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Figure 1: The Magellanic Bridges as traced by young main sequence stars (in red) and old RRLyræ stars (in blue).
These Gaia data release 1 results have been submitted by Belokurov et al. ( http://arxiv.org/abs/1611.04614 )

Editorial

Dear Colleagues,

It is my pleasure to present you the 144th issue of the Magellanic Clouds Newsletter.

Please also see the announcement of Nature Astronomy if you hadn’t noticed it before. This is a newly launched
journal that may be of interest to you.

The next issue is planned to be distributed on the 1st of February 2017. I wish you all a Merry Christmas and a
Happy New Year!

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

Multiple populations in the old and massive Small Magellanic Cloud
globular cluster NGC121

Emanuele Dalessandro1,2, Emilio Lapenna2, Alessio Mucciarelli2, Livia Origlia1, Francesco R. Ferraro2 and Barbara

Lanzoni2

1INAF – Bologna Observatory, Italy
2Department of Physics and Astronomy – Bologna University, Italy

We used a combination of optical and near-UV Hubble Space Telescope photometry and FLAMES/ESO-VLT high-
resolution spectroscopy to characterize the stellar content of the old and massive globular cluster (GC) NGC 121 in the
Small Magellanic Cloud (SMC). We report on the detection of multiple stellar populations, the first case in the SMC
stellar cluster system. This result enforces the emerging scenario in which the presence of multiple stellar populations
is a distinctive-feature of old and massive GCs regardless of the environment, as far as the light-element distribution is
concerned. We find that second-generation (SG) stars are more centrally concentrated than first-generation (FG) ones.
More interestingly, at odds with what is typically observed in Galactic GCs, we find that NGC 121 is the only cluster
so far to be dominated by FG stars that account for more than 65% of the total cluster mass. In the framework where
GCs were born with 90–95% of FG stars, this observational finding would suggest that either NGC 121 experienced a
milder stellar mass-loss with respect to Galactic GCs or it formed a smaller fraction of SG stars.

Published in The Astrophysical Journal, Volume 829, Number 2 (2016)
Available from http://arxiv.org/abs/1607.05736
and from 10.3847/0004-637X/829/2/77

Three-dimensional distribution of ejecta in Supernova 1987A at 10 000
days

J. Larsson1, C. Fransson2, J. Spyromilio3, B. Leibundgut3, P. Challis4, R.A. Chevalier5, K. France6,7, A.

Jerkstrand8, R.P. Kirshner4, P. Lundqvist2, M. Matsuura9, R. McCray10, N. Smith11, J. Sollerman2, P.

Garnavich12, K. Heng13, S. Lawrence14, S. Mattila15,16, K. Migotto2, G. Sonneborn17, F. Taddia2 and J.C.

Wheeler18

1KTH, Department of Physics, and the Oskar Klein Centre, AlbaNova, SE-106 91 Stockholm, Sweden
2Department of Astronomy and the Oskar Klein Centre, Stockholm University, AlbaNova, SE-106 91 Stockholm, Sweden
3ESO, Karl-Schwarzschild-Straße 2, 85748 Garching bei München, Germany
4Harvard–Smithsonian Center for Astrophysics, 60 Garden Street, MS-78, Cambridge, MA 02138, USA
5Department of Astronomy, University of Virginia, P.O. Box 400325, Charlottesville, VA 22904-4325, USA
6Laboratory for Atmospheric and Space Physics, University of Colorado, 392 UCB, Boulder, CO 80309, USA
7Center for Astrophysics and Space Astronomy, University of Colorado, 389 UCB, Boulder, CO 80309, USA
8Astrophysics Research Centre, School of Maths and Physics, Queen’s University Belfast, Belfast BT7 1NN, UK
9School of Physics and Astronomy, Cardiff University, Queen’s Buildings, The Parade, Cardiff, CF24 3AA, UK
10Department of Astronomy, University of California, Berkeley, CA 94720-3411, USA
11Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721, USA
12Nieuwland Science, University of Notre Dame, Notre Dame, IN 46556-5670, USA
13University of Bern, Center for Space and Habitability, Sidlerstraße 5, CH-3012 Bern, Switzerland
14Department of Physics and Astronomy, Hofstra University, Hempstead, NY 11549, USA
15Tuorla Observatory, Department of Physics and Astronomy, University of Turku, Vislntie 20, FI-21500 Piikki, Finland
16Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 0HA, UK
17Observational Cosmology Laboratory Code 665, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA
18Department of Astronomy, University of Texas, Austin, TX 78712-0259, USA

Due to its proximity, SN1987A offers a unique opportunity to directly observe the geometry of a stellar explosion

2

http://arxiv.org/abs/1607.05736


as it unfolds. Here we present spectral and imaging observations of SN 1987A obtained ∼ 10 000 days after the
explosion with HST/STIS and VLT/SINFONI at optical and near-infrared wavelengths. These observations allow us
to produce the most detailed 3D map of Hα to date, the first 3D maps for [Ca ii] λλ7292, 7324, [O i] λλ6300, 6364 and
Mg ii λλ9218, 9244, as well as new maps for [Si i]+[Fe ii] 1.644 µm and He i 2.058 µm. A comparison with previous
observations shows that the [Si i]+[Fe ii] flux and morphology have not changed significantly during the past ten years,
providing evidence that it is powered by 44Ti. The time-evolution of Hα shows that it is predominantly powered
by X-rays from the ring, in agreement with previous findings. All lines that have sufficient signal show a similar
large-scale 3D structure, with a north–south asymmetry that resembles a broken dipole. This structure correlates
with early observations of asymmetries, showing that there is a global asymmetry that extends from the inner core to
the outer envelope. On smaller scales, the two brightest lines, Hα and [Si i]+[Fe ii] 1.644 µm, show substructures at
the level of ∼ 200–1000 km s−1 and clear differences in their 3D geometries. We discuss these results in the context
of explosion models and the properties of dust in the ejecta.

Accepted for publication in The Astrophysical Journal
Available from http://arxiv.org/abs/1609.04413

The ALMA detection of CO rotational line emission in AGB stars in
the Large Magellanic Cloud

M.A.T. Groenewegen1 and 23 co-authors

1Koninklijke Sterrenwacht van België, Belgium

Context: Low- and intermediate-mass stars lose most of their stellar mass at the end of their lives on the asymptotic
giant branch (AGB). Determining gas and dust mass-loss rates (MLRs) is important in quantifying the contribution
of evolved stars to the enrichment of the interstellar medium.
Aims: Attempt to, for the first time, spectrally resolve CO thermal line emission in a small sample of AGB stars in
the Large Magellanic Cloud.
Methods: ALMA was used to observe 2 OH/IR stars and 4 carbon stars in the LMC in the CO J = 2–1 line.
Results: We present the first measurement of expansion velocities in extragalactic carbon stars. All four C-stars are
detected and wind expansion velocities and stellar velocities are directly measured. Mass-loss rates are derived from
modelling the spectral energy distribution and Spitzer/IRS spectrum with the dusty code. Gas-to-dust ratios are
derived that make the predicted velocities agree with the observed ones. The expansion velocities and MLRs are
compared to a Galactic sample of well-studied relatively low MLRs stars supplemented with “extreme” C-stars that
have properties more similar to the LMC targets. Gas MLRs derived from a simple formula are significantly smaller
than derived from the dust modelling, indicating an order of magnitude underestimate of the estimated CO abundance,
time-variable mass loss, or that the CO intensities in LMC stars are lower than predicted by the formula derived for
Galactic objects. This could be related to a stronger interstellar radiation field in the LMC.
Conclusions: Although the LMC sample is small and the comparison to Galactic stars is non-trivial because of
uncertainties in their distances (hence luminosities) it appears that for C stars the wind expansion velocities in the
LMC are lower than in the solar neighbourhood, while the MLRs appear similar. This is in agreement with dynamical
dust-driven wind models.

Accepted for publication in A&A
Available from http://arxiv.org/abs/1609.09647
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Neutron-capture element abundances in Magellanic Cloud planetary
nebulæ

A.L. Mashburn1, N.C. Sterling1, S. Madonna2, H.L. Dinerstein3, I.U. Roederer4 and T.R. Geballe5

1University of West Georgia, USA
2IAC, Spain
3University of Texas at Austin, USA
4University of Michigan, USA
5Gemini Observatory, USA

We present near-infrared spectra of ten planetary nebulæ (PNe) in the Large and Small Magellanic Clouds (LMC and
SMC), acquired with the FIRE and GNIRS spectrometers on the 6.5-m Baade and 8.1-m Gemini South Telescopes,
respectively. We detect Se and/or Kr emission lines in eight of these objects, the first detections of n-capture elements
in Magellanic Cloud PNe. Our abundance analysis shows large s-process enrichments of Kr (0.6–1.3 dex) in the six
PNe in which it was detected, and Se is enriched by 0.5–0.9 dex in five objects. We also estimate upper limits to Rb
and Cd abundances in these objects. Our abundance results for the LMC are consistent with the hypothesis that PNe
with 2–3 M⊙ progenitors dominate the bright end of the PN luminosity function in young gas-rich galaxies. We find
no significant correlations between s-process enrichments and other elemental abundances, central star temperature,
or progenitor mass, though this is likely due to our small sample size. We determine S abundances from our spectra
and find that [S/H] agrees with [Ar/H] to within 0.2 dex for most objects, but is lower than [O/H] by 0.2–0.4 dex in
some PNe, possibly due to O enrichment via third dredge-up. Our results demonstrate that n-capture elements can
be detected in PNe belonging to nearby galaxies with ground-based telescopes, allowing s-process enrichments to be
studied in PN populations with well-determined distances.

Accepted for publication in ApJ Letters
Available from http://arxiv.org/abs/1610.03072

EXTraS discovery of two pulsators in the direction of the LMC: a
Be/X-ray binary pulsar in the LMC and a candidate double-degenerate

polar in the foreground
F. Haberl1, G.L. Israel2, G.A. Rodriguez Castillo2, G. Vasilopoulos1, C. Delvaux1, A. De Luca3, S. Carpano1, P.

Esposito4,3, G. Novara3,5, R. Salvaterra3, A. Tiengo3,5,6, D. D’Agostino7 and A. Udalski8

1Max-Planck-Institut für extraterrestrische Physik, Gießenbachstraße, 85748 Garching bei München, Germany
2INAF–Osservatorio Astronomico di Roma, via Frascati 33, I-00040 Monteporzio Catone, Italy
3INAF–Istituto di Astrofisica Spaziale e Fisica Cosmica – Milano, via E. Bassini 15, I-20133 Milano, Italy
4Anton Pannekoek Institute for Astronomy, University of Amsterdam, Postbus 94249, NL-1090-GE Amsterdam, The Netherlands
5Scuola Universitaria Superiore IUSS Pavia, piazza della Vittoria 15, I-27100 Pavia, Italy
6INFN–Istituto Nazionale di Fisica Nucleare, Sezione di Pavia, via A. Bassi 6, I-27100 Pavia, Italy
7CNR–Istituto di Matematica Applicata e Tecnologie Informatiche, via de Marini 6, I-16149 Genova, Italy
8Warsaw University Observatory, Aleje Ujazdowskie 4, 00-478 Warsaw, Poland

The EXTraS project to explore the X-ray Transient and variable Sky searches for coherent signals in the X-ray
archival data of XMM–Newton. XMM–Newton performed more than 400 pointed observations in the region of the
Large Magellanic Cloud (LMC). We inspected the results of the EXTraS period search to systematically look for
new X-ray pulsators in our neighbour galaxy. We analysed the XMM–Newton observations of two sources from the
3XMM catalogue which show significant signals for coherent pulsations. 3XMM J051259.8−682640 was detected as
source with hard X-ray spectrum in two XMM–Newton observations, revealing a periodic modulation of the X-ray
flux with 956 s. As optical counterpart we identify an early-type star with Hα emission. The OGLE I-band light
curve exhibits a regular pattern with three brightness dips which mark a period of ∼ 1350 d. The X-ray spectrum of
3XMM J051034.6−6703563 is dominated by a super-soft blackbody-like emission component (kT ∼ 70 eV) which is
modulated by nearly 100% with a period of ∼ 1418 s. From GROND observations we suggest a star with r′ = 20.9 mag

4

http://arxiv.org/abs/1610.03072


as possible counterpart of the X-ray source. 3XMMJ051259.8−682640 is confirmed as a new Be/X-ray binary pulsar
in the LMC. We discuss the long-term optical period as likely orbital period which would be the longest known from
a high-mass X-ray binary. The spectral and temporal properties of the super-soft source 3XMM J051034.6−670353
are very similar to those of RX J0806.3+1527 and RXJ1914.4+2456 suggesting that it belongs to the class of double-
degenerate polars and is located in our Galaxy rather than in the LMC.

Accepted for publication in Astronomy & Astrophysics
Available from http://arxiv.org/abs/1610.00904

The wind speeds, dust content, and mass-loss rates of evolved AGB and
RSG stars at varying metallicity

Steven R. Goldman1, Jacco Th. van Loon1, Albert A. Zijlstra2, James A. Green3,4, Peter R. Wood5, Ambra Nanni6,

Hiroshi Imai7, Patricia A. Whitelock8,9, Mikako Matsuura10, Martin A. T. Groenewegen11 and José F. Gómez12

1Astrophysics Group, Lennard-Jones Laboratories, Keele University, ST5 5BG, UK
2Jodrell Bank Centre for Astrophysics, Alan Turing Building, School of Physics and Astronomy, The University of Manchester, Oxford

Road, Manchester, M13 9PL, UK
3SKA Organisation, Jodrell Bank Observatory, Lower Withington, Macclesfield, Cheshire, SK11 9DL, UK
4CSIRO Astronomy and Space Science, Australia Telescope National Facility, P.O. Box 76, Epping, NSW 1710, Australia
5Research School of Astronomy and Astrophysics, Australian National University, Weston Creek, ACT 2611, Australia
6Dipartimento di Fisica e Astronomia Galileo Galilei, vicolo dell’Osservatorio 3, 35141 Padova PD, Italy
7Department of Physics and Astronomy, Kagoshima University, 1-21-35 Korimoto, Kagoshima 890-0065, Japan
8South African Astronomical Observatory (SAAO), P.O. Box 9, 7935 Observatory, South Africa
9Astronomy Department, University of Cape Town, 7701 Rondebosch, South Africa
10School of Physics and Astronomy, Cardiff University, Queen’s Buildings, The Parade, Cardiff, CF24 3AA, UK
11Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium
12Instituto de Astrof́ısica de Andalućıa, CSIC, Glorieta de la Astronomı́a s/n, 18008 Granada, Spain

We present the results of our survey of 1612 MHz circumstellar OH maser emission from asymptotic giant branch
(AGB) stars and red supergiants (RSGs) in the Large Magellanic Cloud. We have discovered four new circumstellar
maser sources in the LMC, and increased the number of reliable wind speeds from IR stars in the LMC from 5 to
13. Using our new wind speeds, as well as those from Galactic sources, we have derived an updated relation for
dust driven winds: vexp ∝ ZL0.4. We compare the sub-solar metallicity LMC OH/IR stars with carefully selected
samples of more metal-rich OH/IR stars, also at known distances, in the Galactic Centre and Galactic Bulge. For
8 of the Bulge stars we derive pulsation periods for the first time, using near-IR photometry from the VVV survey.
We have modeled our LMC OH/IR stars and developed an empirical method of deriving gas-to-dust ratios and mass
loss rates by scaling the models to the results from maser profiles. We have done this also for samples in the Galactic
Centre and Bulge and derived a new mass loss prescription that includes luminosity, pulsation period, and gas-to-dust
ratio Ṁ = 1.06+3.5

−0.8 · 10−5 (L/104 L⊙)0.9±0.1(P/500 d)0.75±0.3(rgd/200)−0.03±0.07 M⊙ yr−1. The tightest correlation is
found between mass loss rate and luminosity. We find that the gas-to-dust ratio has little effect on the mass loss of
oxygen-rich AGB stars and RSGs within the Galaxy and the LMC. This suggests that mass loss of oxygen-rich AGB
stars and RSGs is (nearly) independent of metallicity between a half and twice solar.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1610.05761
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A profile analysis of Raman-scattered Ovi bands at 6825 Å and 7082 Å
in Sanduleak’s star

Jeong-Eun Heo1,2, Rodolfo Angeloni2, Francesco Di Mille3, Tali Palma4 and Hee-Won Lee1

1Department of Physics and Astronomy, Sejong University, Seoul, South Korea
2Gemini Observatory, Casilla 603, La Serena, Chile
3Las Campanas Observatory, Carnegie Observatories, Casilla 601, La Serena, Chile
4Departamento de Ciencias F́ısicas, Universidad Andrés Bello, Fernández Concha 700, Las Condes, Santiago, Chile

We present a detailed modeling of the two broad bands observed at 6825 Å and 7082 Å in Sanduleak’s star, a
controversial object in the Large Magellanic Cloud. These bands are known to originate from Raman-scattering of
Ovi λλ1032 and 1038 photons with atomic hydrogen and are only observed in bona fide symbiotic stars. Our high-
resolution spectrum obtained with the Magellan Inamori Kyocera Échelle (MIKE) spectrograph at the Magellan–Clay

Telescope reveals, quite surprisingly, that the profiles of the two bands look very different: while the Raman 6825
Å band shows a single broad profile with a redward extended bump, the Raman 7082 Å band exhibits a distinct
triple-peak profile. Our model suggests that the Ovi emission nebula can be decomposed into a red, blue and central
emission regions from an accretion disk, a bipolar outflow and a further compact, optically thick region. We also
perform Monte Carlo simulations with the aim of fitting the observed flux ratio F (6825)/F (7082) ∼ 4.5, which
indicate that the neutral region in Sanduleak’s star is characterized by the column density NHI ∼ 1 × 1023 cm−2.

Accepted for publication in The Astrophysical Journal
Available from http://arxiv.org/abs/1610.07157

The overlooked role of stellar variability in the extended main sequence
of LMC intermediate-age clusters

Ricardo Salinas1, Michael A. Pajkos2, Jay Strader3, A.K. Vivas4 and Rodrigo Contreras Ramos5

1Gemini Obsevatory, Chile
2Butler University, USA
3Michigan State, USA
4CTIO, Chile
5PUC/MAS, Chile

Intermediate-age star clusters in the Large Magellanic Cloud show extended main sequence turn offs (MSTOs), which
are not consistent with a canonical single stellar population. These broad turn offs have been interpreted as evidence
for extended star formation and/or stellar rotation. Since most of these studies use single frames per filter to do the
photometry, the presence of variable stars near the MSTO in these clusters has remained unnoticed and their impact
totally ignored. We model the influence of δ Scuti using synthetic CMDs, adding variable stars following different levels
of incidence and amplitude distributions. We show that δ Scuti observed at a single phase will produce a broadening
of the MSTO without affecting other areas of a CMD like the upper MS or the red clump; furthermore, the amount
of spread introduced correlates with cluster age as observed. This broadening is constrained to ages ∼ 1–3 Gyr when
the MSTO area crosses the instability strip, which is also consistent with observations. Variable stars cannot explain
bifurcated MSTOs or the extended MSTOs seen in some young clusters, but they can make an important contribution
to the extended MSTOs in intermediate-age clusters.

Accepted for publication in The Astrophysical Journal Letters
Available from http://arxiv.org/abs/1610.06927
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The Tarantula Massive Binary Monitoring project: II. A first SB2
orbital and spectroscopic analysis for the Wolf–Rayet binary R145

T. Shenar1, N.D. Richardson, D.P. Sablowski, R. Hainich and et al.

1University of Potsdam, Germany

We present the first SB2 orbital solution and disentanglement of the massive Wolf–Rayet binary R145 (P = 159
d) located in the Large Magellanic Cloud. The primary was claimed to have a stellar mass greater than 300 M⊙,
making it a candidate for the most massive star known. While the primary is a known late type, H-rich Wolf–Rayet
star (WN6h), the secondary could not be so far unambiguously detected. Using moderate resolution spectra, we are
able to derive accurate radial velocities for both components. By performing simultaneous orbital and polarimetric
analyses, we derive the complete set of orbital parameters, including the inclination. The spectra are disentangled and
spectroscopically analyzed, and an analysis of the wind–wind collision zone is conducted. The disentangled spectra
and our models are consistent with a WN6h type for the primary, and suggest that the secondary is an O3.5 If*/WN7
type star. We derive a high eccentricity of e = 0.78 and minimum masses of M1 sin3 i ∼ M2 sin3 i ∼ 13 ± 2 M⊙,
with q = M2/M1 = 1.01 ± 0.07. An analysis of emission excess stemming from a wind–wind collision yields a similar
inclination to that obtained from polarimetry (i = 39◦ ± 6◦). Our analysis thus implies M1 = 53+40

−20 and M2 = 54+40
−20

M⊙, excluding M1 > 300 M⊙. A detailed comparison with evolution tracks calculated for single and binary stars, as
well as the high eccentricity, suggest that the components of the system underwent quasi-homogeneous evolution and
avoided mass-transfer. This scenario would suggest current masses of ∼ 80 M⊙ and initial masses of Mi,1 ∼ 105 and
Mi,2 ∼ 90 M⊙, consistent with the upper limits of our derived orbital masses, and would imply an age of ∼ 2.2 Myr.

Accepted for publication in A&A
Available from http://arxiv.org/abs/1610.07614

The Clusters AgeS Experiment (CASE). Variable stars in the field of
the globular cluster NGC362

M. Rozyczka1, I.B. Thompson2, W. Narloch1, W. Pych1 and A. Schwarzenberg-Czerny1

1Nicolaus Copernicus Astronomical Center of the Polish Academy of Sciences, ul. Bartycka 18, 00-716 Warsaw, Poland
2The Observatories of the Carnegie Institution for Science, 813 Santa Barbara Street, Pasadena, CA 91101, USA

The field of the globular cluster NGC 362 was monitored between 1997 and 2015 in a search for variable stars. BV
light curves were obtained for 151 periodic or likely periodic variables, over a hundred of which are new detections.
Twelve newly detected variables are proper-motion members of the cluster: two SXPhe and two RRLyr pulsators, one
contact binary, three detached or semi-detached eclipsing binaries, and four spotted variables. The most interesting
objects among these are the binary blue straggler V20 with an asymmetric light curve, and the 8.1 d semidetached
binary V24 located on the red giant branch of NGC 362, which is a Chandra X-ray source. We also provide substantial
new data for 24 previously known variables.

Published in Acta Astronomica 66, 307 (2016)
Available from http://arxiv.org/abs/1610.02173
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New ATCA, ALMA and VISIR observations of the candidate LBV
SK−67◦266 (S61): the nebular mass from modelling 3D density

distributions
C. Agliozzo1,2, R. Nikutta3,4, G. Pignata2,1, N.M. Phillips5,6, A. Ingallinera7, C. Buemi7, G. Umana7, P. Leto7, A.

Noriega-Crespo8, R. Paladini9, F. Bufano7 and F. Cavallaro7,10,11

1Millennium Institute of Astrophysics (MAS), Nuncio Monseñor Sótero Sanz 100, Providencia, Santiago, Chile
2Departamento de Ciencias Fisicas, Universidad Andres Bello, Avda. Republica 252, Santiago, 8320000, Chile
3National Optical Astronomy Observatory, 950 N. Cherry Ave, Tucson, AZ 85719, USA
4Instituto de Astrof́ısica, Facultad de F́ısica, Pontificia Universidad Católica de Chile, Casilla 306, Santiago 22, Chile
5European Southern Observatory, Alonso de Córdova 3107, Vitacura, Santiago, Chile
6Joint ALMA Observatory, Alonso de Córdova 3107, Vitacura, Santiago, Chile
7INAF–Osservatorio Astrofisico di Catania, Via S. Sofia 78, 95123 Catania, Italy
8Space Telescope Science Institute 3700 San Martin Dr., Baltimore, MD, 21218, USA
9Infrared Processing Analysis Center, California Institute of Technology, 770 South Wilson Ave., Pasadena, CA 91125, USA
10CSIRO Astronomy and Space Science, P.O. Box 76, Epping, NSW 1710, Australia
11International Centre for Radio Astronomy Research, Curtin University, Bentley, WA 6102, Australia

We present new observations of the nebula around the Magellanic candidate Luminous Blue Variable S61. These
comprise high-resolution data acquired with the Australia Telescope Compact Array (ATCA), the Atacama Large
Millimetre/Submillimetre Array (ALMA), and VISIR at the Very Large Telescope (VLT). The nebula was detected
only in the radio, up to 17 GHz. The 17 GHz ATCA map, with 0.′′8 resolution, allowed a morphological comparison
with the Hα Hubble Space Telescope image. The radio nebula resembles a spherical shell, as in the optical. The
spectral index map indicates that the radio emission is due to free–free transitions in the ionised, optically thin gas,
but there are hints of inhomogeneities. We present our new public code rhocube to model 3D density distributions,
and determine via Bayesian inference the nebula’s geometric parameters. We applied the code to model the electron
density distribution in the S61 nebula. We found that different distributions fit the data, but all of them converge to
the same ionised mass, ∼ 0.1 M⊙, which is an order of magnitude smaller than previous estimates. We show how the
nebula models can be used to derive the mass-loss history with high-temporal resolution. The nebula was probably
formed through stellar winds, rather than eruptions. From the ALMA and VISIR non-detections, plus the derived
extinction map, we deduce that the infrared emission observed by space telescopes must arise from extended, diffuse
dust within the ionised region.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1611.05259

The radial distribution of the two main-sequence components in the
young massive star cluster NGC1856

Chengyuan Li1, Richard de Grijs2,3, Licai Deng4 and Antonino P. Milone5

1Department of Physics and Astronomy, Macquarie University, Sydney, NSW 2109, Australia
2Kavli Institute for Astronomy & Astrophysics and Department of Astronomy, Peking University, Yi He Yuan Lu 5, Hai Dian District,

Beijing 100871, China
3International Space Science Institute–Beijing, 1 Nanertiao, Zhongguancun, Hai Dian District, Beijing 100190, China
4Key Laboratory for Optical Astronomy, National Astronomical Observatories, Chinese Academy of Sciences, 20A Datun Road, Chaoyang

District, Beijing 100012, China
5Research School of Astronomy & Astrophysics, Australian National University, Mt. Stromlo Observatory, Cotter Rd, Weston, ACT 2611,

Australia

The recent discovery of double main sequences in the young, massive star cluster NGC 1856 has caught significant
attention. The observations can be explained by invoking two stellar generations with different ages and metallicities
or by a single generation of stars composed of two populations characterized by different rotation rates. We analyzed
the number ratios of stars belonging to both main-sequence components in NGC 1856 as a function of radius. We
found that their number ratios remain approximately unchanged from the cluster’s central region to its periphery,
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indicating that both components are homogeneously distributed in space. Through a comparison of the loci of the
best- fitting isochrones with the ridge lines of both stellar components, we found that both multiple stellar populations
and rapid stellar rotation can potentially explain the observed main-sequence bifurcation in NGC 1856. However, if
NGC 1856 were a young representative of the old globular clusters, then the multiple stellar populations model would
not be able to explain the observed homogeneity in the spatial distributions of these two components, since all relevant
scenarios would predict that the second stellar generation should be formed in a more compact configuration than
that of the first stellar generation, while NGC 1856 is too young for both stellar generations to have been fully mixed
dynamically. We speculate that the rapid stellar rotation scenario would be the favored explanation of the observed
multiple stellar sequences in NGC 1856.

Accepted for publication in The Astrophysical Journal
Available from http://arxiv.org/abs/1611.04659

Emission of extremely bright γ-ray pulsar in the Large Magellanic Cloud
George Machabeli1 and Andria Rogava1

1Centre for Theoretical Astrophysics, Institute of Theoretical Physics, Ilia State University, Tbilisi, Georgia

In the present paper a theoretical interpretation of observational characteristics of the pulsar PSR J0540−6919 is
suggested. In particular, we provide a theoretical model explaining the presence of two peaks in the radio domain and
the broadening of these peaks at higher frequencies. The model also explains the pulse-phase coincidence of emission
peaks at different frequencies and shows the physical, ”genetic” connection between the radio emission at frequencies
of the order of GHz with γ emission up to GeV energies.

To be submitted to MNRAS
Available from http://arxiv.org/abs/1611.03735

Multiple stellar populations in Magellanic Cloud clusters. V. The split
main sequence of the young cluster NGC1866

A.P. Milone1, A.F. Marino1, F. D’Antona2, L.R. Bedin3, G. Piotto4,3, H. Jerjen1, J. Anderson5, A. Dotter6, M. Di

Criscienzo2 and E.P. Lagioia7

1RSAA, Australian National University, Australia
2INAF, Roma, Italy
3INAF, Padova, Italy
4University of Padova, Italy
5STScI, USA
6CfA, USA
7IAC, Spain

One of the most unexpected results in the field of stellar populations of the last few years, is the discovery that some
Magellanic-Cloud globular clusters younger than ∼ 400 Myr, exhibit bimodal main sequences (MSs) in their color–
magnitude diagrams (CMDs). Moreover, these young clusters host an extended main sequence turn off (eMSTO) in
close analogy with what is observed in most ∼ 1–2 Gyr old clusters of both Magellanic Clouds. We use high-precision
Hubble Space Telescope photometry to study the young star cluster NGC 1866 in the Large Magellanic Cloud. We
discover an eMSTO and a split MS. The analysis of the CMD reveals that (i) the blue MS is the less populous one,
hosting about one-third of the total number of MS stars; (ii) red-MS stars are more centrally concentrated than blue-
MS stars; (iii) the fraction of blue-MS stars with respect to the total number of MS stars drops by a factor of ∼ 2 in
the upper MS with F814W <

∼19.7 mag. The comparison between the observed CMDs and stellar models reveals that
the observations are consistent with ∼ 200 Myr old highly-rotating stars on the red-MS, with rotation close to critical
value, plus a non-rotating stellar population spanning an age interval between ∼ 140 and 220 Myr, on the blue-MS.
Noticeable, neither stellar populations with different ages only, nor coeval stellar models with different rotation rates,
properly reproduce the observed split MS and eMSTO. We discuss these results in the context of the eMSTO and

9

http://arxiv.org/abs/1611.04659
http://arxiv.org/abs/1611.03735


multiple MS phenomenon.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1611.06725

Gaia TGAS search for Large Magellanic Cloud runaway supergiant
stars: Candidate hypervelocity star discovery, and the nature of R 71

Danny Lennon1, R. van der Marel2, M. Ramos3, W. O’Mullane1 and J. Sahlmann4

1ESA/ESAC, Spain
2STScI, USA
3VitrocisetBelgium for ESA/ESAC
4ESA/STScI, USA

We search for runaway stars in the Large Magellanic Cloud (LMC) by computing the space velocities of the visually
brightest stars in the LMC that are included in the Gaia TGAS proper motion catalog. We compare with predictions
from stellar dynamical models to obtain (peculiar) velocities relative to their local stellar environment. Two of the 31
stars have unusually high proper motions. Of the remaining 29 stars we find that most objects in this sample have
velocities in very good agreement with model predictions of a circularly rotating disk model. Indeed the excellent
fit to the model implies that the TGAS uncertainty estimates are likely overestimated. The fastest outliers in this
subsample contain the LBV R 71 and a few other well known emission line objects though in no case do we derive
velocities consistent with fast (∼ 100 km s−1) runaways. Our results imply that R 71 in particular has a moderate
deviation from the local stellar velocity field (40 km s−1) lending support to the proposition that this object cannot
have evolved as a normal single star since it lies too far from massive star forming complexes to have arrived at its
current position during its lifetime. Our findings therefore strengthen the case for this LBV being the result of binary
evolution. Of the two stars with unusually high proper motions we find that one, the isolated B1.5 Ia+ supergiant
Sk−67◦2 (HIP 22237), is a candidate hypervelocity star, the TGAS proper motion implying a very large peculiar
transverse velocity (∼ 360 km s−1) directed radially away from the LMC centre. If confirmed, for example by Gaia
Data Release 2, it would imply that this massive supergiant, on the periphery of the LMC, is leaving the galaxy where
it will explode as a supernova.

Submitted to A&A
Available from http://arxiv.org/abs/1611.05504

A high fraction of Be stars in young massive clusters: evidence for a
large population of near-critically rotating stars

N. Bastian1, I. Cabrera-Ziri1,2, F. Niederhofer3, S. de Mink4, C. Georgy5, D. Baade2, M. Correnti3, C. Usher1 and

M. Romaniello2

1LJMU, UK
2ESO, Germany
3STScI, USA
4Amsterdam, The Netherlans
5Geneva, Switzerland

Recent photometric analysis of the colour–magnitude diagrams (CMDs) of young massive clusters (YMCs) have found
evidence for splitting in the main sequence and extended main sequence turn-offs, both of which have been suggested
to be caused by stellar rotation. Comparison of the observed main sequence splitting with models has led various
authors to suggest a rather extreme stellar rotation distribution, with a minority (10–30%) of stars with low rotational
velocities and the remainder (70–90%) of stars rotating near the critical rotation (i.e., near break-up). We test this
hypothesis by searching for Be stars within two YMCs in the LMC (NGC 1850 and NGC 1856), which are thought
to be critically rotating stars with decretion disks that are (partially) ionised by their host stars. In both clusters
we detect large populations of Be stars at the main sequence turn-off (∼ 30–60% of stars), which supports previous
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suggestions of large populations of rapidly rotating stars within massive clusters.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1611.06705

Gaia and Variable Stars
A. Udalski 1, I. Soszyński 1, D.M. Skowron1, J. Skowron1, P. Pietrukowicz1, P. Mróz 1, R. Poleski 1,2, M.K.
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2Department of Astronomy, Ohio State University, 140 W. 18th Ave., Columbus, OH 43210, USA
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We present a comparison of the Gaia DR1 samples of pulsating variable stars – Cepheids and RRLyræ type – with
the OGLE Collection of Variable Stars aiming at the characterization of the Gaia mission performance in the stellar
variability domain.
Out of 575 Cepheids and 2322 RRLyræ candidates from the Gaia DR1 samples located in the OGLE footprint in the
sky, 559 Cepheids and 2302 RR Lyræ stars are genuine pulsators of these types. The number of misclassified stars is
low indicating reliable performance of the Gaia data pipeline.
The completeness of the Gaia DR1 samples of Cepheids and RRLyræ stars is at the level of 60–75% as compared to
the OGLE Collection dataset. This level of completeness is moderate and may limit the applicability of the Gaia data
in many projects.

Submitted to Acta Astronomica
Available from http://arxiv.org/abs/1611.08300

The VMC Survey XXII. Hierarchical star formation in the
30Doradus–N158–N159–N160 star-forming complex

Ning-Chen Sun1,2, Richard de Grijs1,2,3, Smitha Subramanian1, Maria-Rosa L. Cioni4,5,6, Stefano Rubele7,8, Kenji
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6University of Hertfordshire, Physics, Astronomy and Mathematics, College Lane, Hatfield AL10 9AB, UK
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We study the hierarchical stellar structures in a ∼ 1.5 deg2 area covering the 30 Doradus–N158–N159–N160 star-
forming complex with the VISTA Survey of the Magellanic Clouds. Based on the young upper main-sequence stars,
we find that the surface densities cover a wide range of values, from log(Σ · pc2)<∼ − 2.0 to log(Σ · pc2)>∼0.0. Their
distributions are highly non-uniform, showing groups that frequently have sub-groups inside. The sizes of the stellar
groups do not exhibit characteristic values, and range continuously from several parsecs to more than 100 pc; the
cumulative size distribution can be well described by a single power law, with the power-law index indicating a
projected fractal dimension D2 = 1.6 ± 0.3. We suggest that the phenomena revealed here support a scenario of
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hierarchical star formation. Comparisons with other star-forming regions and galaxies are also discussed.

Accepted for publication in The Astrophysical Journal
Available from http://arxiv.org/abs/1611.06508

Conference Paper

Study on the abundance discrepancy problem in the Magellanic Clouds
L. Toribio San Cipriano1,2, C. Esteban1,2, G. Domı́nguez-Guzmán3 and J. Garćıa-Rojas1,2
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We present chemical abundances of carbon (C) and oxygen (O) in the Large and Small Magellanic Clouds from
deep and high-quality optical spectra of H ii regions. The data have been taken using the Ultraviolet–Visual Échelle
Spectrograph at the 8.2-m Very Large Telescope with the goal of detecting the faint C ii and O ii recombination lines.
For all the objects of the sample, we determine C2+ abundances from recombination lines and O2+ abundances from
recombination lines and collisionally excited lines. In addition, we calculate the abundance discrepancy factors (ADFs)
for O2+ and C2+, as well as the O/H, C/H and C/O ratios. We study the behaviour of the ADF comparing the values
obtained in the Magellanic Clouds with those obtained for other H ii regions in different galaxies. We also compare
the nebular and stellar abundances in two regions of the sample. Finally, we discuss the chemical evolution of the
MCs through the O/H, C/H and C/O radial gradients and the changes of the C/O ratio as a function of O/H.

Oral contribution, published in the XII Scientific Meeting of the Spanish Astronomical Society held on
July 18–22, 2016, in Bilbao, Spain. Eds. F. Figueras, A. Sánchez-Lavega, S. Pérez-Hoyos, A. Alonso
Herrero, S. Arribas, C. Hernández Monteagudo, Highlights on Spanish Astrophysics IX
Available from http://arxiv.org/abs/1610.08497

Announcement

Nature Astronomy is open for submissions

Nature Astronomy is a truly multidisciplinary journal, launching in January 2017. It will represent – and foster closer
interaction between – all of the key astronomy-relevant disciplines. As a Nature Research journal, it will publish
the most significant research, review and comment at the cutting edge of astronomy, astrophysics, cosmology and
planetary science.

Nature Astronomy will offer a range of content types – including original research, Review Articles, Perspectives,
Commentaries, News & Views and Research Highlights – to explore topical issues as well as showcasing significant
advances in the field.

Publication in Nature Astronomy is free of charge, and its publication policy allows the posting of submitted manuscripts
on preprint servers, and the self-archiving of the published versions of papers six months after publication.

Please visit the Nature Astronomy website for more information and to submit a manuscript:
www.nature.com/natureastronomy

See also http://go.nature.com/2eJgjzS
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