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Editorial

Dear Colleagues,

It is my pleasure to present you the 157th issue of the Magellanic Clouds Newsletter. Besides a review paper there
are many papers on the structure of the Magellanic Clouds, SN 1987A, massive binaries and star clusters... and much
more. A great start of the new year!

I would like to remind you that besides publications, the newsletter also welcomes ideas, questions, expressions of
interest, et cetera, which can be posted under the catch-all ”announcement” category or sent directly to the editor at
astro.mcnews@keele.ac.uk Ultimately, what we all want is for us to better understand the Universe and our place in
it, and there is no better way of achieving this than by open discussion and inclusive cooperation.

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

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

Search for a metallicity spread in the multiple population Large
Magellanic Cloud cluster NGC1978

Andrés E. Piatti1 and Jeremy Bailin2

1National Scientific and Technical Research Council, Godoy Cruz 2290, C1425FQB, Buenos Aires, Argentina
2Department of Physics and Astronomy, University of Alabama, Box 870324, Tuscaloosa, AL, 35487-0324 USA

We report on the spread of [Fe/H] values in the massive Large Magellanic Cloud cluster NGC1978, recently confirmed
to harbor multiple populations of nearly the same age. We used accurate Strömgren photometry of carefully selected
cluster red giant branch stars along with a high-dispersion spectroscopy-based calibration of the metallicity-sensitive
index m1. Once accounting for the photometry quality, assessed from extensive artificial stars tests to trace the
photometric uncertainties as a function of the position to the cluster’s center as well as the stellar brightness, and
those from the metallicity calibration, we found that NGC1978 exhibits a small metallicity spread of 0.035 dex
(±0.019–0.023), depending on whether stars with individual σ[Fe/H] ≤ 0.15 dex or those located in the cluster’s
outer areas are considered. Such a spread in [Fe/H] is consistent with a cluster formation model with self-enrichment,
if mass loss higher than 90 per cent due to stellar evolutionary and galactic tidal effects is assumed. Nevertheless,
scenarios where the apparent [Fe/H] variation reflects CN abundance anomalies or less extreme mass loss models with
environmentally-dependent self enrichment should not be ruled out.

Accepted for publication in The Astronomical Journal

SOFIA mid-infrared observations of Supernova 1987A in 2016 – forward
shocks and possible dust re-formation in the post-shocked region?

M. Matsuura1, James M. De Buizer2, Richard G. Arendt3,4, Eli Dwek3, M.J. Barlow5, Antonia Bevan5, Phil Cigan1,

Haley L. Gomez1, Jeonghee Rho2,6, Roger Wesson5, Patrice Bouchet7,8, John Danziger9 and Margaret Meixner10,11

1School of Physics and Astronomy, Cardiff University, Queen’s Buildings, The Parade, Cardiff, CF24 3AA, UK
2Stratospheric Observatory For Infrared Astronomy NASA Ames Research Center, MS 232-12 Moffett Field, CA 94035, USA
3Observational Cosmology Lab, Code 665, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA
4University of Maryland–Baltimore County, Baltimore, MD 21250, USA
5Department of Physics and Astronomy, University College London, Gower Street, London WC1E 6BT, UK
6SETI Institute, 189 N. Bernardo Avenue, Mountain View, CA 94043, USA
7DRF/IRFU/DAp, CEA–Saclay, F-91191 Gif-sur-Yvette, France
8NRS/AIM, Université Paris Diderot, F-9119, Gif-sur-Yvette, France
9Osservatorio Astronomico di Trieste, Via Tiepolo 11, Trieste, Italy
10Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
11Department of Physics and Astronomy, The Johns Hopkins University, 366 Bloomberg Center, 3400 N. Charles Street, Baltimore, MD

21218, USA

The equatorial ring of Supernova (SN) 1987A has been exposed to forward shocks from the SN blast wave, and it has
been suggested that these forward shocks have been causing on-going destruction of dust in the ring. We obtained
SOFIA-FORCAST 11.1-, 19.7- and 31.5-µm photometry of SN1987A in 2016. Compared with Spitzer measurements
10 years earlier, the 31.5-µm flux has significantly increased. The excess at 31.5 µm appears to be related to the
Herschel 70-µm excess, which was detected 5 years earlier. The dust mass needed to account for the 31.5–70-µm
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excess is 3–7× 10−4 M⊙, more than ten times larger than the ring dust mass (∼ 1× 10−5 M⊙) estimate from the data
10 years earlier. We argue that dust grains are re-formed or grown in the post-shock regions in the ring after forward
shocks have destroyed pre-existing dust grains in the ring and released refractory elements into gas. In the post-shock
region, atoms can stick to surviving dust grains, and the dust mass may have increased (grain growth), or dust grains
might have condensed directly from the gas. An alternative possibility is that the outer part of the expanding ejecta
dust might have been heated by X-ray emission from the circumstellar ring. The future development of this excess
could reveal whether grains are reformed in the post-shocked region of the ring or eject dust is heated by X-ray.

Published in MNRAS
Available from http://arxiv.org/abs/1810.03615
and from https://academic.oup.com/mnras/article/482/2/1715/5124393

Stellar streams around the Magellanic Clouds in 4D

Camila Navarrete1,2,3, Vasily Belokurov3,4, Márcio Catelan1,2, Prashin Jethwa5, Sergey E. Koposov3,6, Julio A.

Carballo-Bello1,2, Paula Jofré3,7, Denis Erkal8, Sonia Duffau9 and Jesús M. Corral-Santana10

1Instituto de Astrof́ısica, Pontificia Universidad Católica de Chile, Av. Vicuña Mackenna 4860, 7820436 Macul, Santiago, Chile
2Millennium Institute of Astrophysics, Av. Vicuña Mackenna 4860, 7820436, Macul, Santiago, Chile
3Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge, CB3 0HA, UK
4Center for Computational Astrophysics, Flatiron Institute, 162 5th Avenue, 10010, New York, NY, USA
5European Southern Observatory, Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany
6McWilliams Center for Cosmology, Department of Physics, Carnegie Mellon University, 5000 Forbes Avenue, Pittsburgh, PA 15213, USA
7Nucleo de Astronomı́a, Facultad de Ingenieŕıa, Universidad Diego Portales, Av. Ejercito 441, Santiago, Chile
8Department of Physics, University of Surrey, Guildford, GU2 7XH, UK
9Universidad Andrés Bello, Departamento de Ciencias F́ısicas, Facultad de Ciencias Exactas, Fernández Concha 700, Las Condes, Santiago,

Chile
10European Southern Observatory (ESO), Alonso de Córdova 3107, Vitacura, Casilla 19, Santiago, Chile

We carried out a spectroscopic follow-up program of the four new stellar stream candidates detected by Belokurov &
Koposov (2016) in the outskirts of the Large Magellanic Cloud (LMC) using FORS2 (VLT). The medium-resolution
spectra were used to measure the line-of-sight velocities, estimate stellar metallicities and to classify stars into Blue
Horizontal Branch (BHB) and Blue Straggler (BS) stars. Using the 4-D phase-space information, we attribute ap-
proximately one half of our sample to the Magellanic Clouds, while the rest is part of the Galactic foreground. Only
two of the four stream candidates are confirmed kinematically. While it is impossible to estimate the exact levels of
MW contamination, the phase-space distribution of the entire sample of our Magellanic stars matches the expected
velocity gradient for the LMC halo and extends as far as 33◦ (angular separation) or 29 kpc from the LMC center. Our
detections reinforce the idea that the halo of the LMC seems to be larger than previously expected, and its debris can
be spread in the sky out to very large separations from the LMC center. Finally, we provide some kinematic evidence
that many of the stars analysed here have likely come from the Small Magellanic Cloud.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1811.11730
and from https://academic.oup.com/mnras/advance-article/doi/10.1093/mnras/sty3347/5238734
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The origins of young stars in the Leading Arm of the Magellanic
Stream: abundances, kinematics, and orbits

Lan Zhang1, Dana I. Casetti-Dinescu2,3,4, Christian Moni Bidin5, Rene A. Mendez6, Terrence M. Girard7,

Katherine Vieira8, Vladimir I. Korchagin9, William F. van Altena10 and Gang Zhao1

1Key Lab of Optical Astronomy, National Astronomical Observatories, CAS, 20A Datun Road, Chaoyang District, 100012 Beijing, China
2Department of Physics, Southern Connecticut State University, 501 Crescent St., New Haven, CT 06515, USA
3Astronomical Institute of the Romanian Academy, str. Cutitul de Argint 5, Bucharest, Romania
4Radiology and Biomedical Imaging, Yale School of Medicine, 300 Cedar Street, New Haven 06519, USA
5Instituto de Astronomı́a, Universidad Católica del Norte, Av. Angamos 0610, Antofagasta, Chile
6Departamento de Astronomı́a, Universidad de Chile, Casilla 36-D, Santiago, Chile
714 Dunn Rd., Hamden, Connecticut, CT 06518, USA
8Centro de Investigaciones de Astronomı́a, Apartado Postal 264, Merida 5101-A, Venezuela
9Institute of Physics, Southern Federal University, Stachki st/194, 344090, Rostov-on-Don, Russia
10Astronomy Department, Yale University, 260 Whitney Ave., New Haven, CT 06511, USA

We explore the origins of the young B-type stars found by Casetti–Dinescu et al. (2014) at the outskirts of the Milky-
Way disk in the sky region of Leading Arm (LA) of the Magellanic Stream. High-resolution spectroscopic observations
made with the MIKE instrument on the Magellan Clay 6.5m telescope for nine stars are added to the previous sample
analyzed by Zhang et al. (2017). We compile a sample of fifteen young stars with well-determined stellar types,
ages, abundances and kinematics. With proper motions from Gaia DR2 we also derive orbits in a realistic Milky-Way
potential.We find that our previous radial-velocity selected LA candidates have substantial orbital angular momentum.
The substantial amount of rotational component for these stars is in contrast with the near-polar Magellanic orbit,
thus rendering these stars unlikely members of the LA. There are four large orbital-energy stars in our sample. The
highest orbital-energy one has an age shorter than the time to disk crossing, with a birthplace z = 2.5 kpc and
RGC ∼ 28 kpc. Therefore, the origin of this star is uncertain. The rest three stars have certain disk runaway origin
and birthplaces between RGC = 12 and 25 kpc. Moreover, the most energetic stars show more metal poor ([Mg/H]
= −0.50 ± 0.07) and large He scatter (σ[He/H] = 0.72) than the inner disk ones ([Mg/H] = 0.12 ± 0.36, σ[He/H]
= 0.15). While the former group’s abundance is compatible with that of the Large Magellanic Cloud (LMC), it could
also reflect the metallicity gradient of the MW disk and their runaway status via different runaway mechanisms.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1812.00198

3D MHD modeling of the expanding remnant of SN1987A. Role of
magnetic field and non-thermal radio emission

S. Orlando1, M. Miceli2,1, O. Petruk3,4, M. Ono5, S. Nagataki5,6, M.A. Aloy7, P. Mimica7, S.-H. Lee8, F.

Bocchino1, G. Peres2,1 and M. Guarrasi9

1INAF – Osservatorio Astronomico di Palermo, Piazza del Parlamento 1, I-90134 Palermo, Italy
2Dip. di Fisica e Chimica, Universitá degli Studi di Palermo, Piazza del Parlamento 1, 90134 Palermo, Italy
3Institute for Applied Problems in Mechanics and Mathematics, Naukova Street, 3-b Lviv 79060, Ukraine
4Astronomical Observatory of the Jagiellonian University, ul. Orla 171, 30-244 Kraków, Poland
5Astrophysical Big Bang Laboratory, RIKEN Cluster for Pioneering Research, 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
6RIKEN Interdisciplinary Theoretical & Mathematical Science Program (iTHEMS), 2-1 Hirosawa, Wako, Saitama 351-0198, Japan
7Dep. de Astronomı́a y Astrof́ısica, Univ. de Valencia, Ed. de Investigación Jeroni Munyoz, E-46100 Burjassot, Valencia, Spain
8Kyoto University, Department of Astronomy, Oiwake-cho, Kitashirakawa, Sakyo-ku, Kyoto 606-8502, Japan
9CINECA–Interuniversity consortium, via Magnanelli 6/3, I-40033, Casalecchio di Reno, Bologna, Italy

Aims: We investigate the role played by a pre-supernova (SN) ambient magnetic field on the dynamics of the expanding

4

http://arxiv.org/abs/1812.00198


remnant of SN 1987A and the origin and evolution of the radio emission from the remnant, in particular, during the
interaction of the blast wave with the nebula surrounding the SN.
Methods: We model the evolution of SN1987A from the breakout of the shock wave at the stellar surface to the
expansion of its remnant through the surrounding nebula by 3D MHD simulations. The model considers the radiative
cooling, the deviations from equilibrium of ionization, the deviation from temperature-equilibration between electrons
and ions, and a plausible configuration of the pre-SN ambient magnetic field. From the simulations, we synthesize
both thermal X-ray and non-thermal radio emission and compare the model results with observations.
Results: The presence of an ambient magnetic field reduces the erosion and fragmentation of the dense equatorial ring
after the impact of the SN blast wave. As a result, the ring survives the passage of the blast, at least, during the time
covered by the simulations (40 years). Our model is able to reproduce the morphology and lightcurves of SN 1987A
in both X-ray and radio bands. The model reproduces the observed radio emission if the flux originating from the
reverse shock is heavily suppressed. In this case, the radio emission originates mostly from the forward shock traveling
through the H ii region. Possible mechanisms for the suppression of emission from the reverse shock are investigated.
We find that synchrotron self-absorption and free–free absorption have negligible effects on the emission during the
interaction with the nebula. We suggest that the emission from the reverse shock at radio frequencies might be limited
by highly magnetized ejecta.

Accepted for publication in A&A
Available from http://arxiv.org/abs/1812.00021

Unveiling the nature of candidate high-mass young stellar objects in the
Magellanic Clouds with near-IR spectroscopy

Megan Reiter1,2, Omnarayani Nayak3, Margaret Meixner3,4 and Olivia Jones2

1University of Michigan, USA
2UK Astronomy Technology Centre, Scotland
3Johns Hopkins University, USA
4STScI, USA

As nearby neighbors to the Milky Way, the Large and Small Magellanic Clouds (LMC and SMC) provide a unique
opportunity to study star formation in the context of their galactic ecosystems. Thousands of young stellar objects
(YSOs) have been characterized with large-scale Spitzer and Herschel surveys. In this paper, we present new near-IR
spectroscopy of five high-mass YSOs in the LMC and one in the SMC. We detect multiple hydrogen recombination
lines, as well as He i 2.058 µm, H2, [Fe ii], and [S iii] in these highly excited sources. We estimate the internal extinction
of each source and find that it is highest for sources with the youngest evolutionary classifications. Using line ratios, we
assess the dominant excitation mechanism in the three sources where we detect both H2 2.12 µm and [Fe ii] 1.64 µm.
In each case, photo-excitation dominates over shock excitation. Finally, we detect CO band-head absorption in one
of our LMC sources. While this feature is often associated with evolved stars, this object is likely young with strong
PAH and fine-structure emission lines tracing an H ii region detected at longer wavelengths. Compared to high-mass
YSOs in the Galaxy, our sources have higher bolometric and line luminosities, consistent with their selection as some
of the brightest sources in the LMC and SMC.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1811.12451
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SMASHing the LMC: mapping a ring-like stellar overdensity in the
LMC disk

Yumi Choi1,2, David L. Nidever2,3, Knut Olsen3, Gurtina Besla1, Robert D. Blum3, Dennis Zaritsky1, Maria-Rosa

L. Cioni4, Roeland P. van der Marel5,6, Eric F. Bell7, L. Clifton Johnson8, A. Katherina Vivas9, Alistair R.

Walker9, Thomas J.L. de Boer10, Noelia E.D. Noël10, Antonela Monachesi11,12, Carme Gallart13, Matteo

Monelli13,14, Guy S. Stringfellow15, Pol Massana10, David Martinez-Delgado16 and Ricardo R. Munoz17

1Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721, USA
2Department of Physics, Montana State University, P.O. Box 173840, Bozeman, MT 59717-3840, USA
3National Optical Astronomy Observatory, 950 North Cherry Avenue, Tucson, AZ 85719, USA
4Leibniz-Institut für Astrophysics Potsdam (AIP), An der Sternwarte 16, D-14482 Potsdam, Germany
5Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
6Center for Astrophysical Sciences, Department of Physics & Astronomy, Johns Hopkins University, Baltimore, MD 21218, USA
7Department of Astronomy, University of Michigan, 1085 S. University Avenue, Ann Arbor, MI 48109-1107, USA
8Department of Physics and Astronomy, Northwestern University, 2145 Sheridan Road, Evanston, IL 60208, USA
9Cerro Tololo Inter-American Observatory, National Optical Astronomy Observatory, Casilla 603, La Serena, Chile
10Department of Physics, University of Surrey, Guildford, GU2 7XH, UK
11Instituto de Investigación Multidisciplinario en Ciencias y Tecnoloǵıa, Universidad de La Serena, Raúl Bitrán 1305, La Serena, Chile
12Departamento de F́ısica y Astronomı́a, Universidad de La Serena, Av. Juan Cisternas 1200 Norte, La Serena, Chile
13Instituto de Astrof́ısica de Canarias, La Laguna, Tenerife, Spain
14Departamento de Astrof́ısica, Universidad de La Laguna, Tenerife, Spain
15Center for Astrophysics and Space Astronomy, University of Colorado, 389 UCB, Boulder, CO, 80309-0389, USA
16Astronomisches Rechen-Institut, Zentrum für Astronomie der Universität Heidelberg, Mönchhofstr. 12–14, D-69120 Heidelberg, Germany
17Departamento de Astronomı́a, Universidad de Chile, Camino del Observatorio 1515, Las Condes, Santiago, Chile

We explore the stellar structure of the Large Magellanic Cloud (LMC) disk using data from the Survey of the MAg-
ellanic Stellar History and the Dark Energy Survey. We detect a ring-like stellar overdensity in the red clump star
count map at a radius of ∼ 6◦ (∼ 5.2 kpc at the LMC distance) that is continuous over ∼ 270◦ in position angle
and is only limited by the current data coverage. The overdensity shows an amplitude up to 2.5 times higher than
that of the underlying smooth disk. This structure might be related to the multiple arms found by de Vaucouleurs.
We find that the overdensity shows spatial correlation with intermediate-age star clusters, but not with young (< 1
Gyr) main-sequence stars, indicating the stellar populations associated with the overdensity are intermediate in age
or older. Our findings on the LMC overdensity can be explained by either of two distinct formation mechanisms of a
ring-like overdensity: (1) the overdensity formed out of an asymmetric one-armed spiral wrapping around the LMC
main body, which is induced by repeated encounters with the Small Magellanic Cloud (SMC) over the last Gyr, or (2)
the overdensity formed very recently as a tidal response to a direct collision with the SMC. Although the measured
properties of the overdensity alone cannot distinguish between the two candidate scenarios, the consistency with both
scenarios suggests that the ring-like overdensity is likely a product of tidal interaction with the SMC, but not with
the Milky Way halo.

Published in ApJ
Available from http://arxiv.org/abs/1805.00481
and from https://doi.org/10.3847/1538-4357/aaed1f

Metallicity estimates of young clusters in the Magellanic Clouds from
Strömgren photometry of supergiant stars

Andrés E. Piatti1,2, Grzegorz Pietrzyński3, Weronika Narloch4,5, Marek Górski4 and Dariusz Graczyk5

1Consejo Nacional de Investigaciones Cient́ıficas y Técnicas, Godoy Cruz 2290, C1425FQB, Buenos Aires, Argentina
2Observatorio Astronómico de Córdoba, Laprida 854, 5000, Córdoba, Argentina
3Nicolaus Copernicus Astronomical Center, 00-716 Warsaw, Poland
4Millennium Institute of Astrophysics, Santiago, Chile
5Centrum Astronomiczne im. Miko laja Kopernika, PAN, Rabiańska 8, 87-100 Toruń, Poland

We present results obtained from Strömgren photometry of 13 young (∼ 30–220 Myr) Magellanic Cloud (MC) clusters,
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most of them lacking in the literature from direct metallicity measurements. We derived for them [Fe/H] values from
a high-dispersion spectroscopy-based empirical calibration of the Strömgren metallicity sensitive index m1 for yellow
and red supergiants (SGs). Particular care was given while estimating their respective uncertainties. In order to
obtain the mean cluster metallicities, we used [Fe/H] values of selected SGs for which we required to be located within
the cluster radii, placed in the expected SG region in the cluster colour–magnitude diagrams, and with [Fe/H] values
within the FWHM of the observed cluster metallicity distributions. The resulting metallicities for nearly 75 per cent
of the cluster sample agree well with the most frequently used values of the mean MCs’ present-day metallicities. The
remaining clusters have mean [Fe/H] values that fall near the edge of the MC present-day metallicity distributions.
When comparing the cluster metallicities with their present positions, we found evidence that supports the claimed
recent interaction of the MCs with the Milky Way, that could have caused that some clusters were scattered from
their birthplaces. Indeed, we show examples of clusters with metal contents typical of the galaxy inner regions placed
outward them. Likewise, we found young clusters, at present located in the inner regions of both MCs, formed out of
gas that has remained unmixed since several Gyr ago.

Accepted for publication in MNRAS

Two kinematically distinct old globular cluster populations in the Large
Magellanic Cloud

Andrés E. Piatti1,2, Emilio J. Alfaro3 and Tristan Cantat-Gaudin4

1Consejo Nacional de Investigaciones Cient́ıficas y Técnicas, Godoy Cruz 2290, C1425FQB, Buenos Aires, Argentina
2Observatorio Astronómico de Córdoba, Laprida 854, 5000, Córdoba, Argentina
3Instituto de Astrof́ısica de Andalućıa, (CSIC), Glorieta de la Astronomı́a, S/N, Granada, 18008, Spain
4Institut de Ciències del Cosmos, Universitat de Barcelona (IEEC-UB), Mart́ı i Franquès 1, E-08028 Barcelona, Spain

We report results of proper motions of 15 known Large Magellanic Cloud (LMC) old globular clusters (GCs) derived
from the Gaia DR2 data sets. When these mean proper motions are gathered with existent radial velocity measure-
ments to compose the GCs’ velocity vectors, we found that the projection of the velocity vectors onto the LMC plane
and those perpendicular to it tell us about two distinct kinematic GC populations. Such a distinction becomes clear
if the GCs are split at a perpendicular velocity of 10 km s−1 (absolute value). The two different kinematic groups also
exhibit different spatial distributions. Those with smaller vertical velocities are part of the LMC disc, while those with
larger values are closely distributed like a spherical component. Since GCs in both kinematic–structural components
share similar ages and metallicities, we speculate with the possibility that their origins could have occurred through
a fast collapse that formed halo and disc concurrently.

Accepted for publication in MNRAS Letters

A detailed archival Chandra study of the young core-collapse supernova
remnant 1E 0102.2−7219 in the Small Magellanic Cloud

Neslihan Alan 1, Sangwook Park2 and Selçuk Bilir1

1Istanbul University, Faculty of Science, Department of Astronomy and Space Sciences, 34119, Beyazit, Istanbul, Turkey
2Department of Physics, University of Texas at Arlington, Arlington, TX 76019, USA

We present an archival Chandra study of the O-rich supernova remnant (SNR) 1E 0102.2−7219 in the Small Magellanic
Cloud. Based on the deep ∼ 265 ks archival Chandra data we performed a detailed spatially resolved spectral analysis
of 1E 0102.2−7219. Our aim is to reveal the spatial and chemical structures of this remnant in unprecedented details.
Radial profiles of O, Ne and Mg abundances based on our analysis of regional spectra extracted along nine different
azimuthal directions of 1E 0102.2−7219 suggest the contact discontinuity at ∼ 5–5.5 pc from the geometric center of
the X-ray emission of the SNR. We find that the metal-rich ejecta gas extends further outward in west and South-
West than in other directions of the SNR. The average O/Ne, O/Mg and Ne/Mg abundance ratios of the ejecta are in
plausible agreement with the nucleosynthesis products from the explosion of a ∼ 40 M⊙ progenitor. We estimate an
upper limit on the Sedov age of ∼ 3500 yr and explosion energy of ∼ 1.8 × 1051 erg for 1E 0102.2−7219. We discuss
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the implications of our results on the geometrical structure of the remnant, its circumstellar medium and the nature
of the progenitor star. Our results do not fit with a simple picture of the reverse-shocked emission from a spherical
shell-like ejecta gas with a uniformly-distributed metal abundance and a power-law density along the radius of the
SNR.

Accepted for publication in The Astrophysical Journal
Available from http://arxiv.org/abs/1812.05607

Helium variation in four Magellanic Cloud globular clusters

E.P. Lagioia1, A.P. Milone1, A. Marino1 and A. Dotter2

1Department of Physics and Astronomy ”Galileo Galilei”, University of Padua, Italy
2Harvard–Smithsonian Center for Astrophysics, Cambridge, USA

The multiple stellar populations (MPs) of the∼ 11–13 Gyr-old Globular Clusters (GCs) in our Galaxy are characterized
by different content of several light elements. These elements describe well-defined patterns like the C–N and the Na–O
anticorrelations and the He–N and Na–N correlations. The discovery of the MPs in Magellanic Cloud GCs opened up
new paths for the investigation of chemical anomalies in clusters with different age and physical properties. In this
context, we used Hubble Space Telescope photometry to investigate the MPs and constrain their chemical composition
of four ∼ 6–11 Gyr extragalactic GCs, namely NGC121, NGC339, NGC416 and Lindsay 1 in the Small Magellanic
Cloud. The comparison of the stellar colors with synthetic spectra suggests that second-population stars of NGC121,
NGC339, NGC416 are slightly enhanced in helium by δY = 0.009±0.006, 0.007±0.004 and 0.010±0.003, respectively,
with respect to the first population, while we find no significant helium variation in Lindsay 1 (δY = 0.000 ± 0.004).
Moreover, second-population stars of all the clusters are, on average, enhanced in nitrogen and depleted in carbon and
oxygen, in close analogy with what we observe in Galactic GCs.

Accepted for publication in The Astrophysical Journal
Available from http://arxiv.org/abs/1812.03401

The aftermath of the Great Collision between our Galaxy and the Large
Magellanic Cloud

Marius Cautun1, Alis J. Deason1, Carlos S. Frenk1 and Stuart McAlpine2,1

1Department of Physics, Institute for Computational Cosmology, Durham University, UK
2Department of Physics, University of Helsinki, Finland

The Milky Way (MW) offers a uniquely detailed view of galactic structure and is often regarded as a prototypical
spiral galaxy. But recent observations indicate that the MW is atypical: it has an undersized supermassive black hole
at its centre; it is surrounded by a very low mass, excessively metal-poor stellar halo; and it has an unusually large
nearby satellite galaxy, the Large Magellanic Cloud (LMC). Here, we show that the LMC is on a collision course with
the MW with which it will merge in 2.4+1.2

−0.8 Gyr (68 per cent confidence level). This catastrophic and long-overdue
event will restore the MW to normality. Using the eagle galaxy formation simulation, we show that, as a result of
the merger, the central supermassive black hole will increase in mass by up to a factor of 8. The Galactic stellar halo
will undergo an equally impressive transformation, becoming 5 times more massive. The additional stars will come
predominantly from the disrupted LMC, but a sizeable number will be ejected on to the halo from the stellar disc.
The post-merger stellar halo will have the median metallicity of the LMC, [Fe/H] = −0.5 dex, which is typical of other
galaxies of similar mass to the MW. At the end of this exceptional event, the MW will become a true benchmark for
spiral galaxies, at least temporarily.

Published in MNRAS, 483, 2185 (2019)
Available from http://arxiv.org/abs/1809.09116
and from https://doi.org/10.1093/mnras/sty3084
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Weighing Melnick 34: the most massive binary system known

Katie A. Tehrani1, Paul A. Crowther1, Joachim M. Bestenlehner1, Stuart P. Littlefair1, A.M.T. Pollock1, Richard

J. Parker1 and Olivier Schnurr2
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Here we confirm Melnick 34, an X-ray bright star in the 30Doradus region of the Large Magellanic Cloud, as an SB2
binary comprising WN5h+WN5h components. We present orbital solutions using 26 epochs of VLT/UVES spectra
and 22 epochs of archival Gemini/GMOS spectra. Radial-velocity monitoring and automated template fitting methods
both reveal a similar high eccentricity system with a mass ratio close to unity, and an orbital period in agreement
with the 155.1 ± 1 day X-ray light curve period previously derived by Pollock et al. Our favoured solution derived
an eccentricity of 0.68 ± 0.02 and mass ratio of 0.92 ± 0.07, giving minimum masses of MA sin3 i = 65 ± 7 M⊙ and
MB sin3 i = 60 ± 7 M⊙. Spectral modelling using WN5h templates with cmfgen reveals temperatures of T ∼ 53
kK for each component and luminosities of log(LA/L⊙) = 6.43 ± 0.08 and log(LB/L⊙) = 6.37 ± 0.08, from which
bonnsai evolutionary modelling gives masses of MA = 139+21

−18 M⊙ and MB = 127+17
−17 M⊙ and ages of ∼ 0.6 Myrs.

Spectroscopic and dynamic masses would agree if Mk 34 has an inclination of i ∼ 50◦, making Mk34 the most massive
binary known and an excellent candidate for investigating the properties of colliding wind binaries. Within 2–3 Myrs,
both components of Mk 34 are expected to evolve to stellar mass black holes which, assuming the binary system
survives, would make Mk34 a potential binary black hole merger progenitor and gravitational wave source.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1901.04769
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We consider a small sample of oxygen-rich, asymptotic giant branch stars in the Large Magellanic Cloud, observed
by the Spitzer Space Telescope, exhibiting a peculiar spectral energy distribution, which can be hardly explained by
the common assumption that dust around AGB stars is primarily composed of silicate grains. We suggest that this
uncommon class of objects are the progeny of a metal-poor generation of stars, with metallicity Z ∼ 1–2 × 10−3,
formed ∼ 100 Myr ago. The main dust component in the circumstellar envelope is solid iron. In these stars the poor
formation of silicates is set by the strong nucleosynthesis experienced at the base of the envelope, which provokes a
scarcity of magnesium atoms and water molecules, required to the silicate formation. The importance of the present
results to interpret the data from the upcoming James Webb Space Telescope is also discussed.

Accepted for publication in The Astrophysical Journal Letters
Available from http://arxiv.org/abs/1901.03621
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New near-infrared JHKs light-curve templates for RRLyræ variables
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We provide homogeneous optical (UBV RI) and near-infrared (NIR, JHK) time series photometry for 254 cluster
(ωCen, M4) and field RRLyræ (RRL) variables. We ended up with more than 551,000 measurements. Only 9%
are literature data. For 94 fundamental (RRab) and 51 first overtones (RRc) we provide a complete optical/NIR
characterization (mean magnitudes, luminosity amplitudes, epoch of the anchor point). The NIR light curves of these
variables were adopted to provide new light-curve templates for both RRc and RRab variables. The templates for
the J and the H band are newly introduced, together with the use of the pulsation period to discriminate among
the different RRab templates. To overcome subtle uncertainties in the fit of secondary features of the light curves we
provide two independent sets of analytical functions (Fourier and Periodic Gaussian series). The new templates were
validated by using 26 ωCen and Bulge RRLs. We found that the difference between the measured mean magnitude
along the light curve and the mean magnitude estimated by using the template on a single randomly extracted phase
point is better than 0.01 mag (σ = 0.04 mag). We also validated the template on variables for which at least three
phase points were available, but without information on the phase of the anchor point. We found that the accuracy
of the mean magnitudes is also ∼ 0.01 mag (σ = 0.04 mag). The new templates were applied to the Large Magellanic
Cloud (LMC) globular cluster Reticulum and by using literature data and predicted PLZ relations we found true
distance moduli µ = 18.47 ± 0.10 (rand.) ±0.03 (syst.) mag (J) and 18.49 ± 0.09 ± 0.05 mag (K). We also used
literature optical and mid-infrared data and we found a mean µ of 18.47± 0.02± 0.06 mag, suggesting that Reticulum
is ∼ 1 kpc closer than the LMC.

Submitted to A&A
Available from http://arxiv.org/abs/1812.06372
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METAL: the metal evolution, transport, and abundance in the Large
Magellanic Cloud Hubble program. I. Overview and initial results
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Metal Evolution, Transport, and Abundance in the LMC (METAL) is a large Cycle 24 program on the Hubble Space
Telescope aimed at measuring dust extinction properties and interstellar depletions in the Large Magellanic Cloud
(LMC) at half-solar metallicity. The 101-orbit program is comprised of COS and STIS spectroscopy toward 33 LMC
massive stars between 1150 Å and 3180 Å, and parallel WFC3 imaging in 7 NUV–NIR filters. The fraction of silicon in
the gas-phase (depletion) obtained from the spectroscopy decreases with increasing hydrogen column density. Depletion
patterns for silicon differ between the Milky Way, LMC, and SMC, with the silicon depletion level off-setting almost
exactly the metallicity differences, leading to constant gas-phase abundances in those galaxies for a given hydrogen
column density. The silicon depletion correlates linearly with the absolute-to-selective extinction, RV, indicating a
link between gas depletion and dust grain size. Extinction maps are derived from the resolved stellar photometry
in the parallel imaging, which can be compared to FIR images from Herschel and Spitzer to estimate the emissivity
of dust at LMC metallicity. The full METAL sample of depletions, UV extinction curves, and extinction maps will
inform the abundance, size, composition, and optical properties of dust grains in the LMC, comprehensively improve
our understanding of dust properties, and the accuracy with which dust-based gas masses, star formation rates and
histories in nearby and high-redshift galaxies are estimated. This overview paper describes the goals, design, data
reduction, and initial results of the METAL survey.

Accepted for publication in The Astrophysical Journal
Available from http://arxiv.org/abs/1901.06027
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B. van Soelen1, N. Komin2, A. Kniazev3,4 and Väisänen3,4
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LMCP3 is the most luminous gamma-ray binary discovered to date and the first detected outside of the Galaxy, with
an orbital period of 10.301 d. We report on optical spectroscopic observations undertaken with the Southern African
Large Telescope (SALT) using the High Resolution spectrograph (HRS). We find the binary is slightly eccentric,
e = 0.40± 0.07, and place the time of periastron at HJD 2, 457, 412.13 ± 0.29. Stellar model fitting finds an effective
temperature of Teff = 36351 ± 53 K. The mass function, f = 0.0010 ± 0.0004 M⊙, favours a neutron star compact
object. The phases of superior and inferior conjunctions are 0.98 and 0.24, respectively (where phase 0 is at the
Fermi-LAT maximum), close to the reported maxima in the GeV and TeV light curves.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1901.08911
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Collisionless shock heating of heavy ions in SN1987A
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Astrophysical shocks at all scales, from those in the heliosphere up to the cosmological shock waves, are typically
”collisionless”, because the thickness of their jump region is much shorter than the collisional mean free path. Across
these jumps, electrons, protons, and ions are expected to be heated at different temperatures. Supernova remnants
(SNRs) are ideal targets to study collisionless processes because of their bright post-shock emission and fast shocks.
Although optical observations of Balmer-dominated shocks in young SNRs showed that the post-shock proton tem-
perature is higher than the electron temperature, the actual dependence of the post-shock temperature on the particle
mass is still widely debated. We tackle this longstanding issue through the analysis of deep multi-epoch and high-
resolution observations of the youngest nearby supernova remnant, SN1987A, made with the Chandra X-ray telescope.
We introduce a novel data analysis method by studying the observed spectra in close comparison with a dedicated
full 3-D hydrodynamic simulation. The simulation is able to reproduce self-consistently the whole broadening of the
spectral lines of many ions altogether. We can therefore measure the post shock temperature of protons and selected
ions through comparison of the model with observations. We have obtained information about the heating processes
in collisional shocks by finding that the ion to proton temperature ratio is always significantly higher than one and
increases linearly with the ion mass for a wide range of masses and shock parameters.

Published in Nature Astronomy
Available from http://arxiv.org/abs/1901.10336
and from https://rdcu.be/bhO7Z
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Grigoris Maravelias1,2, Andreas Zezas1,2,3, Vallia Antoniou3, Despina Hatzidimitriou4,5 and Frank Haberl6

1IESL, Foundation for Research and Technology-Hellas, Heraklion, Greece
2Department of Physics, University of Crete, Heraklion, Greece
3Harvard–Smithsonian Center for Astrophysics, Cambridge, USA
4Department of Physics, National and Kapodistrian University of Athens, Zografou, Greece
5IAASARS, National Observatory of Athens, Athens, Greece
6Max-Planck-Institut für extraterrestrische Physik, Garching bei München, Germany

Almost all confirmed optical counterparts of HMXBs in the SMC are OB stars with equatorial decretion disks (OBe).
These sources emit strongly in Balmer lines and standout when imaged through narrow-band Hα imaging. The
lack of secure counterparts for a significant fraction of the HMXBs motivated us to search for more. Using the
catalogs for OB/OBe stars (Maravelias et al. 2017) and for HMXBs (Haberl & Sturm 2016) we detect 70 optical
counterparts (out of 104 covered by our survey). We provide the first identification of the optical counterpart to the
source XTEJ0050−731. We verify that 17 previously uncertain optical counterparts are indeed the proper matches.
Regarding 52 confirmed HMXBs (known optical counterparts with Hα emission), we detect 39 as OBe and another
13 as OB stars. This allows a direct estimation of the fraction of active OBe stars in HMXBs that show Hα emission
at a given epoch to be at least ∼ 75% of their total HMXB population.

Poster contribution, published in IAU Symposium 346 ”High-mass X-ray binaries: illuminating the
passage from massive binaries to merging compact objects”, Vienna, Aug 27–31, 2018
Available from http://arxiv.org/abs/1811.10933
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Nearby star-forming galaxies offer a unique environment to study the populations of young (< 100 Myr) accreting
binaries. These systems are tracers of past populations of massive stars that heavily affect their immediate environ-
ment and parent galaxies. Using a Chandra X-ray Visionary program, we investigate the young neutron-star binary
population in the low metallicity of the Small Magellanic Cloud (SMC) by reaching quiescent X-ray luminosity levels
(∼few times 1032 erg s−1). We present the first measurement of the formation efficiency of high-mass X-ray binaries
(HMXBs) as a function of the age of their parent stellar populations by using 3 indicators: the number ratio of HMXBs
to OB stars, to the SFR, and to the stellar mass produced during the specific star-formation burst they are associated
with. In all cases, we find that the HMXB formation efficiency increases as a function of time up to ∼ 40–60 Myr,
and then gradually decreases.

Poster contribution, published in IAUS 346: ”High-mass X-ray binaries: illuminating the passage from
massive binaries to merging compact objects”
Available from http://arxiv.org/abs/1812.11070

The Local Group dwarf galaxies: the star formation histories derived
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Dwarf galaxies in the Local Group (LG) represent a distinct as well as diverse family of tracers of the earliest phases
of galaxy assembly and the processing resulting from galactic harassment. Their stellar populations can be resolved
and used as probes of the evolution of their host galaxy. In this regard, we present the first reconstruction of the
star formation history (SFH) of them using the most evolved AGB stars that are long period variable (LPV). For the
nearby, relatively massive and interacting gas-rich dwarf galaxies, the Magellanic Clouds, we found that the bulk of
the stars formed ∼ 10 Gyr ago for the LMC, while the strongest episode of star formation in the SMC occurred a few
Gyr later. A peak in star formation around 0.7 Gyr ago in both Clouds is likely linked to their recent interaction.
The Andromeda satellite pair NGC147/185 show different histories; the main epoch of star formation for NGC185
occurred 8.3 Gyr ago, followed by a much lower, but relatively constant star formation rate (SFR). In the case of
NGC147, the SFR peaked only 6.9 Gyr ago, staying intense until ∼ 3 Gyr ago. Star formation in the isolated gas-rich
dwarf galaxy IC 1613 has proceeded at a steady rate over the past 5 Gyr, without any particular dominant epoch.
Due to lack of sufficient data, we have conducted an optical monitoring survey at the Isaac Newton Telescope (INT)
of 55 dwarf galaxies in the LG to reconstruct the SFH of them uniformly. The observations are made over ten epochs,
spaced approximately three months apart, as the luminosity of LPV stars varies on timescales of months to years. The
system of galactic satellites of the large Andromeda spiral galaxy (M31) forms one of the key targets of our monitoring
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survey. We present the first results in the And I dwarf galaxy, where we discovered 116 LPVs among over 10,000 stars.

Poster contribution, published in IAUS344 ”Dwarf Galaxies: From the Deep Universe to the Present”,
XXXth General Assembly of the IAU, Vienna, August 20–31, 2018
Available from http://arxiv.org/abs/1812.09725
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AGB population as probes of galaxy structure and evolution
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The evolution of galaxies is driven by the birth and death of stars. AGB stars are at the end points of their evolution
and therefore their luminosities directly reflect their birth mass; this enables us to reconstruct the star formation
history. These cool stars also produce dust grains that play an important role in the temperature regulation of the
interstellar medium (ISM), chemistry, and the formation of planets. These stars can be resolved in all of the nearby
galaxies. Therefore, the Local Group of galaxies offers us a superb near-field cosmology site. Here we can reconstruct
the formation histories, and probe the structure and dynamics, of spiral galaxies, of the many dwarf satellite galaxies
surrounding the Milky Way and Andromeda, and of isolated dwarf galaxies. It also offers a variety of environments
in which to study the detailed processes of galaxy evolution through studying the mass-loss mechanism and dust
production by cool evolved stars. In this paper, I will first review our recent efforts to identify mass-losing Asymptotic
Giant Branch (AGB) stars and red supergiants (RSGs) in Local Group galaxies and to correlate spatial distributions
of the AGB stars of different mass with galactic structures. Then, I will outline our methodology to reconstruct the
star formation histories using variable pulsating AGB stars and RSGs and present the results for rates of mass-loss
and dust production by pulsating AGB stars and their analysis in terms of stellar evolution and galaxy evolution.

Published in IAU Symposium 343: ”Why Galaxies Care About AGB Stars: A Continuing Challenge
through Cosmic Time”, eds. Franz Kerschbaum, Martin Groenewegen and Hans Olofsson
Available from http://arxiv.org/abs/1811.12025
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