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Editorial

Dear Colleagues,

It is our pleasure to present you the 170th issue of the Magellanic Clouds Newsletter. Topics range from stellar astro-
physics, through diffuse gas to cosmology... precisely what makes the Magellanic Clouds such fascinating objects of
study.

If you are posting an item (or registering or updating your registration details) you will notice that we have added extra
safety measures in the form of recaptcha ”i’m not a robot” buttons. Unfortunately, this has proven to be necessary.
After fifteen years without incidents, we had the first bot attempt to use the registration page to send e-mails to third
parties. Your details have not been compromised, but it was nonetheless a vile abuse by a despicable person that only
adds to the sadness in the world. Anyway, the changes we have implemented will stop any future such attempts.

Don’t forget that if you have a beautiful picture, artwork, spectrum or diagram and would like to see it on the front
cover of the newsletter, just e-mail it to us at astro.mcnews@keele.ac.uk with a brief description and we’ll consider it.
Also, if you have a story to tell, or an issue to highlight, feel encouraged to submit it as an announcement – we can
post it anonymously if you prefer (just let us know) and we’ll do final editing if required.

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

Editorially Yours,

Jacco van Loon & Peter Pessev
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Refereed Journal Papers

Linking globular cluster formation at low and high redshift through the
age–metallicity relation in E-MOSAICS

Danny Horta1, Meghan E. Hughes1, Joel L. Pfeffer1, Nate Bastian1, Diederik J.M. Kruijssen2, Marta

Reina-Campos2 and Robert A. Crain1

1Astrophysics Research Institute, Liverpool John Moores University, UK
2Astronomisches Rechen-Institut, Zentrum für Astronomie der Universität Heidelberg, Germany

We set out to compare the age–metallicity relation (AMR) of massive clusters from Magellanic Cloud mass galaxies in
the E-MOSAICS suite of numerical cosmological simulations with an amalgamation of observational data of massive
clusters in the Large and Small Magellanic Clouds (LMC/SMC). We aim to test if: (i) star cluster formation proceeds
according to universal physical processes, suggestive of a common formation mechanism for young-massive clusters
(YMCs), intermediate-age clusters (IACs), and ancient globular clusters (GCs); (ii) massive clusters of all ages trace
a continuous AMR; and (iii) the AMRs of smaller mass galaxies show a shallower relation when compared to more
massive galaxies. Our results show that, within the uncertainties, the predicted AMRs of L/SMC-mass galaxies with
similar star formation histories to the L/SMC follow the same relation as observations. We also find that the metallicity
at which the AMR saturates increases with galaxy mass, which is also found for the field star AMRs. This suggests
that relatively low-metallicity clusters can still form in dwarfs galaxies. Given our results, we suggest that ancient
GCs share their formation mechanism with IACs and YMCs, in which GCs are the result of a universal process of
star cluster formation during the early episodes of star formation in their host galaxies.

Published in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2010.10522
and from 10.1093/mnras/staa3522

First apsidal motion and light curve analysis of 162 eccentric eclipsing
binaries from LMC

Petr Zasche1, M. Wolf1, H. Kučáková1,2,3, J. Kára1, J. Merc1,4, M. Zejda5, M. Skarka5,2, J. Janik5 and P. Kurfürst5

1Astronomical Institute, Charles University, Faculty of Mathematics and Physics, V Holešovičkách 2, 180 00 Praha 8,Czech Republic
2Astronomical Institute, Academy of Sciences, Fričova 298, 251 65 Ondřejov, Czech Republic
3Research Centre for Theoretical Physics and Astrophysics, Institute of Physics, Silesian University in Opava, Bezručovo nám. 13,746 01

Opava, Czech Republic
4Institute of Physics, Faculty of Science, P.J. Šafárik University, Park Angelinum 9, 040 01 Košice, Slovakia
5Department of Theoretical Physics and Astrophysics, Masaryk University, Kotiářská 2, 611 37 Brno, Czech Republic

We present an extensive study of 162 early-type binary systems located in the LMC galaxy that show apsidal motion
and have never been studied before. For the ample systems, we performed light curve and apsidal motion modelling
for the first time. These systems have a median orbital period of 2.2 days and typical periods of the apsidal motion
were derived to be of the order of decades. We identified two record-breaking systems. The first, OGLELMC-ECL-
22613, shows the shortest known apsidal motion period among systems with main sequence components (6.6 years);
it contains a third component with an orbital period of 23 years. The second,OGLELMC-ECL-17226, is an eccentric
system with the shortest known orbital period (0.9879 days) and with quite fast apsidal motion period (11 years).
Among the studied systems, 36 new triple-star candidates were identified based on the additional period variations.
This represents more than 20% of all studied systems, which is in agreement with the statistics of multiples in our
Galaxy. However, the fraction should only be considered as a lower limit of these early-type stars in the LMC because
of our method of detection, data coverage, and limited precision of individual times of eclipses.

Published in A&A, 640, A33 (2020)
Available from https://arxiv.org/abs/2008.08362
and from https://ui.adsabs.harvard.edu/abs/2020A%26A...640A..33Z/abstract
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Mapping the core of the Tarantula Nebula with VLT-MUSE – II. The
spectroscopic Hertzsprung–Russell diagram of OB stars in NGC2070

N. Castro 1, P.A. Crowther2, C.J. Evans3, J.S. Vink 4, J. Puls5, A. Herrero6,7, M. Garcia 8, F.J. Selman 9, M.M.

Roth1 and S. Simón-Dı́az6,7

1Leibniz-Institut für Astrophysik Potsdam (AIP), Germany
2University of Sheffield, England
3UK Astronomy Technology Centre, Scotland
4Armagh Observatory and Planetarium, Northern Ireland
5LMU München, Universitätssternwarte, Germany
6Instituto de Astrof́ısica de Canarias, Spain
7Universidad de La Laguna, Spain
8Centro de Astrobioloǵıa CSIC–INTA, Spain
9European Southern Observatory, Chile

We present the spectroscopic analysis of 333 OB-type stars extracted from VLT-MUSE observations of the central
30× 30 pc of NGC2070 in the Tarantula Nebula on the Large Magellanic Cloud, the majority of which are analysed
for the the first time. The distribution of stars in the spectroscopic Hertzsprung–Russell diagram (sHRD) shows 281
stars in the main sequence. We find two groups in the main sequence, with estimated ages of 2.1±0.8 and 6.2±2 Myr.
A subgroup of 52 stars is apparently beyond the main sequence phase, which we consider to be due to emission-type
objects and/or significant nebular contamination affecting the analysis. As in previous studies, stellar masses derived
from the sHRD are systematically larger than those obtained from the conventional HRD, with the differences being
largest for the most massive stars. Additionally, we do not find any trend between the estimated projected rotational
velocity and evolution in the sHRD. The projected rotational velocity distribution presents a tail of fast rotators
that resembles findings in the wider population of 30Doradus. We use published spectral types to calibrate the He i
λ4921/He ii λ5411 equivalent-width ratio as a classification diagnostic for early-type main sequence stars when the
classical blue-visible region is not observed. Our model-atmosphere analyses demonstrate that the resulting calibration
is well correlated with effective temperature.

Accepted for publication in A&A
Available from https://arxiv.org/abs/2102.03372

Mapping the youngest and most massive stars in the Tarantula nebula
with MUSE-NFM

N. Castro1, M.M. Roth1, P.M. Weilbacher1, G. Micheva1, A. Monreal-Ibero2,3, A. Kelz1, S. Kamann4, M.V.

Maseda5, M. Wendt6 and the MUSE collaboration

1Leibniz-Institut für Astrophysik Potsdam (AIP), Germany
2Instituto de Astrof́ısica de Canarias (IAC), Spain
3Universidad de La Laguna, Spain
4Liverpool John Moores University, England
5Leiden Observatory, The Netherlands
6Universität Potsdam, Germany

The evolution of the most massive stars is a puzzle with many missing pieces. Statistical analyses are the key to
provide anchors to calibrate theory, however performing these studies is an arduous job. The state-of-the-art integral
field spectrograph MUSE has stirred up stellar astrophysicists who are excited about the capability to take spectra of
up to a thousand stars in a single exposure. The excitement was even higher with the commissioning of the MUSE
narrow-field-mode (NFM) that has demonstrated angular resolutions akin to the Hubble Space Telescope. We present
the first mapping of the dense stellar core R 136 in the Tarantula nebula based on a MUSE-NFM mosaic. We aim to
deliver the first homogeneous analysis of the most massive stars in the local Universe and to explore the impact of
these peculiar objects on the interstellar medium.

Accepted for publication in ESO Messenger, 182 (2021)
Available from https://arxiv.org/abs/2102.01113
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Quantifying the impact of the Large Magellanic Cloud on the structure
of the Milky Way’s dark matter halo using basis function expansions

Nicolás Garavito-Camargo 1, Gurtina Besla1, Chervin F.P. Laporte2,3, Adrian M. Price-Whelan4, Emily C.

Cunningham4, Kathryn V. Johnston5,4, Martin D. Weinberg8 and Facundo A. Gómez6,7

1Steward Observatory, University of Arizona, USA
2Kavli Institute for the Physics and Mathematics of the Universe (WPI), The University of Tokyo Institutes for Advanced Study (UTIAS),

The University of Tokyo, Chiba 277-8583, Japan
3Department of Physics and Astronomy, University of Victoria, Canada
4Center for Computational Astrophysics, Flatiron Institute, Simons Foundation, USA
5Department of Astronomy, Columbia University, New York, USA
6Instituto de Investigación Multidisciplinar en Ciencia y Tecnoloǵıa, Universidad de La Serena, Chile
7Departamento de F́ısica y Astronomı́a, Universidad de La Serena, Chile
8University of Massachusetts, Amherst, USA

Indications of disequilibrium throughout the Milky Way (MW) highlight the need for compact, flexible, non-parametric
descriptions of phase-space distributions of galaxies. We present a new representation of the current Dark Matter (DM)
distribution and potential derived from N -body simulations of the Milky Way and Large Magellanic Cloud (LMC)
system using Basis Function Expansions (BFEs). We incorporate methods to maximize the physical signal in the
representation. As a result, the simulations of 108 DM particles representing the MW–LMC system can be described
by 354 coefficients. We find that the LMC induces asymmetric perturbations (odd l, m) to the MW’s halo, which are
not well-described by oblate, prolate, or triaxial halos. Furthermore, the energy in high-order even modes (l, m > 2)
is similar to average triaxial halos found in cosmological simulations. As such, the response of the MW’s halo to the
LMC must be accounted for in order to recover the imprints of its assembly history. The LMC causes the outer halo
(> 30 kpc) to shift from the disk center of mass (COM) by ∼ 15–25 kpc at present day, manifesting as a dipole in
the BFE and in the radial velocities of halo stars. The shift depends on the LMC’s infall mass, the distortion of the
LMC’s halo and the MW halo response. Within 30 kpc, halo tracers are expected to orbit the COM of the MW’s
disk, regardless of LMC infall mass. The LMC’s halo is also distorted by MW tides, we discuss the implications for
its mass loss and the subsequent effects on current Magellanic satellites.

Submitted to ApJ
Available from https://arxiv.org/abs/2010.00816

The infancy of core-collapse supernova remnants
Michael Gabler1, Annop Wongwathanarat2 and Hans-Thomas Janka2

1Departamento de Astronomı́a y Astrof́ısica, Universidad de Valencia, 46100 Burjassot (Valencia), Spain
2Max-Planck-Institut für Astrophysik, Karl-Schwarzschild-Str. 1, D-85748 Garching bei München, Germany

We present 3D hydrodynamic simulations of neutrino-driven supernovae (SNe) with the prometheus-hotb code,
evolving the asymmetrically expanding ejecta from shock breakout until they reach the homologous expansion phase
after roughly one year. Our calculations continue the simulations for two red supergiant (RSG) and two blue supergiant
(BSG) progenitors by Wongwathanarat et al., who investigated the growth of explosion asymmetries produced by
hydrodynamic instabilities during the first second of the explosion and their later fragmentation by Rayleigh–Taylor
instabilities. We focus on the late time acceleration and inflation of the ejecta caused by the heating due to the
radioactive decay of 56Ni to 56Fe and by a new outward-moving shock, which forms when the reverse shock from the
He/H-shell interface compresses the central part of the ejecta. The mean velocities of the iron-rich ejecta increase
between 100 km s−1 and 350 km s−1 (∼ 8–30%), and the fastest one percent of the iron accelerates by up to ∼ 1000
km s−1 (∼ 20–25%). This ”Ni-bubble effect”, known from 1D models, accelerates the bulk of the nickel in our 3D
models and causes an inflation of the initially overdense Ni-rich clumps, which leads to underdense, extended fingers,
enveloped by overdense skins of compressed surrounding matter. We also provide volume and surface filling factors as
well as a spherical harmonics analysis to characterize the spectrum of Ni-clump sizes quantitatively. Three of our four
models give volume filling factors larger than 0.3, consistent with what is suggested for SN1987A by observations.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2008.01763
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Mapping the supernovæ driven winds of the Large Magellanic Cloud in
Hα emission – I.

Drew A. Ciampa1, Kathleen A. Barger1, Nicolas Lehner2, Madeline Horn1,3, Michael Hernandez1, L. Matthew

Haffner4,5,6, Brianna Smart7,6, Chad Bustard8, Sam Barber1,9 and Henry Boot1,10

1Department of Physics & Astronomy, Texas Christian University, Fort Worth, TX 76129, USA
2Department of Physics, University of Notre Dame, Notre Dame, IN 46556, USA
3Department of Astronomy, Smith College, Northampton, MA 01063, USA
4Embry–Riddle Aeronautical University, Daytona Beach, FL 32114, USA
5Space Science Institute, Boulder, CO 80301, USA
6Department of Astronomy, University of Wisconsin–Madison, Madison, WI 53706, USA
7Department of Physics, Astronomy, and Mathematics, University of Hertfordshire, Hatfield AL10 9AB, UK
8Department of Physics, University of Wisconsin–Madison, Madison, WI 53706, USA
9Trinity Valley High School, Fort Worth, TX 76132, USA
10Burleson High School, Burleson, TX 76028, USA

We present the first spectroscopically resolved Hα emission map of the Large Magellanic Cloud’s (LMC) galactic wind.
By combining new Wisconsin H-alpha Mapper (WHAM) observations (IHα

>
∼ 10 mR) with existing H i 21-cm emission

observations, we have (1) mapped the LMC’s near-side galactic wind over a local standard of rest (LSR) velocity
range of +50 ≤ vLSR ≤ +250 km s−1, (2) determined its morphology and extent, and (3) estimated its mass, outflow
rate, and mass-loading factor. We observe Hα emission from this wind to typically 1-degree off the LMC’s H i disk.
Kinematically, we find that the diffuse gas in the warm-ionized phase of this wind persists at both low (<∼ 100 km
s−1) and high (>∼ 100 km s−1) velocities, relative to the LMC’s H i disk. Furthermore, we find that the high-velocity
component spatially aligns with the most intense star-forming region, 30Doradus. We, therefore, conclude that this
high-velocity material traces an active outflow. We estimate the mass of the warm (Te ≈ 104 K) ionized phase of
the near-side LMC outflow to be log (Mionized/M⊙) = 7.51± 0.15 for the combined low and high velocity components.
Assuming an ionization fraction of 75% and that the wind is symmetrical about the LMC disk, we estimate that
its total (neutral and ionized) mass is log (Mtotal/M⊙) = 7.93, its mass-flow rate is Ṁoutflow ≈ 1.43 M⊙ yr−1, and
its mass-loading factor is η ≈ 4.54. Our average mass-loading factor results are roughly a factor of 2.5 larger than
previous Hα imaging and UV absorption line studies, suggesting that those studies are missing nearly half the gas in
the outflows.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/2101.12129

Rapid evolution of [WC] stars in the Magellanic Clouds
Marcin Hajduk1

1Space Radio-Diagnostics Research Centre, University of Warmia and Mazury, ul. Oczapowskiego 2, 10-719 Olsztyn, Poland

We obtained new spectra of fourteen Magellanic Cloud planetary nebulae with the Southern African Large Telescope to
determine heating rates of their central stars and to verify evolutionary models of post-asymptotic giant branch stars.
We compared new spectra with observations made in previous years. Five planetary nebulæ showed an increase in
excitation over time. Four of their central stars exhibit [WC] features in their spectra, including three new detections.
This raises the total number of [WC] central stars of PNe in the Magellanic Clouds to ten. We compared determined
heating rates of the four [WC] central stars with the He-burning post-asymptotic giant branch evolutionary tracks
and the remaining star with the H-burning tracks. Determined heating rates are consistent with the evolutionary
models for both H and He-burning post-asymptotic giant branch stars. The central stars of the PNe that show the
fastest increase of excitation are also the most luminous in the sample. This indicates that [WC] central stars in the
Magellanic Clouds evolve faster than H-burning central stars, and they originate from more massive progenitors.

Published in A&A, 642, A71 (2020)
Available from https://arxiv.org/abs/2010.02545
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Cool, luminous, and highly variable stars in the Magellanic Clouds from
ASAS-SN: implications for Thorne–Żytkow objects and

super-asymptotic giant branch stars
Anna J.G. O’Grady1,2, Maria R. Drout1,3, B.J. Shappee4, Evan B. Bauer5, Jim Fuller6, C.S. Kochanek7,8, T.

Jayasinghe7,8, B.M. Gaensler1,2, K.Z. Stanek7,8, Thomas W.S. Holoien3, J.L. Prieto9,10 and Todd A. Thompson7,8

1David A. Dunlap Department of Astronomy and Astrophysics, University of Toronto, 50 St. George Street, Toronto, Ontario, M5S 3H4

Canada
2Dunlap Institute for Astronomy and Astrophysics, University of Toronto, 50 St. George Street, Toronto, Ontario, M5S 3H4, Canada
3The Observatories of the Carnegie Institution for Science, 813 Santa Barbara Street, Pasadena, CA 91101, USA
4Institute for Astronomy, University of Hawai’i, 2680 Woodlawn Drive, Honolulu, HI 96822, USA
5Kavli Institute for Theoretical Physics, University of California, Santa Barbara, CA 93106, USA
6TAPIR, Mailcode 350-17, California Institute of Technology, Pasadena, CA 91125, USA
7Department of Astronomy, The Ohio State University, 140 West 18 Avenue, Columbus, OH 43210, USA
8Center for Cosmology and Astroparticle Physics, The Ohio State University, 191 W. Woodruff Avenue, Columbus, OH 43210, USA
9Núcleo de Astronomı́a de la Facultad de Ingenieŕıa y Ciencias, Universidad Diego Portales, Av. Éjercito 441, Santiago, Chile
10Millennium Institute of Astrophysics, Santiago, Chile

Stars with unusual properties can provide a wealth of information about rare stages of stellar evolution and exotic
physics. However, determining the true nature of peculiar stars is often difficult. In this work, we conduct a systematic
search for cool and luminous stars in the Magellanic Clouds with extreme variability, motivated by the properties of
the unusual SMC star and Thorne–Żytkow Object (TŻO) candidate HV2112. Using light curves from ASAS-SN we
identify 38 stars with surface temperatures T < 4800 K, luminosities log(L/L⊙) > 4.3, variability periods > 400
days, and variability amplitudes ∆V > 2.5 mag. Eleven of these stars possess the distinctive double-peaked light
curve morphology of HV2112. We use the pulsation properties and derived occurrence rates for these 12 objects to
constrain their nature. From comparisons to stellar populations and models, we find that one star may be a red
supergiant with large amplitude pulsations. For the other 11 stars we derive current masses of ∼ 5–10 M⊙, below
the theoretical minimum mass of ∼ 15 M⊙ for TŻOs to be stable, casting doubt on this interpretation. Instead, we
find that the temperatures, luminosities, mass-loss rates, and periods of these stars are consistent with predictions for
super-Asymptotic Giant Branch (s-AGB) stars that have begun carbon burning but have not reached the superwind
phase. We infer lifetimes in this phase of ∼ (1–7) × 104 years, also consistent with an s-AGB interpretation. If
confirmed, these objects would represent the first identified population of s-AGB stars, illuminating the transition
between low- and high-mass stellar evolution.

Published in The Astrophysical Journal, 901, 135 (2020)
Available from https://arxiv.org/abs/2008.06563
and from https://ui.adsabs.harvard.edu/abs/2020ApJ...901..135O/abstract

Abundance of dwarf galaxies around low-mass spiral galaxies in the
Local Volume

Oliver Müller1 and Helmut Jerjen2

1Observatoire Astronomique de Strasbourg, France
2Research School of Astronomy and Astrophysics, Australian National University, Australia

The abundance of satellite dwarf galaxies has long been considered a crucial test for the current model of cosmology
leading to the well-known missing satellite problem. Recent advances in simulations and observations have allowed
the study of dwarf galaxies around host galaxies in more detail. Using the Dark Energy Camera we surveyed a 72 deg2

area of the nearby Sculptor group, also encompassing the two low-mass Local Volume galaxies NGC24 and NGC45
residing behind the group, to search for as yet undetected dwarf galaxies. Apart from the previously known dwarf
galaxies we found only two new candidates down to a 3σ surface brightness detection limit of 27.4 r mag arcsec−2.
Both systems are in projection close to NGC24. However, one of these candidates could be an ultra-diffuse galaxy
associated with a background galaxy. We compared the number of known dwarf galaxy candidates around NGC24,
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NGC45, and five other well-studied low-mass spiral galaxies (NGC1156, NGC2403, NGC5023, M33, and the LMC)
with predictions from cosmological simulations, and found that for the stellar-to-halo mass models considered, the
observed satellite numbers tend to be on the lower end of the expected range. This could mean either that there
is an overprediction of luminous subhalos in ΛCDM or that we are missing some of the satellite members due to
observational biases.

Published in Astronomy & Astrophysics, 644, A91 (2020)
Available from https://arxiv.org/abs/2008.08954

The mid-infrared Leavitt law for classical Cepheids in the Magellanic
Clouds

Abigail H. Chown1, Victoria Scowcroft1 and Stijn Wuyts1

1Department of Physics, University of Bath, Bath, BA2 7AY, UK

The Cepheid Leavitt Law (LL), also known as the Period–Luminosity relation, is a crucial tool for assembling the cosmic
distance ladder. By combining data from the OGLE-IV catalogue with mid-infrared photometry from the Spitzer

Space Telescope, we have determined the 3.6 and 4.5 µm LLs for the Magellanic Clouds using ∼ 5000 fundamental-
mode classical Cepheids. Mean magnitudes were determined using a Monte Carlo Markov Chain (MCMC) template
fitting procedure, with template light curves constructed from a subsample of these Cepheids with fully phased, well-
sampled light curves. The dependence of the Large Magellanic Cloud LL coefficients on various period cuts was
tested, in addition to the linearity of the relationship. The zero-point of the LL was calibrated using the parallaxes
of Milky Way Cepheids from the Hubble Space Telescope and Gaia Data Release 2. Our final calibrated relations are
M[3.6] = −3.246(±0.008)(log(P )− 1.0)− 5.784(±0.030) and M[4.5] = −3.162(±0.008)(log(P )− 1.0)− 5.751(±0.030).

Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2010.09784
and from https://ui.adsabs.harvard.edu/abs/2021MNRAS.500..817C/abstract

Planes of satellites around Milky Way/M31-mass galaxies in the FIRE
simulations and comparisons with the Local Group

Jenna Samuel1, Andrew Wetzel1, Sierra Chapman1, Erik Tollerud2, Philip F. Hopkins3, Michael Boylan-Kolchin4,

Jeremy Bailin5 and Claude-André Faucher-Giguère6

1Department of Physics and Astronomy, University of California, Davis, USA
2Space Telescope Science Institute, USA
3TAPIR, California Institute of Technology, USA
4Department of Astronomy, The University of Texas at Austin, USA
5Department of Physics and Astronomy, University of Alabama, USA
6Department of Physics and Astronomy and CIERA, Northwestern University, USA

We examine the prevalence, longevity, and causes of planes of satellite dwarf galaxies, as observed in the Local Group.
We use 14 Milky Way/Andromeda-(MW/M31) mass host galaxies from the FIRE-2 simulations. We select the 14
most massive satellites by stellar mass within 300 kpc of each host and correct for incompleteness from the foreground
galactic disk when comparing to the MW. We find that MW-like planes as spatially thin and/or kinematically coherent
as observed are uncommon, but they do exist in our simulations. Spatially thin planes occur in 1–2 per cent of snapshots
during z = 0–0.2, and kinematically coherent planes occur in 5 per cent of snapshots. These planes are generally short-
lived, surviving for < 500 Myr. However, if we select hosts with an LMC-like satellite near first pericenter, the fraction
of snapshots with MW-like planes increases dramatically to 7–16 per cent, with lifetimes of 0.7–3 Gyr, likely because
of group accretion of satellites. We find that M31’s satellite distribution is much more common: M31’s satellites lie
within about 1σ of the simulation median for every plane metric we consider. We find no significant difference in
average satellite planarity for isolated hosts versus hosts in LG-like pairs. Baryonic and dark matter-only simulations
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exhibit similar levels of planarity, even though baryonic subhalos are less centrally concentrated within their host
halos. We conclude that planes of satellites are not a strong challenge to ΛCDM cosmology.

Submitted to MNRAS
Available from https://arxiv.org/abs/2010.08571

Connection between the long secondary period phenomenon and the
red giant evolution

Micha l Pawlak1

1Jagiellonian University, Poland

The mechanism behind the Long Secondary Period (LSP) observed in pulsating red giants still remains unknown. In
this work, I investigate the connection between the Red Giant Branch and Asymptotic Giant Branch evolution and
the appearance of the LSP – the phenomenon observed in a large fraction the red giants. I use the OGLE-III sample
of the OSARG variables in the Large Magellanic Cloud. I construct the density maps in the period–luminosity as
well as color–magnitude planes for the stars showing LSP and compare them to the remaining giants. I also fit the
spectral energy distribution to test whether an additional source of reddening is present in the LSP stars. I post a
hypothesis that the LSP phenomenon may be related to a transition between the different pulsation period–luminosity
sequences. I also show that an overabundance of the stars showing Long Period Variables can be observed around the
Tip of the Red Giant Branch, and much more prominently, at the upper part of the Asymptotic Giant Branch. The
main over-density region appears to be slightly fainter and redder than the bulk of the Asymptotic Giant Branch. It
also seems to correspond to the area of the Hertzsprung–Russell diagram where stable winds and high mass loss are
present. The LSP can possibly be a recurring phenomenon appearing and disappearing in various points of the red
giant evolution. The LSP stars appear to be more reddened than other giants, which suggests the intrinsic nature
of the reddening, likely related to large dust emission. The analysis seems to confirm the hypothesis that there is a
relation between the mass loss due to the presence of strong stellar wind and the appearance of LSP.

Accepted for publication in A&A
Available from https://arxiv.org/abs/2103.01233

The VMC Survey – XLII. Near-infrared period–luminosity relations for
RRLyræ stars and the structure of the Large Magellanic Cloud

F. Cusano1 et al.

1INAF–Osservatorio di Astrofisica e Scienza dello Spazio, Via Piero Gobetti, 93/3, I-40129 Bologna, Italy

We present results from an analysis of ∼ 29, 000 RRLyræ stars located in the Large Magellanic Cloud (LMC). For these
objects, near-infrared time-series photometry from the VISTA survey of the Magellanic Clouds system (VMC) and
optical data from the OGLE (Optical Gravitational Lensing Experiment) IV survey and the Gaia Data Release 2 cata-
logue of confirmed RRLyræ stars were exploited. Using VMC and OGLE IV magnitudes we derived period–luminosity
(PL), period–luminosity–metallicity (PLZ), period–Wesenheit (PW) and period–Wesenheit–metallicity (PWZ) rela-
tions in all available bands. More than ∼ 7, 000 RRLyræ were discarded from the analysis because they appear to be
overluminous with respect to the PL relations. The PLKs

relation was used to derive individual distance to ∼ 22, 000
RRLyræ stars, and study the three-dimensional structure of the LMC. The distribution of the LMC RRLyræ stars
is ellipsoidal with the three axis S1 = 6.5 kpc, S2 = 4.6 kpc and S3 = 3.7 kpc, inclination i = (22 ± 4)◦ relative
to the plane of the sky and position angle of the line of nodes θ = (167 ± 7)◦ (measured from north to east). The
north-eastern part of the ellipsoid is closer to us and no particular associated substructures are detected as well as any
metallicity gradient.
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