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Editorial

Dear Colleagues,

It is my pleasure to present you the 168th issue of the Magellanic Clouds Newsletter. Many thanks to those who have
posted items.

One of the reasons it’s a slightly slimmer edition than usual is probably because I haven’t been able to approach
authors of recent arXiv postings. Apart from the usual two-week ban after accessing too many e-mail addresses, the
migration of my institution’s e-mail system from Google to Outlook has not come without its hickups. However, the
Newsletter is open to any relevant postings and no invitation to post is required. Over a thousand colleagues are
subscribed, across different research themes, so it’s a great way to reach a diverse audience.

If anyone would like to get involved in producing the Newsletter feel welcome to contact me at astro.mcnews@keele.ac.uk.

While the IAU General Assembly has been postponed to 2022, there is no shortage of on-line conferences including
Cool Stars (see announcement at the end of the Newsletter). These conferences can make science more inclusive,
though they also bring their own challenges. My hope is that this time of crisis brings people together, and that
it fosters collaboration, fairness and support over competition. There are, however, many astronomers, astronomy
students or people interested in astronomy who find themselves in some sort of crisis – be it societal or personal –
unrelated to the current pandemic. This should not be forgotten and we must help them flourish or at the very least
not make it harder for them to do so.

The next issue is planned to be distributed on the 1st of February 2021. I wish you all a peaceful, healthy and
Magellanic new year!

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

Leveraging HST with MUSE – II. Na-abundance variations in
intermediate age star clusters

S. Martocchia1,2, S. Kamann1, S. Saracino1, C. Usher1,3, N. Bastian1, M. Rejkuba2, M. Latour4, C. Lardo5, I.

Cabrera-Ziri6, S. Dreizler4, N. Kacharov7, V. Kozhurina-Platais8, S. Larsen9, S. Mancino2,10,11, I. Platais12 and M.

Salaris1

1Astrophysics Research Institute, Liverpool John Moores University, 146 Brownlow Hill, Liverpool L3 5RF, UK
2European Southern Observatory, Karl-Schwarzschild-Straße 2, D-85748 Garching bei München, Germany
3Department of Astronomy, Oskar Klein Centre, Stockholm University, AlbaNova University Centre, SE-106 91 Stockholm, Sweden
4Institute for Astrophysics, Georg-August-University Göttingen, Friedrich-Hund-Platz 1, D-37077 Göttingen, Germany
5Laboratoire d’astrophysique, École Polytechnique Fédérale de Lausanne (EPFL), Observatoire, 1290, Versoix, Switzerland
6Harvard–Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
7Max-Planck-Institut für Astronomie, Königstuhl 17, D-69117 Heidelberg, Germany
8Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
9Department of Astrophysics/IMAPP, Radboud University, P.O. Box 9010, 6500 GL Nijmegen, The Netherlands
10Technical University of Munich, Cluster of Excellence Universe, Boltzmannstr. 2, D-85748 Garching bei München, Germany
11Ludwig-Maximilians-Universität München, Geschwister-Scholl-Platz 1, 80539 München, Germany
12Department of Physics and Astronomy, Johns Hopkins University, 3400 North Charles Street, Baltimore, MD 21218, USA

Ancient (> 10 Gyr) globular clusters (GCs) show chemical abundance variations in the form of patterns among certain
elements, e.g., N correlates with Na and anti-correlates with O. Recently, N abundance spreads have also been observed
in massive star clusters that are significantly younger than old GCs, down to an age of ∼ 2 Gyr. However, so far N has
been the only element found to vary in such young objects. We report here the presence of Na abundance variations
in the intermediate age massive star clusters NGC416 (∼ 6.5 Gyr old) and Lindsay 1 (∼ 7.5 Gyr old) in the Small
Magellanic Cloud, by combining HST and ESO-VLT MUSE observations. Using HST photometry we were able to
construct ”chromosome maps” and separate sub-populations with different N content, in the red giant branch of each
cluster. MUSE spectra of individual stars belonging to each population were combined, resulting in high signal-to-noise
spectra representative of each population, which were compared to search for mean differences in Na. We find a mean
abundance variation of ∆[Na/Fe] = 0.18 ± 0.04 dex for NGC416 and ∆[Na/Fe] = 0.24 ± 0.05 dex for Lindsay 1. In
both clusters we find that the population that is enhanced in N is also enhanced in Na, which is the same pattern to
the one observed in ancient GCs. Furthermore, we detect a bimodal distribution of core-helium burning Red Clump
(RC) giants in the UV colour–magnitude diagram of NGC416. A comparison of the stacked MUSE spectra of the two
RCs shows the same mean Na abundance difference between the two populations. The results reported in this work
are a crucial hint that star clusters of a large age range share the same origin: they are the same types of objects, but
only separated in age.

Accepted for publication in MNRAS

Available from https://arxiv.org/abs/2009.10023

Variable Magellanic HMXB sources versus variable ULX sources:
nothing to brag about the ULX sources

Dimitris M. Christodoulou1, Silas G.T. Laycock1, Rigel Cappallo1, Ankur Roy1, Sayantan Bhattacharya1 and

Demosthenes Kazanas2

1Lowell Center for Space Science and Technology, Univ. of Massachusetts Lowell, USA
2NASA Goddard Space Flight Center, Laboratory for High-Energy Astrophysics, USA

We carry out a meta-analysis of ultraluminous X-ray (ULX) sources that show large variabilities (by factors of > 10)
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between their highest and lowest emission states in the X-ray energy range of 0.3–10 keV. We are guided by a recent
stringent compilation of 25 such X-ray sources by Song et al. We examine the relation of logN versus logSmax,
where N is the number of sources radiating above the maximum-flux level Smax. We find a strong deviation from
all previously determined slopes in various high-mass X-ray binary (HMXB) samples, in fact the ULX data clearly
show a slope of −0.91. So ULX sources do not appear to be uniform and isotropic in our Universe. We compare the
ULX results against the local X-ray luminosity function of HMXBs in the Small Magellanic Cloud (SMC) constructed
from our latest library that includes 41 Chandra 0.3–8 keV sources and 56 XMM–Newton 0.2–12 keV sources. The
ULX data are not drawn from the same continuous distribution as the SMC data (the ULX data peak at the low
tails of the SMC distributions) and none of our data sets is drawn from a normal distribution or from a log-normal
distribution (they all show marked excesses at both tails). At a significance level of α = 0.05 (2σ), the two-sample
p-value of the Kolmogorov–Smirnov (KS) test gives p = 4.7×10−3 < α for the ULX versus the small Chandra sample;
and p = 1.1× 10−5 ≪ α for the ULX versus the larger XMM–Newton sample, respectively. This adds to the evidence
that ULX sources are not simply the higher end of the known local Be/X-ray pulsar distribution, but they represent
a class of X-ray sources different from the young sources found in the SMC and in individual starburst galaxies. On
the other hand, our two main SMC data sets are found to be statistically consistent, as they are drawn from the same
continuous parent distribution (null hypothesis H0): at the α = 0.05 significance level, the two-sample KS test shows
an asymptotic p-value of 0.308 > α, which tells us to accept H0.

Published in Galaxies

Available from https://www.mdpi.com/2075-4434/8/4/70

Gaia view of a stellar sub-structure in front of the Small Magellanic
Cloud

Abinaya O. Omkumar1, Smitha Subramanian1, Florian Niederhofer2, Jonathan Diaz3, Maria-Rosa L. Cioni2, Dalal

El Youssoufi2, Kenji Bekki3, Richard de Grijs4,5,6 and Jacco Th. van Loon7

1Indian Institute of Astrophysics, Koramangala II Block, Bangalore-560034, India
2Leibniz-Institut für Astrophysik Potsdam (AIP), An der Sternwarte 16. D-14482 Potsdam, Germany
3ICRAR, M468, The University of Western Australia 35 Stirling Highway,Crawley Western Australia, 6009, Australia
4Department of Physics and Astronomy, Macquarie University, Balaclava Road, Sydney, NSW 2109, Australia
5Research Centre for Astronomy, Astrophysics and Astrophotonics, Macquarie University, Balaclava Road, Sydney, NSW 2109, Australia
6International Space Science Institute–Beijing, 1 Nanertiao, Zhongguancun, Hai Dian District, Beijing 100190, China
7Lennard-Jones Laboratories, Keele University, ST5 5BG, UK

Recent observational studies identified a foreground stellar sub-structure traced by red clump (RC) stars (∼ 12 kpc
in front of the main body) in the eastern regions of the Small Magellanic Cloud (SMC) and suggested that it formed
during the formation of the Magellanic Bridge (MB), due to the tidal interaction of the Magellanic Clouds. Previous
studies investigated this feature only up to 4.◦0 from the centre of the SMC due to the limited spatial coverage of the
data and hence could not find a physical connection with the MB. To determine the spatial extent and properties of
this foreground population, we analysed data from the Gaia data release 2 (DR2) of a ∼ 314 deg2 region centred on
the SMC, which cover the entire SMC and a significant portion of the MB. We find that the foreground population
is present only between 2.◦5 to ∼ 5◦–6◦ from the centre of the SMC in the eastern regions, towards the MB and
hence does not fully overlap with the MB in the plane of the sky. The foreground stellar population is found to be
kinematically distinct from the stellar population of the main body with ∼ 35 km s−1 slower tangential velocity and
moving to the North–West relative to the main body. Though the observed properties are not fully consistent with the
simulations, a comparison indicates that the foreground stellar structure is most likely a tidally stripped counterpart
of the gaseous MB and might have formed from the inner disc (dominated by stars) of the SMC. A chemical and 3D
kinematic study of the RC stars along with improved simulations, including both tidal and hydro-dynamical effects,
are required to understand the offset between the foreground structure and MB.

Accepted for publication in Monthly Notices of the Royal Astronomical Society

Available from https://arxiv.org/abs/2010.02687

3

https://www.mdpi.com/2075-4434/8/4/70
https://arxiv.org/abs/2010.02687


Multiple populations of Hβ emission line stars in the Large Magellanic
Cloud cluster NGC1971

Andrés E. Piatti1,2

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

We revisited the young Large Magellanic Cloud star cluster NGC1971 with the aim of providing additional clues to
our understanding of its observed extended Main Sequence turnoff (eMSTO), a feature common seen in young stars
clusters, which was recently argued to be caused by a real age spread similar to the cluster age (∼ 160 Myr). We
combined accurate Washington and Strömgren photometry of high membership probability stars to explore the nature
of such an eMSTO. From different ad hoc defined pseudo colors we found that bluer and redder stars distributed
throughout the eMSTO do not show any inhomogeneities of light and heavy-element abundances. These ’blue’ and
’red’ stars split into two clearly different groups only when the WashingtonM magnitudes are employed, which delimits
the number of spectral features responsible for the appearance of the eMSTO. We speculate that Be stars populate the
eMSTO of NGC1971 because: i) Hβ contributes to the M passband; ii) Hβ emissions are common features of Be stars
and; iii) Washington M and T1 magnitudes show a tight correlation; the latter measuring the observed contribution
of Hα emission line in Be stars, which in turn correlates with Hβ emissions. As far as we are aware, this is the first
observational result pointing to Hβ emissions as the origin of eMSTOs observed in young star clusters. The presence
outcome will certainly open new possibilities of studying eMSTO from photometric systems with passbands centered
at features commonly seen in Be stars.

Accepted for publication in Astronomy & Astrophysics

Three-dimensional structure and dust extinction in the Small
Magellanic Cloud

Petia Yanchulova Merica-Jones1, Karin M. Sandstrom1, L Clifton Johnson2, Andrew E. Dolphin3, Julianne J.

Dalcanton4, Karl Gordon5,6, Julia Roman-Duval5, Daniel R. Weisz7 and Benjamin F. Williams4

1Center for Astrophysics and Space Sciences, University of California, San Diego, USA
2Department of Physics and Astronomy, Northwestern University, USA
3Raytheon, USA
4Department of Astronomy, University of Washington, USA
5Space Telescope Science Institute, USA
6Sterrenkundig Observatorium, Universiteit Gent, Belgium
7Department of Astronomy, University of California, Berkeley, USA

We examine the three-dimensional structure and dust extinction properties in a ∼ 200 pc ×100 pc region in the
southwest bar of the Small Magellanic Cloud (SMC). We model a deep Hubble Space Telescope optical color–magnitude
diagram (CMD) of red clump and red giant branch stars to infer the dust extinction and galactic structure. We model
the distance distribution of the stellar component with a Gaussian and find a centroid distance of 65.2 kpc (distance
modulus µ = 19.07 mag) with a FWHM ≈ 11.3 kpc. This large extent along the line of sight reproduces results from
previous studies using variable stars and red clump stars. Additionally, we find an offset between the stellar and dust
distributions, with the dust on the near side relative to the stars by 3.22+1.69

−1.44 kpc, resulting in a 73% reddened fraction
of stars. Modeling the dust layer with a log-normal AV distribution indicates a mean extinction 〈AV 〉 = 0.41 ± 0.09
mag. We also calculate AV /N(H) = 3.2–4.2×10−23 mag cm2 / H which is significantly lower than the Milky Way value
but is comparable to previous SMC dust-to-gas ratio measurements. Our results yield the first joint dust extinction
and 3D geometry properties in a key region in the SMC. This study demonstrates that CMD modeling can be a
powerful tool to simultaneously constrain dust extinction and geometry properties in nearby galaxies.

Accepted for publication in The Astrophysical Journal

Available from https://arxiv.org/abs/2010.11181
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A search for star clusters in the outskirts of the Large Magellanic
Cloud: indication of clusters in the age gap

M. Gatto1,2, V. Ripepi1, M. Bellazzini3, M. Cignoni4, M.-R.L. Cioni5, M. Dall’Ora1, G. Longo2, M. Marconi1, P.

Schipani1 and M. Tosi3

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

The YMCA (Yes, Magellanic Clouds Again) and STEP (The SMC in Time: Evolution of a Prototype interacting late-
type dwarf galaxy) projects are deep g, i photometric surveys carried out with the VLT Survey Telescope (VST) and
devoted to study the outskirts of the Magellanic System. A main goal of YMCA and STEP is to identify candidate
stellar clusters and complete their census out to the outermost regions of the Magellanic Clouds. We adopted a
specific overdensity search technique coupled with a visual inspection of the colour–magnitude diagrams to select the
best candidates and estimate their ages. To date, we analysed a region of 23 square degrees in the outskirts of the
Large Magellanic Cloud, detecting 85 candidate cluster candidates, 16 of which have estimated ages falling in the
so-called age gap. We use these objects together with literature data to gain insight into the formation and interaction
history of the Magellanic Clouds.

Published in Monthly Notices of the Royal Astronomical Society

Available from https://arxiv.org/abs/2007.00341
and from https://doi.org/10.1093/mnras/staa3003

Interstellar extinction and elemental abundances

W.B. Zuo1,2, Aigen Li3 and Gang Zhao1,2

1CAS Key Laboratory of Optical Astronomy, National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101, China
2School of Astronomy and Space Science, University of Chinese Academy of Sciences, Beijing 100049, China
3Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA

Elements in the interstellar medium (ISM) exist in the form of gas or dust. The interstellar extinction and elemental
abundances provide crucial constraints on the composition, size and quantity of interstellar dust. Most of the extinction
modeling efforts have assumed the total abundances (both in gas and in dust) of the dust-forming elements – known as
the ”interstellar abundances”, the ”interstellar reference abundances”, or the ”cosmic abundances” – to be solar and
the gas-phase abundances to be independent of the interstellar environments. However, it remains unclear if the solar
abundances are an appropriate representation of the interstellar abundances. Meanwhile, the gas-phase abundances are
known to exhibit appreciable variations with the local interstellar environments. In this work we explore the viability
of the abundances of B stars, the solar and protosolar abundances, and the protosolar abundances augmented by
Galactic chemical enrichment (GCE) as an appropriate representation of the interstellar abundances by quantitatively
examining the extinction and elemental abundances of ten interstellar lines of sight for which both the extinction
curves and the gas-phase abundances of all the major dust-forming elements (i.e. C, O, Mg, Si and Fe) have been
observationally determined. Instead of assuming a specific dust model and then fitting the observed extinction curves,
for each sightline we apply the model-independent Kramers–Kronig relation, which relates the wavelength-integrated
extinction to the total dust volume, to place a lower limit on the dust depletion. This, together with the observationally-
derived gas-phase abundances, allows us to rule out the B-star, solar, and protosolar abundances as the interstellar
reference standard. We conclude that the GCE-augmented protosolar abundances are a viable representation of the
interstellar abundances.

Accepted for publication in The Astrophysical Journal Supplement Series

Available from https://arxiv.org/abs/2011.09440
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Announcement

Cool Stars 20.5: Virtually Cool !! 2–4 March 2021

The next Cool Stars, Stellar Systems, and the Sun Workshop will be a virtual one on 2–4 March 2021. We plan 3
daily sessions via a Zoom webinar that will be live-streamed, recorded, and uploaded to Youtube.

Sessions will consist of invited review talks, poster Haiku sessions, live contributed talks. Posters can be uploaded
to Zenodo and will be linked to ADS. Topics will include: the Sun and the Heliosphere; Low mass stars and open
clusters; Evolved luminous stars and globular clusters.

Mark your calendars and check out the deadlines and registrations at http://www.coolstars20half.com

We still hope to see you in Toulouse in 2022 for Cool Stars 21.

See also http://www.coolstars20half.com
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