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Editorial

Dear Colleagues,

It is my pleasure to present you the 176th issue of the Magellanic Clouds Newsletter. Three papers on the supernova
remnant 0540−69.3 and two on SN1987, and papers on Cepheids, chemical evolution and stellar populations and more.

If you happen to be in the UK at the time you might be interested in attending the Royal Astronomical Society’s UK
National Astronomy Meeting – see the back of the Newsletter for an announcement about some of the sessions.

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

The iron and oxygen content of LMC Classical Cepheids and its
implications for the extragalactic distance scale and Hubble constant.
Equivalent width analysis with Kurucz stellar atmosphere models

Martino Romaniello1, Adam Riess2,3, Sara Mancino1, Richard I. Anderson4, Wolfram Freudling1, Rolf-Peter

Kudritzki5,6, Lucas Macŕı7, Alessio Mucciarelli8,9 and Wenlong Yuan3

1European Southern Observatory, Karl-Schwarzschild-Straße 2, D-85478 Garching bei München, Germany
2Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
3Department of Physics and Astronomy, Johns Hopkins University, Baltimore, MD 21218, USA
4Institute of Physics, Laboratory of Astrophysics, École Polytechnique Féderale del Lausanne (EPFL), Observatoire de Sauverny, 1290

Versoix, Switzerland
5LMU München, Universitätssternwarte, Scheinerstraße 1, D-81679, Germany
6Institute for Astronomy, University of Hawai’i at Manoa, 2680 Woodlawn Drive, Honolulu, HI 96822, USA
7Mitchell Institute for Fundamental Physics & Astronomy, Department of Physics & Astronomy, Texas A&M University, College Station,

TX 77843, USA
8Dipartimento di Fisica e Astronomia Augusto Righi, Università degli Studi di Bologna, Via Gobetti 93/2, 40129 Bologna, Italy
9INAF–Osservatorio di Astrofisica e Scienza dello Spazio di Bologna, Via Gobetti 93/3, 40129 Bologna, Italy

Context: Classical Cepheids are primary distance indicators and a crucial stepping stone in determining the present-
day value of the Hubble constant H0 to the precision and accuracy required to constrain apparent deviations from the
ΛCDM Concordance Cosmological Model.
Aims: We measured the iron and oxygen abundances of a statistically significant sample of 89 Cepheids in the Large
Magellanic Cloud (LMC), one of the anchors of the local distance scale, quadrupling the prior sample and including
68 of the 70 Cepheids used to constrain H0 by the SH0ES program. The goal is to constrain the extent to which
the luminosity of Cepheids is influenced by their chemical composition, which is an important contributor to the
uncertainty on the determination of the Hubble constant itself and a critical factor in the internal consistency of the
distance ladder.
Methods: We derived stellar parameters and chemical abundances from a self-consistent spectroscopic analysis based
on equivalent width of absorption lines.
Results: The iron distribution of Cepheids in the LMC can be very accurately described by a single Gaussian with a
mean [Fe/H] = −0.409± 0.003 dex and σ = 0.076± 0.003 dex. We estimate a systematic uncertainty on the absolute
mean values of 0.1 dex. The width of the distribution is fully compatible with the measurement error and supports
the low dispersion of 0.069 mag seen in the near- infrared Hubble Space Telescope LMC period–luminosity relation.
The uniformity of the abundance has the important consequence that the LMC Cepheids alone cannot provide any
meaningful constraint on the dependence of the Cepheid period–luminosity relation on chemical composition at any
wavelength. This revises a prior claim based on a small sample of 22 LMC Cepheids that there was little dependence
(or uncertainty) between composition and near-infrared luminosity, a conclusion which would produce an apparent
conflict between anchors of the distance ladder with different mean abundance. The chemical homogeneity of the
LMC Cepheid population makes it an ideal environment in which to calibrate the metallicity dependence between the
more metal-poor Small Magellanic Cloud and metal-rich Milky Way and NGC4258.

Published in A&A 658, A29 (2022)
Available from https://arxiv.org/abs/2110.08860
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The earliest O-type eclipsing binary in the Small Magellanic Cloud,
AzV476: a comprehensive analysis reveals surprisingly low stellar

masses

D. Pauli1, L.M. Oskinova1, W.-R. Hamann1, V. Ramachandran1,3, H. Todt1, A.A.C. Sander2,3, T. Shenar4, M.

Rickard1,5, J. Máız Apellániz6 and R. Prinja5

1Institut für Physik und Astronomie, Universität Potsdam, Karl-Liebknecht-Str. 24/25, 14476 Potsdam, Germany
2Armagh Observatory and Planetarium, College Hill, Armagh BT61 9DG, Northern Ireland, UK
3Astronomisches Rechen-Institut, Zentrum für Astronomie der Universität Heidelberg, Mönchhofstr. 12–14, 69120 Heidelberg, Germany
4Institute of Astronomy, K.U. Leuven, Celestijnenlaan 200D, 3001 Leuven, Belgium
5Department of Physics and Astronomy, University College London, Gower Street, London WC1E 6BT, UK
6Centro de Astrobioloǵıa, CSIC–INTA. Campus ESAC, Camino bajo del castillo s/n. E-28 692 Villanueva de la Cañada, Madrid, Spain

Context: Massive stars at low metallicity are among the main feedback agents in the early Universe and in present-day
star forming galaxies. When in binaries, these stars are potential progenitors of gravitational-wave events. Knowledge
of stellar masses is a prerequisite to understanding evolution and feedback of low-metallicity massive stars.
Aims: Using abundant spectroscopic and photometric measurements of an outstandingly bright eclipsing binary, we
compare its dynamic, spectroscopic, and evolutionary mass estimates and develop a binary evolution scenario.
Methods: We comprehensively studied the eclipsing binary system, AzV476, in the Small Magellanic Cloud (SMC).
The light curve and radial velocities were analyzed to obtain the orbital parameters. The photometric and spectroscopic
data in the UV and optical were analyzed using the Potsdam Wolf–Rayet (PoWR) model atmospheres. The obtained
results are interpreted using detailed binary-evolution tracks including mass transfer.
Results: AzV476 consists of an O4 IV–III((f))p primary and an O9.5: Vn secondary. Both components have similar
current masses (20 M⊙ and 18 M⊙) obtained consistently from both the orbital and spectroscopic analysis. The
effective temperatures are 42 kK and 32 kK, respectively. The wind mass-loss rate of log(Ṁ/(M⊙/yr)) = −6.2 of the
primary is a factor of ten higher than a recent empirical prescription for single O stars in the SMC. Only close-binary
evolution with mass transfer can reproduce the current stellar and orbital parameters, including orbital separation,
eccentricity, and the rapid rotation of the secondary. The binary evolutionary model reveals that the primary has lost
about half of its initial mass and is already core helium burning.
Conclusions: Our comprehensive analysis of AzV476 yields a consistent set of parameters and suggests previous case B
mass transfer. The derived stellar masses agree within their uncertainties. The moderate masses of AzV476 underline
the scarcity of bright massive stars in the SMC. The core helium burning nature of the primary indicates that stripped
stars might be hidden among OB-type populations.

Published in A&A
Available from https://arxiv.org/abs/2201.09148
and from https://www.aanda.org/component/article?access=doi&doi=10.1051/0004-6361/202141738

The VMC survey – XLV. Proper motion of the outer LMC and the
impact of the SMC

Thomas Schmidt1,2, Maria-Rosa L. Cioni1, Florian Niederhofer1, Kenji Bekki3, Cameron P.M. Bell1, Richard de

Grijs4,5, Dalal El Youssoufi1,2, Valentin D. Ivanov6, Joana M. Oliveira7, Vincenzo Ripepi8 and Jacco Th. van Loon7

1Leibniz-Institut für Astrophysik Potsdam (AIP), An der Sternwarte 16, D-14482 Potsdam, Germany
2Institut für Physik und Astronomie, Universität Potsdam, Haus 28, Karl-Liebknecht-Str. 24/25, D-14476 Golm (Potsdam), Germany
3ICRAR, M468, The University of Western Australia, 35 Stirling Hwy, Crawley WA 6009, Australia
4Department of Physics and Astronomy, Macquarie University, Balaclava Road, Sydney, NSW 2109, Australia
5Research Centre for Astronomy, Astrophysics and Astrophotonics, Macquarie University, Balaclava Road, Sydney, NSW 2109, Australia
6European Southern Observatory, Karl-Schwarzschild-Str. 2, D-85748 Garching bei München, Germany
7Lennard-Jones Laboratories, School of Chemical and Physical Sciences, Keele University, ST5 5BG, UK
8INAF–Osservatorio Astronomico di Capodimonte, via Moiariello 16, I-80131 Naples, Italy

The Large Magellanic Cloud (LMC) is the most luminous satellite galaxy of the Milky Way and owing to its companion,
the Small Magellanic Cloud (SMC), represents an excellent laboratory to study the interaction of dwarf galaxies. The
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aim of this study is to investigate the kinematics of the outer regions of the LMC by using stellar proper motions to
understand the impact of interactions, e.g., with the SMC about 250 Myr ago. We calculate proper motions using
multi-epoch Ks-band images from the VISTA survey of the Magellanic Clouds system (VMC). Observations span a
time baseline of 2–5 yr. We combine the VMC data with data from the Gaia early Data Release 3 and introduce a
new method to distinguish between Magellanic and Milky Way stars based on a machine learning algorithm. This
new technique enables a larger and cleaner sample selection of fainter sources as it reaches below the red clump of
the LMC. We investigate the impact of the SMC on the rotational field of the LMC and find hints of stripped SMC
debris. The south east region of the LMC shows a slow rotational speed compared to the overall rotation. N -body
simulations suggest that this could be caused by a fraction of stripped SMC stars, located in that particular region,
that move opposite to the expected rotation.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2201.10018

Re-examination of the time structure of the SN1987A neutrino burst
data in Kamiokande-II

Yuichi Oyama1

1High Energy Accelerator Research Organization (KEK) and J-PARC center, Japan

The seven seconds’ gap in the Kamiokande-II SN 1987A neutrino data is re-examined.

Published in The Astrophysical Journal 922, 223 (2021)
Available from https://arxiv.org/abs/2108.01783

Evidence of high-energy neutrinos from SN1987A by Kamiokande-II
and IMB

Yuichi Oyama1

1High Energy Accelerator Research Organization (KEK) and J-PARC center, Japan

High-energy neutrinos from SN1987A were searched for using upward-going muons recorded by the Kamiokande-II
experiment and the IMB experiment. Between 1987 August 11 and October 20, and from an angular window of 10◦

radius, two upward-going muon events were recorded by Kamiokande-II, and also two events were recorded by IMB.
The probability that these upward-going muons were explained by a chance coincidence of atmospheric neutrinos was
calculated to be 0.27%. This shows possible evidence of high-energy neutrinos from SN1987A.

Published in The Astrophysical Journal 925, 166 (2022)
Available from https://arxiv.org/abs/2108.05347

The most metal-poor stars in the Magellanic Clouds are r-process
enhanced

Henrique Reggiani1, Kevin C. Schlaufman1,2, Andrew R. Casey3,4, Joshua D. Simon5 and Alexander P. Ji5

1Department of Physics & Astronomy, Johns Hopkins University, 3400 N Charles St., Baltimore, MD 21218, USA
2Center for Computational Astrophysics, Flatiron Institute, 162 5th Ave, New York, NY 10010, USA
3School of Physics & Astronomy, Monash University, Wellington Road, Clayton 3800, Victoria, Australia
4ARC Centre of Excellence for All Sky Astrophysics in 3 Dimensions(ASTRO 3D), Canberra, ACT 2611, Australia
5The Observatories of the Carnegie Institution for Science, 813 Santa Barbara St., Pasadena, CA 91101, USA

The chemical abundances of a galaxy’s metal-poor stellar population can be used to investigate the earliest stages of its
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formation and chemical evolution. The Magellanic Clouds are the most massive of the Milky Way’s satellite galaxies
and are thought to have evolved in isolation until their recent accretion by the Milky Way. Unlike the Milky Way’s
less massive satellites, little is know about the Magellanic Clouds’ metal-poor stars. We have used the mid-infrared
metal-poor star selection of Schlaufman & Casey (2014) and archival data to target nine LMC and four SMC giants for
high-resolution Magellan/MIKE spectroscopy. These nine LMC giants with −2.4<∼ [Fe/H]<∼−1.5 and four SMC giants
with −2.6<∼ [Fe/H]<∼ − 2.0 are the most metal-poor stars in the Magellanic Clouds yet subject to a comprehensive
abundance analysis. While we find that at constant metallicity these stars are similar to Milky Way stars in their α,
light, and iron-peak elemental abundances, both the LMC and SMC are enhanced relative to the Milky Way in the
r-process element europium. These abundance offsets are highly significant, equivalent to3.9σ for the LMC, 2.7σ for
the SMC, and 5.0σ for the complete Magellanic Cloud sample. We propose that the r-process enhancement of the
Magellanic Clouds’ metal-poor stellar population is a result of the Magellanic Clouds’ isolated chemical evolution and
long history of accretion from the cosmic web combined with r-process nucleosynthesis on a timescale longer than
the core-collapse supernova timescale but shorter than or comparable to the thermonuclear (i.e. Type Ia) supernova
timescale.

Published in The Astronomical Journal 162, 229 (2021)
Available from https://arxiv.org/abs/2108.10880
and from https://ui.adsabs.harvard.edu/abs/2021AJ....162..229R/abstract

Kinematics, structure and abundances of supernova remnant 0540−69.3

P. Lundqvist1,2, N. Lundqvist1,2 and Yu.A. Shibanov3,4

1Department of Astronomy, AlbaNova University Center, Stockholm University, SE-10691 Stockholm, Sweden
2The Oskar Klein Centre, AlbaNova, SE-10691 Stockholm, Sweden
3Ioffe Institute, Politekhnicheskaya 26, St. Petersburg, 194021, Russia
4Peter the Great St. Petersburg Polytechnic University, Politekhnicheskaya 29, St. Petersburg, 195251, Russia

Imaging in [O iii] and spectroscopic studies through various slits were carried out to investigate the structure, elemental
abundances, physical conditions, and the immediate surroundings of supernova remnant 0540−69.3 in the Large
Magellanic Cloud using European Southern Observatory’s Very Large and New Technology Telescopes. Densities,
temperatures, and abundances were estimated applying nebular analysis for various parts of the remnant. Several new
spectral lines are identified, both from ejecta embedded in the pulsar-wind nebula, and in interstellar clouds shocked by
the supernova blast wave. For the filaments in the pulsar-wind nebula, all lines are redshifted by 440±80 km s−1 with
respect to the rest frame of the host galaxy, and a 3D representation of the [O iii] emission displays a symmetry axis
of ring-like structures which could indicate that the pulsar shares the same general redshift as the central supernova
ejecta. We note that [O ii], [S ii], [Ar iii], and Hβ share a common more compact structure than [O iii], and possibly
[Ne iii]. The average [O iii] temperature for the filaments in the pulsar-wind nebula is 23 500±1 800 K, and the electron
density derived from [S ii] is typically about 103 cm−3. By mass, the relative elemental abundances of the shocked
ejecta in the pulsar-wind nebula are O:Ne:S:Ar ≈ 1 : 0.07 : 0.10 : 0.02, consistent with explosion models of 13–20-M⊙

progenitors, and similar to that of SN 1987A, as is also the explosive mixing of hydrogen and helium into the center.
From Hβ and He iλ5876, the mass ratio of He/H in the center is estimated to be in excess of ≈ 0.8. The rapid
cooling of the shocked ejecta could potentially cause variations in the relative abundances if the ejecta are not fully
microscopically mixed, and this is highlighted for S/O for the period 1989–2006. Also, [O iii] is seen in presumably
freely coasting photoionized ejecta outside the pulsar-wind nebula at inferred velocities out to well above 2 000 km s−1,
and in projection, [O iii] is seen out to ≈ 10′′ from the pulsar. This was used to estimate that the pulsar age is ≈ 1 200
years. The freely coasting [O iii]-emitting ejecta have a strictly nonspherical distribution, and their mass is estimated
to be ≈ 0.12 M⊙. A possible outer boundary of oxygen-rich ejecta is seen in [O ii]λλ3726,3729 at 2 000–2 100 km s−1.
Four filaments of a shocked interstellar medium are identified, and there is a wide range in the degree of ionization
of iron, from Fe+ to Fe13+. One filament belongs to a region also observed in X-rays, and another one has a redshift
of 85 ± 30 km s−1 relative to the host. From this we estimate that the electron density of the [O iii]-emitting gas is
about 103 cm−3, and that the line of the most highly ionized ion, [Fexiv]λ5303, comes from an evaporation zone in
connection with the radiatively cooled gas emitting, for example, [O iii], and not from immediately behind the blast
wave. We do not find evidence for nitrogen-enriched ejecta in the southwestern part of the remnant, as was previously
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suggested. Emission in this region is instead from a severely reddened H ii-region.

Published in Astronomy and Astrophysics
Available from https://arxiv.org/abs/2109.03287
and from https://www.aanda.org/articles/aa/abs/2022/02/aa41931-21/aa41931-21.html

Clumps and rings of ejecta in SNR0540−69.3 as seen in 3D

J. Larsson1, J. Sollerman2, J.D. Lyman3, J. Spyromilio4, L. Tenhu1, C. Fransson2 and P. Lundqvist2

1Department of Physics, KTH Royal Institute of Technology, The Oskar Klein Centre, AlbaNova, SE-106 91 Stockholm, Sweden
2Department of Astronomy, Stockholm University, The Oskar Klein Centre, AlbaNova, SE-106 91 Stockholm, Sweden
3Department of Physics, University of Warwick, Gibbet Hill Road, Coventry CV4 7AL, UK
4European Southern Observatory, Karl-Schwarzschild-Straße 2, D-85748 Garching bei München, Germany

The distribution of ejecta in young supernova remnants offers a powerful observational probe of their explosions and
progenitors. Here we present a 3D reconstruction of the ejecta in SNR0540−69.3, which is an O-rich remnant with a
pulsar wind nebula located in the LMC. We use observations from VLT/MUSE to study Hβ, [O iii]λλ4959,5007, Hα,
[S ii]λλ6717,6731, [Ar iii]λ7136 and [S iii]λ9069. This is complemented by 2D spectra from VLT/X-shooter, which
also cover [O ii]λλ3726,3729 and [Fe ii]λ12567. We identify three main emission components: (i) clumpy rings in the
inner nebula (< 1000 km s−1) with similar morphologies in all lines; (ii) faint extended [O iii] emission dominated
by an irregular ring-like structure with radius ∼ 1600 km s−1 and inclination ∼ 40◦, but with maximal velocities
reaching ∼ 3000 km s−1; and (iii) a blob of Hα and Hβ located southeast of the pulsar at velocities ∼ 1500–3500 km
s−1. We analyze the geometry using a clump-finding algorithm and use the clumps in the [O iii] ring to estimate an
age of 1146 ± 116 years. The observations favor an interpretation of the [O iii] ring as ejecta, while the origin of the
H-blob is more uncertain. An alternative explanation is that it is the blown-off envelope of a binary companion. From
the detection of Balmer lines in the innermost ejecta we confirm that SNR0540 was a Type II supernova and that
hydrogen was mixed down to low velocities in the explosion.

Published in ApJ
Available from https://arxiv.org/abs/2109.03683
and from https://iopscience.iop.org/article/10.3847/1538-4357/ac2a41/pdf

On the precision of full-spectrum fitting of simple stellar populations –
IV. A systematic comparison with results from colour–magnitude

diagrams

Randa As’ad1,2, Paul Goudfrooij2 and A.M. As’ad3

1American University of Sharjah, Physics Department, P.O. Box 26666, Sharjah, UAE
2Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
3King Abdullah II School for Information Technology, University of Jordan, Amman, Jordan

In this fourth paper of a series on the precision of ages of stellar populations obtained through the full-spectrum
fitting technique, we present a first systematic analysis that compare the age, metallicity and reddening of star
clusters obtained from resolved and unresolved data (namely colour–magnitude diagrams (CMDs) and integrated-
light spectroscopy) using the same sets of isochrones. We investigate the results obtained with both Padova isochrones
and MIST isochrones. We find that there generally is a good agreement between the ages derived from CMDs and
integrated spectra. However, for metallicity and reddening, the agreement between results from analyses of CMD and
integrated spectra is significantly worse. Our results also show that the ages derived with Padova isochrones match
those derived using MIST isochrones, both with the full spectrum fitting technique and the CMD fitting method.
However, the metallicity derived using Padova isochrones does not match that derived using MIST isochrones using
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the CMD method. We examine the ability of the full-spectrum fitting technique in detecting age spreads in clusters
that feature the extended Main Sequence Turn Off (eMSTO) phenomenon using two-population fits. We find that 3
out of 5 eMSTO clusters in our sample are best fit with one single age, suggesting that eMSTOs do not necessarily
translate to detectable age spreads in integrated-light studies.

Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2203.09985
and from https://ui.adsabs.harvard.edu/abs/2022MNRAS.tmp..590A/abstract

APOGEE chemical abundance patterns of the massive Milky Way
satellites

Sten Hasselquist1, Christian Hayes2, Jianhui Lian1, David Weinberg3 and Gail Zasowski1

1University of Utah, USA
2University of Washington, USA
3The Ohio State University, USA

The SDSS-IV Apache Point Observatory Galactic Evolution Experiment (APOGEE) survey has obtained high-
resolution spectra for thousands of red giant stars distributed among the massive satellite galaxies of the Milky
Way (MW): the Large and Small Magellanic Clouds (LMC/SMC), the Sagittarius Dwarf Galaxy (Sgr), Fornax (Fnx),
and the now fully disrupted Gaia Sausage/Enceladus (GSE) system. We present and analyze the APOGEE chemical
abundance patterns of each galaxy to draw robust conclusions about their star formation histories, by quantifying the
relative abundance trends of multiple elements (C, N, O, Mg, Al, Si, Ca, Fe, Ni, and Ce), as well as by fitting chemical
evolution models to the [α/Fe]–[Fe/H] abundance plane for each galaxy. Results show that the chemical signatures of
the starburst in the Magellanic Clouds (MCs) observed by Nidever et al. in the α-element abundances extend to C+N,
Al, and Ni, with the major burst in the SMC occurring some 3–4 Gyr before the burst in the LMC. We find that Sgr
and Fnx also exhibit chemical abundance patterns suggestive of secondary star formation epochs, but these events
were weaker and earlier (∼ 5–7 Gyr ago) than those observed in the MCs. There is no chemical evidence of a second
starburst in GSE, but this galaxy shows the strongest initial star formation as compared to the other four galaxies.
All dwarf galaxies had greater relative contributions of AGB stars to their enrichment than the MW. Comparing and
contrasting these chemical patterns highlight the importance of galaxy environment on its chemical evolution.

Published in The Astrophysical Journal 923, 172 (2021)
Available from https://arxiv.org/abs/2109.05130
and from https://ui.adsabs.harvard.edu/abs/2021ApJ...923..172H/abstract

Detailed chemical abundances of star clusters in the Large Magellanic
Cloud

Randa As’ad1, S. Hernandez2, A. As’ad3, M. Molero4, F. Matteucci5, S. Larsen6 and Igor V. Chilingarian7,8

1American University of Sharjah, Physics Department, P.O. Box 26666, Sharjah, UAE
2AURA for ESA, Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
3King Abdullah School for Information Technology, University of Jordan, Amman, Jordan
4Dipartimento di Fisica, Sezione di Astronomia, Università degli studi di Trieste, Via G.B. Tiepolo 11, I-34143 Trieste, Italy
5Dipartimento di Fisica, Sezione di Astronomia, Università degli studi di Trieste, Via G.B. Tiepolo 11, I-34143 Trieste, Italy; INAF–

Osservatorio Astronomico di Trieste, Via Tiepolo 11, I-34131 Trieste, Italy; INFN–Sezione di Trieste, Via Valerio 2, I.34127 Trieste, Italy
6Department of Astrophysics/IMAPP, Radboud University, P.O. Box 9010, 6500 GL Nijmegen, The Netherlands
7Smithsonian Astrophysical Observatory, 60 Garden St. MS09, Cambridge, MA, 02138, USA
8Sternberg Astronomical Institute, M.V. Lomonosov Moscow State University, 13 Universitetsky prospect, Moscow, 119991, Russia

We derive the first detailed chemical abundances of three star clusters in the Large Magellanic Cloud (LMC), NGC1831
(436± 22 Myr), NGC1856 (350± 18 Myr) and [SL63] 268 (1230± 62 Myr) using integrated-light spectroscopic obser-
vations obtained with the Magellan Échelle spectrograph on Magellan Baade telescope. We derive [Fe/H], [Mg/Fe],
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[Ti/Fe], [Ca/Fe], [Ni/Fe], [Mn/Fe], [Cr/Fe] and [Na/Fe] for the three clusters. Overall, our results match the LMC
abundances obtained in the literature as well as those predicted by detailed chemical evolution models. For clusters
NGC1831 and NGC1856, the [Mg/Fe] ratios appear to be slightly depleted compared to [Ca/Fe] and [Ti/Fe]. This
could be hinting at the well-known Mg–Al abundance anti-correlation observed in several Milky Way globular clus-
ters. We note, however, that higher signal-to-noise observations are needed to confirm such a scenario, particularly
for NGC1831. We also find a slightly enhanced integrated-light [Na/Fe] ratio for cluster [SL63] 268 compared to those
from the LMC field stars, possibly supporting a scenario of intracluster abundance variations. We stress that detailed
abundance analysis of individual stars in these LMC clusters is required to confirm the presence or absence of MSPs.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2203.11868

An estimation of the Gaia EDR3 parallax bias from stellar clusters and
Magellanic Clouds data

J. Máız Apellániz1

1Centro de Astrobioloǵıa, Spain

Context: The early-third Gaia data release (EDR3) parallaxes constitute the most detailed and accurate dataset that
currently can be used to determine stellar distances in the solar neighborhood. Nevertheless, there is still room for
improvement in their calibration and systematic effects can be further reduced in some circumstances.
Aims: The aim of this paper is to determine an improved Gaia EDR3 parallax bias as a function of magnitude, color,
and ecliptic latitude using a single method applied to stars in open clusters, globular clusters, the Large Magellanic
Cloud, and the Small Magellanic Cloud.
Methods: I study the behavior of the residuals or differences between the individual (stellar) parallaxes and the group
parallaxes, which are assumed to be constant for the corresponding cluster or galaxy. This was done by first applying
the Lindegren et al. (2021b, A&A, 649, A4) zero point and then calculating a new zero point from the residuals of the
first analysis.
Results: The Lindegren zero point shows very small residuals as a function of magnitude between individual and group
parallaxes for G > 13 mag but significant ones for brighter stars, especially blue ones. The new zero point reduces
those residuals, especially in the 9.2 < G < 13 magnitude range. The k factor that is used to convert from catalog
parallax uncertainties to external uncertainties is small (1.1–1.7) for 9.2 < G < 11 and G > 13 mag, intermediate
(1.7–2.0) for 11 < G < 13 mag, and large (> 2.0) for G < 9.2 mag. Therefore, significant corrections are needed to
calculate distance uncertainties from Gaia EDR3 parallaxes for some stars. There is still room for improvement if
future analyses add information from additional stellar clusters, especially for red stars with G < 11 mag and blue
stars with G < 9.2 mag. I also calculated k for stars with RUWE values between 1.4 and 8.0 and for stars with
six-parameter solutions, allowing for a correct estimation of their uncertainties.

Published in A&A 657, A130 (2022)
Available from https://arxiv.org/abs/2110.01475
and from https://www.aanda.org/articles/aa/abs/2022/01/aa42365-21/aa42365-21.html

Far-ultraviolet spectra of main-sequence O stars at extremely low
metallicity

Grace Telford1, John Chisholm2, Kristen McQuinn1 and Danielle Berg2

1Rutgers University, USA
2University of Texas at Austin, USA

Metal-poor massive stars dominate the light we observe from star-forming dwarf galaxies and may have produced the
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bulk of energetic photons that reionized the universe at high redshift. Yet, the rarity of observations of individual
O stars below the 20% solar metallicity (Z⊙) of the Small Magellanic Cloud (SMC) hampers our ability to model
the ionizing fluxes of metal-poor stellar populations. We present new Hubble Space Telescope far-ultraviolet (FUV)
spectra of three O-dwarf stars in the galaxies LeoP (3% Z⊙), SextansA (6% Z⊙), and WLM (14% Z⊙). We quantify
equivalent widths of photospheric metal lines and strengths of wind-sensitive features, confirming that both correlate
with metallicity. We infer the stars’ fundamental properties by modeling their FUV through near-infrared spectral
energy distributions and identify stars in the SMC with similar properties to each of our targets. Comparing to the
FUV spectra of the SMC analogs suggests that (1) the star in WLM has an SMC-like metallicity, and (2) the most
metal-poor star in LeoP is driving a much weaker stellar wind than its SMC counterparts. We measure projected
rotation speeds and find that the two most metal-poor stars have high v sin i ≥ 290 km s−1, and estimate just a 3–6%
probability of finding two fast rotators if the metal-poor stars are drawn from the same v sin i distribution observed for
O dwarfs in the SMC. These observations suggest that models should include the impact of rotation and weak winds
on ionizing flux to accurately interpret observations of metal-poor galaxies in both the near and distant universe.

Published in ApJ
Available from https://arxiv.org/abs/2109.06885
and from https://doi.org/10.3847/1538-4357/ac1ce2

Imprints of the jittering jets explosion mechanism in the morphology of
the supernova remnant SNR0540−69.3

Noam Soker1

1Department of Physics, Technion, Israel

I identify a point-symmetric structure in recently published VLT/MUSE velocity maps of different elements in a plane
along the line of sight at the center of the supernova remnant SNR0540−69.3, and argue that jittering jets that
exploded this core collapse supernova shaped this point-symmetric structure. The four pairs of two opposite clumps
that compose this point symmetric structure suggest that two to four pairs of jittering jets shaped the inner ejecta in
this plane. In addition, intensity images of several spectral lines reveal a faint strip (the main jet-axis) that is part
of this plane of jittering jets and its similarity to morphological features in a few other SNRs and in some planetary
nebulæ further suggests shaping by jets. My interpretation implies that in addition to instabilities, jets also mix
elements in the ejecta of core collapse supernovæ. Based on the point-symmetric structure and under the assumption
that jittering jets exploded this supernova, I estimate the component of the neutron star natal kick velocity on the
plane of the sky to be ≃ 235 km s−1, and at an angle of ≃ 47◦ to the direction of the main jet-axis. I analyze this
natal kick direction together with 12 other SNRs in the frame of the jittering jets explosion mechanism.

Published in Research in Astronomy and Astrophysics 22, 035019 (2022)
Available from https://arxiv.org/abs/2109.10230
and from https://ui.adsabs.harvard.edu/abs/2022RAA....22c5019S/abstract

Period–age–metallicity and period–age–color–metallicity relations for
Classical Cepheids: an application to the Gaia EDR3 sample

Giulia De Somma1,2, Marcella Marconi1, Santi Cassisi3, Vincenzo Ripepi1, Adriano Pietrinferni3, Roberto

Molinaro1, Silvio Leccia1 and Ilaria Musella1

1INAF–Osservatorio Astronomico di Capodimonte, Via Moiariello 16, 80131 Napoli, Italy
2Istituto Nazionale di Fisica Nucleare (INFN)–Sez. di Napoli, Compl. Univ. di Monte S. Angelo, Edificio G, Via Cinthia, 80126 Napoli,

Italy
3INAF–Osservatorio Astronomico d’Abruzzo, Via Maggini sn, 64100 Teramo, Italy

Based on updated pulsation models for Classical Cepheids, computed for various assumptions about the metallicity
and helium abundance, roughly representative of pulsators in the Small Magellanic Cloud (Z = 0.004 and Y =
0.25), Large Magellanic Cloud (Z = 0.008 and Y = 0.25), and M31 (Z = 0.03 and Y = 0.28), and self-consistent
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updated evolutionary predictions, we derived period–age and multi-band period–age–color relations that also take into
account variations in the mass–luminosity relation. These results, combined with those previously derived for Galactic
Cepheids, were used to investigate the metallicity effect when using these variables as age indicators. In particular,
we found that a variation in the metal abundance affects both the slope and the zero point of the above-mentioned
relations. The new relations were applied to a sample of Gaia Early Data Release 3 Classical Cepheids. The retrieved
distribution of the individual ages confirms that a brighter mass–luminosity relation produces older ages and that
first overtone pulsators are found to be concentrated towards older ages with respect to the fundamental ones at a
fixed mass–luminosity relation. Moreover, the inclusion of a metallicity term in the period–age and period–age–color
relations slightly modifies the predicted ages. In particular, the age distribution of the selected sample of Galactic
Cepheids is found to be shifted towards slightly older values, when the F-mode canonical relations are considered,
with respect to the case at a fixed solar chemical composition. A marginally opposite dependence can be found in the
noncanonical F-mode and canonical FO-mode cases.

Published in Monthly Notices of the Royal Astronomical Society 508, 1473 (2021)
Available from https://arxiv.org/abs/2109.05850

Presence of red giant population in the foreground stellar sub-structure
of the Small Magellanic Cloud

Dizna James1, Smitha Subramanian2, Abinaya O. Omkumar2,3,4, Adhya Mary1, Kenji Bekki5, Maria-Rosa L.

Cioni3, Richard de Grijs6,7, Dalal El Youssoufi3,4, Sreeja S. Kartha1, Florian Niederhofer3 and Jacco Th. van Loon8

1Department of Physics, Christ (Deemed to be) University, Bangalore, India
2Indian Institute of Astrophysics, Koramangala II Block, Bangalore, India
3Leibniz-Institut für Astrophysik Potsdam (AIP), An der Sternwarte 16. D-14482 Potsdam, Germany
4Institut für Physik und Astronomie, Universität Potsdam, Haus 28, Karl-Liebknecht-Str. 24/25, D-14476 Golm (Potsdam), Germany
5ICRAR, M468, The University of Western Australia 35 Stirling Highway,Crawley Western Australia, 6009, Australia
6Department of Physics and Astronomy, Macquarie University, Balaclava Road, Sydney, NSW 2109, Australia
7Research Centre for Astronomy, Astrophysics and Astrophotonics, Macquarie University, Balaclava Road, Sydney, NSW 2109, Australia
8Lennard-Jones Laboratories, Keele University, ST5 5BG, UK

The eastern region of the Small Magellanic Cloud (SMC) is found to have a foreground stellar sub-structure, which is
identified as a distance bimodality (∼ 12 kpc apart) in the previous studies using Red Clump (RC) stars. Interestingly,
studies of Red Giant Branch (RGB) stars in the eastern SMC indicate a bimodal radial velocity (RV) distribution.
In this study, we investigate the connection between these two bimodal distributions to better understand the nature
and origin of the foreground stellar substructure in the eastern SMC. We use the Gaia EDR3 astrometric data and
archival RV data of RGB stars for this study. We found a bimodal RV distribution of RGB stars (separated by ∼ 35–45
km s−1) in the eastern and south-western (SW) outer regions. The observed proper motion values of the lower and
higher RV RGB components in the eastern regions are similar to those of the foreground and main-body RC stars
respectively. This suggests that the two RGB populations in the eastern region are separated by a similar distance as
those of the RC stars, and the RGB stars in the lower RV component are part of the foreground sub-structure. Based
on the differences in the distance and RV of the two components, we estimated an approximate time of formation of
this sub-structure as 307 ± 65 Myr ago. This is comparable with the values predicted by simulations for the recent
epoch of tidal interaction between the Magellanic Clouds. Comparison of the observed properties of RGB stars, in
the outer SW region, with N -body simulations shows that the higher RV component in the SW region is at a farther
distance than the main body, indicating the presence of a stellar Counter-Bridge in the SW region of the SMC.

Published in MNRAS 508, 5854 (2021)
Available from https://arxiv.org/abs/2110.02039
and from https://doi.org/10.1093/mnras/stab2873
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Announcement

NAM 2022 Parallel Session:
Bridging stellar interactions with galactic chemical evolution,

nucleosynthesis and dust

The BRIDGCE collaboration are hosting two 90-minute sessions at this years National Astronomy Meeting (NAM
2022) which will be held at the University of Warwick from 11–15th July 2022. The abstract submission has now
opened and we encourage members of the community to submit an abstract to the BRIDGCE parallel session in the
coming week(s). Please note that abstracts will be reviewed anonymously. The deadline for abstract submission is
Thursday 14th April at 11:59 (GMT+1).

Please find the link to abstract submissions here:
https://warwick.ac.uk/fac/sci/physics/research/astro/nam2022/nam2022abstracts

The title of this year’s parallel session is ”Bridging stellar interactions with galactic chemical evolution, nucleosyn-
thesis and dust”, abbreviated to ”Stellar2” on the NAM webpage. A key goal of this session involves communication
across neighbouring fields, where we bring together the nuclear microphysics with the large-scale effects on galaxy
evolution and the chemical enrichment of the Universe. In addition to research talks, we aim to provide an oppor-
tunity for sharing detailed knowledge of input physics and code comparisons, while also connecting stellar models
with nuclear reaction networks and post-processing tools. For more details please find the full session abstract here:
https://nam2022.org/science/parallel-sessions/details/2/167

See also https://nam2022.org/science/parallel-sessions/details/2/167
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