy, University of Pittsburgh, USA
4Las Campanas Observatory, Carnegie Observatories, Chile
5Dunlap Institute for Astronomy & Astrophysics, University of Toronto, Canada
6Department of Physics, University of Auckland, New Zealand

Are WO-type Wolf–Rayet (WR) stars in the final stage of massive star evolution before core-collapse? Although WC-
and WO-type WRs have very similar spectra, WOs show a much stronger Oviλλ3811,34 emission-line feature. This
has usually been interpreted to mean that WOs are more oxygen rich than WCs, and thus further evolved. However,
previous studies have failed to model this line, leaving the relative abundances uncertain, and the relationship between
the two types unresolved. To answer this fundamental question, we modeled six WCs and two WOs in the LMC using
UV, optical, and NIR spectra with the radiative transfer code cmfgen in order to determine their physical properties.
We find that WOs are not richer in oxygen; rather, the Ovi feature is insensitive to the abundance. However, the
WOs have a significantly higher carbon and lower helium content than the WCs, and hence are further evolved.
A comparison of our results with single-star Geneva and binary bpass evolutionary models show that while many
properties match, there is more carbon and less oxygen in the WOs than either set of evolutionary model predicts.
This discrepancy may be due to the large uncertainty in the 12C+4He→16O nuclear reaction rate; we show that if the
Kunz et al. rate is decreased by a factor of 25–50%, then there would be a good match with the observations. It would
also help explain the LIGO/VIRGO detection of black holes whose masses are in the theoretical upper mass gap.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/2204.04258

The shellless supernova remnant B0532−67.5 in the Large Magellanic
Cloud

Chuan-Jui Li1, You-Hua Chu1, Chen-Yu Chuang1 and Guan-Hong Li1,2

1Institute of Astronomy and Astrophysics, Academia Sinica, No. 1, Sec. 4, Roosevelt Rd., Taipei 10617, Taiwan
2Graduate Institute of Astrophysics, National Taiwan University, Taipei 10617, Taiwan

The supernova remnant (SNR) B0532−67.5 in the Large Magellanic Cloud (LMC) was first diagnosed by its nonthermal
radio emission, and its SNR nature was confirmed by the observation of diffuse X-ray emission; however, no optical
SNR shell is detected. The OB association LH75, or NGC2011, is projected within the boundary of this SNR. We
have analyzed the massive star population in and around SNR B0532−67.5 using optical photometric data to construct
color–magnitude diagrams, using stellar evolutionary tracks to estimate stellar masses, and using isochrones to assess
the stellar ages. From these analyses, we find a 20–25 Myr population in LH75 and a younger population less than
10 Myr old to the southwest of LH75. The center of SNR B0532−67.5 is located closer to the core of LH75 than to
the massive stars to its southwest. We conclude that the supernova progenitor was probably a member of LH75 with
an initial mass of ∼ 15 M⊙. The supernova exploded in an H i cavity excavated by the energy feedback of LH75. The
low density of the ambient medium prohibits the formation of a visible nebular shell. Despite the low density in the
ambient medium, physical properties of the hot gas within the SNR interior do not differ from SNRs with a visible
shell by more than a factor of 2–3. The large-scale H i map shows that SNR B0532−67.5 is projected in a cavity that
appears to be connected with the much larger cavity of the supergiant shell LMC4.

Published in The Astronomical Journal, 163, 30 (2022)
Available from https://arxiv.org/abs/2111.02900
and from https://ui.adsabs.harvard.edu/abs/2022AJ....163...30L/abstract
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The Thousand-Pulsar-Array programme on MeerKAT – VII.
Polarisation properties of pulsars in the Magellanic Clouds

Simon Johnston1 et al.

1ATNF, CSIRO, Australia

The Magellanic Clouds are the only external galaxies known to host radio pulsars. The dispersion and rotation mea-
sures of pulsars in the Clouds can aid in understanding their structure, and studies of the pulsars themselves can point
to potential differences between them and their Galactic counterparts. We use the high sensitivity of the MeerKAT
telescope to observe 17 pulsars in the Small and Large Magellanic Clouds in addition to five foreground (Galactic) pul-
sars. We provide polarization profiles for 18 of these pulsars, improved measurements of their dispersion and rotation
measures, and derive the mean parallel magnetic field along the lines of sight. The results are broadly in agreement
with expectations for the structure and strength of the magnetic field in the Large and Small Magellanic Clouds. The
Magellanic Cloud pulsars have profiles which are narrower than expected from the period–width relationship and we
show this is due to selection effects in pulsar surveys rather than any intrinsic difference between the population of
Galactic and Magellanic objects.

Published in MNRAS
Available from https://arxiv.org/abs/2111.09992
and from https://ui.adsabs.harvard.edu/abs/2022MNRAS.509.5209J/abstract

The role of thermal and non-thermal processes in the ISM of the
Magellanic Clouds

H. Hassani1,2, F. Tabatabaei2, A. Hughes3,4, J. Chastenet5,6, A.F. McLeod7,8, E. Schinnerer9 and S. Nasiri1

1Shahid Beheshti University, Faculty of Physics, Department of Astronomy and Astrophysics, 19839 Tehran, Iran
2School of Astronomy, Institute for Research in Fundamental Sciences (IPM), P.O. Box 19395-5531, Tehran, Iran
3CNRS, IRAP, 9 Av. du Colonel Roche, BP 44346, F-31028 Toulouse cedex 4, France
4Universite de Toulouse, UPS–OMP, IRAP, F-31028 Toulouse cedex 4, France
5Center for Astrophysics and Space Sciences, Department of Physics, University of California, San Diego, 9500 Gilman Drive, La Jolla,

CA 92093, USA
6Sterrenkundig Observatorium, Ghent University, Krijgslaan 281-S9, B-9000 Gent, Belgium
7Department of Astronomy, University of California Berkeley, Berkeley, CA 94720, USA
8Centre for Extragalactic Astronomy, Department of Physics, Durham University, South Road, Durham DH1 3LE, UK
9Max-Planck-Institut für Astronomie, Königstuhl 17, D-69117 Heidelberg, Germany

Radio continuum emission is a dust-unbiased tracer of both thermal and non-thermal processes in the interstellar
medium. We present new maps of the free–free and synchrotron emission in the Magellanic Clouds (MCs) at 0.166,
1.4, and 4.8 GHz with no prior assumption about the radio non-thermal spectrum. The maps were constructed using
a de-reddened Hα map as a template for the thermal radio emission, which we subtract from maps of the total radio
continuum emission. To de-redden the Hα emission, it is important to know the fraction of dust surface density
that attenuates the Hα emission along the line of sight, fd. This fraction is obtained by comparing the dust opacity
obtained through the infrared emission spectrum and the Balmer decrement method. In star-forming regions, the
median fd is about 0.1, which is lower than that in diffuse regions by a factor of three. We obtain a global thermal
radio fraction, fth, of 30 per cent (35 per cent) in the LMC (SMC) at 1.4 GHz. Furthermore, we present maps of
the equipartition magnetic field strength with average values of ≃ 10.1 µG in the LMC and ≃ 5.5 µG in the SMC.
The magnetic field is proportional to the star-formation rate to the power of 0.24 and 0.20 for the LMC and SMC,
respectively. This study shows that non-thermal processes control the interstellar medium in the MCs.

Published in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2111.00583
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Revisiting a detached stellar structure in the outer northeastern region
of the Small Magellanic Cloud

Andrés 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

The outer northeastern region of the Small Magellanic Cloud (SMC) is populated by a shell-like overdensity whose
nature was recently investigated. We analyzed twenty catalogued star clusters projected onto it from Survey of the
MAgellanic Stellar History data sets. After carrying out a cleaning of field stars in the star cluster colour–magnitude
diagrams (CMDs), and deriving their astrophysical properties from the comparison between the observed and synthetic
CMDs, we found that four objects are not genuine star clusters, while the remaining ones are young star clusters (11,
age ∼ 30–200 Myr) and intermediate-age (5, age ∼ 1.7–2.8 Gyr) star clusters, respectively. The resulting distances
show that intermediate-age and some young star clusters belong to the SMC main body, while the remaining young
star clusters are nearly 13.0 kpc far away from those in the SMC, revealing that the shell-like overdensity is more
extended along the line-of-sight than previously thought. We also found a clear age trend and a blurred metallicity
correlation along the line-of-sight of young clusters, in the sense that the farther a star cluster from the SMC, the
younger, the more metal rich, and the less massive it is. These young clusters are also affected by a slightly larger
interstellar reddening than the older ones in the shell-like overdensity. These outcomes suggest that the shell-like
overdensity can possibly be another tidally perturbed/formed SMC stellar structure from gas striped off its body,
caused by the interaction with the Large Magellanic Cloud or the Milky Way.

Published in MNRAS
Available from https://arxiv.org/abs/2111.00959

Period change rates in Large Magellanic Cloud Cepheids revisited

N. Rodŕıguez-Segovia1,2, G. Hajdu3, M. Catelan1,4,5, F. Espinoza-Arancibia1,4, G. Boggiano1, C. Cenzano1,4, E.

Garcés H.6, K. Joachimi1, C. Muñoz-López1, C. Ordenes-Huanca1, C. Orquera-Rojas1,4, P. Torres1,4 and Á.

Valenzuela-Navarro1,4

1Instituto de Astrof́ısica, Pontificia Universidad Católica de Chile, Av. Vicuña Mackenna 4860, 7820436 Macul, Santiago, Chile
2School of Science, University of New South Wales, Australian Defence Force Academy, Canberra, ACT 2600, Australia
3Nicolaus Copernicus Astronomical Center, Polish Academy of Sciences, Bartycka 18, 00-716 Warsaw, Poland
4Millennium Institute of Astrophysics, Nuncio Monseñor Sotero Sanz 100, Of. 104, Providencia, Santiago, Chile
5Centro de Astro-Ingenieŕıa, Pontificia Universidad Católica de Chile, Av. Vicuña Mackenna 4860, 7820436 Macul, Santiago, Chile
6Departamento de F́ısica, Facultad de Ciencias, Universidad de Chile, Casilla 653, Santiago, Chile

The period-change rate (PCR) of pulsating variable stars is a useful probe of changes in their interior structure, and
thus of their evolutionary stages. So far, the PCRs of Classical Cepheids in the Large Magellanic Cloud (LMC) have
been explored in a limited sample of the total population of these variables. Here we use a template-based method
to build observed minus computed (O − C) period diagrams, from which we can derive PCRs for these stars by
taking advantage of the long time baseline afforded by the Digital Access to a Sky Century Harvard (DASCH) light
curves, combined with additional data from the Optical Gravitational Lensing Experiment (OGLE), the MAssive
Compact Halo Object (MACHO) project, Gaia’s Data Release 2, and in some cases the All-Sky Automated Survey
(ASAS). From an initial sample of 2315 sources, our method provides an unprecedented sample of 1303 LMC Classical
Cepheids with accurate PCRs, the largest for any single galaxy, including the Milky Way. The derived PCRs are largely
compatible with theoretically expected values, as computed by our team using the Modules for Experiments in Stellar
Astrophysics (mesa) code, as well as with similar previous computations available in the literature. Additionally, five
long-period (P > 50 d) sources display a cyclic behavior in their O − C diagrams, which is clearly incompatible with
evolutionary changes. Finally, on the basis of their large positive PCR values, two first-crossing Cepheid candidates
are identified.

Published in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2111.03503
and from https://doi.org/10.1093/mnras/stab3246
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Red supergiant stars in binary systems – I. Identification and
characterisation in the Small Magellanic Cloud from the UVIT

ultraviolet imaging survey

L.R. Patrick1,2, D. Thilker3, D.J. Lennon4,5, L. Bianchi3, A. Schootemeijer6,7, R. Dorda3,4, N. Langer6,7 and I.

Negueruela1

1Departamento de F́ısica Aplicada, Universidad de Alicante, E-03690 San Vicente del Raspeig, Alicante, Spain
2School of Physical Sciences, The Open University, Walton Hall, Milton Keynes MK7 6AA, UK
3Department of Physics and Astronomy, Johns Hopkins University, 3400 N. Charles Street, Baltimore, MD 21218, USA
4Instituto de Astrof́ısica de Canarias, E-38205 La Laguna, Tenerife, Spain
5Universidad de La Laguna, Dpto. Astrof́ısica, E-38206 La Laguna, Tenerife, Spain
6Argelander-Institut für Astronomie, Universität Bonn, Auf dem Hügel 71, 53121, Bonn, Germany
7Max-Planck-Institut für Radioastronomie, Auf dem Hügel 69, 53121, Bonn, Germany

We aim to identify and characterise binary systems containing red supergiant (RSG) stars in the Small Magellanic
Cloud (SMC) using a newly available ultraviolet (UV) point source catalogue obtained using the Ultraviolet Imaging
Telescope (UVIT) on board AstroSat. We select a sample of 560 SMC RSGs based on photometric and spectroscopic
observations at optical wavelengths and cross-match this with the far-UV point source catalogue using the UVIT
F172M filter, finding 88 matches down to mF172M = 20.3 ABmag, which we interpret as hot companions to the RSGs.
Stellar parameters (luminosities, effective temperatures and masses) for both components in all 88 binary systems are
determined and we find mass distributions in the ranges 6.1–22.3 M⊙ for RSGs and 3.7–15.6 M⊙ for their companions.
The most massive RSG binary system in the SMC has a combined mass of 32 ± 4 M⊙, with a mass ratio q = 0.92.
By simulating observing biases, we find an intrinsic multipliciy fraction of 18.8 ± 1.5% for mass ratios in the range
0.3 < q < 1.0 and orbital periods approximately in the range 3 < logP [d] < 8. By comparing our results with those
of a similar mass on the main-sequence, we determine the fraction of single stars to be ∼ 20% and argue that the
orbital period distribution declines rapidly beyond logP ∼ 3.5. We study the mass-ratio distribution of RSG binary
systems and find that a uniform distribution best describes the data below 14 M⊙. Above 15 M⊙, we find a lack of
high mass-ratio systems.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2204.11866
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An ALMA study of the massive molecular clump N159W-North in the
Large Magellanic Cloud: A possible gas flow penetrating one of the

most massive protocluster systems in the Local Group

Kazuki Tokuda1,2,3, Taisei Minami3, Yasuo Fukui4, Tsuyoshi Inoue5, Takeru Nishioka4, Kisetsu Tsuge6, Sarolta

Zahorecz2, Hidetoshi Sano7,2, Ayu Konishi3, C.-H. Rosie Chen8, Marta Sewi lo9,10,11, Suzanne C. Madden12,

Omnarayani Nayak13, Kazuya Saigo14, Atsushi Nishimura15, Kei E.I. Tanaka16,12, Tsuyoshi Sawada2,17, Remy

Indebetouw18,19, Kengo Tachihara4, Akiko Kawamura2 and Toshikazu Onishi3

1Department of Earth and Planetary Sciences, Faculty of Sciences, Kyushu University, Nishi-ku, Fukuoka 819-0395, Japan
2National Astronomical Observatory of Japan, National Institutes of Natural Sciences, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan
3Department of Physics, Graduate School of Science, Osaka Metropolitan University, 1-1 Gakuen-cho, Naka-ku, Sakai, Osaka 599-8531,

Japan
4Department of Physics, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan
5Department of Physics, Konan University, Okamoto 8-9-1, Kobe, Japan
6Dr. Karl Remeis Observatory and ECAP, Universität Erlangen-Nürnberg, Sternwartstrasse 7, 96049, Bamberg, Germany
7Faculty of Engineering, Gifu University, 1-1 Yanagido, Gifu 501-1193, Japan
8Max Planck Institute for Radio Astronomy, Auf dem Huegel 69, D-53121 Bonn, Germany
9CRESST II and Exoplanets and Stellar Astrophysics Laboratory, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA
10Department of Astronomy, University of Maryland, College Park, MD 20742, USA
11Center for Research and Exploration in Space Science and Technology, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA
12AIM, CEA, CNRS, Université Paris-Saclay, Université Paris Diderot, Sorbonne Paris Cité, F-91191 Gif-sur-Yvette, France
13Space Telescope Science Institute, Baltimore, MD 21218, USA
14Department of Physics and Astronomy, Graduate School of Science and Engineering, Kagoshima University, 1-21-35 Korimoto, Kagoshima,

Kagoshima 890-0065, Japan
15Nobeyama Radio Observatory, National Astronomical Observatory of Japan (NAOJ), National Institutes of Natural Sciences (NINS),

462-2 Nobeyama, Minamimaki, Minamisaku, Nagano 384-1305, Japan
16Center for Astrophysics and Space Astronomy, University of Colorado Boulder, Boulder, CO 80309, USA
17Joint ALMA Observatory, Alonso de Córdova 3107, Vitacura, Santiago 763-0355, Chile
18Department of Astronomy, University of Virginia, PO Box 400325, Charlottesville, VA 22904, USA
19National Radio Astronomy Observatory, 520 Edgemont Rd, Charlottesville, VA 22903, USA

Massive dense clumps in the Large Magellanic Cloud can be an important laboratory to explore the formation of pop-
ulous clusters. We report multiscale ALMA observations of the N 159W-North clump, which is the most CO-intense
region in the galaxy. High-resolution CO isotope and 1.3-mm continuum observations with an angular resolution of
∼ 0.′′25 (∼ 0.07 pc) revealed more than five protostellar sources with CO outflows within the main ridge clump. One
of the thermal continuum sources, MMS-2, shows especially massive/dense nature whose total H2 mass and peak
column density are ∼ 104 M⊙ and ∼ 1024 cm−2, respectively, and harbors massive (∼ 100 M⊙) starless core candi-
dates identified as its internal substructures. The main ridge containing this source can be categorized as one of the
most massive protocluster systems in the Local Group. The CO high-resolution observations found several distinct
filamentary clouds extending southward from the star-forming spots. The CO (1–0) data set with a larger field of
view reveals a conical-shaped, ∼ 30-pc long complex extending toward the northern direction. These features indicate
that a large-scale gas compression event may have produced the massive star-forming complex. Based on the striking
similarity between the N159W-North complex and the previously reported other two high-mass star-forming clouds
in the nearby regions, we propose a ”teardrops inflow model” that explains the synchronized, extreme star formation
across > 50 pc, including one of the most massive protocluster clumps in the Local Group.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/2205.00113
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On the effect of the Large Magellanic Cloud on the orbital poles of
Milky Way satellite galaxies

Marcel S. Pawlowski1, Pierre-Antoine Oria2, Salvatore Taibi1, Benoit Famaey2 and Rodrigo Ibata2

1Leibniz-Institut für Astrophysik Potsdam (AIP), An der Sternwarte 16, D-14482 Potsdam, Germany
2Université de Strasbourg, CNRS, Observatoire astronomique de Strasbourg, UMR 7550, F-67000 Strasbourg, France

The reflex motion and distortion of the Milky Way (MW) halo caused by the infall of a massive Large Magellanic Cloud
(LMC) has been demonstrated to result in an excess of orbital poles of dark matter halo particles towards the LMC
orbital pole. This was suggested to help explain the observed preference of MW satellite galaxies to co-orbit along
the Vast Polar Structure (VPOS). We test this idea by correcting the positions and velocities of the MW satellites for
the Galactocentric-distance-dependent shifts inferred from a LMC-infall simulation. While this should substantially
reduce the observed clustering of orbital poles if it were mainly caused by the LMC, we instead find that the strong
clustering remains preserved. We confirm the initial study’s main result with our simulation of an MW–LMC-like
interaction, and use it to identify two reasons why this scenario is unable to explain the VPOS: (1) the orbital pole
density enhancement in our simulation is very mild (∼ 10% within 50–250 kpc) compared to the observed enhancement
(∼ 220–300%), and (2) it is very sensitive to the specific angular momenta (AM) of the simulation particles, with
higher AM particles being affected the least. Particles in simulated dark matter halos tend to follow more radial orbits
(lower AM), so their orbital poles are more easily affected by small offsets in position and velocity caused by an LMC
infall than objects with more tangential velocity (higher AM), such as the observed dwarf galaxies surrounding the
MW. The origin of the VPOS thus remains unexplained.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/2111.05358

Deep Very Large Telescope photometry of the faint stellar system in
the Large Magellanic Cloud periphery YMCA-1

M. Gatto1,2, V. Ripepi1, M. Bellazzini3, M. Dall’Ora1, M. Tosi3, C. Tortora1, M. Cignoni1,4,5, M.-R.L. Cioni6, F.

Cusano3, G. Longo2, M. Marconi1, I. Musella1, P. Schipani1 and M. Spavone1

1INAF–Osservatorio Astronomico di Capodimonte, Via Moiariello 16, I-80131, Naples, Italy
2Department of Physics, University of Naples Federico II, C.U. Monte Sant’Angelo, Via Cinthia, I-80126, Naples, Italy
3INAF–Osservatorio di Astrofisica e Scienza dello Spazio, Via Gobetti 93/3, I-40129 Bologna, Italy
4Physics Departement, University of Pisa, Largo Bruno Pontecorvo, 3, I-56127 Pisa, Italy
5INFN, Largo B. Pontecorvo 3, I-56127, Pisa, Italy
6Leibniz-Institut für Astrophysik Potsdam, An der Sternwarte 16, D-14482 Potsdam, Germany

We present FORS2VLT follow-up photometry of YMCA-1, a recently discovered stellar system located 13◦ from
the Large Magellanic Cloud (LMC) center. The deep color–magnitude diagram (CMD) reveals a well-defined main
sequence (MS) and a handful of stars in the post-MS evolutionary phases. We analyze the YMCA-1 CMD by means
of the automated isochrone-matching package ASteCA and model its radial density profile with a Plummer function.
We find that YMCA-1 is an old (11.7+1.7

−1.3 Gyr), metal-intermediate ([Fe/H] ≃ −1.12+0.21
−0.13 dex), compact (rh = 3.5±0.5

pc), low-mass (M = 102.45±0.02 M⊙) and low-luminosity (MV = −0.47 ± 0.57 mag) stellar system. The estimated
distance modulus (µ0 = 18.72+0.15

−0.17 mag), corresponding to about 55 kpc, suggests that YMCA-1 is associated to the
LMC, but we cannot discard the scenario in which it is a Milky Way satellite. The structural parameters of YMCA-1
are remarkably different compared with those of the 15 known old LMC globular clusters. In particular, it resides in
a transition region of the MV –rh plane, in between the ultra-faint dwarf galaxies and the classical old clusters, and
close to SMASH-1, another faint stellar system recently discovered in the LMC surroundings.

Published in The Astrophysical Journal Letters
Available from https://arxiv.org/abs/2204.02420
and from https://iopscience.iop.org/article/10.3847/2041-8213/ac6421/pdf
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The intrinsic reddening of the Magellanic Clouds as traced by
background galaxies – III. The Large Magellanic Cloud

Cameron P. M. Bell1, Maria-Rosa L. Cioni1, Angus H. Wright2, David L. Nidever3,4, I-Da Chiang5,6, Samyaday

Choudhury7,8, Martin A.T. Groenewegen9, Clara M. Pennock10, Yumi Choi11, Richard de Grijs7,8, Valentin D.

Ivanov12, Pol Massana13, Ambra Nanni14, Noelia E.D. Noël13, Knut Olsen4, Jacco Th. van Loon10, A. Katherina

Vivas15 and Dennis Zaritsky16

1Leibniz Institut für Astrophysik Potsdam (AIP), An der Sternwarte 16, D-14482 Potsdam, Germany
2Astronomische Institut, Ruhr-Universität Bochum, Universitätsstr. 150, D-44801 Bochum, Germany
3Department of Physics, Montana State University, P.O. Box 173840, Bozeman, MT 59717, USA
4National Optical–Infrared Astronomy Research Laboratory (NOIRLab), 950 North Cherry Avenue, Tucson, AZ 85719, USA
5Institute of Astronomy and Astrophysics, Academia Sinica, No. 1, Section 4, Roosevelt Road, Taipei 10617, Taiwan
6Center for Astrophysics and Space Sciences, Department of Physics, University of California, San Diego 9500 Gilman Drive, La Jolla, CA

92093, USA
7Department of Physics and Astronomy, Macquarie University, Balaclava Road, Sydney NSW 2109, Australia
8Research Centre for Astronomy, Astrophysics and Astrophotonics, Macquarie University, Balaclava Road, Sydney NSW 2109, Australia
9Koninklijke Sterrewacht van Belgi”e, Ringlaan 3, 1180 Brussels, Belgium
10Lennard-Jones Laboratories, School of Chemical and Physical Sciences, Keele University, Keele, ST5 5BG, UK
11Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
12European Southern Observatory, Karl-Schwarzschild-Str. 2, D-85748 Garching bei München, Germany
13Department of Physics, University of Surrey, Guildford, GU2 7XH, UK
14National Centre for Nuclear Research, ul. Pasteura 7, 02-093 Warszawa, Poland
15Cerro Tololo Inter-American Observatory, National Optical Astronomy Observatory, Casilla 603, La Serena, Chile
16Steward Observatory and Department of Astronomy, The University of Arizona, Tucson, AZ85721, USA

We present a map of the total intrinsic reddening across ∼ 90 sq. deg. of the Large Magellanic Cloud (LMC) derived
using optical (ugriz) and near-infrared (IR; Y JKs) spectral energy distributions (SEDs) of background galaxies. The
reddening map is created from a sample of 222,752 early-type galaxies based on the lephare χ2 minimisation SED-
fitting routine. We find excellent agreement between the regions of enhanced intrinsic reddening across the central
(4 × 4 sq. deg.) region of the LMC and the morphology of the low-level pervasive dust emission as traced by far-IR
emission. In addition, we are able to distinguish smaller, isolated enhancements that are coincident with known star-
forming regions and the clustering of young stars observed in morphology maps. The level of reddening associated
with the molecular ridge south of 30Doradus is, however, smaller than in the literature reddening maps. The reduced
number of galaxies detected in this region, due to high extinction and crowding, may bias our results towards lower
reddening values. Our map is consistent with maps derived from red clump stars and from the analysis of the star
formation history across the LMC. This study represents one of the first large-scale categorisations of extragalactic
sources behind the LMC and as such we provide the lephare outputs for our full sample of ∼ 2.5 million sources.

Submitted to MNRAS
Available from https://arxiv.org/abs/2205.04406

Mass-loss implementation and temperature evolution of very massive
stars

Gautham N. Sabhahit1, Jorick S. Vink1, Erin R. Higgins1 and Andreas A.C. Sander1,2

1Armagh Observatory and Planetarium, College Hill, Armagh BT61 9DG, N. Ireland
2Zentrum für Astronomie der Universität Heidelberg, Astronomisches Rechen-Institut, Münchhofstr. 12–14, 69120 Heidelberg, Germany

Very massive stars (VMS) dominate the physics of young clusters due to their ionising radiation and extreme stellar
winds. It is these winds that determine their lifepaths until expiration. Observations in the Arches cluster show
that VMS all have similar temperatures. The VLT-Flames Tarantula survey analysed VMS in the 30Dor region of
the LMC also finding a narrow range of temperatures, albeit at higher values – likely a metallicity effect. Using
mesa, we study the main-sequence evolution of VMS with a new mass-loss recipe that switches from optically-thin
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O-star winds to optically-thick Wolf–Rayet type winds through the model-independent transition mass-loss rate of
Vink & Gräfener. We examine the temperature evolution of VMS with mass loss that scales with the luminosity-over-
mass (L/M) ratio and the Eddington parameter (Γe), assessing the relevance of the surface hydrogen (H) abundance
which sets the number of free electrons. We present grids of VMS models at Galactic and LMC metallicity and
compare our temperature predictions with empirical results. Models with a steep Γe-dependence evolve horizontally
in the Hertzsprung–Russell (HR) diagram at nearly constant luminosities, requiring a delicate and unlikely balance
between envelope inflation and enhanced mass loss over the entire VMS mass range. By contrast, models with a
steep L/M−dependent mass loss are shown to evolve vertically in the HR-diagram at nearly constant Teff , naturally
reproducing the narrow range of observed temperatures, as well as the correct trend with metallicity. This distinct
behavior of a steeply dropping luminosity is a self-regulatory mechanism that keeps temperatures constant during
evolution in the HR-diagram.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2205.09125

The morphology of the ejecta of SN1987A at 31 years from 1150 to
10 000 Å

T. Kangas1, C. Fransson2, J. Larsson1, K. France3,4,5, R.A. Chevalier6, R.P. Kirshner7,8, P. Lundqvist2, S.

Mattila9, J. Sollerman2 and V. Utrobin10,11,12

1Department of Physics, KTH Royal Institute of Technology, The Oskar Klein Centre, AlbaNova, SE-106 91 Stockholm, Sweden
2Department of Astronomy, Stockholm University, The Oskar Klein Centre, AlbaNova, SE-106 91 Stockholm, Sweden
3Laboratory for Atmospheric and Space Physics, University of Colorado, 600 UCB, Boulder, CO 80309, USA
4Department of Astrophysical and Planetary Science, University of Colorado, 389 UCB, Boulder, CO 80309, USA
5Center for Astrophysics and Space Astronomy, University of Colorado, 593 UCB, Boulder, CO 80309, USA
6Department of Astronomy, University of Virginia, P.O. Box 400325, Charlottesville, VA 22904-4325, USA
7Harvard–Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
8Gordon and Betty Moore Foundation, 1661 Page Mill Road, Palo Alto, CA 94308, USA
9Tuorla observatory, Department of Physics and Astronomy, University of Turku, FI-20014 Turku, Finland
10NRC ”Kurchatov Institute” – Institute for Theoretical and Experimental Physics, B. Cheremushkinskaya St. 25, 117218 Moscow, Russia
11Institute of Astronomy, Russian Academy of Sciences, Pyatnitskaya St. 48, 119017 Moscow, Russia
12Max-Planck-Institut für Astrophysik, Karl-Schwarzschild-Str. 1, 85748 Garching bei München, Germany

We present spectroscopy of the ejecta of SN 1987A in 2017 and 2018 from the Hubble Space Telescope and the Very
Large Telescope, covering the wavelength range between 1150 and 10 000 Å. At 31 yr, this is the first epoch with
coverage over the ultraviolet-to-near-infrared range since 1995. We create velocity maps of the ejecta in the Hα,
Mg iiλλ2796,2804 and [O i]λλ6302,6366 (vacuum) emission lines and study their morphology. All three lines have a
similar morphology, but Mg ii is blueshifted by ∼ 1000 km s−1 relative to the others and stronger in the north-west.
We also study the evolution of the line fluxes, finding a brightening by a factor of ∼ 9 since 1999 in Mg ii, while
the other line fluxes are similar in 1999 and 2018. We discuss implications for the power sources of emission lines at
late times: thermal excitation due to heating by the X-rays from the ejecta–ring interaction is found to dominate the
ultraviolet Mg ii lines, while the infrared Mg ii doublet is powered mainly by Lyα fluorescence. The X-ray deposition
is calculated based on merger models of SN1987A. Far-ultraviolet emission lines of H2 are not detected. Finally, we
examine the combined spectrum of recently discovered hotspots outside the equatorial ring. Their unresolved Balmer
emission lines close to zero velocity are consistent with the interaction of fast ejecta and a clumpy, slowly moving
outflow. A clump of emission in this spectrum, south of the equatorial ring at ∼ 1500 km s−1, is likely associated with
the reverse shock.

Published in Monthly Notices of the Royal Astronomical Society, 511, 2977 (2022)
Available from https://arxiv.org/abs/2112.11158

9

https://arxiv.org/abs/2205.09125
https://arxiv.org/abs/2112.11158


Detection of 7Be ii in the Small Magellanic Cloud

L. Izzo1, P. Molaro2,3, G. Cescutti2,3,4, E. Aydi5, P. Selvelli2, E. Harvey6, A. Agnello1, P. Bonifacio7, M. Della

Valle8,9, E. Guido10 and M. Hernanz11

1DARK/NBI, Denmark
2INAF–Trieste, Italy
3IFPU, Italy
4INFN, Italy
5MSU, USA
6LJMU, UK
7GEPI, France
8INAF–Napoli, Italy
9ICRANet, Italy
10Telescope Live, UK
11ICE–CSIC, Spain

We analyse high resolution spectra of two classical novæ that exploded in the Small Magellanic Cloud. 7Be ii resonance
transitions are detected in both ASASSN-19qv and ASASSN-20ni novæ. This is the first detection outside the Galaxy
and confirms that thermo-nuclear runaway reactions, leading to the 7Be formation, are effective also in the low
metallicity regime, characteristic of the SMC. Derived yields are of N(7Be =7 Li)/N(H) = (5.3±0.2)×10−6 which are
a factor 4 lower than the typical values of the Galaxy. Inspection of two historical novæ in the Large Magellanic Cloud
observed with IUE in 1991 and 1992 showed also the possible presence of 7Be and similar yields. For an ejecta of
MH,ej = 10−5 M⊙, the amount of 7Li produced is of M7Li = (3.7± 0.6)× 10−10 M⊙ per nova event. Detailed chemical
evolutionary model for the SMC shows that novæ could have made an amount of lithium in the SMC corresponding
to a fractional abundance of A(Li) ≈ 2.6. Therefore, it is argued that a comparison with the abundance of Li in
the SMC, as measured by its interstellar medium, could effectively constrain the amount of the initial abundance of
primordial Li, which is currently controversial.

Published in MNRAS, 510, 4, 5302 (2022)
Available from https://arxiv.org/abs/2112.11859

Expanding the time domain of multiple populations: evidence of
nitrogen variations in the ∼ 1.5-Gyr old star cluster NGC1783

M. Cadelano1,2, E. Dalessandro2, M. Salaris3,4, N. Bastian3,5,6, A. Mucciarelli1,2, S. Saracino3, S. Martocchia7 and

I. Cabrera-Ziri8

1Dipartimento di Fisica e Astronomia ”Augusto Righi”, Università degli Studi di Bologna, Via Gobetti 93/2, I-40129 Bologna, Italy
2INAF–Osservatorio di Astrofisica e Scienze dello Spazio di Bologna, Via Gobetti 93/3, I-40129 Bologna, Italy
3Astrophysics Research Institute, Liverpool John Moores University, 146 Brownlow Hill, Liverpool L3 5RF, UK
4INAF–Osservatorio Astronomico d’Abruzzo, via M. Maggini, I-64100, Teramo, Italy
5Donostia International Physics Center (DIPC), Paseo Manuel de Lardizabal, 4, E-20018 Donostia-San Sebastián, Guipuzkoa, Spain
6IKERBASQUE, Basque Foundation for Science, E-48013, Bilbao, Spain
7Department of Astrophysics/IMAPP, Radboud University, P.O. Box 9010, 6500 GL Nijmegen, The Netherlands
8Astronomisches Rechen-Institut, Zentrum für Astronomie der Universität Heidelberg, Mönchhofstraße 12-14, D-69120 Heidelberg, Ger-

many

We present the result of a detailed analysis of Hubble Space Telescope UV and optical deep images of the massive and
young (∼ 1.5 Gyr) stellar cluster NGC1783 in the Large Magellanic Cloud. This system does not show evidence of
multiple populations (MPs) along the red giant branch (RGB) stars. However, we find that the cluster main sequence
(MS) shows evidence of a significant broadening (50% larger than what is expected from photometric errors) along
with hints of possible bimodality in the MP sensitive (mF343N–mF438W, mF438W) color–magnitude diagram (CMD).
Such an effect is observed in all color combinations including the mF343N filter, while it is not found in the optical
CMDs. This observational evidence suggests we might have found light-element chemical abundance variations along
the MS of NGC1783, which represents the first detection of MPs in a system younger than 2Gyr. A comparison
with isochrones including MP-like abundances shows that the observed broadening is compatible with a N abundance
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enhancement of ∆([N/Fe]) ∼ 0.3. Our analysis also confirms previous results about the lack of MPs along the cluster
RGB. However, we find that the apparent disagreement between the results found on the MS and the RGB is com-
patible with the mixing effects linked to the first dredge up. This study provides new key information about the MP
phenomenon and suggests that star clusters form in a similar way at any cosmic age.

Published in The Astrophysical Journal Letters
Available from https://arxiv.org/abs/2112.06964

Discovery of NES, an extended tidal structure in the Northeast of the
Large Magellanic Cloud

M. Gatto1,2, V. Ripepi1, M. Bellazzini3, C. Tortora1, M. Tosi3, M. Cignoni1,4,5 and G. Longo2

1INAF–Osservatorio Astronomico di Capodimonte, Via Moiariello 16, I-80131, Naples, Italy
2Dept. of Physics, University of Naples Federico II, C.U. Monte Sant’Angelo, Via Cinthia, I-80126, Naples, Italy
3INAF–Osservatorio di Astrofisica e Scienza dello Spazio, Via Gobetti 93/3, I-40129 Bologna, Italy
4Physics Departement, University of Pisa, Largo Bruno Pontecorvo, 3, I-56127 Pisa, Italy
5INFN, Largo B. Pontecorvo 3, I-56127, Pisa, Italy

We report on the discovery of a new diffuse stellar substructure protruding for > 5◦ from the northeastern rim of
the LMC disk. The structure, which we dub the northeast structure (NES), was identified by applying a Gaussian
mixture model to a sample of strictly selected candidate members of the Magellanic System, extracted from the Gaia
EDR3 catalog. The NES fills the gap between the outer LMC disk and other known structures in the same region of
the LMC, namely the northern tidal arm and the eastern substructures. Particularly noteworthy is that the NES is
placed in a region where N -body simulations foresee a bending of the LMC disk due to tidal stresses induced by the
MW. The velocity field in the plane of the sky indicates that the complex of tidal structures in the northeastern part
of the LMC, including NES, shows a complex pattern. Additional data, as well as extensive dynamical modeling, is
required to shed light onto the origin of NES as well as on the relationships with the surrounding substructures.

Published in The Astrophysical Journal
Available from https://arxiv.org/abs/2203.13298
and from https://iopscience.iop.org/article/10.3847/1538-4357/ac602c/pdf

The detection of deuterated water in the Large Magellanic Cloud with
ALMA

Marta Sewi lo1,2,3, Agata Karska4, Lars E. Kristensen5, Steven B. Charnley1, C.-H. Rosie Chen6, Joana M.

Oliveira7, Martin Cordiner1,8, Jennifer Wiseman1, Alvaro Sanchez-Monge9, Jacco Th. van Loon7, Remy

Indebetouw10,11, Peter Schilke9 and Emmanuel Garcia-Berrios1,8,12

1NASA Goddard Space Flight Center, USA
2CRESST II, USA
3University of Maryland College Park, USA
4Nicolaus Copernicus University, Poland
5University of Copenhagen, Denmark
6Max Planck Institute for Radio Astronomy, Germany
7Keele University, UK
8The Catholic University of America, USA
9University of Cologne, Germany
10NRAO, USA
11University of Virginia, USA
12University of Illinois, USA

We report the first detection of deuterated water (HDO) toward an extragalactic hot core. The HDO 211–212 line
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has been detected toward hot cores N 105–2A and 2B in the N 105 star-forming region in the low-metallicity Large
Magellanic Cloud (LMC) dwarf galaxy with the Atacama Large Millimeter/submillimeter Array (ALMA). We have
compared the HDO line luminosity (LHDO) measured toward the LMC hot cores to those observed toward a sample
of seventeen Galactic hot cores covering three orders of magnitude in LHDO, four orders of magnitude in bolometric
luminosity (Lbol), and a wide range of Galactocentric distances (thus metallicities). The observed values of LHDO for
the LMC hot cores fit very well into the LHDO trends with Lbol and metallicity observed toward the Galactic hot cores.
We have found that LHDO seems to be largely dependent on the source luminosity, but metallicity also plays a role.
We provide a rough estimate of the H2O column density and abundance ranges toward the LMC hot cores by assuming
that HDO/H2O toward the LMC hot cores is the same as that observed in the Milky Way; the estimated ranges are
systematically lower than Galactic values. The spatial distribution and velocity structure of the HDO emission in
N 105–2A is consistent with HDO being the product of the low-temperature dust grain chemistry. Our results are in
agreement with the astrochemical model predictions that HDO is abundant regardless of the extragalactic environment
and should be detectable with ALMA in external galaxies.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2205.04325

Announcement

Stars, to mark the 80th birthday of Peter Eggleton

The Stars 2020 conference to celebrate the 80th birthday of Peter Eggleton will take place Sunday 14th August to
Saturday 20th August, in person at the Institute of Astronomy in Cambridge. Registration is now open through the
conference website. Abstract submission is also open, with the deadline for consideration for talks 14th June, and for
posters 14th July.

Topics to be covered:

• Asteroseismology

• Accurate luminosities (Gaia)

• Nucleosynthesis including spectra and meteoritic abundances

• Spectroscopy (Gaia-ESO, LAMOST)

• Stellar winds

• Rotation, differential rotation and magnetic fields

• Extra mixing processes

• Detailed physics including reaction rates, equation of state and opacities

• Binary and Multiple Stars

Hoping to see you in Cambridge in August,
Avishai Gilkis on behalf of the organizing committee

See also https://www.ast.cam.ac.uk/meetings/2022/stars.mark.80th.birthday.peter.eggleton
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