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Editorial

Dear Colleagues,

It is my pleasure to present you the 151st issue of the Magellanic Clouds Newsletter.

This issue includes many new results on star clusters, faint dwarf satellites, massive stars and energetic phenomena,
but also the diffuse interstellar medium and the chemistry in young stellar objects – including the first detection of
complex organic molecules outside the Milky Way.

Don’t miss the beautiful Annual Review in Astronomy and Astrophysics on the topic of multiple stellar populations
in globular clusters.

The next issue is planned to be distributed on the 1st of April (not a joke).

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

On the evolution of structural parameters of old globular clusters in 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 present result from DECam SDSS i PSF photometry of the radial stellar density profiles of the Large Magellanic
Cloud (LMC) old globular clusters (GCs) NGC1841, 2210, Hodge 11 and Reticulum, which extent out of ∼ 380 pc
from their centres. We found that the studied LMC GCs would not seem to exhibit extended stellar structures like
those frequently seen in Galactic globular clusters (GGCs), which could suggest that the LMC gravitational field has
not been efficient in stripping stars off its GCs. The concentration parameter c of the studied LMC GCs would seem
to depend on both the internal dynamics and the position of the GC in the galaxy, as the Jacobi-to-cluster radius ratio
does. When comparing them with GGCs with similar masses and age-to-half-mass relaxation times ratios, the studied
LMC GCs would seem to have the smallest concentration parameter c values and step aside of the GGC relationship
in the core-to-half-light radius ratio (rc/rh) vs. half-light-to-tidal radius ratio (rh/rt) plane. These observational
differences could suggest that other conditions, like the gravitational potential of the host galaxy and/or the orbital
parameters (e.g., halo- or disc-like orbits), could play some role in the evolution of the structural parameters of these
two GC populations.

Accepted for publication in Monthly Notices of the Royal Astronomical Society

Detection of new eruptions in the Magellanic Clouds LBVs R40 and
R110

J.C.N. Campagnolo1, M. Borges Fernandes1, N.A. Drake1,2, M. Kraus3,4, C.A. Guerrero1 and C.B. Pereira1

1Observatório Nacional, Rua General José Cristino, 77, São Cristão, Rio de Janeiro, 20921-400, Brazil
2Laboratory of Observational Astrophysics, Saint Petersburg State University, Universitetski pr. 28, 198504 Saint Petersburg, Russia
3Astronomický ústav, Akademie věd České republiky, Fričova 298, 251 65 Ondřejov, Czech Republic
4Tartu Observatory, 61602 Tõravere, Tartumaa, Estonia

We performed a spectroscopic and photometric analysis to study new eruptions in two luminous blue variables (LBVs)
in the Magellanic Clouds. We detected a strong new eruption in the LBV R40 that reached V ∼ 9.2 mag in 2016, which
is around 1.3 mag brighter than the minimum registered in 1985. During this new eruption, the star changed from
an A-type to a late F-type spectrum. Based on photometric and spectroscopic empirical calibrations and synthetic
spectral modeling, we determine that R 40 reached Teff = 5800–6300 K during this new eruption. This object is
thereby probably one of the coolest identified LBVs. We could also identify an enrichment of nitrogen and r- and
s-process elements. We detected a weak eruption in the LBV R110 with a maximum of V ∼ 9.9 mag in 2011, that is,
around 1.0 mag brighter than in the quiescent phase. On the other hand, this new eruption is about 0.2 mag fainter
than the first eruption detected in 1990, but the temperature did not decrease below 8500 K. Spitzer spectra show
indications of cool dust in the circumstellar environment of both stars, but no hot or warm dust was present, except
by the probable presence of PAHs in R 110. We also discuss a possible post-red supergiant nature for both stars.

Accepted for publication in Astronomy & Astrophysics
Available from http://arxiv.org/abs/1712.01972
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The distribution and ages of star clusters in the Small Magellanic
Cloud: Constraints on the interaction history of the Magellanic Clouds
T. Bitsakis 1, R.A. González-Lópezlira 1, P. Bonfini 1, G. Bruzual 1, G. Maravelias 2,3, D. Zaritsky 4, S. Charlot 5

and V.H. Ramı́rez-Siordia 1

1UNAM, México
2Un. de Valparáıso, Chile
3Un. of Crete, Greece
4Un. of Arizona, USA
5CNRS/IAP, France

We present a new study of the spatial distribution and ages of the star clusters in the Small Magellanic Cloud (SMC).
To detect and estimate the ages of the star clusters we rely on the new fully-automated method developed by Bitsakis
et al. (2017). Our code detects 1319 star clusters in the central 18 deg2 of the SMC we surveyed (1108 of which have
never been reported before). The age distribution of those clusters suggests enhanced cluster formation around 240
Myr ago. It also implies significant differences in the cluster distribution of the bar with respect to the rest of the
galaxy, with the younger clusters being predominantly located in the bar. Having used the same set-up, and data
from the same surveys as for our previous study of the LMC, we are able to robustly compare the cluster properties
between the two galaxies. Our results suggest that the bulk of the clusters in both galaxies were formed approximately
300 Myr ago, probably during a direct collision between the two galaxies. On the other hand, the locations of the
young (leq50 Myr) clusters in both Magellanic Clouds, found where their bars join the H i arms, suggest that cluster
formation in those regions is a result of internal dynamical processes. Finally, we discuss the potential causes of the
apparent outside–in quenching of cluster formation that we observe in the SMC. Our findings are consistent with an
evolutionary scheme where the interactions between the Magellanic Clouds constitute the major mechanism driving
their overall evolution.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1712.04974

Global hot-star wind models for stars from Magellanic Clouds
Jiř́ı Krtička1 and Jiř́ı Kubát2

1Masaryk University, Brno, Czech Republic
2Astronomical Institute, Ondřejov, Czech Republic

We provide mass-loss rate predictions for O stars from Large and Small Magellanic Clouds. We calculate global
(unified, hydrodynamic) model atmospheres of main sequence, giant, and supergiant stars for chemical composition
corresponding to Magellanic Clouds. The models solve radiative transfer equation in co-moving frame, kinetic equilib-
rium equations (also known as NLTE equations), and hydrodynamical equations from (quasi-)hydrostatic atmosphere
to expanding stellar wind. The models allow us to predict wind density, velocity, and temperature (consequently also
the terminal wind velocity and the mass-loss rate) just from basic global stellar parameters. As a result of their lower
metallicity, the line radiative driving is weaker leading to lower wind mass-loss rates with respect to the Galactic
stars. We provide a formula that fits the mass-loss rate predicted by our models as a function of stellar luminosity
and metallicity. On average, the mass-loss rate scales with metallicity as Ṁ ∼ Z0.59. The predicted mass-loss rates
are lower than mass-loss rates derived from Hα diagnostics and can be reconciled with observational results assuming
clumping factor Cc = 9. On the other hand, the predicted mass-loss rates either agree or are slightly higher than
the mass-loss rates derived from ultraviolet wind line profiles. The calculated Pv ionization fractions also agree with
values derived from observations for LMC stars with Teff ≤ 40 000 K. Taken together, our theoretical predictions
provide reasonable models with consistent mass-loss rate determination, which can be used for quantitative study of
stars from Magellanic Clouds.

Accepted for publication in Astronomy & Astrophysics
Available from http://arxiv.org/abs/1712.03321
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Discovery of GeV γ-ray emission from the LMCB0443−6657 with the
Fermi Large Area Telescope

Qing-Wen Tang1,2

1Department of Physics, Nanchang University, Nanchang 330031, China
2Center for Cosmology and AstroParticle Physics (CCAPP), Ohio State University, Columbus, OH 43210, USA

We report the discovery of gamma-ray detection from the LMCB0443−6657 using the Large Area Telescope (LAT)
on board the Fermi Gamma-ray Space Telescope. LMCB0443−6657 is a flat spectrum radio source and possible to
associate with a supernova remnant in the Large Magellanic Cloud (LMCN4). Employing the 8 years of the LAT
observations between 0.2–100 GeV, our result reveals a significant excess > 9.4σ above the background, which is based
on either the 4-years LAT catalog or the best source model of 73.3 months data. A power law model is assessed to be
adequate to describe the 0.2–100 GeV γ-ray spectrum and yields a flux of 3.27±0.53 photon cm2 s−1 with photon index
2.35± 0.11, corresponding to an isotropic γ-ray luminosity of 5.3× 1040 erg s−1. The hadronic model predicts a low
X-ray or TeV flux while the leptonic predicts an observable flux in these two energy bands. The follow-up observations
of the LMCB0443−6657 in X-ray or TeV band would help constrain the contribution from the CR electrons and
protons.

Accepted for publication in Ap&SS
Available from http://arxiv.org/abs/1712.04271

On the nature of ultra-faint dwarf galaxy candidates. I.
DES 1, Eridanus III and TucanaV

Blair Conn1, Helmut Jerjen1, Dongwon Kim1 and Mischa Schirmer2

1Research School of Astronomy and Astrophysics, Australian National University, Canberra, ACT 2611, Australia
2Gemini Observatory, Casilla 603, La Serena, Chile

We use deep Gemini/GMOS-S g, r photometry to study the three ultra-faint dwarf galaxy candidates DES 1, Eri-
danus III (Eri III) and TucanaV (TucV). Their total luminosities, MV (DES 1) = −1.42 ± 0.50 and MV (Eri III)
= −2.07 ± 0.50, and mean metallicities, [Fe/H] = −2.38+0.21

−0.19 and [Fe/H] = −2.40+0.19
−0.12, are consistent with them

being ultra-faint dwarf galaxies as they fall just outside the 1-σ confidence band of the luminosity–metallicity rela-
tion for Milky Way satellite galaxies. However, their positions in the size–luminosity relation suggests that they are
star clusters. Interestingly, DES 1 and Eri III are at relatively large Galactocentric distances with DES 1 located at
DGC = 74±4 kpc and Eri III atDGC = 91±4 kpc. In projection both objects are in the tail of gaseous filaments trailing
the Magellanic Clouds and have similar 3D-separations from the Small Magellanic Cloud (SMC): ∆DSMC,DES1 = 31.7
kpc and ∆DSMC,Eri III = 41.0 kpc, respectively. It is plausible that these stellar systems are metal-poor SMC satellites.
TucV represents an interesting phenomenon in its own right. Our deep photometry at the nominal position of TucV
reveals a low-level excess of stars at various locations across the GMOS field without a well-defined centre. A SMC
Northern Overdensity-like isochrone would be an adequate match to the TucV colour–magnitude diagram, and the
proximity to the SMC (12.◦1; ∆DSMC,TucV = 13 kpc) suggests that TucV is either a chance grouping of stars related
to the SMC halo or a star cluster in an advanced stage of dissolution.

Accepted for publication in The Astrophysical Journal
Available from http://arxiv.org/abs/1712.01439
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Identification of high mass X-ray binaries selected from XMM–Newton
observations of the LMC

N. van Jaarsveld1,2, D.A.H Buckley2, V.A. McBride1,2,3, F. Haberl4, G. Vasilopoulos4, C. Maitra4, A. Udalski5 and

B. Miszalski2,6

1Department of Astronomy, University of Cape Town, Private Bag X3, Rondebosch, 7701, South Africa
2South African Astronomical Observatory, P.O. Box 9, Observatory, 7935, South Africa
3IAU Office of Astronomy for Development, Cape Town, South Africa
4Max-Planck-Institut für extraterrestrische Physik, Gießenbachstraße, 85748 Garching bei München, Germany
5Warsaw University Observatory, Al. Ujazdowskie 4, 00-478 Warszawa, Poland
6Southern African Large Telescope Foundation, P.O. Box 9, Observatory, 7935, South Africa

The Large Magellanic Cloud (LMC) currently hosts around 23 high mass X-ray binaries (HMXBs) of which most
are Be/X-ray binaries. The LMC XMM–Newton survey provided follow-up observations of previously known X-ray
sources that were likely HMXBs, as well as identifying new HMXB candidates. In total 19 candidate HMXBs were
selected based on their X-ray hardness ratios. In this paper we present red and blue optical spectroscopy, obtained
with SALT and the SAAO 1.9-m telescope, plus a timing analysis of the long term optical light curves from OGLE
to confirm the nature of these candidates. We find that 9 of the candidates are new Be/X-ray Binaries, substantially
increasing the LMC Be/X-ray binary population. Furthermore, we present the optical properties of these new systems,
both individually and as a group of all the BeXBs identified by the XMM–Newton survey of the LMC.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1712.04261

Sizing the star cluster population 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

The number of star clusters that populate the Large Magellanic Cloud (LMC) at deprojected distances < 4◦ has
been recently found to be nearly double the known size of the system. Because of the unprecedented consequences
of this outcome in our knowledge of the LMC cluster formation and dissolution histories, we closely revisited such
a compilation of objects and found that only ∼ 35 per cent of the previously known catalogued clusters has been
included. The remaining entries are likely related to stellar overdensities of the LMC composite star field, because
there is a remarkable enhancement of objects with assigned ages older than log(t [yr]) ∼ 9.4, which contrasts with the
existence of the LMC cluster age gap; the assumption of a cluster formation rate similar to that of the LMC star field
does not help to conciliate so large amount of clusters either; and nearly 50 per cent of them come from cluster search
procedures known to produce more than 90 per cent of false detections. The lack of further analyses to confirm the
physical reality as genuine star clusters of the identified overdensities also glooms those results. We support that the
actual size of the LMC main body cluster population is close to that previously known.

Accepted for publication in Monthly Notices of the Royal Astronomical Society
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Resolving the clumpy circumstellar environment of the B[e] supergiant
LHA120-S 35

A.F. Torres1,2, L.S. Cidale1,2, M. Kraus3,4, M. L. Arias1,2, R.H. Barbá5, G. Maravelias3,6 and M. Borges

Fernandes7

1Instituto de Astrof́ısica de La Plata (CCT La Plata – CONICET, UNLP), Paseo del Bosque S/N, La Plata, B1900FWA, Buenos Aires,

Argentina
2Departamento de Espectroscoṕıa, Facultad de Ciencias Astronómicas y Geof́ısicas, Universidad Nacional de La Plata, Paseo del Bosque

S/N, La Plata, B1900FWA, Buenos Aires, Argentina
3Astronomický ústav, Akademie věd České republiky, Fričova 298, 251 65 Ondřejov, Czech Republic
4Tartu Observatory, Tõravere, 61602 Tartumaa, Estonia
5Departamento de F́ısica y Astronomı́a, Universidad de La Serena, Av. Cisternas 1200 Norte, La Serena, Chile
6Instituto de F́ısica y Astronomı́a, Universidad de Valparáıso, Av. Gran Bretaña 1111, Casilla 5030, Valparáıso, Chile
7Observatório Nacional, Rua General José Cristino 77, 20921-400 São Cristovão, Rio de Janeiro, Brazil

B[e] supergiants are massive post-main-sequence stars, surrounded by a complex circumstellar environment where
molecules and dust can survive. The shape in which the material is distributed around these objects and its dynamics
as well as the mechanisms that give rise to these structures are not well understood. The aim of this work is to
deepen our knowledge of the structure and kinematics of the circumstellar disc of the B[e] supergiant LHA120-S 35.
High-resolution optical spectra were obtained in three different years. Forbidden emission lines, that contribute to
trace the disc at different distances from the star, are modelled in order to determine the kinematical properties of
their line-forming regions, assuming Keplerian rotation. In addition, we used low-resolution near-infrared spectra to
explore the variability of molecular emission. LHA120-S 35 displays an evident spectral variability in both optical and
infrared regions. The P-Cygni line profiles of H i, as well as those of Fe ii and O i, suggest the presence of a strong
bipolar clumped wind. We distinguish density enhancements in the P-Cygni absorption component of the first Balmer
lines, which show variations in both velocity and strength. The P-Cygni profile emission component is double-peaked,
indicating the presence of a rotating circumstellar disc surrounding the star. We also observe line-profile variations in
the permitted and forbidden features of Fe ii and O i. In the infrared, we detect variations in the intensity of the H i

emission lines as well as in the emission of the CO band-heads. Moreover, we find that the profiles of each [Ca ii] and
[O i] emission lines contain contributions from spatially different (complete or partial) rings. Globally, we find evidence
of detached multi-ring structures, revealing density variations along the disc. We identify an inner ring, with sharp
edge, where [Ca ii] and [O i] lines share their forming region with the CO molecular bands. The outermost regions
show a complex structure, outlined by fragmented clumps or partial-ring features of Ca ii and O i. Additionally, we
observe variations in the profiles of the only visible absorption features, the He i lines. We suggest that LHA120-
S 35 has passed through the red-supergiant (RSG) phase and evolves back bluewards in the Hertzsprung–Russell
diagram. In this scenario, the formation of the complex circumstellar structure could be the result of the wind–wind
interactions of the post-RSG wind with the previously ejected material from the RSG. The accumulation of material
in the circumstellar environment could be attributed to enhanced mass-loss, probably triggered by stellar pulsations.
However, the presence of a binary companion can not be excluded. Finally, we find that LHA120-S 35 is the third
B[e] supergiant belonging to a young stellar cluster.

Accepted for publication in Astronomy and Astrophysics
Available from http://arxiv.org/abs/1712.09759

On graphene in the interstellar medium
Xiuhui Chen1,2, Aigen Li1 and Ke Zhang3

1University of Missouri, USA
2Xiangtan University, China
3University of Michigan, USA

The possible detection of C24, a planar graphene, recently reported in several planetary nebulæ by Garćıa-Hernández
et al. (2011, 2012) inspires us to explore whether and how much graphene could exist in the interstellar medium
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(ISM) and how it would reveal its presence through its ultraviolet (UV) extinction and infrared (IR) emission. In
principle, interstellar graphene could arise from the photochemical processing of polycyclic aromatic hydrocarbon
(PAH) molecules, which are abundant in the ISM through a complete loss of their hydrogen atoms, and/or from
graphite, which is thought to be a major dust species in the ISM through fragmentation caused by grain–grain collisional
shattering. Both quantum-chemical computations and laboratory experiments have shown that the exciton-dominated
electronic transitions in graphene cause a strong absorption band near 2755 Å. We calculate the UV absorption of
graphene and place an upper limit of ∼ 5 ppm of C/H (i.e., ∼ 1.9% of the total interstellar C) on the interstellar
graphene abundance. We also model the stochastic heating of graphene C24 excited by single starlight photons of the
interstellar radiation field in the ISM and calculate its IR emission spectra. We also derive the abundance of graphene
in the ISM to be < 5 ppm of C/H by comparing the model emission spectra with that observed in the ISM.

Published in ApJ, 850, 138 (2017)
Available from http://arxiv.org/abs/1710.05081
and from http://adsabs.harvard.edu/abs/2017ApJ...850..104C

Peculiarities of super-Eddington flares from the X-ray pulsar LMCX-4
with NuSTAR

A.E. Shtykovsky1, V.A. Arefiev1, A.A. Lutovinov1 and S.V. Molkov1

1Space Research Institute, Moscow, Russia

We present results of the analysis of super-Eddington flares registered from the X-ray pulsar LMCX-4 by the NuSTAR
observatory in the broad energy range 3–79 keV. The pulsar spectrum is well described by the thermal comptonization
model (comptt) both in a quiescent state and during flares, when the peak luminosity reaches values Lx ∼ (2–4)×1039

ergs. An important feature, found for the first time, is that the order of magnitude increase in the luminosity during
flares is observed primarily at energies below 25–30 keV, whereas at higher energies (30–70 keV) the shape of the
spectrum and the source flux remain practically unchanged. The increase of the luminosity is accompanied by changes
in the source pulse profile – in the energy range of 3–40 keV it becomes approximately triangular, and the pulsed
fraction increases with increasing energy, reaching 60–70% in the energy range of 25–40 keV. The paper discusses
possible changes in the geometry of the accretion column, which can explain variations in spectra and pulse profiles.

Accepted for publication in Astronomy Letters
Available from http://arxiv.org/abs/1712.05322

The Magellanic Bridge cluster NGC796: Deep optical AO imaging
reveals the stellar content and initial mass function of a massive open

cluster
Venu M. Kalari1, Giovanni Carraro2, Christopher J. Evans3 and Monica Rubio1

1Departamento de Astronomia, Universidad de Chile, Casilla 36-D, Santiago, Chile
2Dipartimento di Fisica e Astronomia Galileo Galilei, Vicolo Osservatorio 3, I-35122, Padova, Italy
3UK Astronomy Technology Centre, Royal Observatory Edinburgh, Blackford Hill, Edinburgh EH9 3HJ, UK

NGC796 is a massive young cluster located 59 kpc from us in the diffuse intergalactic medium of the 1/5–1/10 Z⊙

Magellanic Bridge, allowing to probe variations in star formation and stellar evolution processes as a function of
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metallicity in a resolved fashion, providing a link between resolved studies of nearby solar-metallicity and unresolved
distant metal-poor clusters located in high-redshift galaxies. In this paper, we present adaptive optics griHα imaging
of NGC796 (at 0.′′5, which is ∼ 0.14 pc at the cluster distance) along with optical spectroscopy of two bright members
to quantify the cluster properties. Our aim is to explore if star formation and stellar evolution varies as a function
of metallicity by comparing the properties of NGC796 to higher metallicity clusters. We find from isochronal fitting
of the cluster main sequence in the colour–magnitude diagram an age of 20+12

−5 Myr. Based on the cluster luminosity
function, we derive a top-heavy stellar initial mass function (IMF) with a slope α = 1.99±0.2, hinting at a metallicity
and/or environmental dependence of the IMF which may lead to a top-heavy IMF in the early Universe. Study of
the Hα emission line stars reveals that Classical Be stars constitute a higher fraction of the total B-type stars when
compared with similar clusters at greater metallicity, providing some support to the chemically homogeneous theory
of stellar evolution. Overall, NGC796 has a total estimated mass of 990± 200 M⊙, and a core radius of 1.4± 0.3 pc
which classifies it as a massive young open cluster, unique in the diffuse interstellar medium of the Magellanic Bridge.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1801.01490

Chemical abundances in the Leading Arm of the Magellanic Stream
Andrew J. Fox1, Kathleen A. Barger2, Bart P. Wakker3, Philipp Richter4, Jacqueline Antwi-Danso2,5, Dana I.

Casetti-Dinescu6, J. Christopher Howk7, Nicolas Lehner7, Elena D’Onghia3,8, Paul A. Crowther9 and Felix J.

Lockman10

1STScI, USA
2TCU, USA
3Wisconsin, USA
4Potsdam, Germany
5Texas A&M, USA
6Southern Connecticut State, USA
7Notre Dame, USA
8Center for Computational Astrophysics, USA
9Sheffield, UK
10Green Bank Observatory, USA

The Leading Arm (LA) of the Magellanic Stream is a vast debris field of H i clouds connecting the Milky Way and the
Magellanic Clouds. It represents an example of active gas accretion onto the Galaxy. Previously only one chemical
abundance measurement had been made in the LA. Here we present chemical abundance measurements using Hubble

Space Telescope/Cosmic Origins Spectrograph and Green Bank Telescope spectra of four sightlines passing through
the LA, and three nearby sightlines that may trace outer fragments of the LA. We find low oxygen abundances,
ranging from 4.0+4.0

−2.0 percent solar to 12.6+6.2
−4.1 percent solar, in the confirmed LA directions, with the lowest values

found in the region known as LA III, farthest from the LMC. These abundances are substantially lower than the single
previous measurement, S/H = 35± 7 percent solar (Lu et al. 1998), but are in agreement with those reported in the
SMC filament of the trailing Stream, supporting a common origin in the SMC (not the LMC) for the majority of
the LA and the trailing Stream. This provides important constraints for models of the formation of the Magellanic
System. Finally, the HVCs in two of the three nearby sightlines show H i columns, kinematics, and oxygen abundances
consistent with LA membership. This suggests that the LA is larger than traditionally thought, extending at least
20◦ further to the Galactic North-West.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1801.06446
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Discovery of two neighboring satellites in the Carina constellation with
MagLiteS

G. Torrealba1,2, V. Belokurov1,3, S.E. Koposov4,1, K. Bechtol5, A. Drlica-Wagner6, K.A.G. Olsen7, A.K. Vivas8, B.

Yanny9, P. Jethwa1, A.R. Walker8, T.S. Li9, S. Allam6, B.C. Conn10, C. Gallart11,12, R.A. Gruendl13,14, D.J.

James15, M.D. Johnson14, K. Kuehn16, N. Kuropatkin9, N.F. Martin17,18, D. Martinez-Delgado19, D.L. Nidever7,

N.E.D. Noël20, J.D. Simon21, G.S. Stringfellow22 and D.L. Tucker6

1Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 0HA, UK
2Institute of Astronomy and Astrophysics, Academia Sinica, P.O. Box 23-141, Taipei 10617,Taiwan
3Center for Computational Astrophysics, Flatiron Institute, 162 5th Avenue, New York, NY 10010, USA
4McWilliams Center for Cosmology, Department of Physics, Carnegie Mellon University, 5000 Forbes Avenue, Pittsburgh, PA 15213, USA
5Large Synoptic Survey Telescope, 950 North Cherry Avenue, Tucson, AZ 85721, USA
6Fermi National Accelerator Laboratory, P.O. Box 500, Batavia, IL 60510, USA
7National Optical Astronomy Observatory, 950 N. Cherry Ave., Tucson, AZ 85719, USA
8Cerro Tololo Inter-American Observatory, National Optical Astronomy Observatory, Casilla 603, La Serena, Chile
9Fermi National Accelerator Laboratory, P.O. Box 500, Batavia, IL 60510, USA
10Research School of Astronomy & Astrophysics, Mount Stromlo Observatory, Cotter Road, Weston Creek, ACT 2611, Australia
11Instituto de Astrof́ısica de Canarias, La Laguna, Tenerife, Spain
12Departamento de Astrof́ısica, Universidad de La Laguna, Tenerife, Spain
13Department of Astronomy, University of Illinois, 1002 W. Green Street, Urbana, IL 61801, USA
14National Center for Supercomputing Applications, 1205 West Clark St., Urbana, IL 61801, USA
15Event Horizon Telescope, Harvard–Smithsonian Center for Astrophysics, MS-42, 60 Garden Street, Cambridge, MA 02138, USA
16Australian Astronomical Observatory, North Ryde, NSW 2113, Australia
17Observatoire Astronomique de Strasbourg, Université de Strasbourg, CNRS, UMR 7550, 11 rue de l’Université, F-67000 Strasbourg,

France
18Max-Planck-Institut für Astronomie, Königstuhl 17, D-69117 Heidelberg, Germany
19Astronomisches Rechen-Institut, Zentrum für Astronomie, Universität Heidelberg, Monchhofstr. 12-14, 69120 Heidelberg, Germany
20Department of Physics, University of Surrey, Guildford GU2 7XH, UK
21Observatories of the Carnegie Institution for Science, 813 Santa Barbara St., Pasadena, CA 91101, USA
22Center for Astrophysics and Space Astronomy, University of Colorado, 389 UCB, Boulder, CO 80309-0389, USA

We report the discovery of two ultra-faint satellites in the vicinity of the Large Magellanic Cloud (LMC) in data from
the Magellanic Satellites Survey (MagLiteS). Situated 18◦ (∼ 20 kpc) from the LMC and separated from each other by
only 18′, Carina II and III form an intriguing pair. By simultaneously modeling the spatial and the color–magnitude
stellar distributions, we find that both Carina II and Carina III are likely dwarf galaxies, although this is less clear for
Carina III. There are in fact several obvious differences between the two satellites. While both are well described by
an old and metal poor population, Carina II is located at ∼ 36 kpc from the Sun, with MV ∼ −4.5 mag and rh ∼ 90
pc, and it is further confirmed by the discovery of 3 RRLyræ at the right distance. In contrast, Carina III is much
more elongated, measured to be fainter (MV ∼ −2.4 mag), significantly more compact (rh ∼ 30 pc), and closer to
the Sun, at ∼ 28 kpc, placing it only 8 kpc away from Car II. Together with several other systems detected by the
Dark Energy Camera, Carina II and III form a strongly anisotropic cloud of satellites in the vicinity of the Magellanic
Clouds.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1801.07279
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Detection of variable VHE γ-ray emission from the extra-galactic γ-ray
binary LMCP3
H.E.S.S. Collaboration1

1https://www.mpi-hd.mpg.de/hfm/HESS/pages/collaboration/

Context: Recently, the high-energy (HE, 0.1–100 GeV) γ-ray emission from the object LMCP3 in the Large Magellanic
Cloud (LMC) has been discovered to be modulated with a 10.3-day period, making it the first extra-galactic γ-ray
binary.
Aims: This work aims at the detection of very-high-energy (VHE, > 100 GeV) γ-ray emission and the search for
modulation of the VHE signal with the orbital period of the binary system.
Methods: LMCP3 has been observed with the High Energy Stereoscopic System (H.E.S.S.); the acceptance-corrected
exposure time is 100 h. The 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 the orbital phase bin
around the VHE maximum.
Results: VHE γ-ray emission is detected with a statistical significance of 6.4σ. 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. HE and VHE γ-ray emissions are anti-correlated. LMCP3 is the most
luminous γ-ray binary known so far.

Accepted for publication in A&A
Available from http://arxiv.org/abs/1801.06322

Probing the nature of AXJ0043−737: Not an 87 ms pulsar in the SMC
C. Maitra1, J. Ballet2, P. Esposito3, F. Haberl1, A. Tiengo4,5,6, M.D. Filipović7 and F. Acero2

1Max-Planck-Institut für extraterrestrische Physik, Gießenbachstraße, 85748 Garching bei München, Germany
2Laboratoire AIM, CEA / DRF – CNRS – Université Paris Diderot, IRFU / DAp, CEA-Saclay, 91191 Gif-sur-Yvette, France
3Anton Pannekoek Institute for Astronomy, University of Amsterdam, Postbus 94249, NL-1090 GE Amsterdam, The Netherlands
4Scuola Universitaria Superiore IUSS Pavia, piazza della Vittoria 15, I-27100 Pavia, Italy
5INAF, Istituto Nazionale di Astrofisica, IASF–Milano, via E. Bassini 15, I-20133 Milano, Italy
6INFN, Istituto Nazionale di Fisica Nucleare, Sezione di Pavia, via A. Bassi 6, I-27100 Pavia, Italy
7Western Sydney University, Locked Bag 1797, Penrith South DC, NSW 1797, Australia

Aims: AXJ0043−737 is a source in the ASCA catalogue, the nature of which is uncertain. It is most commonly
classified as a Crab-like pulsar in the Small Magellanic Cloud (SMC) following apparent detection of pulsations at
∼ 87 ms from a single ASCA observation. A follow-up ASCA observation was not able to confirm this, and the X-ray
detection of the source has not been reported since.
Methods: With a dedicated XMM–Newton observation, we studied the nature of the source. We ascertained the source
position, searched for the most probable counterpart and studied the X-ray spectrum. We also analysed other archival
observations with the source in the field of view to study its long-term variability.
Results: With the good position localisation capability of XMM–Newton, we identify the counterpart of the source
as MQSJ004241.66−734041.3, an AGN behind the SMC at a redshift of 0.95. The X-ray spectrum can be fitted
with an absorbed power law with a photon-index of Γ = 1.7 which is consistent with that expected from AGNs. By
comparing the current XMM–Newton observation with an archival XMM–Newton and two other ASCA observations
of the source, we find signatures of long-term variability which is also a common phenomenon in AGNs. All of the
above are consistent with AXJ0043−737 being an AGN behind the SMC.

Accepted for publication in A&A
Available from http://arxiv.org/abs/1801.01517
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Transition from young to middle-aged supernova remnants: thermal
and non-thermal aspects of the SNR N132D

Aya Bamba1,2, Yutaka Ohira3, Ryo Yamazaki3, Makoto Sawada3,4,5, Yukikatsu Terada6, Katsuji Koyama7,8, Eric D.

Miller9, Hiroya Yamaguchi10,11, Satoru Katsuda12,6, Masayoshi Nobukawa13 and Kumiko K. Nobukawa14

1U. of Tokyo, Japan
2RESCEU U. Tokyo, Japan
3Aoyama Gakuin U., Japan
4NASA/GSFC, USA
5U. Maryland, USA
6Saitama U., Japan
7Kyoto U., Japan
8Osaka U., Japan
9MIT, USA
10NASA/GSFC, USA
11U. Maryland, USA
12Chuo U., Japan
13Nara U. of Education, Japan
14Nara Women’s U., Japan

Supernova remnants (SNRs) are the primary candidate of Galactic cosmic-ray accelerators. It is still an open issue
when and how young SNRs, which typically exhibit strong synchrotron X-rays and GeV and TeV gamma-rays, undergo
the state transition to middle-aged SNRs dominated by thermal X-rays and GeV γ-rays. The SNR N132D in the
Large Magellanic Cloud is an ideal target to study such a transition, exhibiting bright X-rays and γ-rays, and with
the expected age of ∼ 2500 yr. In this paper we present results of NuSTAR and Suzaku spectroscopy. We reveal
that N 132D has a nearly equilibrium plasma with a temperature of > 5 keV or a recombining plasma with a lower
temperature (∼ 1.5 keV) and a recombining timescale (net) of 8.8(7.0–10.0)×1012 cm−3 s. Together with the center
filled morphology observed in the iron K line image, our results suggest that N 132D is now at transition stage from a
young SNR to middle-aged. We have constrained the tight upper-limit of non-thermal X-rays. Bright γ-rays compared
to faint non-thermal X-rays suggest that the γ-rays are hadronic in origin. The spectral energy distribution from radio
to γ-rays shows a proton cut-off energy of ∼ 30 TeV. These facts confirm that N 132D is in the transition from young
to middle-aged SNR. The large thermal energy of > 1051 erg and accelerated proton energy of ∼ 1050 erg suggest the
supernova explosion might have been very energetic.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1801.01614

Modeling CO, CO2 and H2O ice abundances in the envelopes of young
stellar objects in the Magellanic Clouds

Tyler Pauly1 and R.T. Garrod2

1Department of Astronomy, Cornell University, Ithaca, NY 14853 , USA
2Departments of Chemistry and Astronomy, University of Virginia, Charlottesville, VA 22904, USA

Massive young stellar objects in the Magellanic Clouds show infrared absorption features corresponding to significant
abundances of CO, CO2 and H2O ice along the line of sight, with the relative abundances of these ices differing
between the Magellanic Clouds and the Milky Way. CO ice is not detected towards sources in the Small Magellanic
Cloud, and upper limits put its relative abundance well below sources in the Large Magellanic Cloud and the Milky
Way. We use our gas–grain chemical code magickal, with multiple grain sizes and grain temperatures, and further
expand it with a treatment for increased interstellar radiation field intensity to model the elevated dust temperatures
observed in the MCs. We also adjust the elemental abundances used in the chemical models, guided by observations
of H ii regions in these metal-poor satellite galaxies. With a grid of models, we are able to reproduce the relative ice
fractions observed in MC massive young stellar objects (MYSOs), indicating that metal depletion and elevated grain
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temperature are important drivers of the MYSO envelope ice composition. Magellanic Cloud elemental abundances
have a sub-galactic C/O ratio, increasing H2O ice abundances relative to the other ices; elevated grain temperatures
favor CO2 production over H2O and CO. The observed shortfall in CO in the Small Magellanic Cloud can be explained
by a combination of reduced carbon abundance and increased grain temperatures. The models indicate that a large
variation in radiation field strength is required to match the range of observed LMC abundances. CH3OH abundance
is found to be enhanced in low-metallicity models, providing seed material for complex organic molecule formation in
the Magellanic Clouds.

Accepted for publication in The Astrophysical Journal
Available from http://arxiv.org/abs/1801.08197

A parsec-scale optical jet from a massive young star in the Large
Magellanic Cloud

Anna F. McLeod1, Megan Reiter2, Rolf Kuiper3, Pamela D. Klaassen4 and Christopher J. Evans4

1University of Canterbury, New Zealand
2University of Michigan, USA
3University of Tübingen, Germany
4Royal Observatory Edinburgh, Scotland

Highly collimated parsec-scale jets, which are generally linked to the presence of an accretion disk, are commonly
observed in low-mass young stellar objects. In the past two decades, a few of these jets have been directly (or
indirectly) observed from higher-mass (larger than eight solar masses) young stellar objects, adding to the growing
evidence that disk-mediated accretion also occurs in high-mass stars, the formation mechanism of which is still poorly
understood. Of the observed jets from massive young stars, none is in the optical regime (massive young stars are
typically highly obscured by their natal material), and none is found outside of the Milky Way. Here we report
observations of HH1177, an optical ionized jet that originates from a massive young stellar object located in the Large
Magellanic Cloud. The jet is highly collimated over its entire measured length of at least ten parsecs and has a bipolar
geometry. The presence of a jet indicates ongoing, disk-mediated accretion and, together with the high degree of
collimation, implies that this system is probably formed through a scaled-up version of the formation mechanism of
low-mass stars. We conclude that the physics that govern jet launching and collimation is independent of stellar mass.

Published in Nature
Available from http://arxiv.org/abs/1801.08147
and from https://www.nature.com/articles/nature25189

OGLE-LMC-ECL-09937: The most massive Algol-type binary system
with a mass measurement accurate to 2%

D.M. Skowron1, M. Kourniotis2,3, J.L. Prieto4,5, N. Castro6, A.Z. Bonanos3 and D.K. Pieńkowski1

1Warsaw University Observatory, Al. Ujazdowskie 4, 00-478Warszawa, Poland
2Astronomický ústav AVCR, Ondřejov, 25165, Czech Republic
3IAASARS, National Observatory of Athens, Penteli 15236, Greece
4Núcleo de Astronomı́a de la Facultad de Ingenieŕıa, Universidad Diego Portales, Av. Ejército 441, Santiago, Chile
5Millennium Institute of Astrophysics, Santiago, Chile
6Department of Astronomy, University of Michigan, 1805 S.University, Ann Arbor, MI 48109, USA

This paper presents a detailed analysis of the light and radial velocity curves of the semi-detached eclipsing binary
system OGLE-LMC-ECL-09937. The system is composed of a hot, massive and luminous primary star of a late-O
spectral type, and a more evolved, but less massive and luminous secondary, implying an Algol-type system that
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underwent a mass transfer episode. We derive masses of 21.04± 0.34 M⊙ and 7.61± 0.09 M⊙ and radii of 9.93± 0.06
R⊙ and 9.18± 0.04 R⊙, for the primary and the secondary component, respectively, which make it the most massive
known Algol-type system with masses and radii of the components measured with < 2% accuracy. Consequently, the
parameters of OGLE-LMC-ECL-09937 provide an important contribution to the sparsely populated high-mass end of
the stellar mass distribution, and an interesting object for stellar evolution studies, being a possible progenitor of a
binary system composed of two neutron stars.

Published in Acta Astronomica
Available from http://arxiv.org/abs/1801.05845

The detection of hot cores and complex organic molecules in the Large
Magellanic Cloud

Marta Sewi lo1, Remy Indebetouw2,3, Steven B. Charnley1, Sarolta Zahorecz4,5, Joana M. Oliveira 6, Jacco Th. van

Loon6, Jacob L. Ward7, C.-H. Rosie Chen8, Jennifer Wiseman1, Yasuo Fukui9, Akiko Kawamura10, Margaret

Meixner11, Toshikazu Onishi4 and Peter Schilke12

1NASA Goddard Space Flight Center, 8800 Greenbelt Rd., Greenbelt, MD 20771, USA
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3National Radio Astronomy Observatory, 520 Edgemont Rd, Charlottesville, VA 22903, USA
4Department of Physical Science, Graduate School of Science, Osaka Prefecture University, 1-1 Gakuen-cho, Naka-ku, Sakai, Osaka 599-

8531, Japan
5Chile Observatory, National Astronomical Observatory of Japan, National Institutes of Natural Science, 2-21-1 Osawa, Mitaka, Tokyo

181-8588, Japan
6Lennard-Jones Laboratories, Keele University, ST5 5BG, UK
7Astronomisches Rechen-Institut, Zentrum für Astronomie der Universität Heidelberg, Mönchhofstr. 12–14, 69120 Heidelberg Germany
8Max-Planck-Institut für Radioastronomie, Auf dem Hügel 69 D-53121 Bonn, Germany
9School of Science, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8602, Japan
10National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan
11Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
12I. Physikalisches Institut der Universität zu Köln, Zülpicher Str. 77, 50937, Köln, Germany

We report the first extragalactic detection of the complex organic molecules (COMs) dimethyl ether (CH3OCH3)
and methyl formate (CH3OCHO) with the Atacama Large Millimeter/submillimeter Array (ALMA). These COMs
together with their parent species methanol (CH3OH), were detected toward two 1.3 mm continuum sources in the
N 113 star-forming region in the low-metallicity Large Magellanic Cloud (LMC). Rotational temperatures (Trot ∼ 130
K) and total column densities (Nrot ∼ 1016 cm−2) have been calculated for each source based on multiple transitions
of CH3OH. We present the ALMA molecular emission maps for COMs and measured abundances for all detected
species. The physical and chemical properties of two sources with COMs detection, and the association with H2O and
OH maser emission indicate that they are hot cores. The fractional abundances of COMs scaled by a factor of 2.5 to
account for the lower metallicity in the LMC are comparable to those found at the lower end of the range in Galactic
hot cores. Our results have important implications for studies of organic chemistry at higher redshift.

Published in ApJ Letters
Available from http://arxiv.org/abs/1801.10275
and from https://doi.org/10.3847/2041-8213/aaa079
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Review Paper

Multiple stellar populations in globular clusters
Nate Bastian1 and Carmela Lardo1,2

1LJMU, UK
2Lausanne Observatoire, Switzerland

Globular Clusters (GCs) exhibit star-to-star variations in specific elements (e.g., He, C, N, O, Na, Al) that bare the
hallmark of high temperature H burning. These abundance variations can be observed spectroscopically and also
photometrically, with the appropriate choice of filters, due to the changing of spectral features within the band pass.
This phenomenon is observed in nearly all of the ancient GCs, although, to date, has not been found in any massive
cluster younger than 2 Gyr. Many scenarios have been suggested to explain this phenomenon, with most invoking
multiple epochs of star-formation within the cluster, however all have failed to reproduce various key observations,
in particular when a global view of the GC population is taken. We review the state of current observations, and
outline the successes and failures of each of the main proposed models. The traditional idea of using the stellar ejecta
from a 1st generation of stars to form a 2nd generation of stars, while conceptually straight forward, has failed to
reproduce an increasing number of observational constraints. We conclude that the puzzle of multiple populations
remains unsolved, hence alternative theories are needed.

Published in Annual Reviews of Astronomy and Astrophysics
Available from http://arxiv.org/abs/1712.01286
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