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Editorial

Dear Colleagues,

It is my pleasure to present you the 150th issue of the Magellanic Clouds Newsletter.

Congratulations to Jun Yang for her Ph.D. thesis!

The next issue is planned to be distributed on the 1st of February 2018. Merry Christmas and Happy New Year!

Editorially Yours,

Jacco van Loon

2



Refereed Journal Papers

A dearth of OH/IR stars in the Small Magellanic Cloud
Steven R. Goldman1, Jacco Th. van Loon1, José F. Gómez2, James A. Green3,4, Albert A. Zijlstra5, Ambra Nanni6,

Hiroshi Imai7, Patricia A. Whitelock8,9, Martin A.T. Groenewegen10 and Joana M. Oliveira1

1Astrophysics Group, Lennard-Jones Laboratories, Keele University, ST5 5BG, UK
2Instituto de Astrof́ısica de Andalućıa, CSIC, Glorieta de la Astronomı́a s/n, 18008 Granada, Spain
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
5Jodrell Bank Centre for Astrophysics, Alan Turing Building, School of Physics and Astronomy, The University of Manchester, Oxford

Road, Manchester, M13 9PL, UK
6Dipartimento di Fisica e Astronomia Galileo Galilei, vicolo dell’Osservatorio 3, 35122 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
10Koninklijke Sterrenwacht van België, Ringlaan 3, B-1180 Brussels, Belgium

We present the results of targeted observations and a survey of 1612-, 1665-, and 1667-MHz circumstellar OH maser
emission from asymptotic giant branch (AGB) stars and red supergiants (RSGs) in the Small Magellanic Cloud
(SMC), using the Parkes and Australia Telescope Compact Array radio telescopes. No clear OH maser emission
has been detected in any of our observations targeting luminous, long-period, large-amplitude variable stars, which
have been confirmed spectroscopically and photometrically to be mid- to late-M spectral type. These observations
have probed 3–4 times deeper than any OH maser survey in the SMC. Using a bootstrapping method with LMC and
Galactic OH/IR star samples and our SMC observation upper limits, we have calculated the likelihood of not detecting
maser emission in any of the two sources considered to be the top maser candidates to be less than 0.05%, assuming a
similar pumping mechanism as the LMC and Galactic OH/IR sources. We have performed a population comparison
of the Magellanic Clouds and used Spitzer IRAC and MIPS photometry to confirm that we have observed all high
luminosity SMC sources that are expected to exhibit maser emission. We suspect that, compared to the OH/IR stars
in the Galaxy and LMC, the reduction in metallicity may curtail the dusty wind phase at the end of the evolution of
the most massive cool stars. We also suspect that the conditions in the circumstellar envelope change beyond a simple
scaling of abundances and wind speed with metallicity.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1710.02184

The origin of the LMC stellar bar: clues from the SFH of the bar and
inner disk

L. Monteagudo1,2, C. Gallart1,2, M. Monelli1,2, E.J. Bernard3 and P.B. Stetson4

1Instituto de Astrof́ısica de Canarias (IAC), Calle Vı́a Láctea s/n, E-38205 La Laguna, Tenerife, Spain
2Departamento de Astrof́ısica, Universidad de La Laguna (ULL), E-38206 La Laguna, Tenerife, Spain
3Université Côte d’Azur, OCA, CNRS, Lagrange, France
4Herzberg Astronomy and Astrophysics, National Research Council Canada, 5071 West Saanich Road, Victoria, BC V9E 2E7, Canada

We discuss the origin of the LMC stellar bar by comparing the star formation histories (SFH) obtained from deep
color–magnitude diagrams (CMDs) in the bar and in a number of fields in different directions within the inner disk.
The CMDs, reaching the oldest main sequence turnoffs in these very crowded fields, have been obtained with VIMOS
on the VLT in service mode, under very good seeing conditions. We show that the SFHs of all fields share the same
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patterns, with consistent variations of the star formation rate as a function of time in all of them. We therefore
conclude that no specific event of star formation can be identified with the formation of the LMC bar, which instead
likely formed from a redistribution of disk material that occurred when the LMC disk became bar unstable, and shared
a common SFH with the inner disk thereafter. The strong similarity between the SFH of the center and edge of the
bar rules out significant spatial variations of the SFH across the bar, which are predicted by scenarios of classic bar
formation through buckling mechanisms.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1710.01556

Age as a major factor in the onset of multiple populations in stellar
clusters

S. Martocchia1, I. Cabrera-Ziri2, C. Lardo3, E. Dalessandro4, N. Bastian1, V. Kozhurina-Platais5, C. Usher1, F.

Niederhofer6, M. Cordero7, D. Geisler8, K. Hollyhead9, N. Kacharov10, S. Larsen11, C. Li12, D. Mackey13, M.

Hilker14, A. Mucciarelli 15, I. Platais 16 and M. Salaris1

1Astrophysics Research Institute, Liverpool John Moores University, 146 Brownlow Hill, Liverpool L3 5RF, UK
2Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
3Laboratoire d’astrophysique, École Polytechnique Fédérale de Lausanne (EPFL), Observatoire, 1290, Versoix, Switzerland
4INAF, Osservatorio Astronomico di Bologna, via Ranzani 1, 40127, Bologna, Italy
5Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
6Leibniz-Institut für Astrophysik Potsdam, An der Sternwarte 16, Potsdam 14482, Germany
7Astronomisches Rechen-Institut, Zentrum für Astronomie der Universität Heidelberg, Mönchhofstraße 12-14, D-69120 Heidelberg, Ger-

many
8Departamento de Astronomı́a, Universidad de Concepción, Casilla 160-C, Chile
9Department of Astronomy,Oscar Klein Centre,Stockholm University, AlbaNova, Stockholm SE-10691,Sweden
10Max-Planck-Institut für Astronomie, Königstuhl 17, D-69117 Heidelberg, Germany
11Department of Astrophysics/IMAPP, Radboud University, P.O. Box 9010, 6500 GL Nijmegen, The Netherlands
12Department of Physics and Astronomy, Macquarie University, Sydney, NSW 2109, Australia
13Research School of Astronomy and Astrophysics, Australian National University, Canberra, ACT 2611, Australia
14European Southern Observatory, Karl-Schwarzschild-Straße 2, D-85748 Garching bei München, Germany
15Department of Physics and Astronomy, University of Bologna, Viale Berti Pichat 6/2, I-40127 Bologna, Italy
16Department of Physics and Astronomy, Johns Hopkins University, 3400 North Charles Street, Baltimore, MD 21218, USA

It is now well established that globular clusters (GCs) exhibit star-to-star light-element abundance variations (known
as multiple stellar populations, MPs). Such chemical anomalies have been found in (nearly) all the ancient GCs (more
than 10 Gyr old) of our Galaxy and its close companions, but so far no model for the origin of MPs is able to reproduce
all the relevant observations. To gain new insights into this phenomenon, we have undertaken a photometric Hubble

Space Telescope survey to study clusters with masses comparable to that of old GCs, where MPs have been identified,
but with significantly younger ages. Nine clusters in the Magellanic Clouds with ages between ∼ 1.5–11 Gyr have
been targeted in this survey. We confirm the presence of multiple populations in all clusters older than 6 Gyr and we
add NGC1978 to the group of clusters for which MPs have been identified. With an age of ∼ 2 Gyr, NGC1978 is
the youngest cluster known to host chemical abundance spreads found to date. We do not detect evident star-to-star
variations for slightly younger massive clusters (∼ 1.7 Gyr), thus pointing towards an unexpected age dependence for
the onset of multiple populations. This discovery suggests that the formation of MPs is not restricted to the early
Universe and that GCs and young massive clusters share common formation and evolutionary processes.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1710.00831
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Progenitor model of SN1987A based on the slow merger scenario
Takaki Urushibata1, Koh Takahashi2, Hideyuki Umeda1 and Takashi Yoshida1

1Department of Astronomy, Graduate School of Science, University of Tokyo Hongo 7-3-1, Bunkyo-ku Tokyo 113-0033, Japan
2Argelander-Institut für Astronomie, Universität Bonn D-53121 Bonn, Germany

Even after elaborate investigations for 30 years, we still do not know well how the progenitor of SN 1987A has evolved.
To explain unusual red-to-blue evolution, previous studies suggest that in a red giant stage either the increase of
surface He abundance or the envelope mass was necessary. It is usually supposed that the He enhancement is caused
by the rotational mixing, and the mass increase is by a binary merger. Thus, we have investigated these scenarios
thoroughly. The obtained findings are that rotating single star models do not satisfy all the observational constraints
and that the enhancement of envelope mass alone does not explain observations. Here, we consider a slow merger
scenario in which both the He abundance and the envelope mass enhancements are expected to occur. We indeed
show that most observational constraints such as the red-to-blue evolution, lifetime, total mass, position in the HR
diagram at collapse, and the chemical anomalies are well reproduced by the merger model of 14 and 9 M⊙ stars. We
also discuss the effects of the added envelope spin in the merger scenarios.

Accepted for publication in MNRAS (Letters)
Available from http://arxiv.org/abs/1705.04084

Discovery of a metal-poor, luminous post-AGB star that failed the third
dredge-up

D. Kamath1, H. Van Winckel1, P.R. Wood2, M. Asplund2, A.I. Karakas2,3 and J.L. Lattanzio3

1Instituut voor Sterrenkunde, K.U. Leuven, Celestijnenlaan 200D bus 2401, B-3001 Leuven, Belgium
2Research School of Astronomy and Astrophysics, Australian National University, Canberra ACT 2611, Australia
3Monash Centre for Astrophysics, School of Physics and Astronomy, Monash University, VIC 3800, Australia

Post-asymptotic giant branch (post-AGB) stars are known to be chemically diverse. In this paper we present the
first observational evidence of a star that has failed the third dredge-up (TDU). J 005252.87−722842.9 is an A-type
(Teff = 8250 ± 250 K) luminous (8200 ± 700 L⊙), metal-poor ([Fe/H] = −1.18 ± 0.10), low-mass (Minitial ≈ 1.5–2.0
M⊙) post-AGB star in the Small Magellanic Cloud. Through a systematic abundance study, using high-resolution
optical spectra from UVES, we found that this likely post-AGB object shows an intriguing photospheric composition
with no confirmed carbon-enhancement (upper limit of [C/Fe] < 0.50) nor enrichment of s-process elements. We
derived an oxygen abundance of [O/Fe] = 0.29 ± 0.1. For Fe and O, we took into account the effects of non-local
thermodynamic equilibrium (NLTE). We could not derive an upper limit for the nitrogen abundance as there are
no useful nitrogen lines within our spectral coverage. The chemical pattern displayed by this object has not been
observed in single or binary post-AGBs. Based on its derived stellar parameters and inferred evolutionary state, single
star nucleosynthesis models predict that this star should have undergone TDU episodes while on the AGB and be
carbon-enriched. However, our observations are in contrast with these predictions. We identify two possible Galactic
analogues which are likely to be post-AGB stars, but the lack of accurate distances (hence luminosities) to these
objects does not allow us to confirm their post-AGB status. If they have low luminosities then they are likely to be
dusty post-RGB stars. The discovery of J 005252.87−722842.9 reveals a new stellar evolutionary channel whereby a
star evolves without any third dredge-up episodes.

Accepted for publication in ApJ
Available from http://adsabs.harvard.edu/abs/2017ApJ...836...15K
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Stellar density distribution along the minor axis of the Large Magellanic
Cloud

Andrés E. Piatti1,2

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

We studied the spatial distribution of young and old stellar populations along the western half part of the minor axis
of the Large Magellanic Cloud (LMC) using Washington MT1 photometry of selected fields, which span a deprojected
distance range from the LMC bar centre out to ∼ 31.6 kpc. We found that both stellar populations share a mean
LMC limiting radius of 8.9 ± 0.4 kpc; old populations are three times more dense that young populations at that
LMC limit. When comparing this result with recent values for the LMC extension due to north, the old populations
resulted significantly more elongated than the young ones. Bearing in mind previous claims that the elongation of
the outermost LMC regions may be due to the tidal effects of the Milky Way (MW), our findings suggest that such a
tidal interaction should not have taken place recently. The existence of young populations in the outermost western
regions also supports previous results about ram pressure stripping effects of the LMC gaseous disc due to the motion
of the LMC in the MW halo.

Accepted for publication in Monthly Noticies of the Royal Astronomical Society

The VMC Survey XXVII. Young stellar structures in the LMC’s bar
star-forming complex

Ning-Chen Sun1,2, Richard de Grijs1,2,3, Smitha Subramanian1,2, Kenji Bekki4, Cameron P. M. Bell5, Maria-Rosa

L. Cioni5,6,7, Valentin D. Ivanov8,9, Marcella Marconi10, Joana M. Oliveira11, Andrés E. Piatti12,13, Vincenzo

Ripepi10, Stefano Rubele14,15, Ben L. Tatton11 and Jacco Th. van Loon11

1Kavli Institute for Astronomy and Astrophysics, Peking University, Yi He Yuan Lu 5, Hai Dian District, Beijing 100871, China
2Department of Astronomy, Peking University, Yi He Yuan Lu 5, Hai Dian District, Beijing 100871, China
3International Space Science Institute – Beijing, 1 Nanertiao, Hai Dian District, Beijing 100190, China
4ICRAR, M468, The University of Western Australia 35 Stirling Highway, Crawley Western Australia, 6009, Australia
5Leibniz-Institut für Astrophysik Potsdam, An der Sternwarte 16, Potsdam 14482, Germany
6Universität Potsdam, Institut für Physik und Astronomie, Karl-Liebknecht-Str. 24/25, Potsdam 14476, Germany
7University of Hertfordshire, Physics, Astronomy and Mathematics, College Lane, Hatfield AL10 9AB, UK
8ESO European Southern Observatory, Ave. Alonso de Córdova 3107, Casilla 19, Chile
9ESO Garching: ESO, Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany
10INAF–Osservatorio Astronomico di Capodimonte, Salita Moiariello, 16, I-80131 Napoli, Italy
11School of Chemical & Physical Sciences, Lennard-Jones Laboratories, Keele University, ST5 5BG, UK
12Observatorio Astronómico, Universidad Nacional de Córdoba, Laprida 854, 5000, Córdoba, Argentina
13Consejo Nacional de Investigaciones Cient́ıficas y Técnicas, Av. Rivadavia 1917, C1033AAJ Buenos Aires, Argentina
14Osservatorio Astronomico di Padova – INAF, vicolo dell’Osservatorio 5, Padova I-35122, Italy
15Dipartimento di Fisica e Astronomia, Università di Padova, vicolo dell’Osservatorio 2, Padova I-35122, Italy

Star formation is a hierarchical process, forming young stellar structures of star clusters, associations, and complexes
over a wide scale range. The star-forming complex in the bar region of the Large Magellanic Cloud is investigated with
upper main-sequence stars observed by the VISTA Survey of the Magellanic Clouds. The upper main-sequence stars
exhibit highly non-uniform distributions. Young stellar structures inside the complex are identified from the stellar
density map as density enhancements of different significance levels. We find that these structures are hierarchically
organized such that larger, lower-density structures contain one or several smaller, higher-density ones. They follow
power-law size and mass distributions as well as a lognormal surface density distribution. All these results support
a scenario of hierarchical star formation regulated by turbulence. The temporal evolution of young stellar structures
is explored by using subsamples of upper main-sequence stars with different magnitude and age ranges. While the
youngest subsample, with a median age of log(τ/yr) = 7.2, contains most substructure, progressively older ones are
less and less substructured. The oldest subsample, with a median age of log(τ/yr) = 8.0, is almost indistinguishable
from a uniform distribution on spatial scales of 30–300 pc, suggesting that the young stellar structures are completely
dispersed on a timescale of ∼ 100 Myr. These results are consistent with the characteristics of the 30Doradus complex
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and the entire Large Magellanic Cloud, suggesting no significant environmental effects. We further point out that the
fractal dimension may be method-dependent for stellar samples with significant age spreads.

Accepted for publication in The Astrophysical Journal
Available from http://arxiv.org/abs/1710.00984

Winds from stripped low-mass helium stars and Wolf–Rayet stars
Jorick S. Vink1

1Armagh Observatory and Planetarium, Northern Ireland

We present mass-loss predictions from Monte Carlo radiative transfer models for helium (He) stars as a function of
stellar mass, down to 2 M⊙. Our study includes both massive Wolf–Rayet (WR) stars and low-mass He stars that
have lost their envelope through interaction with a companion. For these low-mass He-stars we predict mass-loss rates
that are an order of magnitude smaller than by extrapolation of empirical WR mass-loss rates. Our lower mass-loss
rates make it harder for these elusive stripped stars to be discovered via line emission, and we should attempt to find
them through alternative methods instead. Moreover, lower mass-loss rates will make it less likely that low-mass He
stars provide stripped-envelope supernovæ (SNe) of type Ibc. We express our mass-loss predictions as a function of
L and Z, and not as a function of the He abundance, as we do not consider this physically astute given our earlier
work. The exponent of the Ṁ vs. Z dependence is found to be 0.61, which is less steep than relationships derived from
recent empirical atmospheric modelling. Our shallower exponent will make it more challenging to produce ”heavy”
black holes of order 40 M⊙, as recently discovered in the gravitational wave event GW150914, making low metallicity
for these types of events even more necessary.

Accepted for publication in Astronomy & Astrophysics Letters
Available from http://arxiv.org/abs/1710.02010

Multiwavelength observations of nova SMCN2016-10a – one of the
brightest novæ ever observed

E. Aydi1,2, K.L. Page3, N.P.M. Kuin4, M.J. Darnley5, F.M. Walter6, P. Mróz7, D.A.H. Buckley1, S. Mohamed1,2,

P.A. Whitelock1,2, P. Woudt2, S.C. Williams8,5, M. Orio9,10, R.E. Williams11, A.P. Beardmore3, J.P. Osborne3, A.

Kniazev1,12,13, V.A.R.M. Ribeiro14,15,16, A. Udalski7, J. Strader17 and L. Chomiuk17

1South African Astronomical Observatory, P.O. Box 9, 7935 Observatory, South Africa
2Astronomy Department, University of Cape Town, 7701 Rondebosch, South Africa
3X-ray and Observational Astronomy Group, Department of Physics & Astronomy, University of Leicester, LE1 7RH, UK
4University College London, Mullard Space Science Laboratory, Holmbury St. Mary, Dorking RH5 6NT, UK
5Astrophysics Research Institute, Liverpool John Moores University, IC2 Liverpool Science Park, Liverpool, L3 5RF, UK
6Department of Physics and Astronomy, Stony Brook University, Stony Brook NY 11794-3800, USA
7Warsaw University Observatory, Al. Ujazdowskie 4, 00-478 Warsaw, Poland
8Physics Department, Lancaster University, Lancaster, LA1 4YB, UK
9INAF–Osservatorio di Padova, vicolo dell’Osservatorio 5, I-35122 Padova, Italy
10Department of Astronomy, University of Wisconsin, 475 N. Charter Str., Madison, WI 53704, USA
11Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218 USA
12Southern African Large Telescope Foundation, P.O. Box 9, 7935 Observatory, Cape Town, South Africa
13Special Astrophysical Observatory of RAS, Nizhnij Arkhyz, Karachai-Circassia 369167, Russia
14CIDMA, Departamento de F́ısica, Universidade de Aveiro, Campus de Santiago, 3810-193 Aveiro, Portugal
15Instituto de Telecomunicações, Campus de Santiago, 3810-193 Aveiro, Portugal
16Department of Physics and Astronomy, Botswana International University of Science & Technology, Private Bag 16, Palapye, Botswana
17Center for Data Intensive and Time Domain Astronomy, Department of Physics and Astronomy, Michigan State University, East Lansing,

MI 48824, USA

We report on multiwavelength observations of nova SMCN2016-10a. The present observational set is one of the
most comprehensive for any nova in the Small Magellanic Cloud, including: low, medium, and high resolution optical
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spectroscopy and spectropolarimetry from SALT, FLOYDS, and SOAR; long-term OGLE V - and I- bands photometry
dating back to six years before eruption; SMARTS optical and near-IR photometry from ∼ 11 days until over 280
days post-eruption; Swift satellite X-ray and ultraviolet observations from ∼ 6 days until 319 days post-eruption. The
progenitor system contains a bright disk and a main sequence or a sub-giant secondary. The nova is very fast with
t2 ≃ 4.0 ± 1.0 d and t3 ≃ 7.8 ± 2.0 d in the V -band. If the nova is in the SMC, at a distance of ∼ 61 ± 10 kpc, we
derive MV,max ≃ −10.5 ± 0.5, making it the brightest nova ever discovered in the SMC and one of the brightest on
record. At day 5 post-eruption the spectral lines show a He/N spectroscopic class and a FWHM of ∼ 3500 km s−1

indicating moderately high ejection velocities. The nova entered the nebular phase ∼ 20 days post-eruption, predicting
the imminent super-soft source turn-on in the X-rays, which started ∼ 28 days post-eruption. The super-soft source
properties indicate a white dwarf mass between 1.2 M⊙ and 1.3 M⊙ in good agreement with the optical conclusions.

Accepted for publication in Monthly Notices of the Royal Astronomical Society (MNRAS)
Available from http://arxiv.org/abs/1710.03716
and from https://academic.oup.com/mnras/article/doi/10.1093/mnras/stx2678/4554400/

Multiwavelength-observations-of-nova-SMCN-201610a?guestAccessKey=f00d82a4-5adb-45e0-8ac8-f452ba9367ea

Machine learning search for variable stars
Ilya N. Pashchenko1, Kirill V. Sokolovsky2,3,1 and Panagiotis Gavras2

1Astro Space Center of Lebedev Physical Institute, Profsoyuznaya St. 84/32, 117997, Moscow, Russia
2IAASARS, National Observatory of Athens, Vas. Pavlou & I. Metaxa, 15236, Penteli, Greece
3Sternberg Astronomical Institute, Moscow State University, Universitetskii pr. 13, 119992, Moscow, Russia

Photometric variability detection is often considered as a hypothesis testing problem: an object is variable if the
null-hypothesis that its brightness is constant can be ruled out given the measurements and their uncertainties. The
practical applicability of this approach is limited by uncorrected systematic errors. We propose a new variability
detection technique sensitive to a wide range of variability types while being robust to outliers and underestimated
measurement uncertainties. We consider variability detection as a classification problem that can be approached with
machine learning. Logistic Regression (LR), Support Vector Machines (SVM), k-Nearest Neighbors (kNN) Neural Nets
(NN), Random Forests (RF) and Stochastic Gradient Boosting classifier (SGB) are applied to 18 features (variability
indices) quantifying scatter and/or correlation between points in a light curve. We use a subset of OGLE-II Large
Magellanic Cloud (LMC) photometry (30265 light curves) that was searched for variability using traditional methods
(168 known variable objects) as the training set and then apply the NN to a new test set of 31798 OGLE-II LMC
light curves. Among 205 candidates selected in the test set, 178 are real variables, 13 low-amplitude variables are new
discoveries. The considered machine learning classifiers are found to be more efficient (select more variables and less
false candidates) compared to traditional techniques using individual variability indices or their linear combination.
The NN, SGB, SVM and RF show a higher efficiency compared to LR and kNN.

Submitted to MNRAS
Available from http://arxiv.org/abs/1710.07290

The SMC B-type supergiant AzV322: a g-mode pulsator with a
circumstellar disc

R.E. Mennickent1, Z. Ko laczkowski2, I. Soszyński3 and H. Garrido4

1Departamento de Astronomı́a, Universidad de Concepción, Chile
2Instytut Astronomiczny Uniwersytetu Wroclawskiego, Poland
3Warsaw, University Observatory, Poland
4Instituto de Astronomia, Geof́ısica e Ciencias Atmosféricas, Universidade de Saõ Paulo, Brazil

We present a photometric and spectroscopic study of AzV322, an emission line object located in the Small Magellanic
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Cloud previously classified between O9 and B0. We analyze 17.5 years of I and V band OGLE-II, III and IV light curves
and find four significant frequencies, viz. f1 = 0.386549±0.000003, f2 = 0.101177±0.000005, f3 = 0.487726±0.000015
and f4 = 0.874302±0.000020 c/d. The f1 frequency (period 2.58700±0.00002 days) provides the stronger periodogram
peak and gives a single wave light curve of full amplitude 0.066 mag in the I-band. High-resolution optical spectroscopy
confirms the early B-type spectral type and reveals prominent double peak Balmer, Paschen, O i 8446 and He i 5875
emissions. The spectral energy distribution shows significant color excess towards long wavelengths possibly attributed
to free–free emission in a disk-like envelope. Our analysis yields Teff = 23 000± 1500 K, log g = 3.0± 0.5, M = 16± 1
M⊙, R = 31.0 ± 1.1 R⊙, and Lbol = 104.87 ± 0.06 L⊙. AzV322 might be a member of the new class of slowly
pulsating B supergiants introduced by Saio et al. (2006) and documented by Lefever, Puls & Aerts (2007), however
its circumstellar disk make it an hitherto unique object. Furthermore, we notice that a O–C analysis for f1 reveals
quasi-cyclic changes for the times of maximum in a time scale of 20 years which might indicate a light-travel time
effect in a very wide orbit binary with an undetected stellar component.

Accepted for publication in Mon. Not. R. Astron. Soc.
Available from http://arxiv.org/abs/https://ar
and from https://doi.org/10.1093/mnras/stx2612

Estimating the dust production rate of carbon stars in the Small
Magellanic Cloud

Ambra Nanni1, Paola Marigo1, Léo Girardi2, Stefano Rubele1, Alessandro Bressan3, Martin A.T. Groenewegen4,

Giada Pastorelli1 and Bernhard Aringer1

1Dipartimento di Fisica e Astronomia Galileo Galilei, Università di Padova, Vicolo dell’Osservatorio 3, I-35122 Padova, Italy
2Osservatorio Astronomico di Padova, Vicolo dell’Osservatorio 5, I-35122 Padova, Italy
3SISSA, via Bonomea 265, I-34136 Trieste, Italy
4Koninklijke Sterrenwacht van België, Ringlaan 3, B-1180 Brussel, Belgium

We employ newly computed grids of spectra reprocessed by dust for estimating the total dust production rate (DPR)
of carbon stars in the Small Magellanic Cloud (SMC). For the first time, the grids of spectra are computed as a
function of the main stellar parameters, i.e. mass-loss rate, luminosity, effective temperature, current stellar mass and
element abundances at the photosphere, following a consistent, physically grounded scheme of dust growth coupled with
stationary wind outflow. The model accounts for the dust growth of various dust species formed in the circumstellar
envelopes of carbon stars, such as carbon dust, silicon carbide and metallic iron. In particular, we employ some selected
combinations of optical constants and grain sizes for carbon dust which have been shown to reproduce simultaneously
the most relevant color–color diagrams in the SMC. By employing our grids of models, we fit the spectral energy
distributions of ≈ 3100 carbon stars in the SMC, consistently deriving some important dust and stellar properties, i.e.
luminosities, mass-loss rates, gas-to-dust ratios, expansion velocities and dust chemistry. We discuss these properties
and we compare some of them with observations in the Galaxy and LMC. We compute the DPR of carbon stars in
the SMC, finding that the estimates provided by our method can be significantly different, between a factor ≈ 2–5,
than the ones available in the literature.
Our grids of models, including the spectra and other relevant dust and stellar quantities, are publicly available at
http://starkey.astro.unipd.it/web/guest/dustymodels.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1710.02591
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Pillars of creation amongst destruction:
Star formation in molecular clouds near R 136 in 30Doradus

Venu M. Kalari1, Monica Rubio1, Bruce G. Elmegreen2, Viviana V. Guzmán3, Cinthya N. Herrera4 and Hans

Zinnecker5,6

1Departamento de Astronomia, Universidad de Chile, Casilla 36-D, Santiago, Chile
2IBM Research Division, T.J. Watson Research Center, 1101 Kitchawan Road, Yorktown Heights, NY 10598 USA
3Joint ALMA Observatory (JAO), Alonso de Córdova 3107 Vitacura, Santiago, Chile
4Institut de Radioastronomie Millimétrique, 300 rue de la Piscine, Domaine Universitaire, 38406, Saint-Martin-d’Hères, France
5Deutsches SOFIA Institut (DSI) University of Stuttgart, Pfaffenwaldring 29, D-70569, Germany
6Universidad Autónoma de Chile, Av. Pedro de Valdivia 425, Santiago, Chile

New sensitive CO (2–1) observations of the 30Doradus region in the Large Magellanic Cloud are presented. We identify
a chain of three newly discovered molecular clouds we name KN1, KN2 and KN3 lying within 2–14 pc in projection
from the young massive cluster R 136 in 30Doradus. Excited H2 2.12-µm emission is spatially coincident with the
molecular clouds, but ionized Brγ emission is not. We interpret these observations as the tails of pillar-like structures
whose ionized heads are pointing towards R 136. Based on infrared photometry, we identify a new generation of stars
forming within this structure.

Accepted for publication in Astrophysical Journal
Available from http://arxiv.org/abs/1711.03153
and from www.das.uchile.cl/∼vkalari/staplervk.pdf

Three candidate double clusters in the LMC: truth or dare?
Emanuele Dalessandro1, Alice Zocchi1,2, Anna Lisa Varri3, Alessio Mucciarelli1,2, Michele Bellazzini1, Francesco R.

Ferraro1,2, Barbara Lanzoni1,2, Emilio Lapenna1,2 and Livia Origlia1

1INAF – Osservatorio Astronomico di Bologna, via Gobetti 93/3, I-40129, Bologna, Italy
2Department of Physics and Astronomy – University of Bologna, via Gobetti 93/2, I-40129, Bologna, Italy
3Institute for Astronomy, University of Edinburgh, Royal Observatory, Blackford Hill, Edinburgh EH9 3HJ, UK

The Large Magellanic Cloud (LMC) hosts a large number of candidate stellar cluster pairs. Binary stellar clusters
provide important clues about cluster formation processes and the evolutionary history of the host galaxy. However,
to properly extract and interpret this information, it is crucial to fully constrain the fraction of real binary systems
and their physical properties. Here we present a detailed photometric analysis based on ESO–FORS2 images of three
candidate cluster multiplets in the LMC, namely SL 349–SL 353, SL 385–SL 387–NGC1922 and NGC1836–BRHT4b–
NGC1839. For each cluster we derived ages, structural parameters and morphological properties. We have also
estimated the degree of filling of their Roche lobe, as an approximate tool to measure the strength of the tidal
perturbations induced by the LMC. We find that the members of the possible pairs SL 349–SL 353 and BRHT4b–
NGC1839 have a similar age (t = 1.00 ± 0.12 Gyr and t = 140 ± 15 Myr, respectively), thus possibly hinting to
a common origin of their member systems We also find that all candidate pairs in our sample show evidence of
intra-cluster overdensities that can be a possible indication of real binarity. Particularly interesting is the case of
SL 349–SL 353. In fact, SL 353 is relatively close to the condition of critical filling, thus suggesting that these systems
might actually constitute an energetically bound pair. It is therefore key to pursue a detailed kinematic screening of
such clusters, without which, at present, we do not dare making a conclusive statement about the true nature of this
putative pair.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1711.02731
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Discovery of a possible symbiotic binary in the Large Magellanic Cloud
Blesson Mathew1, Warren A. Reid2, R.E. Mennickent3 and D.P.K. Banerjee4

1Department of Physics, Christ University, Bangalore, India
2Department of Physics and Astronomy, Macquarie University, Sydney, NSW 2109, Australia
3Universidad de Concepción, Departamento de Astronomı́a, Casilla 160-C, Concepción, Chile
4Astronomy and Astrophysics Division, Physical Research Laboratory, Navrangapura, Ahmedabad 380 009, India

We report the discovery of a possible symbiotic star, in the Large Magellanic Cloud (LMC). The object under consid-
eration here, designated as RP870, was detected during the course of a comprehensive Hα survey of the LMC by Reid
& Parker (2012). The spectrum of RP870 showed high ionization emission lines of He i, He ii and [O iii] and molecular
absorption bands of TiO λλ6180,7100. The collective signatures of a hot component (high excitation/ionization lines)
and of a cool component (TiO molecular bands) are seen in RP870, from which we propose it as a symbiotic star.
Since known symbiotic systems are rare in the LMC, possibly less than a dozen are known, we thought the present
detection to be interesting enough to be reported.

Published in Research Notes of the AAS
Available from http://arxiv.org/abs/1711.09205

Conference Papers

The VLT-FLAMES Tarantula Survey
Jorick S. Vink1, C.J. Evans, J. Bestenlehner, C. McEvoy, O. Ramı́rez-Agudelo, H. Sana, F. Schneider and VFTS

1Armagh Observatory and Planetarium, Northern Ireland

We present a number of notable results from the VLT-FLAMES Tarantula Survey (VFTS), an ESO Large Program
during which we obtained multi-epoch medium-resolution optical spectroscopy of a very large sample of over 800
massive stars in the 30Doradus region of the Large Magellanic Cloud (LMC). This unprecedented data-set has enabled
us to address some key questions regarding atmospheres and winds, as well as the evolution of (very) massive stars.
Here we focus on O-type runaways, the width of the main sequence, and the mass-loss rates for (very) massive stars.
We also provide indications for the presence of a top-heavy initial mass function (IMF) in 30Dor.

Oral contribution, published in IAUS 329: ”The Lives and Death-Throes of Massive Stars”
Available from http://arxiv.org/abs/1710.11220

Not-so-simple stellar populations in nearby, resolved massive star
clusters

Richard de Grijs1,2 and Chengyuan Li3

1Peking University, China
2International Space Science Institute–Beijing, China
3Macquarie University, Australia

Around the turn of the last century, star clusters of all kinds were considered ”simple” stellar populations. Over
the past decade, this situation has changed dramatically. At the same time, star clusters are among the brightest
stellar population components and, as such, they are visible out to much greater distances than individual stars, even
the brightest, so that understanding the intricacies of star cluster composition and their evolution is imperative for
understanding stellar populations and the evolution of galaxies as a whole. In this review of where the field has moved
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to in recent years, we place particular emphasis on the properties and importance of binary systems, the effects of
rapid stellar rotation, and the presence of multiple populations in Magellanic Cloud star clusters across the full age
range. Our most recent results imply a reverse paradigm shift, back to the old simple stellar population picture for at
least some intermediate-age (∼ 1–3 Gyr-old) star clusters, opening up exciting avenues for future research efforts.

Oral contribution, published in Physica Scripta, special issue containing all invited talks of the FTAP
2017 conference, Sharjah, UAE (February 2017)
Available from http://arxiv.org/abs/1711.06079

An internally consistent distance framework in the Local Group
Richard de Grijs1,2 and Giuseppe Bono3,4

1Peking University, China
2International Space Science Institute–Beijing, China
3Università di Roma Tor Vergata, Italy
4INAF–Rome Astronomical Observatory, Italy

Accurate and precise astronomical distance determinations are crucial for derivations of, among others, the masses
and luminosities of a large variety of distant objects. Astronomical distance determination has traditionally relied on
the concept of a ‘distance ladder.’ Here we review our recent attempts to establish a highly robust set of internally
consistent distance determinations to Local Group galaxies, which we recommend as the statistical basis of an im-
proved extragalactic distance ladder.

Oral contribution, published in ”Stellar Populations and the Distance Scale”, Beijing, China (Septem-
ber 2017); ASP Conf. Proc.
Available from http://arxiv.org/abs/1711.03228

Interpreting the complex CMDs of the Magellanic Clouds clusters
I. Cabrera-Ziri1,4, S. Martocchia2, K. Hollyhead3 and N. Bastian2

1Harvard–Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
2Astrophysics Research Institute, Liverpool John Moores University, 146 Brownlow Hill, Liverpool L3 5RF, UK
3Department of Astronomy, Oskar Klein Centre, Stockholm University, AlbaNova University Centre, SE-106 91 Stockholm, Sweden
4
Hubble Fellow

The Magellanic Clouds host a large population of massive (> 104 M⊙) star clusters with ages ranging from a few Myr
to 12 Gyr. In nearly all cases, close inspection of their CMDs reveals features that deviate from expectations of a
classic isochrone. Young (< 2 Gyr) clusters show extended main sequence turnoffs and in some cases split/dual main
sequences. Clusters older than ∼ 2 Gyr show splitting in the red giant branches when viewed in UV filters that are
sensitive to abundance variations (in particular nitrogen). A distribution of stellar rotation rates appears to be the
cause of the complex features observed in the young and intermediate age clusters, while above ∼ 2 Gyr the features
seem to be the same light-element abundance variations as observed in the ancient Galactic globular clusters, a.k.a.
”multiple populations”. Here, we provide an overview of current observations and their interpretations and summarise
possible links between all the classes of complexities, regardless of age.

Oral contribution, published in ”Star cluster formation history in the Magellanic Clouds”, EWASS
2017
Available from http://arxiv.org/abs/1711.01121
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AGB variables in Local Group dwarf irregular galaxies
Patricia A. Whitelock1,2

1South African Astronomical Observatory, P.O. Box 9, 7935 Observatory, South Africa
2Department of Astronomy, University of Cape Town, 7701 Rondebosch, South Africa

The near and mid-infrared characteristics of large amplitude, Mira, variables in Local Group dwarf irregular galaxies
(LMC, NGC6822, IC 1613, Sgr dIG) are described. Two aspects of these variables are discussed. First, the short
period (P<

∼420 days) Miras are potentially powerful distance indicators, provided that they have low circumstellar
extinction, or can be corrected for extinction. These are the descendants of relatively low mass stars. Secondly, the
longer period stars, many of which undergo hot bottom burning, are poorly understood. These provide new insight
into the evolution of intermediate mass stars during the high mass-loss phases, but their use as distance indicators
depends on a much firmer understanding of their evolution.
The change in slope of the K period–luminosity relation for O-rich stars that is seen around 400 to 420 days in the
LMC is due to the onset of hot bottom burning. It will be sensitive to metallicity and should therefore be expected
at different periods in populations with significant differences from the LMC.
The [4.5] period–luminosity relation splits into two approximately parallel sequences. The fainter one fits stars where
the mid-infrared flux originates from the stellar photosphere, while the brighter one fits observations dominated by
the circumstellar shell.

Oral contribution, published in ”Stellar Populations and the Distance Scale”, eds. J. Jenkins, R.M.
Rich & R. de Grijs, Peking University (China), September 2017, Astron. Soc. Pac. Conf. Ser.
Available from http://arxiv.org/abs/171108932

Thesis

X-ray pulsars in nearby irregular galaxies
Jun Yang2,1,3

1University of Massachusetts, USA
2the University of Utah, USA
3Harvard–Smithsonian Center for Astrophysics, USA

The Small Magellanic Cloud (SMC), Large Magellanic Cloud (LMC) and Irregular Galaxy IC 10 are valuable labo-
ratories to study the physical, temporal and statistical properties of the X-ray pulsar population with multi-satellite
observations, in order to probe fundamental physics. The known distance of these galaxies can help us easily catego-
rize the luminosity of the pulsars and their age difference can be helpful for for studying the origin and evolution of
compact objects.

I hypothesize that my large sample of pulsars observed over many occasions will map the luminosity boundaries and
track their long term revolutions, assuming they are at the equal distance.

Therefore, a complete archive of 116 XMM–Newton PN, 151 Chandra (Advanced CCD Imaging Spectrometer) ACIS,
and 952 RXTE PCA observations for the pulsars in the Small Magellanic Cloud (SMC) were collected and analyzed,
along with 42 XMM–Newton and 30 Chandra observations for the Large Magellanic Cloud, spanning 1997–2014. From
a sample of 67 SMC pulsars this dissertation generates a suite of products for each pulsar detection: spin period, flux,
point source event list (phased and un-phased), high time-resolution light-curve, pulse-profile, periodogram, and X-ray
spectrum. The resulting observational library provides a comprehensive view of the SMC pulsars across the accretion-
driven X-ray luminosity range of LX = 1031.5–1038 erg s−1, and showing that fast pulsars (P < 10 s) are rarely
detected, which yet are more prone to giant outbursts. Upper-limits are estimated for all non-detections bringing
the combined database to ∼ 37, 000 entries. Combining all three satellites, I generated complete histories of the spin
periods, period amplitudes, pulsed fractions and X-ray luminosities for each SMC pulsar. Many of the pulsars show
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variations in pulse period due to the combination of orbital motion and accretion torques. Long-term spin-up/down
trends are seen in 13/7 pulsars respectively, pointing to sustained transfer of mass and angular momentum to the
neutron star on decadal timescales. Other 31 pulsars have relatively very small spin period derivative and may be
close to equilibrium spin. The initial public release of the library can be used by other researchers. The database
and pulse profile library are intended to be useful in driving improved models of neutron star magnetospheres and
accretion physics.

IC 10 is the closest known starburst galaxy with well-constrained starburst age of 10 Myrs. 7 out of 207 X-ray point
sources are identified as pulsar candidates in the direction of irregular galaxy IC 10 forming a comparison sample
with Magellanic Cloud pulsars. Following the X-ray survey in IC 10 the optical observing was conducted at the Kitt
Peak National Observatory. I am searching the optical counterpart of the X-ray transient with the Hydra multi-fiber
spectrograph on the WIYN 3.5 meter telescope and imaging with the Mayall 4-m telescope. Spectra could determine
the radial velocities and map the age and composition of the host populations in the vicinities of the X-ray binary
candidates. With a metallicity intermediate between that of the SMC and LMC, IC 10 is then an ideal laboratory
for studying XRB optical counterpart properties for a well-constrained progenitor sample, with the ultimate goal of
providing a critical benchmark and test of models of star formation and evolution.

Dissertation presented in partial fulfillment of the requirements for the degree of Doctor of Philosophy.
August 2017
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