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Editorial

Dear Colleagues,

It is our pleasure to present you the 173rd issue of the Magellanic Clouds Newsletter. Unusually late, due to the nature
of time, but a bumper edition as a result.

It has been suggested that the form could be more user friendly, in particular adding multiple authors and affiliations.
It’s currently done in a way that is convenient for the code to compile a newsletter, minimising the additional editing
that is often needed. Our main problem is lack of resources (time). We are therefore not in a position to consider an
automated arXiv download, for instance, which anyway would still require author approval. Note that it is acceptable
to restrict the length of the author list and use ”et al.” though it is always nice to see mentioned all who had con-
tributed. Likewise, affiliations can be abbreviated, full postal addresses are not required though copy/pasting is just
as easy either way. Thanks for your understanding!

Note that you can switch off the automated monthly mailinglist reminder – see the monthly mailinglist reminder how
to change the settings (or unsubscribe if you must).

We continue to welcome opinion pieces, alerts, suggestions for collaboration, links to educational material, et cetera
and pictures to adorn the front cover.

Question to you: what happens to the stars and gas in the Milky Way halo as the Magellanic Clouds barge through
them? Is any of that seen?

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

Editorially Yours,

Jacco van Loon & Peter Pessev
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Refereed Journal Papers

LMC N132D: A mature supernova remnant with a power-law γ-ray
spectrum extending beyond 8 TeV

H.E.S.S. Collaboration1

1hess@hess-experiment.eu

Context: Supernova remnants (SNRs) are commonly thought to be the dominant sources of Galactic cosmic rays up
to the knee of the cosmic-ray spectrum at a few PeV. Imaging Atmospheric Cherenkov Telescopes have revealed young
SNRs as very-high-energy (VHE, > 100 GeV) γ-ray sources, but for only a few SNRs the hadronic cosmic-ray origin
of their γ-ray emission is indisputably established. In all these cases, the γ-ray spectra exhibit a spectral cutoff at
energies much below 100 TeV and thus do not reach the PeVatron regime.
Aims: The aim of this work was to achieve a firm detection for the oxygen-rich SNR LMCN132D in the VHE γ-
ray domain with an extended set of data and to clarify the spectral characteristics and the localization of the γ-ray
emission from this exceptionally powerful γ-ray-emitting SNR.
Methods: We analyzed 252 hours of High Energy Stereoscopic System (H.E.S.S.) observations towards SNR N132D
that were accumulated between December 2004 and March 2016 during a deep survey of the Large Magellanic Cloud,
adding 104 hours of observations to the previously published data set to ensure a > 5σ detection. To broaden the
γ-ray spectral coverage required for modeling the spectral energy distribution, an analysis of Fermi-LAT Pass 8 data
was also included.
Results: We unambiguously detect N 132D at VHE with a significance of 5.7σ. We report the results of a detailed
analysis of its spectrum and localization based on the extended H.E.S.S. data set. The joint analysis of the extended
H.E.S.S. and Fermi-LAT data results in a spectral energy distribution in the energy range from 1.7 GeV to 14.8 TeV,
which suggests a high luminosity of N 132D at GeV and TeV energies. We set a lower limit on a γ-ray cutoff energy
of 8 TeV with a confidence level of 95%. The new γ-ray spectrum as well as multiwavelength observations of N 132D
when compared to physical models suggests a hadronic origin of the VHE γ-ray emission.
Conclusions: SNR N132D is a VHE γ-ray source that shows a spectrum extending to the VHE domain without a
spectral cutoff at a few TeV, unlike the younger oxygen-rich SNR CassiopeiaA. The γ-ray emission is best explained
by a dominant hadronic component formed by diffusive shock acceleration. The γ-ray properties of N 132D may be
affected by an interaction with a nearby molecular cloud that partially lies inside the 95% confidence region of the
source position.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2108.02015

5 Reasons to expect an 8 MeV line in the SN1987A neutrino spectrum

Robert Ehrlich1

1George Mason University, USA

Evidence was previously reported for an 8 MeV neutrino line associated with SN1987A based on an analysis of 997
events recorded in the Kamiokande-II detector on the day of the supernova. That claimed line, however, occurred
at the peak of the background spectrum, and both had a similar shape, making the claim tenuous at best. Here the
claim is buttressed by providing five reasons to expect such an 8 MeV neutrino line. A final section of the paper
concerns the ongoing KATRIN experiment to find the neutrino mass, which might provide additional support for the
line, should it validate a controversial 3 + 3 model of the neutrino masses, including a tachyonic (m2 < 0) mass.

Published in Letters in High Energy Physics
Available from https://arxiv.org/abs/2101.08128
and from http://journals.andromedapublisher.com/index.php/LHEP/article/view/199
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Review of the empirical evidence for superluminal particles and the 3 +
3 model of the neutrino masses

Robert Ehrlich1

1George Mason University, USA

A review is given of hypothetical faster-than-light tachyons and the development of the author’s model of the neu-
trino mass states, which includes one tachyonic mass state doublet. Published empirical evidence for the model is
summarized, including an interpretation of the mysterious Mont Blanc neutrino burst from SN1987A as being due
to tachyonic neutrinos having m2 < 0. This possibility requires an 8 MeV antineutrino line from SN1987A, which
a new dark matter model has been found to support. Furthermore, this dark matter model is supported by several
datasets: rays from the galactic center, and the Kamiokande-II neutrino data on the day of SN1987A. The KATRIN
experiment should serve as the unambiguous test of the model and its tachyonic mass state.

Published in Advances in Astronomy
Available from https://arxiv.org/abs/1711.09897
and from https://www.hindawi.com/journals/aa/2019/2820492/

Metallicities and ages for 35 star clusters and their surrounding fields in
the Small Magellanic Cloud

W. Narloch1, G. Pietrzyński1,2, W. Gieren1, A.E. Piatti3,4, M. Górski1,2, P. Karczmarek1, D. Graczyk5, K.

Suchomska2, B. Zgirski2, P. Wielgórski2, B. Pilecki2, M. Taormina2, M. Ka luszyński2, W. Pych2, G. Hajdu2 and G.

Rojas Garćıa2

1Univesidad de Concepción, Departamento de Astronomı́a, Casilla 160-C, Concepción, Chile
2Nicolaus Copernicus Astronomical Center, Polish Academy of Sciences, Bartycka 18, 00-716, Warsaw, Poland
3Instituto Interdisciplinario de Ciencias Básicas (ICB), CONICET–UNCUYO, Padre J. Contreras 1300, M5502JMA, Mendoza, Argentina
4Consejo Nacional de Investigaciones Cient́ıficas y Técnicas (CONICET), Godoy Cruz 2290, C1425FQB, Buenos Aires, Argentina
5Nicolaus Copernicus Astronomical Center, Polish Academy of Sciences, Rabiańska 8, 87-100 Toruń, Poland

Aims: In this work we study 35 stellar clusters in the Small Magellanic Cloud (SMC) in order to provide their mean
metallicities and ages. We also provide mean metallicities of the fields surrounding the clusters.
Methods: We used Strömgren photometry obtained with the 4.1 m SOAR telescope and take advantage of (b–y) and
m1 colors for which there is a metallicity calibration presented in the literature.
Results: The spatial metallicity and age distributions of clusters across the SMC are investigated using the results
obtained by Strömgren photometry. We confirm earlier observations that younger, more metal-rich star clusters are
concentrated in the central regions of the galaxy, while older, more metal-poor clusters are located farther from
the SMC center. We construct the age–metallicity relation for the studied clusters and find good agreement with
theoretical models of chemical enrichment, and with other literature age and metallicity values for those clusters.
We also provide the mean metallicities for old and young populations of the field stars surrounding the clusters, and
find the latter to be in good agreement with recent studies of the SMC Cepheid population. Finally, the Strömgren
photometry obtained for this study is made publicly available.

Published in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2101.12734
and from https://doi.org/10.1051/0004-6361/202039623
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UVIT–HST–Gaia–VISTA study of Kron 3 in the Small Magellanic
Cloud: a cluster with an extended red clump in ultraviolet

P.K. Nayak1,2, A. Subramaniam1, S. Subramanian1, SS. Sahu1, C. Mondal1, Maria-Rosa L. Cioni3, Cameron P.M.

Bell3, A. Bandyopadhyay4 and Chul Chung5

1Indian Institute of Astrophysics, 2nd Block, Koramangala, Bangalore 560034, India
2Tata Institute of Fundamental Research, Homi Bhabha Road, Navy Nagar, Colaba, Mumbai 400005, India
3Leibniz Institute for Astrophysics Potsdam (AIP), An der Sternwarte 16, D-14482 Potsdam, Germany
4Aryabhatta Research Institute of Observational Sciences, Beluwakhan, Uttarakhand 263002, India
5Department of Astronomy and Center for Galaxy Evolution Research, Yonsei University, Seoul 03722, South Korea

We have demonstrated the advantage of combining multi-wavelength observations, from the ultraviolet (UV) to near-
infrared, to study Kron 3, a massive star cluster in the Small Magellanic Cloud. We have estimated the radius of the
cluster Kron 3 to be 2.′0 and for the first time, we report the identification of NUV-bright red clump (RC) stars and the
extension of the RC in colour and magnitude in the NUV vs. (NUV–optical) colour–magnitude diagram (CMD). We
found that extension of the RC is an intrinsic property of the cluster and it is not due to contamination of field stars
or differential reddening across the field. We studied the spectral energy distribution of the RC stars, and estimated
a small range in temperature ∼ 5000–5500 K, luminosity ∼ 60–90 L⊙ and radius ∼ 8.0–11.0 R⊙ supporting their RC
nature. The range of UV magnitudes amongst the RC stars (∼ 23.3 to 24.8 mag) is likely caused by the combined
effects of variable mass loss, variation in initial helium abundance (Yini = 0.23 to 0.28), and a small variation in age
(6.5–7.5 Gyr) and metallicity ([Fe/H] = −1.5to −1.3). Spectroscopic follow-up observations of RC stars in Kron 3 are
necessary to confirm the cause of the extended RC.

Published in Monthly Notices of the Royal Astronomical Society, 503, 5291 (2021)
Available from https://arxiv.org/abs/2102.02784
and from 10.1093/mnras/stab385

An unbiased CO survey toward the northern region of the Small
Magellanic Cloud with the Atacama Compact Array. I. Overview: CO

cloud distributions

Kazuki Tokuda1,2, Hiroshi Kondo1, Takahiro Ohno3, Ayu Konishi1, Hidetoshi Sano2, Kisetsu Tsuge3, Sarolta

Zahorecz1,2, Nao Goto1, Naslim Neelamkodan4, Tony Wong5, Marta Sewi lo6,7, Hajime Fukushima8, Tatsuya

Takekoshi9, Kazuyuki Muraoka1, Akiko Kawamura2, Kengo Tachihara3, Yasuo Fukui3 and Toshikazu Onishi1

1Department of Physical Science, Graduate School of Science, Osaka Prefecture University, 1-1 Gakuen-cho, Naka-ku, Sakai, Osaka 599-

8531, Japan
2National Astronomical Observatory of Japan, National Institutes of Natural Science, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan
3Department of Physics, Nagoya University, Chikusa-ku, Nagoya 464-8602, Japan
4Department of physics, United Arab Emirates University, Al-Ain, 15551, UAE
5Department of Astronomy, University of Illinois, Urbana, IL 61801, USA
6CRESST II and Exoplanets and Stellar Astrophysics Laboratory, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA
7Department of Astronomy, University of Maryland, College Park, MD 20742, USA
8Center for Computational Sciences, University of Tsukuba, Ten-nodai, 1-1-1 Tsukuba, Ibaraki 305-8577, Japan
9Kitami Institute of Technology, 165 Koen-cho, Kitami, Hokkaido 090-8507, Japan

We have analyzed the data from a large-scale CO survey toward the northern region of the Small Magellanic Cloud
(SMC) obtained with the Atacama Compact Array (ACA) stand-alone mode of ALMA. The primary aim of this
study is to comprehensively understand the behavior of CO as an H2 tracer in a low-metallicity environment (Z ∼ 0.2
Z⊙). The total number of mosaic fields is ∼ 8000, which results in a field coverage of 0.26 degree2 (∼ 2.9 × 105

pc2), corresponding to ∼ 10% area of the galaxy. The sensitive ∼ 2 pc resolution observations reveal the detailed
structure of the molecular clouds previously detected in the single-dish NANTEN survey. We have detected a number
of compact CO clouds within lower H2 column density (∼ 1020 cm−2) regions whose angular scale is similar to the
ACA beam size. Most of the clouds in this survey also show peak brightness temperature as low as < 1 K, which
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for optically thick CO emission implies an emission size much smaller than the beam size, leading to beam dilution.
The comparison between an available estimation of the total molecular material traced by thermal dust emission and
the present CO survey demonstrates that more than ∼ 90% H2 gas cannot be traced by the low-J CO emission. Our
processed data cubes and 2-D images are publicly available.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/2108.09018

Blue supergiants as tests for stellar physics

Cyril Georgy1, Hideyuki Saio2 and Georges Meynet1

1Department of Astronomy, University of Geneva, Chemin Pegasi 51, 1290 Versoix, Switzerland
2Astronomical Institute, Graduate School of Science, Tohoku University, 980-8578 Sendai, Japan

Context: Massive star evolution is still poorly understood, and observational tests are required to discriminate between
different implementations of physical phenomena in stellar evolution codes.
Aims: By confronting stellar evolution models with observed properties of blue supergiants, such as pulsations, the
chemical composition, and position in the Hertzsprung–Russell diagram, we aim to determine which of the criteria
used for convection (Schwarzschild or Ledoux) is best able to explain the observations.
Methods: We computed state-of-the-art stellar evolution models with either the Schwarzschild or the Ledoux criterion
for convection. Models are for 14 to 35 M⊙ at solar or Large Magellanic Cloud metallicity. For each model, we
computed the pulsation properties to know when radial modes are excited. We then compared our results with the
position of blue supergiants in the Hertzsprung–Russell diagram, with their surface chemical composition and with
their variability.
Results: Our results at Large Magellanic Cloud metallicity shows only a slight preference for the Ledoux criterion
over the Schwarzschild one in reproducing, at the same time, the observed properties of blue supergiants, even if the
Schwarzschild criterion cannot be excluded at this metallicity. We checked that changing the overshoot parameter at
solar metallicity does not improve the situation. We also checked that our models are able to reproduce the position
of Galactic blue supergiants in the flux-weighted gravity–luminosity relation.
Conclusions: We confirm that overall, models computed with the Ledoux criterion are slightly better in matching
observations. Our results also support the idea that most Galactic αCyg variables are blue supergiants from group 2,
that is stars that have been through a previous red supergiant phase where they have lost a large amount of mass.

Published in A&A
Available from https://arxiv.org/abs/2104.06278

Superadiabaticity and the metallicity independence of the
Humphreys–Davidson limit

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

1Armagh Observatory and Planetarium, Northern Ireland

The Humphreys–Davidson (HD) limit sets the boundary between evolutionary channels of massive stars that end their
lives either as the red supergiants (RSGs) or as the hotter blue supergiants (BSGs) and Wolf–Rayet stars. Mixing in
the envelopes of massive stars close to their Eddington limit is crucial for investigating the upper luminosity limit of
the coolest supergiants. We study the effects of excess mixing in superadiabatic layers that are dominated by radiation
pressure, and we critically investigate the effects of mixing and mass loss on the evolution of RSGs with log(Teff/K) <
3.68 as a function of metallicity. Using mesa, we produce grids of massive star models at three metallicities: Galactic
(Z⊙), LMC (1/2 Z⊙), and SMC (1/5 Z⊙), with both high and low amounts of overshooting to study the upper
luminosity limit of RSGs. We systematically study the effects of excess mixing in the superadiabatic layers of post-
main-sequence massive stars, overshooting above the hydrogen core and yellow supergiant (YSG) mass-loss rates on

5

https://arxiv.org/abs/2108.09018
https://arxiv.org/abs/2104.06278


the fraction of core helium burning time spent as a RSG. We find that the excess mixing in the superadiabatic layers is
stronger at lower metallicities, as it depends on the opacities in the hydrogen bump at log(Teff/K) ∼ 4, which become
more pronounced at lower metallicity. This shifts the cut-off luminosities to lower values at lower metallicities, thus
balancing the first-order effect of mass loss. The opposing effects of mass loss and excess envelope mixing during
post-main-sequence evolution of stars with higher overshooting potentially results in a metallicity-independent upper
luminosity limit.

Published in MNRAS
Available from https://arxiv.org/abs/2107.02183

Evolution of Wolf–Rayet stars as black hole progenitors

Erin R. Higgins1, Andreas A.C. Sander1, Jorick S. Vink1 and Raphael Hirschi2,3

1Armagh Observatory and Planetarium, College Hill, Armagh BT61 9DG, Northern Ireland
2Astrophysics Group, Keele University, Keele, Staffordshire ST5 5BG, UK
3Kavli Institute for the Physics and Mathematics of the Universe (WPI), University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa 277-8583,

Japan

Evolved Wolf–Rayet stars form a key aspect of massive star evolution, and their strong outflows determine their
final fates. In this study, we calculate grids of stellar models for a wide range of initial masses at five metallicities
(ranging from solar down to just 2% solar). We compare a recent hydrodynamically-consistent wind prescription
with two earlier frequently-used wind recipes in stellar evolution and population synthesis modelling, and we present
the ranges of maximum final masses at core He-exhaustion for each wind prescription and metallicity Z. Our model
grids reveal qualitative differences in mass-loss behaviour of the wind prescriptions in terms of ”convergence”. Using
the prescription from Nugis & Lamers the maximum stellar black hole is found to converge to a value of 20–30 M⊙,
independent of host metallicity, however when utilising the new physically-motivated prescription from Sander & Vink
there is no convergence to a maximum black hole mass value. The final mass is simply larger for larger initial He-star
mass, which implies that the upper black hole limit for He-stars below the pair-instability gap is set by prior evolution
with mass loss, or the pair instability itself. Quantitatively, we find the critical Z for pair-instability (ZPI) to be as
high as 50% Z⊙, corresponding to the host metallicity of the LMC. Moreover, while the Nugis & Lamers prescription
would not predict any black holes above the ≈ 130 M⊙ pair-instability limit, with Sander & Vink winds included, we
demonstrate a potential channel for very massive helium stars to form such massive black holes at ∼ 2% Z⊙ or below.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2105.12139

Photometric classifications of evolved massive stars: preparing for the
era of Webb and Roman with machine learning

T.Z. Dorn-Wallenstein1, J.R.A. Davenport1, D. Huppenkothen2,3,4 and E.M. Levesque1

1University of Washington Astronomy Department Physics and Astronomy Building, 3910 15th Ave. NE Seattle, WA 98105, USA
2SRON Netherlands Institute for Space Research, Sorbonnelaan 3, 3584 CA Utrecht The Netherlands
3DIRAC Institute, Department of Astronomy, University of Washington, 3910 15th Ave. NE Seattle, WA 98105, USA
4The University of Washington eScience Institute, The Washington Research Foundation Data Science Studio, University of Washington,

Seattle, WA 98105, USA

In the coming years, next-generation space-based infrared observatories will significantly increase our samples of rare
massive stars, representing a tremendous opportunity to leverage modern statistical tools and methods to test massive
stellar evolution in entirely new environments. Such work is only possible if the observed objects can be reliably
classified. Spectroscopic observations are infeasible with more distant targets, and so we wish to determine whether
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machine learning methods can classify massive stars using broadband infrared photometry. We find that a Support
Vector Machine classifier is capable of coarsely classifying massive stars with labels corresponding to hot, cool, and
emission line stars with high accuracy, while rejecting contaminating low mass giants. Remarkably, 76% of emission
line stars can be recovered without the need for narrowband or spectroscopic observations. We classify a sample of
∼ 2500 objects with no existing labels, and identify fourteen candidate emission line objects. Unfortunately, despite
the high precision of the photometry in our sample, the heterogeneous origins of the labels for the stars in our
sample severely inhibits our classifier from distinguishing classes of stars with more granularity. Ultimately, no large
and homogeneously labeled sample of massive stars currently exists. Without significant efforts to robustly classify
evolved massive stars – which is feasible given existing data from large all-sky spectroscopic surveys – shortcomings
in the labeling of existing data sets will hinder efforts to leverage the next-generation of space observatories.

Published in The Astrophysical Journal, 913, 32 (2021)
Available from https://arxiv.org/abs/2102.02829
and from https://ui.adsabs.harvard.edu/abs/2021ApJ...913...32D/abstract

The clustering of orbital poles induced by the LMC: hints for the origin
of planes of satellites

Nicolás Garavito-Camargo 1, Ekta Patel2,3, Gurtina Besla1, Adrian M. Price-Whelan4, Facundo Gómez5,6, Chervin

F. P. Laporte7,8 and Kathryn V. Johnston4,9

1Steward Observatory, University of Arizona, USA
2Department of Astronomy, University of California, Berkeley, USA
3Miller Institute for Basic Research in Science, USA
4Center for Computational Astrophysics, Flatiron Institute, Simons Foundation, USA
5Instituto de Investigacion Multidisciplinar en Ciencia y Tecnoloǵıa, Universidad de La Serena, Chile
6Departamento de F́ısica y Astronomı́a, Universidad de La Serena, Chile
7Institut de Ciencies del Cosmos (ICCUB), Universitat de Barcelona, Spain
8Kavli Institute for the Physics and Mathematics of the Universe (WPI), The University of Tokyo Institutes for Advanced Study (UTIAS),

The University of Tokyo, Japan
9Department of Astronomy, Columbia University, USA

A significant fraction of Milky Way (MW) satellites exhibit phase-space properties consistent with a coherent orbital
plane. Using tailored N -body simulations of a spherical MW halo that recently captured a massive (1.8 × 1011 M⊙)
LMC-like satellite, we identify the physical mechanisms that may enhance the clustering of orbital poles of objects
orbiting the MW. The LMC deviates the orbital poles of MW dark matter (DM) particles from the present-day random
distribution. Instead, the orbital poles of particles beyond R ≈ 50 kpc cluster near the present-day orbital pole of the
LMC along a sinusoidal pattern across the sky. The density of orbital poles is enhanced near the LMC by a factor
δρmax = 30% (50%) with respect to underdense regions, and δρiso = 15% (30%) relative to the isolated MW simulation
(no LMC) between 50–150 kpc (150–300 kpc). The clustering appears after the LMC’s pericenter (≈ 50 Myr ago,
49 kpc) and lasts for at least 1 Gyr. Clustering occurs because of three effects: 1) the LMC shifts the velocity and
position of the central density of the MW’s halo and disk; 2) the DM dynamical friction wake and collective response
induced by the LMC changes the kinematics of particles; 3) observations of particles selected within spatial planes
suffer from a bias, such that measuring orbital poles in a great circle in the sky enhances the probability of their orbital
poles being clustered. This scenario should be ubiquitous in hosts that recently captured a massive satellite (at least
≈ 1:10 mass ratio), causing the clustering of orbital poles of halo tracers.

Submitted to ApJ
Available from https://arxiv.org/abs/2108.07321
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The stellar content of H 72.97−69.39, a potential super star cluster in
the making

M. Andersen1, H. Zinnecker2, A.S. Hirshauer 3, O. Nayak3 and M. Meixner4,3

1Gemini Observatory, NSF’s National Optical-Infrared Astronomy Research Laboratory, Casilla 603, La Serena, Chile
2Universidad Autónoma de Chile, Avda. Pedro de Valdivia 425, Providencia, Santiago de Chile, Chile
3Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
4Department of Physics & Astronomy, Johns Hopkins University, 3400 N. Charles Street, Baltimore, MD 21218, USA

Young massive clusters and super star clusters (SSCs) represent an extreme mode of star formation. Far-infrared
imaging of the Magellanic Clouds has identified one potential embedded SSC, HSOBMHERICCJ72.971176−69.391112
(H 72.97−69.39 in short), in the southwest outskirts of the Large Magellanic Cloud. We present Gemini Flamingos
2 and GSAOI near-infrared imaging of a 3′ × 3′ region around H72.97−69.39 in order to characterize the stellar
content of the cluster. The stellar content is probed down to 1.5 M⊙. We find substantial dust extinction across the
cluster region, extending up to AK of 3. Deeply embedded stars are associated with ALMA-detected molecular gas
suggesting that star formation is ongoing. The high spatial resolution of the GSAOI data allows identification of the
central massive object associated with the 13CO ALMA observations and detection of fainter low-mass stars around
the H30α ALMA source. The morphology of the molecular gas and the nebulosity from adjacent star formation
suggest they have interacted covering a region of several parsecs. The total stellar content in the cluster is estimated
from the intermediate- and high-mass stellar content to be at least 10,000 M⊙, less than R136 with up to 100,000 M⊙

within 4.7 pc radius, but places it in the regime of an SSC. Based on the extinction determination of individual stars
we estimate a molecular gas mass in the vicinity of H 72.97−69.39 of 6600 M⊙, suggesting more star formation can be
expected.

Published in The Astronomical Journal
Available from https://arxiv.org/abs/2102.06544

High-contrast and resolution near-infrared photometry of the core of
R 136

Zeinab Khorrami1, Maud Langlois2, Paul C. Clark1, Farrokh Vakili3, Anne S.M. Buckner4, Marta Gonzalez5, Paul

Crowther6, Richard Wünsch7, Jan Palouš7, Stuart Lumsden8 and Estelle Moraux5

1School of Physics and Astronomy, Cardiff University, The Parade, Cardiff CF24 3AA, UK
2Université de Lyon, Université Lyon 1, CNRS, CRAL UMR5574, F-69561, Saint-Genis Laval, France
3Université Côte d’Azur, OCA, CNRS, F-06304, Lagrange, France
4School of Physics and Astronomy, University of Exeter, Stocker Road, Exeter EX4 4QL, UK
5Université Grenoble Alpes, CNRS, IPAG, F-38000 Grenoble, France
6Department of Physics and Astronomy, Hounsfield Road, University of Sheffield, Sheffield S3 7RH, UK
7Astronomical Institute of the Czech Academy of Sciences, BočńıII 1401/1a, CZ-141 00 Praha 4, Czech Republic
8School of Physics and Astronomy, University of Leeds, Leeds LS2 9JT, UK

We present the sharpest and deepest near infrared photometric analysis of the core of R 136, a newly formed massive
star cluster at the centre of the 30Doradus star forming region in the Large Magellanic Cloud. We used the extreme
adaptive optics of the SPHERE focal instrument implemented on the ESO Very Large Telescope and operated in its
IRDIS imaging mode, for the second time with longer exposure time in the H and K filters. Our aim was to (i) increase
the number of resolved sources in the core of R 136, and (ii) to compare with the first epoch to classify the properties
of the detected common sources between the two epochs. Within the field of view (FOV) of 10.′′8× 12.′′1 (2.7 pc × 3.0
pc), we detected 1499 sources in both H and K filters, for which 76% of these sources have visual companions closer
than 0.′′2. The larger number of detected sources, enabled us to better sample the mass function (MF). The MF slopes
are estimated at ages of 1, 1.5 and 2 Myr, at different radii, and for different mass ranges. The MF slopes for the mass
range of 10–300 M⊙ are about 0.3 dex steeper than the mass range of 3–300 M⊙, for the whole FOV and different
radii. Comparing the JHK colours of 790 sources common in between the two epochs, 67% of detected sources in
the outer region (r > 3′′) are not consistent with evolutionary models at 1–2 Myr and with extinctions similar to the
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average cluster value, suggesting an origin from ongoing star formation within 30Doradus, unrelated to R 136.

Published in Monthly Notices of the Royal Astronomical Society, 503, 292 (2021)
Available from https://arxiv.org/abs/2104.12819
and from https://ui.adsabs.harvard.edu/abs/2021MNRAS.503..292K/abstract

Extreme adaptive optics astrometry of R 136. Searching for high proper
motion stars

Zeinab Khorrami1, Maud Langlois2, Farrokh Vakili3, Paul C. Clark1, Anne S.M. Buckner4, Marta Gonzalez5, Paul

Crowther6, Richard Wünsch7, Jan Palouš7, Anthony Boccaletti8, Stuart Lumsden9 and Estelle Moraux5
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6Department of Physics and Astronomy, Hounsfield Road, University of Sheffield, Sheffield S3 7RH, UK
7Astronomical Institute of the Czech Academy of Sciences, BočńıII 1401/1a, CZ-141 00 Praha 4, Czech Republic
8LESIA, Observatoire de Paris, CNRS, Université Paris 7, Université Paris 6, 5 place Jules Janssen, 92190, Meudon, France
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We compared high-contrast near-infrared images of the core of R 136 taken by VLT/SPHERE, in two epochs separated
by 3.06 years. For the first time we monitored the dynamics of the detected sources in the core of R 136 from a ground-
based telescope with adaptive optics. The aim of these observations was to search for High prOper Motion cAndidates
(HOMAs) in the central region of R 136 (r < 6′′) where it has been challenging for other instruments. Two bright
sources (K < 15 mag and V < 16 mag) are located near R 136a1 and R136c (massive WR stars) and have been
identified as potential HOMAs. These sources have significantly shifted in the images with respect to the mean shift
of all reliable detected sources and their neighbours, and six times their own astrometric errors. We calculate their
proper motions to be 1.36± 0.22 mas yr−1 (321± 52 km s−1) and 1.15± 0.11 mas yr−1 (273± 26 km s−1). We discuss
different possible scenarios to explain the magnitude of such extreme proper motions, and argue for the necessity to
conduct future observations to conclude on the nature of HOMAs in the core of R 136.

Published in Astronomy & Astrophysics, 649, L8 (2021)
Available from https://arxiv.org/abs/2102.05972
and from https://ui.adsabs.harvard.edu/abs/2021A%26A...649L...8K/abstract

Thermal emission and radioactive lines, but no pulsar, in the broadband
X-ray spectrum of supernova 1987A

Dennis Alp1, Josefin Larsson1 and Clæs Fransson2

1Department of Physics, KTH Royal Institute of Technology, and The Oskar Klein Centre, SE-10691 Stockholm, Sweden
2The Oskar Klein Centre, Department of Astronomy, Stockholm University, AlbaNova, SE-10691 Stockholm, Sweden

Supernova 1987A offers a unique opportunity to study an evolving supernova in unprecedented detail over several
decades. The X-ray emission is dominated by interactions between the ejecta and the circumstellar medium, primarily
the equatorial ring (ER). We analyze 3.3 Ms of NuSTAR data obtained between 2012 and 2020, and two decades of
XMM–Newton data. Since ∼ 2013, the flux below 2 keV has declined, the 3–8 keV flux has increased, but has started
to flatten, and the emission above 10 keV has remained nearly constant. The spectra are well described by a model
with three thermal shock components. Two components at 0.3 and 0.9 keV are associated with dense clumps in the
ER, and a 4 keV component may be a combination of emission from diffuse gas in the ER and the surrounding low-
density H ii region. We disfavor models that involve non-thermal X-ray emission and place constraints on non-thermal
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components, but cannot firmly exclude an underlying power law. Radioactive lines show a 44Ti redshift of 670+520
−380

km s−1, 44Ti mass of 1.73+0.27
−0.29 × 10−4 M⊙, and

55Fe mass of < 4.2 × 10−4 M⊙. The 35–65 keV luminosity limit on
the compact object is 2 × 1034 erg s−1, and < 15% of the 10–20 keV flux is pulsed. Considering previous limits, we
conclude that there are currently no indications of a compact object, aside from a possible hint of dust heated by a
neutron star in recent ALMA images.

Published in ApJ
Available from https://arxiv.org/abs/2103.02612
and from https://iopscience.iop.org/article/10.3847/1538-4357/ac052d

Dust production around carbon-rich stars: the role of metallicity

Ambra Nanni1, Sergio Cristallo2,3, Jacco Th. van Loon4 and Martin A.T. Groenewegen5

1National Centre for Nuclear Research, ul. Pasteura 7, 02-093 Warszawa, Poland
2INAF, Oservatorio Astronomico d’Abruzzo, Via Mentore Maggini snc, 64100 Teramo, Italy
3INFN, Sezione di Perugia, Via A. Pascoli snc, 06123 Perugia, Italy
4Lennard-Jones Laboratories, Keele University, Keele ST5 5BG, UK
5Koninklijke Sterrenwacht van België, Ringlaan 3, B-1180 Brussel, Belgium

Background: Most of the stars in the Universe will end their evolution by losing their envelope during the thermally
pulsing asymptotic giant branch (TP-AGB) phase, enriching the interstellar medium of galaxies with heavy elements,
partially condensed into dust grains formed in their extended circumstellar envelopes. Among these stars, carbon-rich
TP-AGB stars (C-stars) are particularly relevant for the chemical enrichment of galaxies. We here investigated the
role of the metallicity in the dust formation process from a theoretical viewpoint.
Methods: We coupled an up-to-date description of dust growth and dust-driven wind, which included the time-averaged
effect of shocks, with fruity stellar evolutionary tracks. We compared our predictions with observations of C-stars in
our Galaxy, in the Magellanic Clouds (LMC and SMC) and in the Galactic Halo, characterised by metallicity between
solar and 1/10 of solar.
Results: Our models explained the variation of the gas and dust content around C-stars derived from the IRS Spitzer

spectra. The wind speed of the C-stars at varying metallicity was well reproduced by our description. We predicted
the wind speed at metallicity down to 1/10 of solar in a wide range of mass-loss rates.

Published in Universe
Available from https://arxiv.org/abs/2107.05645

The excess of cool supergiants from contemporary stellar evolution
models defies the metallicity-independent Humphreys–Davidson limit

Avishai Gilkis1, Tomer Shenar2, Varsha Ramachandran3, Adam S. Jermyn4, Laurent Mahy2, Lidia M. Oskinova3,

Iair Arcavi1,5 and Hugues Sana2

1The School of Physics and Astronomy, Tel Aviv University, Tel Aviv, Israel
2Institute of Astrophysics, K.U. Leuven, Leuven, Belgium
3Institut für Physik und Astronomie, Universität Potsdam, Potsdam, Germany
4Center for Computational Astrophysics, Flatiron Institute, New York, NY, USA
5CIFAR Azrieli Global Scholars program, CIFAR, Toronto, Canada

The Humphreys–Davidson (HD) limit empirically defines a region of high luminosities (logL/L⊙ > 5.5) and low
effective temperatures (T < 20 kK) on the Hertzsprung–Russell Diagram in which hardly any supergiant stars are
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observed. Attempts to explain this limit through instabilities arising in near- or super-Eddington winds have been
largely unsuccessful. Using modern stellar evolution we aim to re-examine the HD limit, investigating the impact of
enhanced mixing on massive stars. We construct grids of stellar evolution models appropriate for the Small and Large
Magellanic Clouds (SMC, LMC), as well as for the Galaxy, spanning various initial rotation rates and convective
overshooting parameters. Significantly enhanced mixing apparently steers stellar evolution tracks away from the
region of the HD limit. To quantify the excess of over-luminous stars in stellar evolution simulations we generate
synthetic populations of massive stars, and make detailed comparisons with catalogues of cool (T < 12.5 kK) and
luminous (logL/L⊙ > 4.7) stars in the SMC and LMC. We find that adjustments to the mixing parameters can lead to
agreement between the observed and simulated red supergiant populations, but for hotter supergiants the simulations
always over-predict the number of very luminous (logL/L⊙ > 5.4) stars compared to observations. The excess of
luminous supergiants decreases for enhanced mixing, possibly hinting at an important role mixing has in explaining
the HD limit. Still, the HD limit remains unexplained for hotter supergiants.

Published in Monthly Notices of the Royal Astronomical Society, 503, 1884 (2021)
Available from https://arxiv.org/abs/2102.03102
and from https://academic.oup.com/mnras/article/503/2/1884/6133465

On the detection of free-floating planets through microlensing towards
the Magellanic Clouds

Sedighe Sajadian1,2

1Department of Physics, Isfahan University of Technology, Isfahan 84156-83111, Iran
2Department of Physics, Chungbuk National University, Cheongju 28644, South Korea

In this work, we study detecting free-floating planets (FFPs) by microlensing observations towards the Magellanic
Clouds (MCs). In comparison to similar events toward the Galactic bulge, an FFP in the Galactic halo produces on
average longer microlensing events with smaller projected source radii toward these clouds. For these microlensing
events, the relative lens-source velocities are on average smaller. The MC self-lensing events due to FFPs suffer from
severe finite-source effects. We first simulate microlensing events due to FFPs towards MCs and assume a log-uniform
step function for their mass. The efficiencies for capturing their lensing signatures (with signal-to-noise greater than
50) are found to be 0.1–0.6% and 3–6% through ground-based optical surveys and space-based near-infrared surveys,
respectively. We then promote these simulations and assume the Roman Space Telescope telescope continuously
observes each MC during one 72-day season with the 15-min observing cadence. From simulated microlensing events
with the resolvable source stars at the baseline due to FFPs with the masses ∼ 0.01–104 M⊕, Roman discovers their
lensing effects with the efficiencies ∼ 10–80%, respectively. By adopting 5% as halos fraction from FFPs we estimate
the expected number of events. The highest number of detectable FFPs which is ∼ 1700–2200 per season per square
degree happens for ones with masses ∼ 0.01 M⊕. Our simulations show that Roman potentially extends the mass
range of detectable FFPs in halos down to 5.9× 10−7 M⊕ with continuous observations during one observing season
from the Large Magellanic Cloud.

Published in MNRAS
Available from https://arxiv.org/abs/2107.02954
and from https://academic.oup.com/mnras/article-abstract/506/3/3615/6316130?redirectedFrom=PDF
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Kinetic temperature of massive star-forming molecular clumps
measured with formaldehyde – IV. The ALMA view of N 113 and

N159W in the LMC

X.D. Tang1,2,3, C. Henkel3,4,1, K.M. Menten3, Y. Gong3, C.-H. R. Chen3, D. L. Li1,2, M.-Y. Lee3,5, J.G.

Mangum6, Y.P. Ao7, S. Mühle8, S. Aalto9, S. Garćıa-Burillo10, S. Mart́ın11,12, S. Viti13,14, S. Muller9, F.

Costagliola9, H. Asiri4, S.A. Levshakov15, M. Spaans16, J. Ott17, C.M.V. Impellizzeri6,12, Y. Fukui18, Y.X. He1,2, J.
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5Korea Astronomy and Space Science Institute, 776 Daedeok-daero, Yuseong-gu, Daejeon 34055, South Korea
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7Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China
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9Department of Space, Earth and Environment, Chalmers University of Technology, Onsala Space Observatory, SE-43992 Onsala, Sweden
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15Ioffe Physical-Technical Institute, Polytekhnicheskaya Str. 26, 194021 St. Petersburg, Russia
16Kapteyn Astronomical Institute, University of Groningen, P.O. Box 800, 9700 AV Groningen, The Netherlands
17National Radio Astronomy Observatory, P.O. Box O, 1003 Lopezville Road, Socorro, NM 87801, USA
18Department of Physics, Nagoya University, Furo-cho, Chikusa-ku Nagoya, 464-8601, Japan
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20University of Chinese Academy of Sciences, 100080 Beijing, China

We mapped the kinetic temperature structure of two massive star-forming regions, N 113 and N159W, in the Large
Magellanic Cloud (LMC). We have used ∼ 1.′′6 (∼ 0.4 pc) resolution measurements of the para-H2CO JKaKc

= 303–202,
322–221, and 321–220 transitions near 218.5 GHz to constrain radex non-LTE models of the physical conditions. The
gas kinetic temperatures derived from the para-H2CO line ratios 322–221/303–202 and 321–220/303–202 range from 28
to 105 K in N113 and 29 to 68 K in N159W. Distributions of the dense gas traced by para-H2CO agree with those
of the 1.3-mm dust and Spitzer 8.0-µm emission, but do not significantly correlate with the Hα emission. The high
kinetic temperatures (Tkin

>
∼ 50 K) of the dense gas traced by para-H2CO appear to be correlated with the embedded

infrared sources inside the clouds and/or YSOs in the N 113 and N159W regions. The lower temperatures (Tkin < 50
K) are measured at the outskirts of the H2CO-bearing distributions of both N113 and N159W. It seems that the
kinetic temperatures of the dense gas traced by para-H2CO are weakly affected by the external sources of the Hα
emission. The non-thermal velocity dispersions of para-H2CO are well correlated with the gas kinetic temperatures
in the N 113 region, implying that the higher kinetic temperature traced by para-H2CO is related to turbulence on a
∼ 0.4-pc scale. The dense gas heating appears to be dominated by internal star formation activity, radiation, and/or
turbulence. It seems that the mechanism heating the dense gas of the star-forming regions in the LMC is consistent
with that in Galactic massive star-forming regions located in the Galactic plane.

Accepted for publication in A&A
Available from https://arxiv.org/abs/2108.10519
and from https://www.aanda.org/component/article?access=doi&doi=10.1051/0004-6361/202141804
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The contribution by luminous blue variable stars to the dust content of
the Magellanic Clouds

C. Agliozzo1, N. Phillips1, A. Mehner2, D. Baade1, P. Scicluna2, F. Kemper1,3, D. Asmus2,4,5, W.-J. de Wit2 and

G. Pignata6,7
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5Gymnasium Schwarzenbek, Schwarzenbek, Germany
6Universidad Andrés Bello, Santiago, Chile
7Millennium Institute of Astrophysics, Santiago, Chile

Context: Previous studies have concluded that low- and intermediate-mass stars cannot account for the interstellar
dust yield in the Magellanic Clouds inferred from far-infrared and sub-millimetre observations.
Aims: Luminous blue variable stars (LBVs) form dust as a result of episodic, violent mass loss. To investigate their
contribution as dust producers in the Magellanic Clouds, we analyse 31 confirmed and candidate LBVs from a recent
census.
Methods: We built a maximally complete multi-wavelength dataset of these sources from archival space telescope
images and catalogues from near-infrared to millimetre wavelengths. We also present new Very Large Telescope
VISIR observations of three sources in the Large Magellanic Cloud (LMC). We review the LBV classification on the
basis of the infrared spectral energy distribution. To derive characteristic dust parameters, we fitted the photometry
resulting from a stacking analysis, which consists of co-adding images of the same wavelength band of several targets
to improve the signal-to-noise. For comparison we also stacked the images of low- and intermediate-mass evolved stars
in the LMC.
Results: We find four classes of sources: 1) LBVs showing mid-infrared dust emission plus near-infrared free–free
emission from an ionised stellar wind (Class 1a) or only mid-infrared dust emission (Class 1b); 2) LBVs with a
near-infrared excess due to free–free emission only (Class 2); 3) objects with an sgB[e] classification in the literature,
displaying a distinctive hot dust component; and 4) objects with no detected stellar winds and no circumstellar matter
in their SEDs. From the stacking analysis of the 18 Class 1 and 2 objects in the LMC, we derived an integrated dust
mass of 0.11+0.06

−0.03 M⊙. This is two orders of magnitude larger than the value inferred from stacking 1342 extreme-
asymptotic giant branch (AGB) stars. The dust mass of individual LBVs does not correlate with the stellar parameters,
possibly suggesting that the dust production mechanism is independent of the initial stellar mass or that the stars
have different evolutionary histories. The total dust yield from LBVs over the age of the LMC is ∼ 104–105 M⊙. The
one order of magnitude uncertainty is mainly due to uncertainties of the LBV population, star formation history, and
initial mass function.
Conclusions: LBVs are potentially the second most important source of dust in normal galaxies. The role of dust
destruction in LBV nebulæ by a possible subsequent supernova (SN) blast wave has yet to be determined. Recent
theoretical developments in the field of dust processing by SN shocks highlight the potential survival of dust grains
from the pre-existing circumstellar nebula.

Accepted for publication in Astronomy & Astrophysics
Available from https://www.aanda.org/component/article?access=doi&doi=10.1051/0004-6361/202141279
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STEP survey – II. Structural analysis of 170 star clusters in the SMC
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We derived surface brightness profiles in the g band for 170 Small Magellanic Cloud (SMC) star clusters (SCs) mainly
located in the central region of the galaxy. We provide a set of homogeneous structural parameters obtained by fitting
Elson–Fall–Freeman and King models. Through a careful analysis of their colour–magnitude diagrams we also supply
the ages for a subsample of 134 SCs. For the first time, such a large sample of SCs in the SMC is homogeneously
characterized in terms of their sizes, luminosities, and masses, widening the probed region of the parameter space,
down to hundreds of solar masses. We used these data to explore the evolution of the SC’s structural parameters
with time. In particular, we confirm the existence of a physical mechanism that induces an increase of the core radius
after 0.3–1.0 Gyr. We suggest that cluster mass could be the main parameter driving the inner expansion, as none
of the SCs having log(M/M⊙) ≤ 3.5 dex analysed in this work undergoes to such an expansion. We also detected a
mass–size relationship almost over the entire range of SCs masses investigated here. Finally, our data suggest that
globally the SMC SC system is dynamically evolved.

Published in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2108.02791

Residual velocities of Small Magellanic Cloud 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 analyzed the largest Small Magellanic Cloud (SMC) cluster sample (32) with proper motions and radial velocity
measurements, from which we obtained their space velocity components. By adopting as a reference the recent best-
fitted rotating disc of SMC star clusters as a function of the position angle, we computed their residual velocity vectors,
and compared their magnitudes (∆V ) with that of a cluster with residual velocity components equal to the velocity
dispersions along the three independent SMC rotating disc axes of motion (∆V = 60 km s−1). We found that clusters
that belong to SMC tidally induced structures have ∆V > 50 km s−1, which suggests that space velocities of clusters
in the process of escaping the rotating disc kinematics, are measurably different. Studied clusters pertaining to a
northern branch of the Magellanic Bridge, the main Magellanic Bridge, the Counter-Bridge and the West halo give
support to these findings. NGC121, the oldest known SMC cluster, does not belong to any SMC tidal feature, and
has ∆V = 64 km s−1, slightly above the boundary between bound and kinematically perturbed clusters.

Accepted for publication in MNRAS

14

https://arxiv.org/abs/2108.02791


Dynamical masses and mass-to-light ratios of resolved massive star
clusters – II. Results for 26 star clusters in the Magellanic Clouds
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We present spectroscopy of individual stars in 26 Magellanic Cloud (MC) star clusters with the aim of estimating
dynamical masses and V -band mass-to-light (M/LV ) ratios over a wide range in age and metallicity. We obtained 3137
high-resolution stellar spectra with M2FS on the Magellan/Clay Telescope. Combined with 239 published spectroscopic
results of comparable quality, we produced a final sample of 2787 stars with good quality spectra for kinematic analysis
in the target clusters. Line-of-sight velocities measured from these spectra and stellar positions within each cluster were
used in a customized expectation-maximization (EM) technique to estimate cluster membership probabilities. Using
appropriate cluster structural parameters and corresponding single-mass dynamical models, this technique ultimately
provides self-consistent total mass and M/LV estimates for each cluster. Mean metallicities for the clusters were also
obtained and tied to a scale based on calcium IR triplet metallicites. We present trends of the cluster M/LV values
with cluster age, mass and metallicity, and find that our results run about 40 per cent on average lower than the
predictions of a set of simple stellar population (SSP) models. Modified SSP models that account for internal and
external dynamical effects greatly improve agreement with our results, as can models that adopt a strongly bottom-
light IMF. To the extent that dynamical evolution must occur, a modified IMF is not required to match data and
models. In contrast, a bottom-heavy IMF is ruled out for our cluster sample as this would lead to higher predicted
M/LV values, significantly increasing the discrepancy with our observations.

Published in MNRAS
Available from https://arxiv.org/abs/2104.06882
and from https://ui.adsabs.harvard.edu/abs/2021MNRAS.504.4160S/abstract

Failed supernova remnants

Daichi Tsuna1

1Research Center for the Early Universe, University of Tokyo, Japan

In a failed supernova, partial ejection of the progenitor’s outer envelope can occur due to weakening of the core’s gravity
by neutrino emission in the protoneutron star phase. We consider emission when this ejecta sweeps up the circumstellar
material, analogous to supernova remnants (SNRs). We focus on failed explosions of blue supergiants, and find that
the emission can be bright in soft X-rays. Due to its soft emission, we find that sources in the Large Magellanic Cloud
(LMC) are more promising to detect than those in the Galactic disk. These remnants are characteristic in smallness
(<∼ 10 pc) and slowness (100s of km s−1) compared to typical SNRs. Although the expected number of detectable
sources is small (up to a few by eROSITA 4-year all-sky survey), prospects are better for deeper surveys targeting the
LMC. Detection of these failed SNRs will realize observational studies of mass ejection upon black hole formation.

Published in Publication of the Astronomical Society of Japan
Available from https://arxiv.org/abs/2104.10512
and from https://doi.org/10.1093/pasj/psab041
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X-ray spectroscopy of starburst feedback in 30Doradus

Yingjie Cheng1, Daniel Q. Wang1 and Seunghwan Lim1,2
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2The University of British Columbia, Canada

X-ray observations provide a potentially powerful tool to study starburst feedback. The analysis and interpretation
of such observations remain challenging, however, due to various complications, including the non-isothermality of
the diffuse hot plasma and the inhomogeneity of the foreground absorption. We here illustrate such complications
and a way to mitigate their effects by presenting an X-ray spectroscopy of the 30Doradus nebula in the Large
Magellanic Clouds, based on a 100 ks Suzaku observation. We measure the thermal and chemical properties of the
hot plasma and quantitatively confront them with the feedback expected from embedded massive stars. We find that
our spatially resolved measurements can be well reproduced by a global modeling of the nebula with a log-normal
temperature distribution of the plasma emission measure and a log-normal foreground absorption distribution. The
metal abundances and total mass of the plasma are consistent with the chemically enriched mass ejection expected
from the central OB association and a 62% mass-loading from the ambient medium. The total thermal energy of the
plasma is smaller than what is expected from a simple superbubble model, demonstrating that important channels
of energy loss are not accounted for. Our analysis indeed shows tentative evidence for a diffuse non-thermal X-ray
component, indicating that cosmic-ray acceleration needs to be considered in such a young starburst region. Finally,
we suggest that the log-normal modeling may be suitable for the X-ray spectral analysis of other giant H ii regions,
especially when spatially resolved spectroscopy is not practical.

Published in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2104.00063
and from https://academic.oup.com/mnras/article/504/2/1627/6226647

Semi-regular red giants as distance indicators – I. The
period–luminosity relations of semi-regular variables revisited
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Context: Semi-regular variables (SRVs) are similar to Miras in brightness, and they also follow one or more period–
luminosity relations (PLRs), though not necessarily the same one as Miras. As potential standard candles they are
more challenging than Miras because of their smaller variability amplitudes and less regular light curves, but they are
substantially more numerous and especially promising for probing old stellar populations.
Aims: We aim to characterise the variability of SRVs, specifically focusing on their connection with Miras, in order
to prepare the ground for investigating their potential as distance indicators.
Methods: We examine SRVs and Miras in the Magellanic Clouds from OGLE-III observations, with data from Gaia and
2MASS. After cleaning the sample of variability periods unrelated to pulsation, we classify each source by chemical
type and combination of pulsation modes. We examine the results in terms of global photometric and pulsation
properties.
Results: We identify four SRV groups that fit the general evolutionary scenario predicted by theory. SRVs dominated
by fundamental mode pulsation are very similar to Miras, especially if mono-periodic. They further split into two
subgroups, one of which follows the same sequence as Miras in the period–luminosity and period–amplitude diagrams,
without discontinuity.
Conclusions: The similarities between Miras and SRVs suggest that the latter can be adopted as distance indicators
in a way that is complementary to the use of the former, thereby at least doubling the available number of long-period
variables (LPVs) suitable for use as distance indicators. The traditional amplitude-based separation between Miras
and SRVs is not necessarily appropriate, and a more physically sound criterion should also involve pulsation periods.
While this would require comparatively longer time-series, they are expected to become accessible in the coming years
even for weak sources thanks to current and future large-scale surveys. The table of reclassified LPVs is made public.
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Even after decades of research, the origin of multiple stellar populations in globular clusters (GCs) remains enigmatic.
The question as to whether the galaxy environment plays a role in their formation remains unanswered. To that extent,
we analysed two classical (> 10 Gyr old) Large Magellanic Cloud GCs, NGC1786 and NGC1898, using imaging data
from Hubble Space Telescope to compare and contrast them with ancient Galactic GCs to assess systematic differences
that might exist between their abundance variations. We calculated their red giant branch width, subtracted the effect
of metallicity, and compared it with the available data on Galactic GCs by plotting them against initial and current
cluster mass. We see that the two clusters follow the same general trend as that of the Galactic GCs, and Galactic
GCs from different progenitors follow the same general trend as one another, indicating that the galaxy environment
may only play a minor role in the formation of multiple stellar populations within GCs.
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Many young and intermediate age massive stellar clusters host bimodal distributions in the rotation rates of their
stellar populations, with a dominant peak of rapidly rotating stars and a secondary peak of slow rotators. The origin
of this bimodal rotational distribution is currently debated and two main theories have been put forward in the liter-
ature. The first is that all/most stars are born as rapid rotators and that interacting binaries brake a fraction of the
stars, resulting in two populations. The second is that the rotational distribution is a reflection of the early evolution
of pre-main sequence stars, in particular, whether they are able to retain or lose their protoplanetary discs during the
first few Myr. Here, we test the binary channel by exploiting multi-epoch VLT/MUSE observations of NGC1850, a
∼ 100-Myr massive cluster in the LMC, to search for differences in the binary fractions of the slow and fast rotating
populations. If binarity is the cause of the rotational bimodality, we would expect that the slowly rotating population
should have a much larger binary fraction than the rapid rotators. However, in our data we detect similar fractions of
binary stars in the slow and rapidly rotating populations (5.9±1.1% and 4.5±0.6%, respectively). Hence, we conclude
that binarity is not a dominant mechanism in the formation of the observed bimodal rotational distributions.
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We report on the extinction properties in the fields around the clusters NGC1854, NGC1856, and NGC1858 in the
bar of the Large Magellanic Cloud (LMC). The colour–magnitude diagrams of the stars in all these regions show an
elongated red giant clump (RC) that reveals a variable amount of extinction across these fields, ranging from AV ≃ 0.2
to AV ≃ 1.9 mag, including Galactic foreground extinction. The extinction properties nonetheless are remarkably
uniform. The slope of the reddening vectors measured in the (V − I, V ) and (B − I, B) colour–magnitude planes
is fully in line with the AV /E(B − V ) ≃ 5.5 value found in the outskirts of 30Dor. This indicates the presence of
an additional grey extinction component in the optical requiring big grains to be about twice as abundant as in the
diffuse Galactic interstellar medium (ISM). Areas of higher extinction appear to be systematically associated with
regions of more intense star formation, as measured by the larger number of stars more massive than 8 M⊙, thus
making injection of big grains into the ISM by SN II explosion the likely mechanism at the origin of the observed grey
extinction component.
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The Fermi–LAT observational data of the diffuse ray emission from the Large Magellanic Cloud (LMC) were examined
to test for the existence of underlying long-range correlations. A statistical test applied to the data indicated that
the probability that data are random is extremely small. Thus we proceeded and have used the counts-number data
to compute 2D spatial autocorrelation, power spectrum, and structure function. The most important result of the
present study is a clear indication for large-scale spatial underlying correlations. This is evident in all the functions
mentioned above. The 2D power spectrum has a logarithmic slope of −3 on large spatial scales and a logarithmic
slope of −4 on small spatial scales. The structure function has logarithmic slopes equaling 1 and 2 for the large and
small scales, respectively. The logarithmic slopes of the structure function and the power spectrum are consistent.
A plausible interpretation of these results is the existence of a large-scale supersonic compressible turbulence with a
3D logarithmic slope of −4 extending over scales comparable to the size of the LMC. Both the power spectrum and
structure function exhibit steeper logarithmic slopes for smaller spatial scales. This is interpreted as an indication
that the turbulent region has an effective depth of about 1.5 kpc.
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Balmer-dominated shells in supernova remnants (SNRs) are produced by collisionless shocks advancing into a partially
neutral medium, and are most frequently associated with type Ia supernovæ. We have analyzed Hubble Space Tele-
scope (HST) images and VLT/MUSE or AAT/WiFeS observations of five type Ia SNRs containing Balmer-dominated
shells in the LMC: 0509−67.5, 0519−69.0, N 103B, DEML71, and 0548−70.4. Contrary to expectations, we find bright
forbidden line emission from small dense knots embedded in four of these SNRs. The electron densities in some knots
are higher than 104 cm−3. The size and density of these knots are not characteristic for interstellar medium (ISM)
– they most likely originate from a circumstellar medium (CSM) ejected by the SN progenitor. Physical property
variations of dense knots in the SNRs appear to reflect an evolutionary effect. The recombination timescales for high
densities are short, and HST images of N 103B taken 3.5 yr apart already show brightness changes in some knots.
VLT/MUSE observations detect [Fexiv] line emission from reverse shocks into SN ejecta as well as forward shocks
into the dense knots. Faint [O iii] line emission is also detected from the Balmer shell in 0519−69.0, N 103B, and
DEML71. We exclude the postshock origin because the [O iii] line is narrow. For the preshock origin, we considered
three possibilities: photoionization precursor, cosmic ray precursor, and neutral precursor. We conclude that the [O iii]
emission arises from oxygen that has been photoionized by [He ii]λ304 photons and is then collisionally excited in a
shock precursor heated mainly by cosmic rays.
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