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Figure 1: Amateur deep exposures revealing low surface brightness structures around the Magellanic Clouds and in
the foreground Milky Way (A), with the SMC shown in detail (B) and with an intensity scale highlighting the faintest
emission (C). See the review article by David Mart́ınez-Delgado posted in this issue.
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Editorial

Dear Colleagues,

It is my pleasure to present you the 163rd issue of the Magellanic Clouds Newsletter.

The spectacular pictures on the cover were taken by amateurs, showing how they can make unique contributions to
mapping low surface brightness structures. David Mart́ınez-Delgado (at Heidelberg), himself an exquisite deep imager,
has been an ambassador for amateur–professional collaboration for a while now, and rightly so. See also his review
article posted towards the back of the Newsletter.

There’s a very interesting meeting being organised in Marseille in July, on dust and gas in galaxies.

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

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

On the wind accretion model of GX301-2
Ali Taani1, Shigeyuki Karino2, Liming Song3, Mohammad Mardini4,5, Mashhoor Al-Wardat6, Ahmad Abushattal7,

Awni Khasawneh8 and Hamid Al-Naimiy9

1Physics Department, Faculty of Science, Al-Balqa Applied University, 19117 Salt, Jordan
2University, Department of Engineering, 2-3-1 Matsukadai, Higashi-ku, Fukuoka, Fukuoka 813-8503, Japan
3Key Lab of Optical Astronomy, National Astronomical Observatories, Chinese Academy of Sciences, Chaoyang, Beijing 100102, China
4Institute of High Energy Physics, Chinese Academy of Sciences, Shijingshan District, Beijing 100049, China
5School of Astronomy and Space Science, University of Chinese Academy of Sciences, Shijingshan District, Beijing, 100049, People’s

Republic of China
6Department of Physics and Institute of Astronomy and Space Sciences, Al Al-BaytUniversity, Mafraq, 25113 Jordan
7Department of Physics, Al-Hussein Bin Tala University, 71111, Ma’an, Jordan
8Regional Centre for Space Science and Technology Education for Western Asia–UN, Amman,Jordan
9Department of Applied Physics and Astronomy, Sharjah University, Sharjah, United Arab Emirates

We illustrate the evolution of the peculiar behavior of the high mass X-ray binary GX301-2, through the wind accretion
model. We found that the donor of this system has 43 M⊙ and clearly it experienced of a mass exchange. As a result,
the low terminal velocity of the wind from donor (1200 km s−1), slow rotation and the relatively low luminosity
(3.1× 1035 erg s−1), can easily fed the neutron star via the stellar wind with enough accretion matter. This will lead
to explain the observed X-rays. It has been shown that the characteristics of mass-loss rate through stellar winds
would reasonably be expected to alter the changes in wind velocity by X-rays.

Published in Journal of Physics: Conf. Series
Available from https://iopscience.iop.org/article/10.1088/1742-6596/1258/1/012029/pdf

The Tarantula Massive Binary Monitoring: III. Atmosphere analysis of
double-lined spectroscopic systems

L. Mahy1, H. Sana1, M. Abdul-Masih1, L.A. Almeida2,3, N. Langer4, T. Shenar1, A. de Koter5,1, S.E. de Mink6,5,

S. de Wit5,16, N.J. Grin4, C.J. Evans7, A.F.J. Moffat8, F.R.N. Schneider9,10, R. Barbá11, J.S. Clark12, P.
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4Argelander-Institut für Astronomie der Universität Bonn, Auf dem Hügel 71, 53121 Bonn, Germany
5Astronomical Institute Anton Pannekoek, Amsterdam University, Science Park 904, 1098 XH Amsterdam, The Netherlands
6Center for Astrophysics, Harvard & Smithsonian, 60 Garden Street, Cambridge, MA 02138, USA
7UK Astronomy Technology Centre, Royal Observatory Edinburgh, Blackford Hill, Edinburgh EH9 3HJ, United Kingdom
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Context: Accurate stellar parameters of individual objects in binary systems are essential to constrain the effects
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of binarity on stellar evolution. These parameters serve as a prerequisite to probing existing and future theoretical
evolutionary models.
Aims: We aim to derive the atmospheric parameters of the 31 double-lined spectroscopic binaries in the Tarantula
Massive Binary Monitoring sample. This sample, composed of detached, semi-detached and contact systems with at
least one of the components classified as an O-type star, is an excellent test-bed to study how binarity can impact our
knowledge of the evolution of massive stars.
Methods: In the present paper, 32 epochs of FLAMES/GIRAFFE spectra are analysed by using spectral disentangling
to construct the individual spectra of 62 components. We then apply the cmfgen atmosphere code to determine their
stellar parameters and their helium, carbon, and nitrogen surface abundances.
Results: Among the 31 systems that we study in the present paper, we identify between 48 and 77% of them as
detached, likely pre-interacting systems, 16% as semi-detached systems, and between 5 and 35% as systems in or
close to contact phase. Based on the properties of their components, we show that the effects of tides on chemical
mixing are limited. Components on longer-period orbits show higher nitrogen enrichment at their surface than those
on shorter-period orbits, in contrast to expectations of rotational or tidal mixing, implying that other mechanisms
play a role in this process. For semi-detached systems, components that fill their Roche lobe are mass donors. They
exhibit higher nitrogen content at their surface and rotate more slowly than their companions. By accreting new
material, their companions spin faster and are likely rejuvenated. Their locations in the N–v sin i diagram tend to
show that binary products are good candidates to populate the two groups of stars (slowly rotating, nitrogen-enriched
objects and rapidly rotating non-enriched objects) that cannot be reproduced through single-star population synthesis.
Finally, we find no peculiar surface abundances for the components in (over-)contact systems, as has been suggested
by evolutionary models for tidal mixing.
Conclusions: This sample, consisting of 31 massive binary systems, is the largest sample of binaries composed of at
least one O-type star to be studied in such a homogeneous way by applying spectral disentangling and atmosphere
modelling. The study of these objects gives us strong observational constraints to test theoretical binary evolutionary
tracks.

Accepted for publication in A&A
Available from https://arxiv.org/abs/1912.08107

The Tarantula Massive Binary Monitoring. IV. Double-lined
photometric binaries

L. Mahy1, L.A. Almeida2,3, H. Sana1, J.S. Clark4, A. de Koter5,1, S.E. de Mink6,5, C.J. Evans7, N.J. Grin8, N.

Langer8, A.F.J. Moffat9, F.R.N. Schneider10,11, T. Shenar1 and F. Tramper12
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4School of Physical Sciences, The Open University, Walton Hall, Milton Keynes, MK7 6AA, UK
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Context: A high fraction of massive stars are found to be binaries but only a few of them are reported as photometrically
variable. By studying the populations of double-lined spectroscopic binaries in the 30Doradus region, we found a subset
of them that have photometry from the OGLE project and that display variations in their light curves related to orbital
motions.
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Aims: The goal of this study is to determine the dynamical masses and radii of the 26 binary components in order
to investigate the mass-discrepancy problem and to provide an empirical mass–luminosity relation for the Large
Magellanic Cloud.
Methods: We use the phoebe programme to perform a systematic analysis of the OGLE V and I light curves obtained
for 13 binary systems in the 30Doradus region. We adopt the effective temperatures, and orbital parameters derived
previously to obtain the inclinations of the systems and the parameters of the individual components.
Results: Three systems display eclipses in their light curves, while the others only display ellipsoidal variations. We
classify two systems as over-contact, five as semi-detached, and four as detached. The two remaining systems have
uncertain configurations due to large uncertainties on their inclinations. The fact that systems display ellipsoidal
variations has a significant impact on the inclination errors. From the dynamical masses, luminosities, and radii, we
provide LMC-based empirical mass–luminosity and mass-radius relations, and we compare them to other relations
given for the Galaxy, the Large Magellanic Cloud (LMC), and the Small Magellanic Cloud (SMC). These relations
differ for different mass ranges, but do not seem to depend on the metallicity regimes. We also compare the dynamical,
spectroscopic, and evolutionary masses of the stars in our sample. While the dynamical and spectroscopic masses agree
with each other, the evolutionary masses are systematically higher, at least for stars in semi-detached systems. This
suggests that the mass discrepancy can be partly explained by past or ongoing interactions between the stars.

Accepted for publication in A&A
Available from https://arxiv.org/abs/1912.06853

The NGC346 massive star census: Nitrogen abundances for apparently
single, narrow lined, hydrogen core burning B-type stars

P.L. Dufton1, C.J. Evans2, D.J. Lennon3,4 and I. Hunter1

1Astrophysics Research Centre, School of Mathematics and Physics, Queen’s University Belfast, Belfast BT7 1NN, UK
2UK Astronomy Technology Centre, Royal Observatory Edinburgh, Blackford Hill, Edinburgh, EH9 3HJ, UK
3Instituto de Astrof́ısica de Canarias, E-38200 La Laguna, Tenerife, Spain
4Departamento de Astrof́ısica, Universidad de La Laguna, E-38205 La Laguna, Tenerife, Spain

Previous analyses of two large spectroscopic surveys of early-type stars in the Large Magellanic Cloud (LMC) have
found an excess of nitrogen enriched B-type targets with a v sin i ≤ 40 km s−1 compared with the predictions of
single star evolutionary models that incorporate rotational mixing. By contrast, the number of such targets with
40 < v sin i ≤ 80 km s−1 were consistent with such models. We have undertaken a similar analysis for 61 B-type tar-
gets which lie towards the young cluster, NGC346 in the Small Magellanic Cloud (SMC). These again have projected
rotational velocities, v sin i ≤ 80 km s−1, are not classified as supergiants, and are apparently single.
Approximately 65% of these SMC targets could have nitrogen enhancements of less than 0.3 dex, which is consistent
with them having experienced only small amounts of mixing due to their low rotational velocities. However, as with
the previous LMC surveys, an excess of stars with low projected rotational velocities, v sin i ≤ 40 km s−1, and signifi-
cant nitrogen enrichments is found. This is estimated to be approximately 5% of the total population of apparently
single B-type stars or 40% of all stars with current rotational velocities of less than 40 km s−1; these percentages are
similar to those found previously for the two LMC samples. For all three surveys, the presence of undetected binaries
and other uncertainties imply that these percentages might be underestimated and that it is indeed possible for all
the single stars with current rotational velocities of less than 40 km s−1 to be nitrogen enriched.
Two possible explanations incorporate the effects of the magnetic field, via either a stellar merger followed by magnetic
braking or the evolution of a single star with a large magnetic field. Both mechanisms would appear to be compatible
with the observed frequency of nitrogen-enriched stars in the Magellanic Clouds. Differences in the properties of the
nitrogen-enriched stars compared with the remainder of the sample would be consistent with the former mechanism.
For the latter, a qualitative comparison with Galactic evolutionary models that incorporate magnetic fields is encour-
aging in terms of the amount of nitrogen enrichment and its presence in stars near the zero-age main sequence.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/1912.07539
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Matter mixing in aspherical core-collapse supernovæ:
Three-dimensional simulations with single star and binary merger

progenitor models for SN1987A
Masaomi Ono1,2, Shigehiro Nagataki1,2, Gilles Ferrand1,2, Koh Takahashi3, Hideyuki Umeda4, Takashi Yoshida4,

Salvatore Orlando5 and Marco Miceli6,5

1Astrophysical Big Bang Laboratory, RIKEN Cluster for Pioneering Research, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
2RIKEN Interdisciplinary Theoretical and Mathematical Science Program (iTHEMS), 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
3Max-Planck-Institut für Gravitationsphysik (Albert-Einstein-Institute) Am Mühlenberg 1, D-14476 Potsdam–Golm, Germany
4Department of Astronomy, Graduate School of Science, The University of Tokyo, 7-3-1 Hongo, bunkyo-ku, Tokyo 113-0033, Japan
5INAF – Osservatorio Astronomico di Palermo, Piazza del Parlamento 1, 90134 Palermo, Italy
6Dipartimento di Fisica e Chimica, Università degli Studi di Palermo, Piazza del Parlamento 1, 90134 Palermo, Italy

We perform three-dimensional hydrodynamic simulations of aspherical core-collapse supernovæ focusing on the matter
mixing in SN1987A. The impacts of four progenitor (pre-supernova) models and parameterized aspherical explosions
are investigated. The four pre-supernova models include a blue supergiant (BSG) model based on a slow merger
scenario developed recently for the progenitor of SN 1987A (Urushibata et al. 2018). The others are a BSG model
based on a single star evolution and two red supergiant (RSG) models. Among the investigated explosion (simulation)
models, a model with the binary merger progenitor model and with an asymmetric bipolar-like explosion, which invokes
a jetlike explosion, best reproduces constraints on the mass of high velocity 56Ni, as inferred from the observed [Fe ii]
line profiles. The advantage of the binary merger progenitor model for the matter mixing is the flat and less extended
ρ r3 profile of the C+O core and the helium layer, which may be characterized by the small helium core mass. From
the best explosion model, the direction of the bipolar explosion axis (the strongest explosion direction), the neutron
star (NS) kick velocity, and its direction are predicted. Other related implications and future prospects are also given.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/1912.02234

Birds of a feather? Magellan/IMACS spectroscopy of the ultra-faint
satellites Grus II, Tucana IV, and TucanaV

J.D. Simon1, T.S. Li1,2,3,4, D. Erkal5, A.B. Pace6,7, A. Drlica-Wagner3,4, D.J. James8, J.L. Marshall7, K.

Bechtol9,10, T.T. Hansen7, K. Kuehn11,12 and C. Lidman13

1Carnegie Observatories, USA
2Princeton, USA
3Fermilab, USA
4Univ. of Chicago, USA
5Univ. of Surrey, UK
6Carnegie Mellon, USA
7Texas A&M, USA
8CfA, USA
9LSST, USA
10Univ. of Wisconsin, USA
11Macquarie Univ., Australia
12Lowell Observatory, USA
13ANU, Australia

We present Magellan/IMACS spectroscopy of three recently discovered ultra-faint Milky Way satellites, Grus II, Tu-
cana IV, and TucanaV. We measure systemic velocities of vhel = −110.0 ± 0.5 km s−1, vhel = 15.9+1.8

−1.7 km s−1, and

vhel = −36.2+2.5
−2.2 km s−1 for the three objects, respectively. Their large relative velocity differences demonstrate that

the satellites are unrelated despite their close physical proximity to one another. We determine a velocity dispersion
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for Tuc IV of σ = 4.3+1.7
−1.0 km s−1, but are unable to resolve the velocity dispersions of the other two systems. For

Gru II we place an upper limit at 90% confidence on the dispersion of σ < 1.9 km s−1, and for TucV we are not
able to obtain any useful limits. All three satellites have low mean metallicities below [Fe/H] = −2.1, but none has a
detectable metallicity spread. Using the spectroscopic member stars, we determine proper motions for each satellite
from the second Gaia data release. We compute their orbits around the Milky Way, finding that all three objects
are currently approaching pericenter. Gru II is on a tightly bound orbit with a pericentric distance of 25+6

−7 kpc and

orbital eccentricity of 0.45+0.08
−0.05. TucV has a significantly more extended orbit, with an apocenter likely beyond 100

kpc, and could be approaching the Milky Way for the first time. The current orbital parameters of Tuc IV are similar
to those of Gru II, with a pericenter of 25+11

−8 kpc and an eccentricity of 0.36+0.13
−0.06. However, a backward integration of

the orbit of Tuc IV demonstrates that it collided with the Large Magellanic Cloud with an impact parameter of 4 kpc
∼ 120 Myr ago, deflecting its trajectory and possibly altering its internal kinematics. Based on their sizes, masses,
and metallicities, we classify Gru II and Tuc IV as likely dwarf galaxies, but we are not able to draw strong conclusions
about the nature of TucV.

Submitted to ApJ
Available from https://arxiv.org/abs/1911.08493

The diffuse ionized gas halo of the Small Magellanic Cloud
Brianna Smart1,2, Matt L. Haffner3,1,4, Kat. A Barger5, Alex Hill6,4,7 and Greg Madsen8

1University of Wisconsin – Madison, USA
2University of Hertfordshire, UK
3Embry–Riddle Aeronautical University, USA
4Space Science Institute, Boulder, USA
5Texas Christian University, USA
6University of British Columbia, Canada
7Dominion Radio Astrophysical Observatory, Canada
8Institute of Astronomy, University of Cambridge, UK

Observations with the Wisconsin Hα Mapper (WHAM) reveal a large, diffuse ionized halo that surrounds the Small
Magellanic Cloud (SMC). We present the first kinematic Hα survey of an extendedregion around the galaxy, from
(l, b) = (289.◦5,−35.◦0) to (315.◦1,−5.◦3) and covering +90 ≤ vLSR ≤ +210 km s−1. The ionized gas emission extends
far beyond the central stellar component of the galaxy, reaching similar distances to that of the diffuse neutral halo
traced by 21 cm observations. Hα emission extends several degrees beyond the sensitivity of current H i surveys toward
smaller Galactic longitudes and more negative Galactic latitudes. The velocity field of the ionized gas near the SMC
appears similar to the neutral halo of the galaxy. Using the observed emission measure as a guide, we estimate the
mass of this newly revealed ionized component to be roughly (0.8–1.0)×109 M⊙, which is comparable to the total
neutral mass in the same region of (0.9–1.1)×109 M⊙. We find ratios of the total ionized gas mass divided by the total
neutral plus ionized gas mass in three distinct subregions to be: (1) 46%–54% throughout the SMC and its extended
halo, (2) 12%–32% in the SMC Tail that extends toward the Magellanic Bridge, and (3) 65%–79% in a filament that
extends away from the SMC toward the Magellanic Stream. This newly discovered, coherent Hα filament does not
appear to have a well-structured neutral component and is also not coincident with two previously identified filaments
traced by 21 cm emission within the Stream.

Published in ApJ, 887, 16 (2019)
Available from https://arxiv.org/abs/1911.11588
and from https://iopscience.iop.org/article/10.3847/1538-4357/ab4d58/pdf
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Superhydrogenated polycyclic aromatic hydrocarbon molecules:
vibrational spectra in the infrared

Xuejuan Yang1,2, Aigen Li2 and Rainer Glaser3

1Department of Physics, Xiangtan University, 411105 Xiangtan, Hunan Province, China
2Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA
3Department of Chemistry, University of Missouri, Columbia, MO 65211, USA

Superhydrogenated polycyclic aromatic hydrocarbons (PAHs) may be present in H-rich and ultraviolet-poor benign
regions. The addition of excess H atoms to PAHs converts the aromatic bonds into aliphatic bonds, the strongest of
which falls near 3.4 µm. Therefore, superhydrogenated PAHs are often hypothesized as a carrier of the 3.4-µm emission
feature which typically accompanies the stronger 3.3-µm aromatic C–H stretching feature seen in various astrophysical
regions. To assess this hypothesis, we use density function theory to compute the infrared (IR) vibrational spectra of
superhydrogenated PAHs and their ions of various sizes (ranging from benzene, naphthalene to perylene and coronene)
and of various degrees of hydrogenation. For each molecule, we derive the intrinsic oscillator strengths of the 3.3-µm
aromatic C–H stretch (A3.3) and the 3.4-µm aliphatic C–H stretch (A3.4). By comparing the computationally-derived
mean ratio of 〈A3.4/A3.3〉 ≈ 1.98 with the mean ratio of the observed intensities 〈I3.4/I3.3〉 ≈ 0.12, we find that the
degree of superhydrogenation – the fraction of carbon atoms attached with extra hydrogen atoms – is only ∼ 2.2%
for neutral PAHs which predominantly emit the 3.3- and 3.4-µm features. We also determine for each molecule the
intrinsic band strengths of the 6.2-µm aromatic C–C stretch (A6.2) and the 6.85-µm aliphatic C–H deformation (A6.85).
We derive the degree of superhydrogenation from the mean ratio of the observed intensities 〈I6.85/I6.2〉 ∼ 0.10 and
〈A6.85/A6.2〉 ≈ 1.53 for neutrals and 〈A6.85/A6.2〉 ≈ 0.56 for cations to be <∼ 3.1% for neutrals and <∼ 8.6% for cations.
We conclude that astrophysical PAHs are primarily aromatic and are only marginally superhydrogenated.

Accepted for publication in The Astrophysical Journal Supplement Series
Available from https://arxiv.org/abs/2001.00717

The single star path to Be stars
Ben Hastings1, Chen Wang1 and Norbert Langer1

1Argelander-Institut für Astronomie, Universität Bonn, Auf dem Hügel 71, 53121 Bonn, Germany

Be stars are rapidly rotating B main sequence stars, which show line emission due to an outflowing disc. By studying
the evolution of rotating single star models, we can assess their contribution to the observed Be star populations. We
identify the main effects which are responsible for single stars to approach critical rotation as functions of initial mass
and metallicity, and predict the properties of populations of rotating single stars. We perform population synthesis with
single star models of initial masses ranging between 3 and 30 M⊙, initial equatorial rotation velocities between 0 and
600 km s−1 at compositions representing the Milky Way, Large and Small Magellanic Clouds. These models include
efficient core-envelope coupling mediated by internal magnetic fields and correspond to the maximum efficiency of Be
star production. We predict Be star fractions and the positions of fast rotating stars in the colour–magnitude diagram.
We identify stellar wind mass-loss and the convective core mass fraction as the key parameters which determine the
time dependance of the stellar rotation rates. Using empirical distributions of initial rotational velocities, our single
star models can reproduce the trends observed in Be star fractions with mass and metallicity. However,they fail to
produce a significant number of stars rotating very close to critical. We also find that rapidly rotating Be stars in
the Magellanic Clouds should have significant surface nitrogen enrichments, which may be in conflict with abundance
determinations of Be stars. Single star evolution may explain the high number of Be stars if 70 to 80% of critical
rotation would be sufficient to produce the Be phenomenon. However even in this case, the unexplained presence of
many Be stars far below the cluster turn-off indicates the importance of the binary channel for Be star production.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/1912.05290
and from https://doi.org/10.1051/0004-6361/201936864
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Why binary interaction does not necessarily dominate the formation of
Wolf–Rayet stars at low metallicity

T. Shenar1, A. Gilkis2, J.S. Vink3, H. Sana1 and A.A.C. Sander3

1K.U. Leuven, Belgium
2University of Cambridge, UK
3Armagh Observatory, Northern Ireland

Classical Wolf–Rayet (WR) stars are massive, hydrogen depleted, post main-sequence stars that exhibit emission-line
dominated spectra. For a given metallicity Z, stars exceeding a certain initial mass Msingle(Z) can reach the WR
phase through intrinsic mass-loss (single-star channel). Stars of lower masses can reach the WR phase via binary mass
transfer (binary channel). It is commonly assumed that the binary channel dominates the formation of WR stars in
environments with low Z such as the SMC and LMC. However, their reported WR binary fractions of 30–40% are
comparable to that of the Galaxy. Here, we explain this apparent contradiction by considering the minimum initial
mass Mspec(Z) needed for the stripped product to appear as a WR star. We calibrate Mspec(Z) using the lowest-
luminosity WR stars in the Clouds and the Galaxy. A range of Msingle(Z) values are explored using various evolution
codes. We estimate the additional contribution of the binary channel by considering the interval [Mspec(Z),Msingle(Z)],
which characterises the initial-mass range in which binaries can form additional WR stars.
Results: The WR-phenomenon ceases below luminosities of logL = 4.9, 5.25, and 5.6 L⊙ in the Galaxy, LMC, and
SMC, which translates to He-star masses of 7.5, 11, 17 M⊙ and initial masses of Mspec = 18, 23, 37 M⊙. Stripped
stars with lower initial masses in the respective galaxies would tend to not appear as WR stars. Msingle lies in the
range 20–30, 30–60, and > 40 M⊙ for the Galaxy, LMC, and SMC. We find that that the additional contribution of
the binary channel is a non-trivial function of Z that cannot be conclusively claimed to be monotonically increasing
with decreasing Z. Hence, one should not a priori expect that binary interactions become increasingly important in
forming WR stars at low Z, or that the WR binary fraction grows with decreasing Z.

Accepted for publication in A&A
Available from https://arxiv.org/abs/2001.04476

Spatial power spectra of dust across the Local Group: no constraint on
disc scale height

Eric W. Koch1, I-Da Chiang2, Dyas Utomo3, Jérémy Chastenet2, Adam K. Leroy3, Erik W. Rosolowsky1 and Karin

M. Sandstrom2

1University of Alberta, Department of Physics, 4-183 CCIS, Edmonton AB T6G 2E1, Canada
2Center for Astrophysics and Space Sciences, Department of Physics, University of California, San Diego, 9500 Gilman Drive, La Jolla,

CA 92093, USA
3The Ohio State University, Department of Astronomy, 140 West 18th Avenue, Columbus, OH 43210, USA

We analyze the 1D spatial power spectra of dust surface density and mid to far-infrared emission at 24–500 µm in the
LMC, SMC, M31, and M33. By forward-modelling the point-spread-function (PSF) on the power spectrum, we find
that nearly all power spectra have a single power-law and point source component. A broken power-law model is only
favoured for the LMC 24-µm MIPS power spectrum and is due to intense dust heating in 30Doradus. We also test for
local power spectrum variations by splitting the LMC and SMC maps into 820-pc boxes. We find significant variations
in the power-law index with no strong evidence for breaks. The lack of a ubiquitous break suggests that the spatial
power spectrum does not constrain the disc scale height. This contradicts claims of a break where the turbulent motion
changes from 3D to 2D. The power spectrum indices in the LMC, SMC, and M31 are similar (2.0–2.5). M33 has a
flatter power spectrum (1.3), similar to more distant spiral galaxies with a centrally-concentrated H ii distribution.
We compare the power spectra of H i, CO, and dust in M31 and M33, and find that H i power spectra are consistently
flatter than CO power spectra. These results cast doubt on the idea that the spatial power spectrum traces large scale
turbulent motion in nearby galaxies. Instead, we find that the spatial power spectrum is influenced by (1) the PSF
on scales below ∼ 3 times the FWHM, (2) bright compact regions (30Doradus), and (3) the global morphology of the
tracer (an exponential CO disc).

Published in MNRAS
Available from https://arxiv.org/abs/1912.09459
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Multiplicity of the red supergiant population in the young massive
cluster NGC330

L.R. Patrick1,2, D.J. Lennon1,2, C.J. Evans3, H. Sana4, J. Bodensteiner4, N. Britavskiy1,2, R. Dorda1,2, A.

Herrero1,2, I. Negueruela5 and A. de Koter4,6

1Instituto de Astrof́ısica de Canarias, E-38205 La Laguna, Tenerife, Spain
2Universidad de La Laguna, Dpto. Astrof́ısica, E-38206 La Laguna, Tenerife, Spain
3UK Astronomy Technology Centre, Royal Observatory, Blackford Hill, Edinburgh, EH9 3HJ, UK
4Institute of astrophysics, K.U. Leuven, Celestijnlaan 200D, 3001, Leuven, Belgium
5Departamento de F́ısica Aplicada, Facultad de Ciencias, Universidad de Alicante, Carretera San Vicente s/n, E03690, San Vicente del

Raspeig, Spain
6Anton Pannekoek Institute for Astronomy, Universiteit van Amsterdam, Science Park 904, NL-1098 XH Amsterdam, The Netherlands

The multiplicity properties of massive stars are one of the important outstanding issues in stellar evolution. Quantifying
the binary statistics of all evolutionary phases is essential to paint a complete picture of how and when massive stars
interact with their companions, and to determine the consequences of these interactions. We investigate the multiplicity
of an almost complete census of red supergiant stars (RSGs) in NGC330, a young massive cluster in the SMC. Using
a combination of multi-epoch HARPS and MUSE spectroscopy, we estimate radial velocities and assess the kinematic
and multiplicity properties of 15 RSGs in NGC330. Radial velocities are estimated to better than ±100 m s−1 for
the HARPS data. The line-of-sight velocity dispersion for the cluster is estimated as 3.20+0.69

−0.52 km s−1. When virial
equilibrium is assumed, the dynamical mass of the cluster is log(Mdyn/M⊙) = 5.20 ± 0.17, in good agreement with
previous upper limits. We detect significant radial velocity variability in our multi-epoch observations and distinguish
between variations caused by atmospheric activity and those caused by binarity. The binary fraction of NGC330
RSGs is estimated by comparisons with simulated observations of systems with a range of input binary fractions.
In this way, we account for observational biases and estimate the intrinsic binary fraction for RSGs in NGC330 as
fRSG = 0.3± 0.1 for orbital periods in the range 2.3 < logP [days] < 4.3, with q > 0.1. Using the distribution of the
luminosities of the RSG population, we estimate the age of NGC330 to be 45 ± 5 Myr and estimate a red straggler
fraction of 50%. We estimate the binary fraction of RSGs in NGC330 and conclude that it appears to be lower than
that of main-sequence massive stars, which is expected because interactions between an RSG and a companion are
assumed to effectively strip the RSG envelope.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2001.02700

How stellar rotation shapes the colour magnitude diagram of the
massive intermediate-age star cluster NGC1846

Sebastian Kamann1, Nate Bastian1, Seth Gossage2, Dietrich Baade3, Ivan Cabrera-Ziri2, Gary Da Costa4, Selma E.

de Mink2,5, Cyril Georgy6, Benjamin Giesers7, Fabian Göttgens7, Michael Hilker3, Tim-Oliver Husser7, Carmela

Lardo8, Søren S. Larsen9, Dougal Mackey4, Silvia Martocchia1,2, Alessio Mucciarelli10,11, Imants Platais12, Martin

M. Roth13, Maurizio Salaris1, Christopher Usher1 and David Yong4

1Astrophysics Research Institute, Liverpool John Moores University, 146 Brownlow Hill, Liverpool L3 5RF, UK
2Harvard & Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
3ESO, European Southern Observatory, Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany
4Research School of Astronomy and Astrophysics, Australian National University, Canberra, ACT 0200, Australia
5AntonPannekoek Institute for Astronomy & GRAPPA, University of Amsterdam, SciencePark 904, 1098XH Amsterdam, TheNetherlands
6Department of Astronomy, University of Geneva, Chemin des Maillettes 51, 1290 Versoix, Switzerland
7Institute for Astrophysics, Georg-August-University, Friedrich-Hund-Platz 1, 37077 Göttingen, Germany
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10INAF–Osservatorio di Astrofisica & Scienza dello Spazio, via Gobetti 93/3, I-40129, Bologna, Italy
11Dipartimento di Fisica & Astronomia, Università degli Studi di Bologna, via Gobetti 93/2, I-40129, Bologna, Italy
12Department of Physics and Astronomy, Johns Hopkins University, 3400 North Charles Street, Baltimore, MD 21218, USA
13Leibniz-Institute for Astrophysics, An der Sternwarte 16, 14482 Potsdam, Germany

We present a detailed study of stellar rotation in the massive 1.5-Gyr old cluster NGC1846 in the Large Magellanic
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Cloud. Similar to other clusters at this age, NGC1846 shows an extended main sequence turn-off (eMSTO), and
previous photometric studies have suggested it could be bimodal. In this study, we use MUSE integral-field spec-
troscopy to measure the projected rotational velocities (v sin i) of around 1 400 stars across the eMSTO and along the
upper main sequence of NGC1846. We measure v sin i values up to ∼ 250 km s−1 and find a clear relation between
the v sin i of a star and its location across the eMSTO. Closer inspection of the distribution of rotation rates reveals
evidence for a bimodal distribution, with the fast rotators centred around v sin i = 140 km s−1 and the slow rotators
centred around v sin i = 60 km s−1. We further observe a lack of fast rotating stars along the photometric binary
sequence of NGC1846, confirming results from the field that suggest that tidal interactions in binary systems can spin
down stars. However, we do not detect a significant difference in the binary fractions of the fast and slowly rotating
sub-populations. Finally, we report on the serendipitous discovery of a planetary nebula associated with NGC1846.

Published in Monthly Notices of the Royal Astronomical Society, 492, 2177 (2020)
Available from https://arxiv.org/abs/2001.01731

Infrared properties of asymptotic giant branch stars in our Galaxy and
the Magellanic Clouds

Kyung-Won Suh1

1Chungbuk National University, South Korea

We investigate infrared properties of asymptotic giant branch (AGB) stars in our Galaxy and the Magellanic Clouds
using various infrared observational data and theoretical models. We use catalogs for the sample of 4996 AGB stars
in our Galaxy and about 39,000 AGB stars in the Magellanic Clouds from the available literature. For each object
in the sample, we cross-identify the 2MASS, WISE, and Spitzer counterparts. To compare the physical properties of
O-rich and C-rich AGB stars in our Galaxy and the Magellanic Clouds, we present IR two-color diagrams (2CDs)
using various photometric data. We perform radiative transfer model calculations for AGB stars using various possible
parameters of central stars and dust shells. Using dust opacity functions of amorphous silicate and amorphous carbon,
the theoretical dust shell models can roughly reproduce the observations of AGB stars on various IR 2CDs. Compared
with our Galaxy, we find that the Magellanic Clouds are deficient in AGB stars with thick dust shells. Compared with
the Large Magellanic Cloud (LMC), the Small Magellanic Cloud (SMC) is more deficient in AGB stars with thick
dust shells. This could be because the Magellanic Clouds are more metal poor than our Galaxy and the LMC is more
metal rich than the SMC. We also present IR properties of known pulsating variable. Investigating the magnitude
distributions at MIR bands for AGB stars in the Magellanic Clouds, we find that the SMC is more deficient in the
bright AGB stars at MIR bands compared with the LMC.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/1912.12886
and from http://web.chungbuk.ac.kr/∼kwsuh/

Nature of a shell of young stars in the outskirts of the Small Magellanic
Cloud

David Mart́ınez-Delgado1 et al.

1Astronomisches Rechen-Institut, Universität Heidelberg, Germany

Context: Understanding the evolutionary history of the Magellanic Clouds requires an in-depth exploration and
characterization of the stellar content in their outer regions, which ultimately are key to tracing the epochs and nature
of past interactions.
Aims: We present new deep images of a shell-like overdensity of stars in the outskirts of the Small Magellanic Cloud
(SMC). The shell, also detected in photographic plates dating back to the fifties, is located at ∼ 1.◦9 from the center
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of the SMC in the North–East direction.
Methods: The structure and stellar content of this feature were studied with multiband, optical data from the Survey
of the MAgellanic Stellar History (SMASH) carried out with the Dark Energy Camera on the Blanco Telescope at
Cerro Tololo Inter-American Observatory. We also investigate the kinematic of the stars in the shell using the Gaia
Data Release 2.
Results: The shell is composed of a young population with an age ∼ 150 Myr, with no contribution from an old
population. Thus, it is hard to explain its origin as the remnant of a tidally disrupted stellar system. The spatial
distribution of the young main-sequence stars shows a rich sub-structure, with a spiral arm-like feature emanating
from the main shell and a separated small arc of young stars close to the globular cluster NGC362. We find that the
absolute g-band magnitude of the shell is Mg,shell = −10.78± 0.02, with a surface brightness of µg,shell = 25.81± 0.01
mag arcsec−2.
Conclusion: We have not found any evidence that this feature is of tidal origin or a bright part of a spiral arm-like
structure. Instead, we suggest that the shell formed in a recent star formation event, likely triggered by an interaction
with the Large Magellanic Cloud and or the Milky Way, ∼ 150 Myr ago.

Published in Astronomy & Astrophysics, 631A, 98 (2019)

The VLT-FLAMES Tarantula Survey XXXII. Low-luminosity late
O-type stars – classification, main physical parameters, and silicon

abundances
N. Markova1, J. Puls2, P.L. Dufton3, D.J. Lennon4, C.J. Evans5, A. de Koter6, O.H. Ramirez-Agudelo7, H. Sana8

and J.S. Vink9

1Institute of Astronomy, National Astronomical Observatory, Bulgarian Academy of Sciences, Bulgaria
2LMU Munchen, Universitäts-Sternwarte, Germany
3ARC, School of Mathematics & Physics, The Queen’s University of Belfast, Belfast, UK
4Instituto de Astrof́ısica de Canarias, La Laguna, Tenerife, Spain
5UK Astronomy Technology Centre, Royal Observatory, Edinburgh, UK
6Astronomical Institute Anton Pannekoek, Amsterdam University, Amsterdam, The Netherlands
7German Aerospace Center, Institute for the Protection of Maritime Infrastructures, Bremerhaven, Germany
8Instituut voor Sterrenkunde, K.U. Leuven, Leuven, Belgium
9Armagh Observatory and Planetarium, Armagh, UK

Analysis of late O-type stars observed in the Large Magellanic Cloud (LMC) by the VLT-FLAMES Tarantula Survey
(VFTS) revealed a discrepancy between the physical properties estimated from model-atmosphere analysis and those
expected from their morphological classifications. Here we revisit the analysis of 32 of these puzzling objects using new
hydrogen–helium–silicon fastwind models and a different fitting approach to re-evaluate their physical properties.
Our new analysis confirms that these stars indeed have properties that are typical of late O-type dwarfs. We also
present the first estimates of silicon abundances for O-type stars in the 30Dor clusters NGC2060 and NGC2070, with
a weighted mean abundance for our sample of 7.05± 0.03. Our values are about 0.20 dex lower than those previously
derived for B-type stars in the LMC clusters N 11 and NGC2004 using tlusty models. Various possibilities (e.g.,
differences in the analysis methods, effects of microturbulence, and real differences between stars in different clusters)
were considered to account for these results. We also used our grid of fastwind models to reassess the impact of
using the Galactic classification criteria for late O-type stars in the LMC by scrutinising their sensitivity to different
stellar properties. At the cool edge of the O star regime the He ii 4686 / He i 4713 ratio used to assign luminosity
class for Galactic stars can mimic giants or bright giants in the LMC, even for objects with high gravities (log

g
> 4.0

dex). We argue that this line ratio is not a reliable luminosity diagnostic for late O-type stars in the LMC, and that
the Si iv 4089 / He i 4026 ratio is more robust for these types.

Published in Astronomy and Astrophysics
Available from https://arxiv.org/abs/2001.01451
and from https://doi.org/10.1051/0004-6361/201937082
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A new mass-loss rate prescription for red supergiants
Emma R. Beasor1,2, Ben Davies2, Nathan Smith3, Jacco Th. van Loon4, Robert D. Gehrz5 and Donald F. Figer6

1NSF’s National Optical-Infrared Astronomy Research Laboratory, 950 N. Cherry Ave., Tucson, AZ 85719, USA
2Astrophysics Research Institute, Liverpool John Moores University, 146 Brownlow Hill, Liverpool L3 5RF, UK
3Steward Observatory, University of Arizona, 933 N. Cherry Ave., Tucson, AZ 85721, USA
4Lennard-Jones Laboratories, Keele University, ST5 5BG, UK
5Minnesota Institute for Astrophysics, School of Physics and Astronomy, 116 Church Street SE, University of Minnesota, Minneapolis,

MN 55455, USA
6Rochester Institute of Technology, 54 Memorial Drive, Rochester, NY 14623, USA

Evolutionary models have shown the substantial effect that strong mass-loss rates (Ṁs) can have on the fate of
massive stars. Red supergiant (RSG) mass-loss is poorly understood theoretically, and so stellar models rely on purely
empirical Ṁ–luminosity relations to calculate evolution. Empirical prescriptions usually scale with luminosity and
effective temperature, but Ṁ should also depend on the current mass and hence the surface gravity of the star, yielding
more than one possible Ṁ for the same position on the Hertzsprung–Russell diagram. One can solve this degeneracy
by measuring Ṁ for RSGs that reside in clusters, where age and initial mass (Mini) are known. In this paper we derive
Ṁ values and luminosities for RSGs in two clusters, NGC2004 and RSGC1. Using newly derived Mini measurements,
we combine the results with those of clusters with a range of ages and derive an Mini-dependent Ṁ -prescription. When
comparing this new prescription to the treatment of mass-loss currently implemented in evolutionary models, we find
models drastically over-predict the total mass-loss, by up to a factor of 20. Importantly, the most massive RSGs
experience the largest downward revision in their mass-loss rates, drastically changing the impact of wind mass-loss
on their evolution. Our results suggest that for most initial masses of RSG progenitors, quiescent mass-loss during the
RSG phase is not effective at removing a significant fraction of the H-envelope prior to core-collapse, and we discuss
the implications of this for stellar evolution and observations of SNe and SN progenitors.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2001.07222

Conference Papers

3D maps of the Magellanic Clouds using Classical Cepheids
Abigail H. Chown1 and Victoria Scowcroft1

1University of Bath, Claverton Down, Bath, BA2 7AY, United Kingdom

Variable stars have been used for over one hundred years as probes for determining astronomical distances; these
distances can be used to map the three-dimensional (3D) structure of nearby galaxies. Exploiting the effect that
moving to the mid-infrared has on Cepheid magnitudes and light curves, we can now map our nearest galaxies in
3D at fidelities never before achievable. Combining data from the OGLE-IV catalogue with mid-infrared photometry
from the Spitzer Space Telescope, around 5000 fundamental mode Cepheids are being used to trace the 3D structure
of the Magellanic Clouds. An automated photometry pipeline has been developed to obtain precise mean magnitudes
and light curves for Cepheids in the Magellanic System, which in turn produces distance measurements for individual
Cepheids accurate to 5%. The resulting detailed maps are being used to probe the geometric and chemical structure
of the Magellanic Clouds, as well as their interaction and dynamical histories. Initial results from this project are
discussed and the future inclusion of RRLyræ to trace the old stellar population of the system is described.

Oral contribution, published in ASP Conference Series: ”RRLyræ/Cepheid 2019: Frontiers of Classical
Pulsators: Theory and Observations”
Available from https://arxiv.org/abs/2001.05899
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Towards precise and accurate Cepheid chemical abundances for 1% H0
measurement: temperature determination

S. Mancino1,2,3, M. Romaniello1, R.I. Anderson1 and R.P. Kudritzki2,4
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One of the outstanding problems in modern physics is the origin is of accelerated expansion of the universe. High-
precision determinations of the Hubble parameter H0 at different redshifts provide direct insight into the Universe
expansion: equation of state of the Dark Energy, geometry and curvature of space, sum of neutrino masses and isotropy
of the Universe. We investigate the effect of chemical composition on the classical distance ladder based on Cepheids
stars and Supernovæ type Ia. Cepheids belonging to Magellanic Clouds represent a natural anchor for the ladder,
due to their proximity and the very well known geometric distance. Accordingly, the LACES collaboration collected
the largest spectroscopic sample of MCs Cepheids, containing more than 300 stars and more than 1200 medium-high
resolution spectra. Abundance measurements, performed by equivalent width and curve of growth analysis, have been
tested on a wide grid of synthetic spectra to quantify the systematic arising from this procedure. We focus on the
errors arising from temperature measurements, using the Line Depth Ratio method. We find that in order to not bias
the final results many aspects (e.g., degeneracy of the atmospheric parameters, instrumental set up etc.) should be
explicitly taken into account. In particular, there is a not negligible metallicity dependence.

Oral contribution, published in ASP Conference Series: ”RRLyræ/Cepheid 2019: Frontiers of Classical
Pulsators: Theory and Observations”
Available from https://arxiv.org/abs/2001.05881

Ultra-deep imaging with amateur telescopes
David Mart́ınez-Delgado1

1Astronomisches Rechen-Institut, Universität Heidelberg, Germany

Amateur small equipment has demonstrated to be competitive tools to obtain ultra-deep imaging of the outskirts of
nearby massive galaxies and to survey vast areas of the sky with unprecedented depth. Over the last decade, amateur
data have revealed, in many cases for the first time, an assortment of large-scale tidal structures around nearby
massive galaxies and have detected hitherto unknown low surface brightness systems in the local Universe that were
not detected so far by means of resolved stellar populations or H i surveys. In the Local Group, low-resolution deep
images of the Magellanic Clouds with telephoto lenses have found some shell-like features, interpreted as imprints of
a recent LMC–SMC interaction. In this review, I discuss these highlights and other important results obtained so far
in this new type of collaboration between high-class astrophotographers and professional astronomers in the research
topic of galaxy formation and evolution.

Oral contribution, published in IAU Symposium 355: ”The Realm of the Low Surface Brightness
Universe”, 2020, eds. D. Valls-Gabaud, I. Trujillo & S. Okamoto (Invited Review)
Available from https://arxiv.org/abs/2001.05746
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Announcement

The rise of metals and dust in galaxies through Cosmic Time

Before the birth of the first generation of stars (population III), the universe contained essentially only hydrogen and
helium atoms. But after these first stars ignited, they synthesized in their cores nuclei of atoms heavier and heavier
(the rise of metals). Some of these atoms have formed grains of dust, which is now everywhere in the interstellar
medium. Dust absorbs and diffuses ultraviolet radiation and optical light, which heats the dust particles that ulti-
mately produce radiation that is re-emitted in the infrared. This process modifies our vision of galaxies and of the
universe and has dominated the universe for several billion years (the rise of dust).

In addition to the effects of reddening and obscuration, dust grains also play a crucial role in star formation and in
the physics and chemistry of the interstellar medium, such as heating and cooling processes, gas dynamics, charge
transfer and the formation of H2 molecules. It is therefore important to progress in understanding the history of the
formation of heavy elements in the universe as well as the different phases of the duty cycle of dust and the variation
of this cycle according to the environment and the cosmic times.

Successive generations of IR and sub-mm telescopes (ISO, AKARI, Spitzer, Herschel, ALMA, IRAM, SPT and others)
have revolutionized galaxy studies in a wide range of astrophysical environments but can still hardly reach the early
universe. Projects in the near future (JWST) and in study could have performances to reach this ambitious goal and
to open the door to the primordial universe.

At the same time, many theoretical advances have been made in understanding the composition, physical nature and
evolution of the dust cycle and the different processes involved. It is the same for the modeling of the history of the
formation of the heavy elements and their ejection in the interstellar, circumgalactic and intergalactic media during
the cosmic times in the frame of the formation and the evolution of the galaxies. It is therefore timely to bring
together theoretical and observational communities to share what we know about the rise of metals and dust in the
universe over a wide range of cosmic times and to discuss effective strategies to best use our powerful current and
future facilities.

See also https://metals-dust.sciencesconf.org/
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