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Figure 1: (Left:) Gray: NUV0 vs. (NUV–V)0 CMD for photometered stars. Blue, Orange: Stars within the combined
photometric and spectroscopic stellar sample marked by their stellar spectral classification. (Right:) MCELS narrow-
band Hα image of the SMC Wing highlighting the supergiant shell SMC-SGS 1. Points indicate the locations of
photometered stars with marker colors and shapes indicating stellar classification. From Fulmer et al. (2020, and this
Newsletter).

The spatial distribution of bright OB stars within our investigated region suggests a combination of stimulated star
formation due to the expansion of SMC-SGS 1 and a stochastic mode of star formation that is independent of shell
expansion. Given the prominence of SMC-SGS 1, one may expect star formation to propagate systematically at the
shell edge as it expands into the surrounding environment. The location of the young star cluster NGC602 on the
southern edge of SMC-SGC1 supports this narrative, and we infer that shell expansion has some influence on local
star formation. However, this propagation would further result in a stellar age and luminosity gradient along the
radial axis of SMC-SGS 1, with relatively faint stars within its center and relatively bright stars at its outermost edge.
Figure 1 (shown) and Figure 6 from Fulmer et al. (2020) reveal no such gradient; we observe an equal distribution of
bright OB stars on the edge of the shell as within its volume.
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Editorial

Dear Colleagues,

It is my pleasure to present you the 164th issue of the Magellanic Clouds Newsletter. I am sure the exciting new results
will be a welcome distraction from the current difficulties in our every day lives, which reminds us of how privileged
we are – often disaster strikes elsewhere and it’s just another item on the news (if at all).

With conferences being postponed and cancelled, and some being turned into fully on-line meetings, maybe we also
reflect on how we could work and live in a society that cares for people as well as our planet. Who knows, something
good may come of this (but we have to make it happen).

One thing is for sure: the Magellanic Clouds will ornate the firmament for many millions of years to come, until long
after we will have gone. Who knows, we might even see a(nother) Magellanic supernova in our lifetime!

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

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

Final Spitzer IRAC observations of the rise and fall of SN1987A
Richard G. Arendt1,2, Eli Dwek1, Patrice Bouchet3, I. John Danziger4, Robert D. Gehrz5, Sangwook Park6 and

Charles E. Woodward5

1Code 665, NASA/GSFC, 8800 Greenbelt Road, Greenbelt, MD 20771, USA
2CRESST II/UMBC, USA
3Laboratoire AIM Paris–Saclay, CEA–IRFU/SAp, CNRS, Université Paris Diderot, F-91191 Gif-sur-Yvette, France
4INAF–Osservatorio Astronomico di Trieste, via G.B. Tiepolo 11, I-34143 Trieste, Italy
5Minnesota Institute for Astrophysics, School of Physics and Astronomy, University of Minnesota, 116 Church Street, SE, Minneapolis,

MN 55455, USA
6Department of Physics, University of Texas at Arlington, Arlington, TX 76019, USA

Spitzer’s final Infrared Array Camera observations of SN 1987A show the 3.6 and 4.5 µm emission from the equatorial
ring (ER) continues a period of steady decline. Deconvolution of the images reveals that the emission is dominated
by the ring, not the ejecta, and is brightest on the west side. Decomposition of the marginally resolved emission also
confirms this, and shows that the west side of the ER has been brightening relative to the other portions of the ER.
The infrared morphological changes resemble those seen in both the soft X-ray emission and the optical emission.
The integrated ER light curves at 3.6 and 4.5 µm are more similar to the optical light curves than the soft X-ray
light curve, though differences would be expected if dust is responsible for this emission and its destruction is rapid.
Future observations with the James Webb Space Telescope will continue to monitor the ER evolution, and will reveal
the true spectrum and nature of the material responsible for the broadband emission at 3.6 and 4.5 µm. The present
observations also serendipitously reveal a nearby variable source, subsequently identified as a Be star, that has gone
through a multiyear outburst during the course of these observations.

Published in ApJ
Available from https://arxiv.org/abs/1912.12207
and from https://doi.org/10.3847/1538-4357/ab660f

Testing massive star evolution, star-formation history,and feedback at
low metallicity: Photometric analysis of OB stars in the SMC Wing

Leah M. Fulmer1, John S. Gallagher, III2, Wolf-Rainer Hamann3, Lida Oskinova3 and Varsha Ramachandran3

1University of Washington, Physics–Astronomy Bldg. 3910 15th Ave. NE Seattle, Seattle, WA 98195, USA
2Department of Astronomy, University of Wisconsin–Madison, WI 53706, USA
3Institute of Physics and Astronomy, University of Potsdam, Potsdam 14457, Germany

Context: The supergiant ionized shell SMC-SGS 1 (DEM167), which is located in the outer Wing of the Small Magel-
lanic Cloud (SMC), resembles structures that originate from an energetic star-formation event and later stimulate star
formation as they expand into the ambient medium. However, stellar populations within and surrounding SMC-SGS 1
tell a different story.
Aims: We present a photometric study of the stellar population encompassed by SMC-SGS 1 in order to trace the
history of such a large structure and its potential influence on star formation within the low-density, low-metallicity
environment of the SMC.
Methods: For a stellar population that is physically associated with SMC-SGS 1, we combined near-ultraviolet (NUV)
photometry from the Galaxy Evolution Explorer with archival optical (V-band) photometry from the ESO Danish
1.54 m Telescope. Given their colors and luminosities, we estimated stellar ages and masses by matching observed
photometry to theoretical stellar isochrone models.
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Results: We find that the investigated region supports an active, extended star-formation event spanning ∼ 25–40
Myr ago, as well as continued star formation into the present. Using a standard initial mass function, we infer a lower
bound on the stellar mass from this period of ∼ 3×104 M⊙, corresponding to a star-formation intensity of ∼ 6×10−3

M⊙ kpc−2 yr−1.
Conclusions: The spatial and temporal distributions of young stars encompassed by SMC-SGS 1 imply a slow, con-
sistent progression of star formation over millions of years. Ongoing star formation, both along the edge and interior
to SMC-SGS 1, suggests a combined stimulated and stochastic mode of star formation within the SMC Wing. We
note that a slow expansion of the shell within this low-density environment may preserve molecular clouds within the
volume of the shell, leaving them to form stars even after nearby stellar feedback expels local gas and dust.

Published in Astronomy & Astrophysics
Available from https://arxiv.org/abs/1912.08953
and from https://saga.edpsciences.org/article/aa/aa34314-18/document/downloadtap/

Variable Magellanic HMXB sources versus variable ULX sources:
nothing to brag about the ULX sources

D.M. Christodoulou1,2, S.G.T. Laycock1,3, R. Cappallo1,3, A. Roy1,3, S. Bhattacharya1,3 and D. Kazanas4

1Lowell Center for Space Science and Technology, University of Massachusetts Lowell, Lowell, MA, 01854, USA
2Department of Mathematical Sciences, University of Massachusetts Lowell, Lowell, MA, 01854, USA
3Department of Physics & Applied Physics, University of Massachusetts Lowell, Lowell, MA, 01854, USA
4NASA Goddard Space Flight Center, Laboratory for High-Energy Astrophysics, Code 663, Greenbelt, MD 20771, USA

We carry out a meta-analysis of ultraluminous X-ray (ULX) sources that show large variabilities (> 10) between their
highest and lowest emission states in the X-ray energy range of 0.3–10 keV. We are guided by a stringent compilation
of 25 such X-ray sources from Son et al. (2019). We examine the dependence of logN versus logSmax, where N is
the number of sources radiating above the maximum-flux level Smax. We find a strong deviation from all previously
determined slopes in various young X-ray samples, in fact the ULX data show clearly a slope of −0.91. So ULX
sources do not appear to be uniform and isotropic in our Universe. We compare the ULX results against the local
X-ray luminosity function of high-mass X-ray binaries (HMXBs) in the Small Magellanic Cloud (SMC) constructed
from our latest library that includes 41 Chandra 0.3–8 keV sources and 56 XMM–Newton 0.2–12 keV sources. The
ULX data are not drawn from the same continuous distribution as the SMC data (the ULX data peak at the low
tails of the SMC distributions) and none of our data sets is drawn from a normal distribution or from a log-normal
distribution (they all show marked excesses at both tails). At the α = 0.05 (2σ) significance level, the two-sample p-
value of the Kolmogorov–Smirnov (KS) test gives p = 4.7×10−3 < α for ULX–Chandra data; and p = 1.1×10−5 ≪ α
for ULX–XMM–Newton data, respectively. This adds to the evidence that ULX sources are not simply the higher end
of the known local Be/X-ray pulsar distribution, but they represent a class of X-ray sources different than the young
sources found in the SMC and in starburst galaxies. On the other hand, our two main SMC data sets are found to
be statistically consistent, as they are drawn from the same continuous parent distribution (null hypothesis H0): at
the α = 0.05 significance level, the two-sample KS test shows an asymptotic p-value of 0.308 ≫ α, which tells us to
accept H0.

Submitted to Research in Astronomy and Astrophysics
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On carbon nanotubes in the interstellar medium
Qi Li1,2, Aigen Li2, B.W. Jiang1 and T. Chen3

1Department of Astronomy, Beijing Normal University, Beijing 100875, China
2Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA
3Department of Theoretical Chemistry and Biology, Royal Institute of Technology, Stockholm 10691, Sweden

Since their discovery in 1991, carbon nanotubes (CNTs) — a novel one-dimensional carbon allotrope — have attracted
considerable interest worldwide because of their potential technological applications such as electric and optical devices.
In the astrophysical context, CNTs may be present in the interstellar space since many of the other allotropes of carbon
(e.g., amorphous carbon, fullerenes, nanodiamonds, graphite, polycyclic aromatic hydrocarbons, and possibly graphene
as well) are known to be widespread in the Universe, as revealed by presolar grains in carbonaceous primitive meteorites
and/or by their fingerprint spectral features in astronomical spectra. In addition, there are also experimental and
theoretical pathways to the formation of CNTs in the interstellar medium (ISM). In this work, we examine their
possible presence in the ISM by comparing the observed interstellar extinction curve with the ultraviolet/optical
absorption spectra experimentally obtained for single-walled CNTs of a wide range of diameters and chiralities. Based
on the absence in the interstellar extinction curve of the ∼ 4.5 and 5.25 eV π-plasmon absorption bands which are
pronounced in the experimental spectra of CNTs, we place an upper limit of ∼ 10 ppm of C/H (i.e., ∼ 4% of the total
interstellar C) on the interstellar CNT abundance.

Accepted for publication in Mon. Not. Roy. Astron. Soc.
Available from https://arxiv.org/abs/2002.05588

OGLE-ing the Magellanic System: Cepheids in the Bridge
Anna M. Jacyszyn-Dobrzeniecka1,2, Igor Soszyński1, Andrzej Udalski1, Micha l K. Szymański1, Dorota M. Skowron1,

Jan Skowron1, Przemek Mróz1,5, Katarzyna Kruszyńska1, Patryk Iwanek1, Pawe l Pietrukowicz1, Rados law Poleski3,

Szymon Koz lowski4, Krzysztof Ulaczyk1, Krzysztof Rybicki1 and Marcin Wrona1

1Astronomical Observatory, University of Warsaw, Al. Ujazdowskie 4, 00-478 Warszawa, Poland
2Astronomisches Rechen-Institut, Zentrum für Astronomie der Universität Heidelberg, Mönchhofstr. 12–14, D-69120 Heidelberg, Germany
3Department of Astronomy, Ohio State University, 140 West 18th Avenue, Columbus, OH 43210, USA
4Department of Physics, University of Warwick, Coventry CV4 7AL, UK
5Division of Physics, Mathematics, and Astronomy, California Institute of Technology, Pasadena, CA 91125, USA

We present a detailed analysis of the Magellanic Bridge Cepheid sample constructed using the Optical Gravita-
tional Lensing Experiment Collection of Variable Stars. Our updated Bridge sample contains 10 classical and 13
anomalous Cepheids. We calculate their individual distances using optical period–Wesenheit relations and construct
three-dimensional maps. Classical Cepheid (CC) on-sky locations match very well neutral hydrogen and young stars
distributions; thus, they add to the overall young Bridge population. In three dimensions, 8 out of 10 CCs form
a bridge-like connection between the Magellanic Clouds. The other two are located slightly farther away and may
constitute the Counter Bridge. We estimate ages of our Cepheids to be less than 300 Myr for from 5 up to 8 out of 10,
depending on whether the rotation is included. This is in agreement with a scenario where these stars were formed
in situ after the last encounter of the Magellanic Clouds. Cepheids’ proper motions reveal that they are moving away
from both Large and Small Magellanic Clouds. Anomalous Cepheids are more spread than CCs in both two and
three dimensions, even though they form a rather smooth connection between the Magellanic Clouds. However, this
connection does not seem to be bridge-like, as there are many outliers around both Magellanic Clouds.

Published in The Astrophysical Journal
Available from https://arxiv.org/abs/1904.08220
and from https://iopscience.iop.org/article/10.3847/1538-4357/ab61f1
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OGLE-ing the Magellanic System: RRLyræ stars in the Bridge
Anna M. Jacyszyn-Dobrzeniecka1,2, Przemek Mróz1,5, Katarzyna Kruszyńska1, Igor Soszyński1, Dorota M.

Skowron1, Andrzej Udalski1, Micha l K. Szymański1, Patryk Iwanek1, Jan Skowron1, Pawe l Pietrukowicz1, Rados law

Poleski3, Szymon Koz lowski1, Krzysztof Ulaczyk4, Krzysztof Rybicki1 and Marcin Wrona1

1Astronomical Observatory, University of Warsaw, Al. Ujazdowskie 4, 00-478 Warszawa, Poland
2Astronomisches Rechen-Institut, Zentrum für Astronomie der Universität Heidelberg, Mönchhofstr. 12-14, D-69120 Heidelberg, Germany
3Department of Astronomy, Ohio State University, 140 West 18th Avenue, Columbus, OH 43210, USA
4Department of Physics, University of Warwick, Coventry CV4 7AL, UK
5Division of Physics, Mathematics, and Astronomy, California Institute of Technology, Pasadena, CA 91125, USA

We use the extended and updated Optical Gravitational Lensing Experiment (OGLE) Collection of Variable Stars to
thoroughly analyze the distribution of RRLyræ stars in the Magellanic Bridge. We use photometric metallicities to
derive the absolute Wesenheit magnitude and individual distance of each RRLyræ star. We confirm results from our
earlier study showing that RRLyræ stars are present in between the Magellanic Clouds, though their three-dimensional
distribution more resembles two extended overlapping structures than a strict bridge-like connection. The contours
do connect in the southern parts of the Bridge, albeit on a level too low to state that an evident connection exists.
To test the sample numerically, we use multi-Gaußian fitting and conclude that there is no additional population or
overdensity located in the Bridge. We also try to reproduce results on the putative RRLyræ Magellanic Bridge stream
by selecting RRLyræ candidates from Gaia Data Release 1. We show that we are not able to obtain the evident
connection of the Clouds without many spurious sources in the sample, as the cuts are not able to remove artifacts
without eliminating the evident connection at the same time. Moreover, for the first time, we present the Gaia Data
Release 2 RRLyræ stars in the Magellanic Bridge area and show that their distribution matches our results.

Published in The Astrophysical Journal
Available from https://arxiv.org/abs/1904.07888
and from https://iopscience.iop.org/article/10.3847/1538-4357/ab61f2

Mass loss and the Eddington parameter: a new mass-loss recipe for hot
and massive stars
Joachim M. Bestenlehner1

1Department of Physics & Astronomy, Hounsfield Road, University of Sheffield, S3 7RH, UK

Mass loss through stellar winds plays a dominant role in the evolution of massive stars. In particular the mass-loss rates
of very massive stars (VMSs, > 100 M⊙) are highly uncertain. Such stars display Wolf–Rayet spectral morphologies
(WNh) whilst on the main-sequence. Metal-poor VMSs are progenitors of γ-ray bursts and pair instability supernovæ.
In this study we extended the widely used stellar wind theory by Castor, Abbott & Klein from the optically thin (O
star) to the optically thick main-sequence (WNh) wind regime. In particular we modify the mass-loss rate formula
in a way that we are able to explain the empirical mass-loss dependence on the Eddington parameter (Γe). The new
mass-loss recipe is suitable for incorporation into current stellar evolution models for massive and very massive stars. It
makes verifiable predictions, namely how the mass-loss rate scales with metallicity and at which Eddington parameter
the transition from optically thin O star to optically thick WNh star winds occurs. In the case of the star cluster R136
in the Large Magellanic Cloud we find in the optically thin wind regime Ṁ ∝ Γ3

e while in the optically thick wind
regime Ṁ ∝ 1/(1 − Γe)

3.5. The transition from optically thin to optically thick winds occurs at Γe,trans ≈ 0.47. The

transition mass-loss rate is log Ṁ (M⊙ yr−1) ≈ −4.76± 0.18, which is in line with the prediction by Vink & Gräfener
assuming a volume filling factor of fV = 0.23+0.40

−0.15.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2002.05168
and from https://academic.oup.com/mnras/advance-article/doi/10.1093/mnras/staa474/5739932
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VLT/X-shooter spectroscopy of massive young stellar objects in the
30Doradus region of the Large Magellanic Cloud

M.L. van Gelder1,2, L. Kaper1, J. Japelj1, M.C. Ramı́rez-Tannus1,3, L.E. Ellerbroek1, R.H. Barbá4, J.M.

Bestenlehner5, A. Bik6, G. Gräfener7, A. de Koter1,8, S.E. de Mink1,9, E. Sabbi10, H. Sana8, M. Sewi lo11,12, J.S.

Vink13 and N.R. Walborn10

1Anton Pannekoek Institute, University of Amsterdam, Science Park 904, 1098XH Amsterdam, The Netherlands
2Leiden Observatory, Leiden University, P.O. Box 9513, 2300RA Leiden, The Netherlands
3Max-Plank-Institute for Astronomy, Königstuhl 17, 69117 Heidelberg, Germany
4Departamento de F´́ısica y Astronomı́a, Universidad de La Serena, Av. cisternas 1200 norte, La Serena, Chile
5Department of Physics and Astronomy, University of Sheffield, Sheffield S3 7RH, UK
6Department of Astronomy, Stockholm University, AlbaNova University Centre, 106 91 Stockholm, Sweden
7Argelander-Institut für Astronomie der Universität Bonn, Auf dem Hügel 71, 53121 Bonn, Germany
8Institute of Astrophysics, K.U. Leuven, Celestijnenlaan 200D, 3001 Leuven, Belgium
9Center for Astrophysics, Harvard–Smithsonian, 60 Garden Street, Cambridge, MA 02138, USA
10Space Telescope Science Institute, 2700 San Martin Drive, MD 21218, Baltimore, USA
11Department of Astronomy, University of Maryland, College Park, MD 20742, USA
12CRESST II and Exoplanets and Stellar Astrophysics Laboratory, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA
13Armagh Observatory, College Hill, Armagh BT61 9DG, UK

The process of massive star (M ≥ 8 M⊙) formation is still poorly understood. Observations of massive young stellar
objects (MYSOs) are challenging due to their rarity, short formation timescale, large distances, and high circumstellar
extinction. Here, we present the results of a spectroscopic analysis of a population of MYSOs in the Large Magellanic
Cloud (LMC). We took advantage of the spectral resolution and wavelength coverage of X-shooter (300–2500 nm),
which is mounted on the European Southern Observatory Very Large Telescope, to detect characteristic spectral
features in a dozen MYSO candidates near 30Doradus, the largest starburst region in the Local Group hosting the
most massive stars known. The X-shooter spectra are strongly contaminated by nebular emission. We used a scaling
method to subtract the nebular contamination from our objects. We detect Hα, β, [O i] 630.0 nm, Ca ii, [Fe ii] 1643.5
nm, fluorescent Fe ii 1687.8 nm, H2 2121.8 nm, Brγ, and CO bandhead emission in the spectra of multiple candidates.
This leads to the spectroscopic confirmation of ten candidates as bona fide MYSOs. We compared our observations with
photometric observations from the literature and find all MYSOs to have a strong near-infrared excess. We computed
lower limits to the brightness and luminosity of the MYSO candidates, confirming the near-infrared excess and the
massive nature of the objects. No clear correlation is seen between the Brγ luminosity and metallicity. Combining
our sample with other LMC samples results in a combined detection rate of disk features, such as fluorescent Fe ii and
CO bandheads, which is consistent with the Galactic rate (40%). Most of our MYSOs show outflow features.

Accepted for publication in A&A
Available from https://arxiv.org/abs/2002.02690

A theoretical investigation of the Humphreys–Davidson limit at high
and low metallicity

Erin R. Higgins1 and Jorick S. Vink1

1Armagh Observatory, Northern Ireland

Current massive star evolution grids are not able to simultaneously reproduce the empirical upper luminosity limit
of red supergiants, the Humphrey–Davidson (HD) limit, nor the blue-to-red (B/R) supergiant ratio at high and low
metallicity. Although previous studies have shown that the treatment of convection and semi-convection plays a role
in the post-main-sequence (MS) evolution to blue or red supergiants, a unified treatment for all metallicities has not
been achieved so far. We focus on developing a better understanding of what drives massive star evolution to blue
and red supergiant phases, with the ultimate aim of reproducing the HD limit at varied metallicities. We discuss the
consequences of classifying B and R in the B/R ratio and clarify what is required to quantify a relatable theoretical
B/R ratio for comparison with observations. For solar, Large Magellanic Cloud (50% solar), and Small Magellanic
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Cloud (20% solar) metallicities, we develop eight grids of mesa models for the mass range 20–60 M⊙ to probe the
effect of semi-convection and overshooting on the core helium-burning phase. We compare rotating and non-rotating
models with efficient (αsemi = 100) and inefficient semi-convection (αsemi = 0.1), with high and low amounts of core
overshooting (αov of 0.1 or 0.5). The red and blue supergiant evolutionary phases are investigated by comparing the
fraction of core He-burning lifetimes spent in each phase for a range of masses and metallicities. We find that the
extension of the convective core by overshooting αov = 0.5 has an effect on the post-MS evolution that can disable
semi-convection, leading to more RSGs, but a lack of BSGs. We therefore implement αov = 0.1, which switches on
semi-convective mixing, but for standard αsemi = 1 would result in an HD limit that is higher than observed at low Z
(Large and Small Magellanic Clouds). Therefore, we need to implement very efficient semi-convection of αsemi = 100,
which reproduces the HD limit at logL ∼ 5.5 for the Magellanic Clouds while simultaneously reproducing the Galactic
HD limit of logL ∼ 5.8 naturally. The effect of semi-convection is not active at high metallicities because the envelope
structure is depleted by strong mass loss such that semi-convective regions could not form. Metallicity-dependent
mass loss plays an indirect, yet decisive role in setting the HD limit as a function of Z. For a combination of efficient
semi-convection and low overshooting with standard mass-loss rate(Z), we find a natural HD limit at all metallicities.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2002.07204

MUSE observations of NGC330 in the Small Magellanic Cloud. Helium
abundance of bright main-sequence stars

R. Carini1, K. Biazzo2,1, E. Brocato1, L. Pulone1 and L. Pasquini3

1INAF–Osservatorio Astronomico di Roma, Italy
2INAF–Osservatorio Astrofisico di Catania, Italy
3European Southern Observatory, Germany

We present observations of the most bright main-sequence stars in the Small Magellanic Cloud stellar cluster NGC330
obtained with the integral-field spectrograph, the Multi Unit Spectroscopic Explorer, at the Very Large Telescope.
The use of this valuable instrument allows us to study both photometric and spectroscopic properties of stellar
populations of this young star cluster. The photometric data provide us a precise color–magnitude diagram, which
seems to support the presence of two stellar populations of ages of ∼ 18 Myr and ∼ 30 Myr assuming a metallicity
of Z = 0.002. Thanks to the spectroscopic data, we derive a helium abundance of 10 main-sequence stars within
the effective radius of Reff = 20′′ of NGC330, thus leading to an estimation of ǫ(He) = 10.93 ± 0.05 (1σ). The
helium elemental abundances of stars likely belonging to the two possible stellar populations do not show differences
or dichotomy within the uncertainties. Thus, our results suggest that the two stellar populations of NGC330, if
they exist, share similar original He abundances. If we consider stellar rotation velocity in our analysis, a coeval
(30 Myr) stellar population, experiencing different values of rotation, cannot be excluded. In this case, the mean
helium abundance 〈ǫ(He)〉rot obtained in our analysis is 11.00 ± 0.05 dex. We also verified that possible non-LTE
(NLTE) effects cannot be identified with our analysis because of the spectral resolution and they are within our
derived abundance He uncertainties. Moreover, the analysis of the He abundance as a function of the distance from
the cluster center of the observed stars does not show any correlation.

Accepted for publication in AJ
Available from https://arxiv.org/abs/2002.02906

8

https://arxiv.org/abs/2002.07204
https://arxiv.org/abs/2002.02906


The orbital histories of Magellanic satellites using Gaia DR2 proper
motions

Ekta Patel1,2, Nitya Kallivayalil3, Nicolas Garavito-Camargo4, Gurtina Besla4, Daniel R. Weisz1, Roeland P. van

der Marel5,6, Michael Boylan-Kolchin7, Marcel S. Pawlowski8 and Facundo A. Gómez9,10

1Department of Astronomy, University of California, Berkeley, 501 Campbell Hall, Berkeley, CA, 94720, USA
2Miller Institute for Basic Research in Science,468 Donner Lab,Berkeley, CA 94720, USA
3Department of Astronomy, University of Virginia, 530 McCormick Road, Charlottesville, VA 22904, USA
4Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721, USA
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, The University of Texas at Austin, 2515 Speedway, Stop C1400, Austin, TX 78712-1205, USA
8Leibniz-Institut für Astrophysik Potsdam (AIP), An der Sternwarte 16, D-14482 Potsdam, Germany
9Instituto de Investigación Multidisciplinar en Ciencia y Tecnoloǵıa, Universidad de La Serena, Raúl Bitrán 1305, La Serena, Chile
10Departamento de Astronomı́a, Universidad de La Serena, Av. Juan Cisternas 1200 Norte, La Serena, Chile

With the release of Gaia DR2, it is now possible to measure the proper motions (PMs) of the lowest mass, ultra-faint
satellite galaxies in the Milky Way’s (MW) halo for the first time. Many of these faint satellites are posited to have been
accreted as satellites of the Magellanic Clouds (MCs). Using their 6-dimensional phase space information, we calculate
the orbital histories of 13 ultra-faint satellites and five classical dwarf spheroidals in a combined MW+LMC+SMC
potential to determine which galaxies are dynamically associated with the MCs. These 18 galaxies are separated
into four classes: i.) long-term Magellanic satellites that have been bound to the MCs for at least the last two
consecutive orbits around the MCs (Carina 2, Carina 3, Horologium1, Hydrus 1); ii.) Magellanic satellites that were
recently captured by the MCs < 1 Gyr ago (Reticulum2, Phoenix 2); iii.) MW satellites that have interacted with the
MCs (Sculptor 1, Tucana 3, Segue 1); and iv.) MW satellites (Aquarius 2, CanesVenatici 2, Crater 2, Draco 1, Draco 2,
Hydra 2, Carina, Fornax, Ursa Minor). Results are reported for a range of MW and LMC masses. Contrary to previous
work, we find no dynamical association between Carina, Fornax, and the MCs. Finally, we determine that the addition
of the SMC’s gravitational potential affects the longevity of satellites as members of the Magellanic system (long-term
versus recently captured), but it does not change the total number of Magellanic satellites.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2001.01746

Towards early-type eclipsing binaries as extragalactic milestones: II.
NLTE spectral analysis and stellar parameters of the detached O-type

system OGLE-LMC-ECL-06782 in the LMC
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We combine the NLTE spectral analysis of the detached O-type eclipsing binary OGLE-LMC-ECL-06782 with the
analysis of the radial velocity curve and light curve to measure an independent distance to the LMC. In our spectral
analysis we study composite spectra of the system at quadrature and use the information from radial velocity and light
curve about stellar gravities, radii and component flux ratio to derive effective temperature, reddening, extinction and
intrinsic surface brightness. We obtain a distance modulus to the LMC of m − M = 18.53 ± 0.04 mag. This value
is 0.05 mag larger than the precision distance obtained recently from the analysis of a large sample of detached, long
period late spectral type eclipsing binaries but agrees within the margin of the uncertainties. We also determine the
surface brightnesses of the system components and find good agreement with the published surface brightness color

9

https://arxiv.org/abs/2001.01746


relationship. A comparison of the observed stellar parameters with the prediction of stellar evolution based on the
mesa stellar evolution code shows reasonable agreement, but requires a reduction of the internal angular momentum
transport to match the observed rotational velocities.

Published in The Astrophysical Journal, 890, 137 (2020)
Available from https://arxiv.org/abs/2001.04762
and from https://ui.adsabs.harvard.edu/abs/2020ApJ...890..137T/abstract

ASASSN-16oh: A nova outburst with no mass ejection – A new type of
supersoft X-ray source in old populations

Mariko Kato1, HIdeyuki Saio2 and Izumi Hachisu3

1Keio University, Japan
2Tohoku University, Japan
3The University of Tokyo, Japan

ASASSN-16oh is a peculiar transient supersoft X-ray source without a mass ejection signature in the field of the
Small Magellanic Cloud. Maccarone et al. (2019) concluded that ASASSN-16oh is the first dwarf nova with supersoft
X-ray that originated from an equatorial accretion belt on a white dwarf (WD). Hillman et al. (2019) proposed a
thermonuclear runaway model that both the X-rays and V /I photons are emitted from the hot WD. We calculated
the same parameter models as Hillman et al.’s and found that they manipulated on/off the mass-accretion, and their
best fit V light curves are 6 mag fainter, and decay about 10 times slower, than that of ASASSN-16oh. We propose
a nova model induced by a high rate of mass-accretion during a dwarf nova outburst, i.e. the X-rays originate from
the surface of the hydrogen-burning WD whereas the V/I photons are from the irradiated disk. Our model explains
the main observational properties of ASASSN-16oh. We also obtained thermonuclear runaway models with no mass
ejection for a wide range of parameters of the WD mass and mass-accretion rates including both natural and forced
novae in low-metal environments of Z = 0.001 and Z = 0.0001. They are a new type of periodic supersoft X-ray
sources with no mass ejection, and also a bright transient in V /I bands if they have a large disk. We suggest that
such objects are candidates of Type Ia supernova progenitors because its mass is increasing at a very high efficiency
(∼ 100%).

Published in The Astrophysical Journal, 892, 15 (2020)
Available from https://arxiv.org/abs/2002.10717

Spitzer’s perspective of polycyclic aromatic hydrocarbons in galaxies
Aigen Li1

1Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA

Polycyclic aromatic hydrocarbon (PAH) molecules, as revealed by the distinctive set of emission bands at 3.3, 6.2, 7.7,
8.6, 11.3 and 12.7µm characteristic of their vibrational modes, are abundant and widespread throughout the Universe.
They are ubiquitously seen in a wide variety of astrophysical regions, ranging from planet-forming disks around young
stars to the interstellar medium (ISM) of the Milky Way and external galaxies out to high redshifts at z>∼ 4.
PAHs profoundly influence the thermal budget and chemistry of the ISM by dominating the photoelectric heating of
the gas and controlling the ionization balance.
Here, I review the current state of knowledge of the astrophysics of PAHs, focusing on their observational characteristics
obtained from the Spitzer Space Telescope and their diagnostic power for probing the local physical and chemical
conditions and processes. Special attention is paid to the spectral properties of PAHs and their variations revealed
by the Infrared Spectrograph (IRS) on board Spitzer across a much broader range of extragalactic environments
(e.g., distant galaxies, early-type galaxies, galactic halos, active galactic nuclei, and low-metallicity galaxies) than was
previously possible with the Infrared Space Observatory (ISO) or any other telescope facilities. Also highlighted is the
relation between the PAH abundance and the galaxy metallicity established for the first time by Spitzer.
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I dedicate this article to the 60th anniversary of the Department of Astronomy of Beijing Normal University, the 2nd

astronomy program in the modern history of China.

Published in Nature Astronomy
Available from https://arxiv.org/abs/2003.10489
and from http://www.nature.com/articles/s41550-020-1051-1

Revealing the tidal scars of the Small Magellanic Cloud
Michele De Leo1, Ricardo Carrera2, Noelia E.D. Noel1, Justin I. Read1, Denis Erkal1 and Carme Gallart3,4
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Due to their close proximity, the Large and Small Magellanic Clouds (SMC/LMC) provide natural laboratories for
understanding how galaxies form and evolve. With the goal of determining the structure and dynamical state of
the SMC, we present new spectroscopic data for ∼ 3000 SMC red giant branch stars observed using the AAOmega
spectrograph at the Anglo–Australian Telescope. We complement our data with further spectroscopic measurements
from previous studies that used the same instrumental configuration and proper motions from the Gaia Data Release
2 catalogue. Analysing the photometric and stellar kinematic data, we find that the SMC centre of mass presents a
conspicuous offset from the velocity centre of its associated H i gas, suggesting that the SMC gas is likely to be far
from dynamical equilibrium. Furthermore, we find evidence that the SMC is currently undergoing tidal disruption by
the LMC within 2 kpc of the centre of the SMC, and possibly all the way in to the very core. This is evidenced by
a net outward motion of stars from the SMC centre along the direction towards the LMC and apparent tangential
anisotropy at all radii. The latter is expected if the SMC is undergoing significiant tidal stripping, as we demonstrate
using a suite of N -body simulations of the SMC/LMC system disrupting around the Milky Way. These results suggest
that dynamical models for the SMC that assume a steady state will need to be revisited.

Submitted to Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2002.11138

The VMC survey – XXXVI. Young stellar variability in the Large
Magellanic Cloud
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Studies of young stellar objects (YSOs) in the Galaxy have found that a significant fraction exhibit photometric
variability. However, no systematic investigation has been conducted on the variability of extragalactic YSOs. Here
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we present the first variability study of massive YSOs in a ∼ 1.5 deg2 region of the Large Magellanic Cloud (LMC). The
aim is to investigate whether the different environmental conditions in the metal-poor LMC (∼ 0.4–0.5 Z⊙) have an
impact on the variability characteristics. Multi-epoch near-infrared (NIR) photometry was obtained from the VISTA
Survey of the Magellanic Clouds (VMC) and our own monitoring campaign using the VISTA telescope. By applying
a reduced χ2-analysis, stellar variability was identified. We found 3062 candidate variable stars from a population
of 362 425 stars detected. Based on several Spitzer studies, we compiled a sample of high-reliability massive YSOs:
a total of 173 massive YSOs have NIR counterparts (down to Ks ∼ 18.5 mag) in the VMC catalogue, of which 39
display significant (> 3σ) variability. They have been classified as eruptive, fader, dipper, short-term variable and
long-period variable YSOs based mostly on the appearance of their Ks band light curves. The majority of YSOs are
aperiodic, only five YSOs exhibit periodic lightcurves. The observed amplitudes are comparable or smaller than those
for Galactic YSOs (only two Magellanic YSOs exhibit ∆Ks > 1 mag), not what would have been expected from the
typically larger mass accretion rates observed in the Magellanic Clouds.

Published in MNRAS
Available from https://arxiv.org/abs/2002.12291
and from https://doi.org/10.1093/mnras/staa626

Red Be stars in the Magellanic Clouds
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We revisit the subject of Be star candidates towards the Magellanic Clouds, previously studied by the authors using
SPM4 proper motions. We obtain GAIA DR2 parallaxes and proper motions for 2357 and 994 LMC and SMC Be
candidates, respectively. Parallaxes and proper motions vs. colour V–I easily reveal the presence of the redder galactic
contaminant foreground, as concluded in our previous work, but this time we do find a few red Be stars candidates
consistent with being true Magellanic objects. A membership assessment to each Magellanic Cloud is done for each
Be candidate, based on the distribution of their parallaxes and proper motions. From a compilation of published
catalogues of spectroscopically confirmed Be stars, we found that 40 (LMC) and 64 (SMC) of these Be candidates,
are in fact Be stars. Near infrared IRSF JHKs magnitudes were obtained for about 70% the Be stars candidates with
GAIA DR2 astrometric data. Mid-infrared SAGE IRAC 3.6, 4.5, 5.8 and 8.0 µm magnitudes were obtained for about
85% as well. 6 LMC and 7 SMC confirmed Be stars show optical, near- or mid-infrared colours redder than what has
been typically measured for Classical Be stars. Several of the Be candidates follow those redder-than-expected colours
distributions suggesting the existence of more red Magellanic Be stars.

Submitted to MNRAS
Available from https://arxiv.org/abs/2002.11606
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