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Editorial

Dear Colleagues,

It is my pleasure to present you the 149th issue of the Magellanic Clouds Newsletter. Variable stars and star clusters
feature prominently – have we found the explanation for the extended main-sequence structure?

Note the meeting on ALMA and (sub)mm observations of evolved stars in Sendai, Japan, in January 2018 – this has
been possible in the LMC!

The next issue is planned to be distributed on the 1st of December 2017.

Editorially Yours,

Jacco van Loon

1

http://www.astro.keele.ac.uk/MCnews


Refereed Journal Papers

Photometric determination of the mass accretion rates of pre-main
sequence stars. V. Recent star formation in the 30Dor Nebula

Guido De Marchi1, Nino Panagia2 and Giacomo Beccari3

1European Space Research and Technology Centre, Noordwijk, The Netherlands
2Space Telescope Science Institute, Baltimore, United States
3European Southern Observatory, Garching bei München, Germany

We report on the properties of the low-mass stars that recently formed in the central ∼ 2.′7× 2.′7 of 30Dor including
the R 136 cluster. Using the photometric catalogue of De Marchi et al. (2011c), based on observations with the Hubble
Space Telescope (HST), and the most recent extinction law for this field, we identify 1035 bona-fide pre-main sequence
(PMS) stars showing Hα excess emission at the 4-σ level with Hα equivalent width of 20 Å or more. Analysis of
the physical parameters and of the spatial distribution of these PMS stars indicates a spread in age spanning the
range ∼ 0.1–50 Myr. The older PMS objects are placed in front of the R 136 cluster and are separated from it by
a conspicuous amount of absorbing material, indicating that star formation has proceeded from the periphery into
the interior of the region. We derive physical parameters for all PMS stars, including masses m, ages t, and mass
accretion rates Ṁacc. To identify reliable correlations between these parameters, which are intertwined, we use a
multivariate linear regression fit of the type log Ṁacc = a× log t+ b× logm+ c. The values of a and b for 30Dor are
compatible with those found in NGC346 and NGC602. We extend the fit to a uniform sample of 1307 PMS stars
with 0.5 < m/M⊙ < 1.5 and t < 16 Myr in six star forming regions in the Large and Small Magellanic Clouds and
Milky Way. We find a = −0.59± 0.02 and b = 0.78± 0.08. The residuals are systematically different between the six
regions and reveal a strong correlation with metallicity Z, of the type c = (−3.69± 0.02)–(0.30± 0.04)× logZ/Z⊙. A
possible interpretation of this trend is that when the metallicity is higher so is the radiation pressure and this limits
the accretion process, both in its rate and duration.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1708.03631
and from www.starformation.eu

The first study of the light-travel time effect in bright eclipsing binaries
in the Small Magellanic Cloud

P. Zasche1, M. Wolf1 and J. Vraštil1

1Faculty of Mathematics and Physics, Astronomical Institute, Charles University, CZ-180 00 Praha 8, V Holešovičkách 2, Czech Republic

The first 100 brightest eclipsing systems from the Small Magellanic Cloud were studied for their period changes.
The photometric data from the surveys OGLE-II, OGLE-III, OGLE-IV and MACHO were combined with our new
CCD observations obtained using the Danish 1.54-m telescope (La Silla, Chile). Besides the period changes the
light curves were also analysed using the program phoebe, which provided the physical parameters of both eclipsing
components. For 14 of these systems the additional bodies were found, having the orbital periods from 2 to 20 yr and
the eccentricities were found to be up to 0.9. Amongst the sample of studied 100 brightest systems, we discussed the
number of systems with particular period changes. About 10 per cent of these stars show eccentric orbit, about the
same numbers have third bodies and about the same show the asymmetric light curves.

Published in Monthly Notices of the Royal Astronomical Society
Available from http://arxiv.org/abs/1706.06897
and from http://adsabs.harvard.edu/abs/2017MNRAS.469.2952Z
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Young LMC clusters: the role red supergiants and multiple stellar
populations in their integrated light and CMDs

Randa Asa’d1, Alexandre Vazdekis2,3, Miguel Cerviño2,3,4, Noelia Noël5, Michael Beasley2,3 and Mahmoud Kassab1

1American University of Sharjah, Physics Department, P.O. Box 26666, Sharjah, UAE
2Instituto de Astrof́ısica de Canarias (IAC), E-38200 La Laguna, Tenerife
3Departamento de Astrof́ısica, Universidad de La Laguna, E-38205 Tenerife, Spain
4Instituto de Astrof́ısica de Andalućıa (IAA–CSIC), Glorieta de la Astronomı́a s/n, 18008 Granada, Spain
5Department of Physics, University of Surrey, Guildford GU2 7XH, UK

The optical integrated spectra of three LMC young stellar clusters (NGC1984, NGC1994 and NGC2011) exhibit
concave continua and prominent molecular bands which deviate significantly from the predictions of single stellar
population (SSP) models. In order to understand the appearance of these spectra, we create a set of young stellar
population (MILES) models, which we make available to the community. We use archival International Ultraviolet
Explorer integrated UV spectra to independently constrain the cluster masses and extinction, and rule out strong
stochastic effects in the optical spectra. In addition, we also analyze deep colour–magnitude diagrams of the clusters
to provide independent age determinations based on isochrone fitting. We explore hypotheses including age-spreads
in the clusters, a top-heavy initial mass function, different SSP models and the role of red supergiant stars (RSG).
We find that the strong molecular features in the optical spectra can only be reproduced by modeling an increased
fraction of ∼ 20 per cent by luminosity of RSG above what is predicted by canonical stellar evolution models. Given
the uncertainties in stellar evolution at Myr ages, we cannot presently rule out the presence of Myr age-spreads in these
clusters. Our work combines different wavelengths as well as different approaches (resolved data as well as integrated
spectra for the same sample) in order to reveal the complete picture. We show that each approach provides important
information but in combination can we better understand the cluster stellar populations.

Published in MNRAS
Available from http://arxiv.org/abs/1708.00369

Large Magellanic Cloud near-infrared synoptic survey. V.
period–luminosity relations of Miras

Wenlong Yuan1, Lucas Macri1, Shiyuan He2, Jianhua Huang2, Shashi Kanbur3 and Chow-Choong Ngeow4

1Department of Physics & Astronomy, Texas A&M University, USA
2Department of Statistics, Texas A&M University, USA
3Department of Physics, State University of New York at Oswego, USA
4Graduate Institute of Astronomy, National Central University of Taiwan, Taiwan

We study the near-infrared properties of 690 Mira candidates in the central region of the Large Magellanic Cloud,
based on time-series observations at JHKs. We use densely-sampled I-band observations from the OGLE project
to generate template light curves in the near infrared and derive robust mean magnitudes at those wavelengths. We
obtain near-infrared period–luminosity relations for oxygen-rich Miras with a scatter as low as 0.12 mag at Ks. We
study the period–luminosity–color relations and the color excesses of carbon-rich Miras, which show evidence for a
substantially different reddening law.

Accepted for publication in The Astronomical Journal
Available from http://arxiv.org/abs/1708.04742
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Observational calibration of the projection factor of Cepheids IV.
Period–projection factor relation of Galactic and Magellanic Cloud

Cepheids
A. Gallenne1, P. Kervella2,3, A. Mérand4, G. Pietrzyński5,6, W. Gieren5,7, N. Nardetto8 and B. Trahin2,3

1European Southern Observatory, Alonso de Córdova 3107, Casilla 19001, Santiago 19, Chile
2Unidad Mixta Internacional Franco–Chilena de Astronomı́a, CNRS/INSU UMI 3386 and Departamento de Astronomı́a, Universidad de

Chile, Casilla 36-D, Santiago, Chile
3LESIA, Observatoire de Paris, PSL Research University, CNRS, Sorbonne Universités, UPMC Univ. Paris 06, Univ. Paris Diderot, Sor-

bonne Paris Cité, 5 Place Jules Janssen, 92195 Meudon, France
4European Southern Observatory, Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany
5Universidad de Concepción, Departamento de Astronomı́a, Casilla 160-C, Concepción, Chile
6Nicolaus Copernicus Astronomical Centre, Polish Academy of Sciences, Bartycka 18, PL-00-716 Warszawa, Poland
7Millenium Institute of Astrophysics, Av. Vicuña Mackenna 4860, Santiago, Chile
8Laboratoire Lagrange, UMR7293, Université de Nice Sophia-Antipolis, CNRS, Observatoire de la Côte d’Azur, Nice, France

Context: The Baade–Wesselink (BW) method, which combines linear and angular diameter variations, is the most
common method to determine the distances to pulsating stars. However, the projection factor, p-factor, used to con-
vert radial velocities into pulsation velocities, is still poorly calibrated. This parameter is critical on the use of this
technique, and often leads to 5–10% uncertainties on the derived distances.
Aims: We focus on empirically measure the p-factor of a homogeneous sample of 29 LMC and 10 SMC Cepheids for
which an accurate average LMC/SMC distance were estimated from eclipsing binary systems.
Methods: We used the sc spips algorithm, which is an implementation of the BW technique. As opposed to other
conventional use, spips combines all observables, i.e. radial velocities, multi-band photometry and interferometry into
a consistent physical modeling to estimate the parameters of the stars. The large number and their redundancy insure
its robustness and improves the statistical precision.
Results: We successfully estimated the p-factor of several Magellanic Cloud Cepheids. Combined with our pre-
vious Galactic results, we find the following P–p relation: −0.08±0.04(logP − 1.18) + 1.24±0.02. We find no evi-
dence of a metallicity dependent p-factor. We also derive a new calibration of the period–radius relation, logR =
0.684±0.007(logP − 0.517) + 1.489±0.002, with an intrinsic dispersion of 0.020. We detect an infrared excess for all
stars at 3.6 µm and 4.5 µm, which might be the signature of circumstellar dust. We measure a mean offset of
∆m3.6 = 0.057± 0.006 mag and ∆m4.5 = 0.065± 0.008 mag.
Conclusions: We provide a new P–p relation based on a multi-wavelengths fit, and can be used for the distance scale
calibration from the BW method. The dispersion is due to the LMC and SMC width we took into account because
individual Cepheids distances are unknown. The new P–R relation has a small intrinsic dispersion, i.e. 4.5% in radius.
Such precision will allow us to accurately apply the BW method to nearby galaxies. Finally, the infrared excesses
we detect raise again the issue on using mid-IR wavelengths to derive period–luminosity relation and calibrate the
Hubble constant. These IR excesses might be the signature of circumstellar dust, and are never taken into account
when applying the BW method at those wavelengths. Our measured offsets may give an average bias of ∼ 2.8% on
the distances derived through mid-IR P–L relations.

Accepted for publication in A&A
Available from http://arxiv.org/abs/1708.09851
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A new interpretation of the period–luminosity sequences of long-period
variables

Michele Trabucchi1, Peter R. Wood2, Josefina Montalbán1, Paola Marigo1, Giada Pastorelli1 and Léo Girardi3

1Dipartimento di Fisica e Astronomia Galileo Galilei Università di Padova, Vicolo dell’Osservatorio 3, I-35122 Padova, Italy
2Research School of Astronomy and Astrophysics, Australian National University, Canberra, ACT2611, Australia
3Astronomical Observatory of Padova – INAF, Vicolo dell’Osservatorio 3, I-35122 Padova, Italy

Period–luminosity (PL) sequences of long period variables (LPVs) are commonly interpreted as different pulsation
modes, but there is disagreement on the modal assignment. Here, we re-examine the observed PL sequences in the
Large Magellanic Cloud, including the sequence of long secondary periods (LSPs), and their associated pulsation modes.
Firstly, we theoretically model the sequences using linear, radial, non-adiabatic pulsation models and a population
synthesis model of the LMC red giants. Then, we use a semi-empirical approach to assign modes to the pulsation
sequences by exploiting observed multi-mode pulsators. As a result of the combined approaches, we consistently find
that sequences B and C′ both correspond to first overtone pulsation, although there are some fundamental mode
pulsators at low luminosities on both sequences. The masses of these fundamental mode pulsators are larger at a
given luminosity than the mass of the first overtone pulsators. These two sequences B and C′ are separated by a
small period interval in which large amplitude pulsation in a long secondary period (sequence D variability) occurs,
meaning that the first overtone pulsation is not seen as the primary mode of pulsation. Observationally, this leads to
the splitting of the first overtone pulsation sequence into the two observed sequences B and C′. Our two independent
examinations also show that sequences A′, A and C correspond to third overtone, second overtone and fundamental
mode pulsation, respectively.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1708.09350

Stellar population of the superbubble N 206 in the LMC I. Analysis of
the Of-type stars

Varsha Ramachandran1, R. Hainich1, W.-R. Hamann1, L.M. Oskinova1, T. Shenar1, A.A.C. Sander1, H. Todt1 and

J.S. Gallagher2

1Institute of Physics and Astronomy, University of Potsdam, Karl-Liebknecht-Str. 24/25, D-14476 Potsdam, Germany
2Department of Astronomy, University of Wisconsin–Madison, WI, USA

Massive stars are the key agents of feedback. Consequently, quantitative analysis of massive stars are required to
understand how the feedback of these objects shapes/ creates the large scale structures of the ISM. The giant H ii

region N206 in the Large Magellanic Cloud contains an OB association that powers a X-ray superbubble, serving
as an ideal laboratory in this context. We obtained optical spectra with the multi-object spectrograph FLAMES at
the ESO-VLT. When possible, the optical spectroscopy was complemented by UV spectra from the HST, IUE, and
FUSE archives. Detailed spectral classifications are presented for our sample Of-type stars. For the quantitative
spectroscopic analysis we use the Potsdam Wolf–Rayet (PoWR) model atmosphere code. The physical parameters
and nitrogen abundances of our sample stars are determined by fitting synthetic spectra to the observations. The
stellar and wind parameters of nine Of-type stars are used to construct wind momentum,luminosity relationship. We
find that our sample follows a relation close to the theoretical prediction, assuming clumped winds. The most massive
star in the N 206 association is an Of supergiant which has a very high mass-loss rate. Two objects in our sample
reveal composite spectra, showing that the Of primaries have companions of late O subtype. All stars in our sample
have an evolutionary age less than 4 million years, with the O2-type star being the youngest. All these stars show a
systematic discrepancy between evolutionary and spectroscopic masses. All stars in our sample are nitrogen enriched.
Nitrogen enrichment shows a clear correlation with increasing projected rotational velocities. The mechanical energy
input from the Of stars alone is comparable to the energy stored in the N 206 superbubble as measured from the
observed X-ray and Hα emission.

Accepted for publication in A&A
Available from http://arxiv.org/abs/1708.05088
and from https://www.aanda.org/articles/aa/pdf/forth/aa31093-17.pdf
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The dynamical origin of multiple populations in intermediate-age
clusters in the Magellanic Clouds

Jongsuk Hong1, Richard de Grijs1,2,3, Abbas Askar4, Peter Berczik5,6, Chengyuan Li7, Long Wang8, Licai Deng9,

M.B.N. Kouwenhoven10, Mirek Giersz4 and Rainer Spurzem1,6,11

1Kavli Institute for Astronomy and Astrophysics, Peking University, Yi He Yuan Lu 5, HaiDian District, Beijing 100871, China
2Department of Astronomy, School of Physics, Peking University, Yi He Yuan Lu 5, HaiDian District, Beijing 100871, China
3International Space Science Institute – Beijing, 1 Nanertiao, Zhongguancun, Hai Dian District, Beijing 100190, China
4Nicolaus Copernicus Astronomical Centre, Polish Academy of Sciences, ul. Bartycka 18, PL-00-716 Warsaw, Poland
5Main Astronomical Observatory, National Academy of Sciences of Ukraine, 27 Akademika Zabolotnoho St., UA-03143 Kyiv, Ukraine
6Key Laboratory for Computational Astrophysics, National Astronomical Observatories, Chinese Academy of Sciences, 20A Datun Road,

Chaoyang District, Beijing 100012, China
7Department of Physics and Astronomy, Macquarie University, Sydney, NSW 2109, Australia
8RIKEN Advanced Institute for Computational Science, 7-1-26 Minatojima-minami-machi, Chuo-ku, Kobe, Hyogo 650-0047, Japan
9Key Laboratory for Optical Astronomy, National Astronomical Observatories, Chinese Academy of Sciences, 20A Datun Road, Chaoyang

District, Beijing 100012, China
10Department of Mathematical Sciences, Xián Jiaotong–Liverpool University, 111 Renái Rd., Suzhou Dushu Lake Science and Education

Innovation District, Suzhou Industrial Park, Suzhou 215123, China
11Astronomisches Rechen-Institut, Zentrum für Astronomie, University of Heidelberg, Mönchhofstraße 12-14, D-69120 Heidelberg, Germany

Numerical simulations were carried out to study the origin of multiple stellar populations in the intermediate-age
clusters NGC411 and NGC1806 in the Magellanic Clouds. We performed nbody6++ simulations based on two
different formation scenarios, an ad hoc formation model where second-generation (SG) stars are formed inside a
cluster of first-generation (FG) stars using the gas accumulated from the external intergalactic medium and a minor
merger model of unequal mass (MSG/MFG ∼ 5–10 per cent) clusters with an age difference of a few hundred million
years. We compared our results such as the radial profile of the SG-to-FG number ratio with observations on the
assumption that the SG stars in the observations are composed of cluster members, and confirmed that both the
ad hoc formation and merger scenarios reproduce the observed radial trend of the SG-to-FG number ratio, which
shows less centrally concentrated SG than FG stars. It is difficult to constrain the formation scenario for the multiple
populations by only using the spatial distribution of the SG stars. SG stars originating from the merger scenario
show a significant velocity anisotropy and rotational features compared to those from the ad hoc formation scenario.
Thus, observations aimed at kinematic properties like velocity anisotropy or rotational velocities for SG stars should
be obtained to better understand the formation of the multiple populations in these clusters. This is, however, beyond
current instrumentation capabilities.

Published in MNRAS 472, 67 (2017)
Available from http://arxiv.org/abs/1707.09153
and from https://doi.org/10.1093/mnras/stx1954

NGC1866: First spectroscopic detection of fast rotating stars in a
young LMC cluster

A.K. Dupree1, A. Dotter1, C.I. Johnson1, A.F. Marino2, A.P. Milone2, J.I. Bailey, III3, J.D. Crane4, M. Mateo5

and E.W. Olszewski6

1Harvard–Smithsonian Center for Astrophysics, Cambridge, MA 02138, USA
2Australian National University, Mt. Stromlo Observatory, ACT 2611, Australia
3Leiden Observatory, Leiden, The Netherlands
4The Observatories of the Carnegie Institution for Science, Pasadena, CA, USA
5Dept. of Astronomy, University of Michigan, Ann Arbor, MI, USA
6The University of Arizona, Tucson, AZ, USA

High-resolution spectroscopic observations were taken of 29 extended main sequence turn-off (eMSTO) stars in the
young (∼ 200 Myr) LMC cluster, NGC1866 using the Michigan/Magellan Fiber System and MSpec spectrograph
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on the Magellan–Clay 6.5-m telescope. These spectra reveal the first direct detection of rapidly rotating stars whose
presence has only been inferred from photometric studies. The eMSTO stars exhibit Hα emission (indicative of Be-star
decretion disks), others have shallow broad Hα absorption (consistent with rotation >

∼150 km s−1), or deep Hα core
absorption signaling lower rotation velocities (<∼150 km s−1). The spectra appear consistent with two populations of
stars – one rapidly rotating, and the other, younger and slowly rotating.

Published in Astrophysical Journal Letters, 846, L1 (2017)
Available from http://arxiv.org/abs/1708.03386
and from http://dx.doi.org/10.3847/2041-8213/aa85dd

An upper limit on the mass of a central black hole in the Large
Magellanic Cloud from the stellar rotation field

H. Boyce1,2, N. Lützgendorf2, R. van der Marel2,3, H. Baumgardt4, M. Kissler-Patig5, N. Neumeyer6 and P.T. de

Zeeuw7,8

1Department of Physics and McGill Space Institute, McGill University, Canada
2Space Telescope Science Institute, USA
3Center for Astrophysical Sciences, Department of Physics & Astronomy, Johns Hopkins University, USA
4School of Mathematics and Physics, The University of Queensland, Australia
5Gemini Observatory, Hawai’i, USA
6Max-Planck-Institut für Astronomie, Germany
7European Southern Observatory (ESO), Germany
8Sterrewacht Leiden, Leiden University, The Netherlands

We constrain the possible presence of a central black hole (BH) in the center of the Large Magellanic Cloud. This
requires spectroscopic measurements over an area of the order of a square degree, due to the poorly known position
of the kinematic center. Such measurements are now possible with the impressive field of view of the Multi Unit
Spectroscopic Explorer (MUSE) on the ESO Very Large Telescope. We used the Calcium Triplet (∼ 850 nm) spectral
lines in many short exposure MUSE pointings to create a two-dimensional integrated-light line-of sight velocity map
from the ∼ 108 individual spectra, taking care to identify and remove Galactic foreground populations. The data
reveal a clear velocity gradient at an unprecedented spatial resolution of 1 arcmin2. We fit kinematic models to arrive
at a 3-σ upper-mass limit of 107.1 M⊙ for any central BH – consistent with the known scaling relations for supermassive
black holes and their host systems. This adds to the growing body of knowledge on the presence of BHs in low-mass
and dwarf galaxies, and their scaling relations with host-galaxy properties, which can shed light on theories of BH
growth and host system interaction.

Published in The Astrophysical Journal, 846, 14 (2017)
Available from http://arxiv.org/abs/1612.00045
and from http://iopscience.iop.org/article/10.3847/1538-4357/aa830c/meta

The Small Magellanic Cloud Investigation of Dust and Gas Evolution
(SMIDGE): The dust extinction curve from red clump stars

Petia Yanchulova Merica-Jones1, Karin M. Sandstrom1, L. Clifton Johnson1, Julianne Dalcanton2, Andrew E.

Dolphin3, Karl Gordon4,5, Daniel R. Weisz6 and Benjamin F. Williams2

1Center for Astrophysics and Space Sciences, Department of Physics, University of California, 9500 Gilman Drive, La Jolla, San Diego,

CA 92093, USA
2Department of Astronomy, University of Washington, Box 351580, Seattle, WA 98195, USA
3Raytheon; 1151 E. Hermans Road, Tucson, AZ 85756, USA
4Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
5Sterrenkundig Observatorium, Universiteit Gent, Gent, Belgium
6Department of Astronomy, University of California, 501 Campbell Hall #3411, Berkeley, CA 94720-3411, USA

We use Hubble Space Telescope (HST) observations of red clump stars taken as part of the Small Magellanic Cloud
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Investigation of Dust and Gas Evolution (SMIDGE) program to measure the average dust extinction curve in a ∼ 200
pc ×100 pc region in the southwest bar of the Small Magellanic Cloud (SMC). The rich information provided by
our 8-band ultra-violet through near-infrared photometry allows us to model the color–magnitude diagram of the
red clump accounting for the extinction curve shape, a log-normal distribution of AV , and the depth of the stellar
distribution along the line of sight. We measure an extinction curve with R475 = A475/(A475 − A814) = 2.65 ± 0.11.
This measurement is significantly larger than the equivalent values of published Milky Way RV = 3.1 (R475 = 1.83)
and SMC Bar RV = 2.74 (R475 = 1.86) extinction curves. Similar extinction curve offsets in the Large Magellanic
Cloud (LMC) have been interpreted as the effect of large dust grains. We demonstrate that the line-of-sight depth of
the SMC (and LMC) introduces an apparent “gray” contribution to the extinction curve inferred from the morphology
of the red clump. We show that no gray dust component is needed to explain extinction curve measurements when a
full-width half-max depth of 10± 2 kpc in the stellar distribution of the SMC (5± 1 kpc for the LMC) is considered,
which agrees with recent studies of Magellanic Cloud stellar structure. The results of our work demonstrate the power
of broad-band HST imaging for simultaneously constraining dust and galactic structure outside the Milky Way.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1709.01093

Structured star formation in the Magellanic inter-Cloud region
A.D. Mackey1, S.E. Koposov2,3, G.S. Da Costa1, V. Belokurov2, D. Erkal2, F. Fraternali4,5, N.M.

McClure-Griffiths1 and M. Fraser6

1Australian National University, Australia
2University of Cambridge, UK
3Carnegie Mellon University, USA
4University of Bologna, Italy
5University of Groningen, The Netherlands
6University College Dublin, Ireland

We use a new contiguous imaging survey conducted using the Dark Energy Camera to investigate the distribution and
properties of young stellar populations in the Magellanic inter-Cloud region. These young stars are strongly spatially
clustered, forming a narrow chain of low-mass associations that trace the densest H i gas in the Magellanic Bridge
and extend, in projection, from the SMC to the outer disk of the LMC. The associations in our survey footprint have
ages <

∼30 Myr, masses in the range ∼ 100–1200 M⊙, and very diffuse structures with half-light radii of up to ∼ 100
pc. The two most populous are strongly elliptical, and aligned to ≈ 10◦ with the axis joining the centres of the LMC
and SMC. These observations strongly suggest that the young inter-Cloud populations formed in situ, likely due to
the compression of gas stripped during the most recent close LMC–SMC encounter. The associations lie at distances
intermediate between the two Clouds, and we find no evidence for a substantial distance gradient across the imaged
area. Finally, we identify a vast shell of young stars surrounding a central association, that is spatially coincident with
a low column density bubble in the H i distribution. The properties of this structure are consistent with a scenario
where stellar winds and supernova explosions from massive stars in the central cluster swept up the ambient gas into
a shell, triggering a new burst of star formation. This is a prime location for studying stellar feedback in a relatively
isolated environment.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1708.04363

Star cluster formation history along the minor axis of the Large
Magellanic Cloud

Andrés E. Piatti1,2, Andrew A. Cole3 and Bryn Emptage3

1Consejo Nacional de Investigaciones Cient́ıficas y Técnicas, Av. Rivadavia 1917, C1033AAJ, Buenos Aires, Argentina
2Observatorio Astronómico, Universidad Nacional de Córdoba, Laprida 854, 5000, Córdoba, Argentina
3School of Physical Sciences, University of Tasmania, Private Bag 37, Hobart, 7001 TAS, Australia

We analysed Washington CMT1 photometry of star clusters located along the minor axis of the LMC, from the LMC
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optical centre up to ∼ 39◦ outwards to the North–West. The data base was exploited in order to search for new star
cluster candidates, to produce cluster CMDs cleaned from field star contamination and to derive age estimates for
a statistically complete cluster sample. We confirmed that 146 star cluster candidates are genuine physical systems,
and concluded that an overall ∼ 30 per cent of catalogued clusters in the surveyed regions are unlikely to be true
physical systems. We did not find any new cluster candidates in the outskirts of the LMC (deprojected distance
≥ 8◦). The derived ages of the studied clusters are in the range 7.2 < log(t/yr) ≤ 9.4, with the sole exception of
the globular cluster NGC1786 (log(t/yr) = 10.10). We also calculated the cluster frequency for each region, from
which we confirmed previously proposed outside–in formation scenarios. In addition, we found that the outer LMC
fields show a sudden episode of cluster formation (log(t/yr) ∼ 7.8–7.9) that continued until log(t/yr) ∼ 7.3 only in the
outermost LMC region. We link these features to the first pericentre passage of the LMC to the MW, which could
have triggered cluster formation due to ram pressure interaction between the LMC and MW halo.

Accepted for publication in Monthly Noticies of the Royal Astronomical Society

Spectroscopic and photometric oscillatory envelope variability during
the SDoradus outburst of the luminous blue variable R 71

A. Mehner1, D. Baade2, J.H. Groh3, T. Rivinius1, F.-J. Hambsch4,5, E.S. Bartlett1, D. Asmus1, C. Agliozzo6,7, T.

Szeifert1 and O. Stahl8

1ESO – European Organisation for Astronomical Research in the Southern Hemisphere, Alonso de Córdova 3107, Vitacura, Santiago de

Chile, Chile
2ESO – European Organisation for Astronomical Research in the Southern Hemisphere, Karl-Schwarzschild-Straße 2, 85748 Garching bei

München, Germany
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Context: Luminous Blue Variables (LBVs) are evolved massive stars that exhibit instabilities not yet understood.
Stars can lose several solar masses during this evolutionary phase. The LBV phenomenon is thus critical in our
understanding of the evolution of the most massive stars.
Aims: The LBV R71 in the Large Magellanic Cloud is presently undergoing an SDoradus outburst, which started
in 2005. To better understand the LBV phenomenon, we determine R 71’s fundamental stellar parameters during
its quiescence phase. In addition, we analyze multi-wavelength spectra and photometry obtained during the current
outburst.
Methods: Pre-outburst CASPEC spectra from 1984–1997, EMMI spectra in 2000, UVES spectra in 2002, and FEROS
spectra from 2005 are analyzed with the radiative transfer code cmfgen to determine the star’s fundamental stellar
parameters. A spectroscopic monitoring program with VLT X-shooter since 2012 secures visual to near-infrared spectra
throughout the current outburst, which is well-covered by ASAS and AAVSO photometry. Mid-infrared images and
radio data were also obtained.
Results: During quiescence, R 71 has an effective temperature of Teff = 15 500 K and a luminosity of log(L⋆/L⊙) = 5.78.
We determine its mass-loss rate to 4.0× 10−6 M⊙ yr−1. We present R 71’s spectral energy distribution from the near-
ultraviolet to the mid-infrared during its present outburst. Semi-regular oscillatory variability in the star’s light curve
is observed during the current outburst. Absorption lines develop a second blue component on a timescale twice that
length. The variability may consist of one (quasi-)periodic component with P ∼ 425/850 d with additional variations
superimposed.
Conclusions: R71 is a classical LBV, but at the lower luminosity end of this group. Mid-infrared observations suggest
that we are witnessing dust formation and grain evolution. During its current SDoradus outburst, R 71 occupies
a region in the HR diagram at the high-luminosity extension of the Cepheid instability strip and exhibits similar
irregular variations as RVTau variables. LBVs do not pass the Cepheid instability strip because of core evolution,
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but they develop comparable cool, low-mass, extended atmospheres in which convective instabilities may occur. As
in the case of RVTau variables, the occurrence of double absorption lines with an apparent regular cycle may be due
to shocks within the atmosphere and period doubling may explain the factor of two in the lengths of the photometric
and spectroscopic cycles.

Accepted for publication in A&A
Available from http://arxiv.org/abs/1709.00160
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We present results from the analysis of 2997 fundamental mode RRLyræ variables located in the Small Magellanic
Cloud (SMC). For these objects near-infrared time-series photometry from the VISTA survey of the Magellanic Clouds
system (VMC) and visual light curves from the OGLE IV survey are available. In this study the multi-epoch Ks-band
VMC photometry was used for the first time to derive intensity-averaged magnitudes of the SMC RRLyræ stars. We
determined individual distances to the RRLyræ stars from the near-infrared period–absolute magnitude–metallicity
(PMKsZ) relation, which has a number of advantages in comparison with the visual absolute magnitude–metallicity
(MV –[Fe/H]) relation, such as a smaller dependence of the luminosity on interstellar extinction, evolutionary effects
and metallicity. The distances we have obtained were used to study the three-dimensional structure of the SMC. The
distribution of the SMC RRLyræ stars is found to be ellipsoidal. The actual line-of-sight depth of the SMC is in the
range from 1 to 10 kpc, with an average depth of 4.3 ± 1.0 kpc. We found that RRLyræ stars in the eastern part
of the SMC are affected by interactions of the Magellanic Clouds. However, we do not see a clear bimodality in the
distribution of RRLyræ stars as observed for red clump (RC) stars.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1709.09064

Wolf–Rayet stars in the Small Magellanic Cloud as testbed for massive
star evolution

Abel Schootemeijer1 and Norbert Langer1

1Argelander Institut für Astronomie, Germany

The majority of Wolf–Rayet (WR) stars represent the stripped cores of evolved massive stars who lost most of their
hydrogen envelope. In low metallicity environments, such as the Small Magellanic Cloud (SMC), stellar winds are

10

http://arxiv.org/abs/1709.00160
http://arxiv.org/abs/1709.09064


weaker and binary interaction is expected to dominate WR-star formation. However, the WR binary fraction appears
to be ∼ 40% at any metallicity. We use the recently determined physical properties of the twelve known SMC WR
stars to explore their possible formation channels through comparisons with grids of SMC models, simulated with the
detailed stellar evolution code mesa. These include models of rapidly rotating single stars, which experience (partial)
chemically homogeneous evolution (CHE). We find that CHE is not able to account for the majority of the SMC
WR stars. However, the apparently single WN star SMCAB12 and the double WR system SMCAB5 (HD5980)
appear consistent with this channel. We also analyze core helium burning stellar models assuming constant hydrogen
gradients in their envelopes. We find a dichotomy in the envelope hydrogen gradients required to explain the observed
temperatures of the SMC WR stars. Shallow gradients are found for the WR stars with O star companions, consistent
with binary models where mass transfer occurs early, which is in agreement with their binary properties. On the
other hand, much steeper hydrogen gradients are inferred for the group of hot apparently single WR stars. Since the
hydrogen profiles in post main sequence models of massive stars become steeper with time, we conclude that these
stars have most likely been stripped by a companion during a phase of common envelope evolution. The companions,
either main sequence stars or compact objects, are expected to still be present. A corresponding search might identify
the first immediate double black hole binary progenitor with masses as high as those detected in GW150914.

Submitted to Astronomy & Astrophysics
Available from http://arxiv.org/abs/1709.08727
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Context: Multiple stellar systems are unique laboratories for astrophysics. Analysis of their orbital dynamics, if
well characterized from their observations, may reveal invaluable information about the physical properties of the
participating stars. Unfortunately, there are only a few known and well described multiple systems, this is even more
so for systems located outside the Milky Way galaxy. A particularly interesting situation occurs when the inner binary
in a compact triple system is eclipsing. This is because the stellar interaction, typically resulting in precession of
orbital planes, may be observable as a variation of depth of the eclipses on a long timescale.
Aims: We aim to present a novel method to determine compact triples using publicly available photometric data
from large surveys. Here we apply it to eclipsing binaries (EBs) in Magellanic Clouds from OGLE III database.
Our tool consists of identifying the cases where the orbital plane of EB evolves in accord with expectations from the
interaction with a third star. Methods. We analyzed light curves (LCs) of 26,121 LMC and 6,138 SMC EBs with
the goal to identify those for which the orbital inclination varies in time. Archival LCs of the selected systems, when
complemented by our own observations with Danish 1.54-m telescope, were thoroughly analyzed using the phoebe

program. This provided physical parameters of components of each system. Time dependence of the EB’s inclination
was described using the theory of orbital-plane precession. By observing the parameter- dependence of the precession
rate, we were able to constrain the third companion mass and its orbital period around EB.
Results: We identified 58 candidates of new compact triples in Magellanic Clouds. This is the largest published
sample of such systems so far. Eight of them were analyzed thoroughly and physical parameters of inner binary were
determined together with an estimation of basic characteristics of the third star. Prior to our work, only one such
system was well characterized outside the Milky Way galaxy. Therefore, we increased this sample in a significant way.
These data may provide important clues about stellar formation mechanisms for objects with different metalicity than
found in our galactic neighborhood.

Accepted for publication in Astronomy and Astrophysics
Available from http://arxiv.org/abs/1709.08087
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2Koninklijke Sterrenwacht van België, Ringlaan 3, 1180, Brussels, Belgium
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Context: Cepheids are excellent tracers of young stellar populations. They play a crucial role in astrophysics as
standard candles. The chemistry of classical Cepheids in the Milky Way is now quite well-known. Despite a much
larger sample, the chemical composition of Magellanic Cepheids has been only scarcely investigated.
Aims: For the first time, we study the chemical composition of several Cepheids located in the same populous cluster:
NGC1866, in the Large Magellanic Cloud (LMC). To also investigate the chemical composition of Cepheids at lower
metallicity, four targets are located in the Small Magellanic Cloud (SMC). Our sample allows us to increase the
number of Cepheids with known metallicities in the LMC/SMC by 20%/25% and the number of Cepheids with
detailed chemical composition in the LMC/SMC by 46%/50%.
Methods: We use canonical spectroscopic analysis to determine the chemical composition of Cepheids and provide
abundances for a good number of α, iron-peak and neutron-capture elements.
Results: We find that six Cepheids in the LMC cluster NGC1866 have a very homogeneous chemical composition, also
consistent with red giant branch (RGB) stars in the cluster. Period–age relations that include no or average rotation
indicate that all the Cepheids in NGC1866 have a similar age and therefore belong to the same stellar population.
Our results are in good agreement with theoretical models accounting for luminosity and radial velocity variations.
Using distances based on period-luminosity relations in the near- or mid-infrared, we investigate for the first time
the metallicity distribution of the young population in the SMC in the depth direction. Preliminary results show no
metallicity gradient along the SMC main body, but our sample is small and does not contain Cepheids in the inner
few degrees of the SMC.

Accepted for publication in A&A
Available from http://arxiv.org/abs/1709.03083
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Discovery of VHE γ-ray emission from the binary system LMCP3
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Recently, the γ-ray emission at MeV and GeV energies from the object LMCP3 in the Large Magellanic Cloud has
been discovered to be modulated with a 10.3-day period, making it the first extra-galactic γ-ray binary. This work
aims at the detection of TeV γ-ray and the search for modulation of the signal with the orbital period of the binary
system. The H.E.S.S. data set has been folded with the known orbital period of the system in order to test for
variability of the emission. Energy spectra are obtained for the orbit-averaged data set and for orbital phases in which
the TeV flux is found at its maximum. TeV γ-ray emission is detected with a statistical significance of 6.4 σ. The
data clearly show variability which is phase-locked to the orbital period of the system. Periodicity cannot be deduced
from the H.E.S.S. data set alone. The orbit-averaged luminosity in the 1–10 TeV energy range is (1.4 ± 0.2) × 1035

erg s−1. A luminosity of (5± 1)× 1035 erg s−1 is reached during 20% of the orbit, when the MeV/GeV emission is at
its minimum.

Oral contribution, published in ”35th International Cosmic Ray Conference”
Available from http://arxiv.org/abs/1708.03171

Announcement

ALMA Workshop on Stars – What can we really do with ALMA?

18–19 January 2018
Tohoku University, Sendai, Japan

This series of the ALMA Workshop on Stars has been organized almost annually in Japan since 2011, covering a wide
variety of topics related to evolved stars and their circumstellar matter in the Milky Way Galaxy and nearby Universe.
Now into its Cycle 5, ALMA has evolved into a true workhorse for our science purposes, from detecting hundreds of
emission lines to mapping in detail dust continuum from circumstellar envelopes. Meanwhile, radio interferometry
remains to be a relatively specialized technique seemingly left only for experts.

In the next ALMA Workshop on Stars, we aim to come back to the basics and rethink how we can really take advantage
of the astonishing power of ALMA as one of existing viable approaches (e.g., optical and infrared observations, labora-
tory experiments, and numerical simulations) at different scales of interests (from stellar surfaces to boundaries with
the interstellar space) in conjunction with other East-Asian millimeter/submillimeter facilities including Nobeyama
45 m and JCMT 15 m telescopes.

With this in mind, we would like to welcome participants with various levels of proficiency in radio astronomy –
experts, experienced, novice, and even those with just interest – to contribute to discuss directions in the study of
the final stages of stellar evolution and their environments near and far using radio astronomy. Tentative speakers
include people from the East-Asia ALMA Regional Center and active ALMA users in the field. More information will
be available from the workshop LOC.

LOC/SOC: Hiroshi Imai (chair, hiroimai@sci.kagoshima-u.ac.jp), Yoshifusa Ita, Issei Yamamura, Toshiya Ueta
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