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Editorial

Dear Colleagues,

It is our pleasure to present you the 304th issue of the AGB Newsletter. There is a lot of work on globular clusters,
hence the Food for Thought of this month, as well as work on the ends of red (super)giants’ lives.

There are plenty of jobs for early-career scientists on offer, in the USA and Belgium.

Don’t miss the announcement of a meeting in London, UK, with a deadline for abstracts on the 7th of November.

The next issue is planned to be distributed around the 1st of December.

Editorially Yours,

Jacco van Loon, Ambra Nanni and Albert Zijlstra

Food for Thought

This month’s thought-provoking statement is:

Star–star interactions are key to unravelling the globular cluster multiple populations conundrum.

Reactions to this statement or suggestions for next month’s statement can be e-mailed to astro.agbnews@keele.ac.uk
(please state whether you wish to remain anonymous)
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Refereed Journal Papers

A red giants’ Toy Story
Marcelo Miguel Miller Bertolami1,2

1Instituto de Astrof́ısica de La Plata, CONICET, Argentina
2Facultad de Ciencias Astronómicas y Geof́ısicas, UNLP, Argentina

In spite of the spectacular progress accomplished by stellar evolution theory some simple questions remain unanswered.
One of these questions is “Why do stars become red giants?”. Here we present a relatively simple analytical answer
to this question. We validate our analysis by constructing a quantitative toy-model of a red giant and comparing its
predictions to full stellar evolutionary models.
We find that the envelope forces the value of ∇ = d lnT/d lnP at, and above, the burning shell into a very narrow
range of possible values. Together with the fact that the stellar material at the burning shell both provides and
transports most of the stellar luminosity, this leads to tight relations between the thermodynamic variables at the
burning shell and the mass and radius of the core – Ts(Mc, Rs), Ps(Mc, Rs) and ρs(Mc, Rs). When complemented
by typical mass–radius relations of the helium cores, this implies that for all stellar masses the evolution of the core
dictates the values of Ts, Ps and ρs. We show that for all stellar masses evolution leads to an increase in the pressure
and density contrasts between the shell and the core, forcing a huge expansion of the layers on top of the burning
shell.
Besides explaining why stars become red giants our analysis also offers a mathematical demonstration of the so-called
shell homology relations, and provides simple quantitative answers to some properties of low-mass red giants.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/2210.07005

Evolutionary status of selected post-AGB stars based on Gaia DR3
M. Parthasarathy1,2, Marina Kounkel2 and Keivan G. Stassun2

1Indian Institute of Astrophysics, Bangalore, India
2Vanderbilt University, Department of Physics & Astronomy, Nashville, TN 37235, USA

The evolutionary status of 24 post-AGB stars is presented based on Gaia DR3 data. All 24 stars have parallaxes
accurate to better than 3σ and have RUWE values < 1.4. Based on the Gaia DR3 distances the absolute luminosities
are derived. For 14 of the stars, the luminosities confirm their post-AGB evolutionary stage. However, V1027Cyg,
which was previously classified as a post-AGB star, is found to have a higher luminosity than would be expected if
it was truly a post-AGB star; thus it may be an evolved, massive, pulsating semi-regular variable star of type G7 Ia.
For 9 of the stars, the luminosities are lower than 1000 L⊙, indicating that some are post-HB stars and some are
post-RGB stars.

Published in Res. Notes AAS, 6, 210 (2022)
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Ionising feedback effects on star formation in globular clusters with
multiple stellar populations

Asiyeh Yaghoobi1,2,3, Joakim Rosdahl2, Francesco Calura4, Pouria Khalaj1 and Hosein Haghi1

1Department of Physics, Institute for Advanced Studies in Basic Sciences (IASBS), 444 Prof. Yousef Sobouti Blvd., 45137-66731, Zanjan,

Iran
2Univ. Lyon, Univ. Lyon 1, Ens. de Lyon, CNRS, Centre de Recherche Astrophysique de Lyon UMR5574, F-69230, Saint-Genis-Laval,

France
3Department of Physics, Faculty of Sciences, Ferdowsi University of Mashhad, Mashhad, 91775-1436, Iran
4INAF–OAS, Osservatorio di Astrofisica e Scienza dello Spazio di Bologna, via Gobetti 93/3, I-40129 Bologna, Italy

Using 3D radiation-hydrodynamical simulations, we study the effects of ionising radiation on the formation of second-
generation (SG) stars in Globular Clusters (GCs) with multiple stellar populations. In particular, we focus on massive
(107 M⊙) and young (40-Myr old) GCs. We consider stellar winds from asymptotic giant branch (AGB) stars,
ram pressure, gas accretion onto the cluster, and photoionisation feedback of binary stars. We find that the stellar
luminosity is strong enough to warm and ionise the intracluster medium, but it does not lead to a significant gas
expulsion. The cluster can thus retain the ejecta of AGB stars and the accreted pristine gas. In addition, efficient
cooling occurs in the central region of the cluster within 50 Myr from the formation of first generation stars, leading to
the formation of SG stars. Our results indicate that the inclusion of photoionisation does not suppress SG formation,
but rather delays it by ∼ 10 Myr. The time delay depends on the density of the pristine gas, so that a denser medium
exhibits a shorter delay in star formation. Moreover, photoionisation leads to a modest decrease in the total SG mass,
compared to a model without it.

Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2210.01136

Variability in protoplanetary nebulæ – IX. Evidence for evolution in a
decade

Bruce J. Hrivnak1, Wenxian Lu1, William C. Bakke1 and Peyton J. Grimm1

1Valparaiso University, USA

We have carried out a new photometric V , Rc study of 12 protoplanetary nebulæ, objects in the short-lived transition
between the asymptotic giant branch and planetary nebula phases of stellar evolution. These had been the subjects
of an earlier study, using data from 1994–2007, that found that all 12 varied periodically, with pulsation periods in
the range of approximately 38 to 150 days. They are all carbon-rich, with F–G spectral types. We combined our new
(2008–2018) data with publicly available ASAS-SN data and determined new periods for their variability. The older
and newer period values were compared to investigate evidence of period change, for which there is theoretical support
that it might be detectable in a decade or two in some cases. Such a detection is challenging since the light curves
are complicated, with multiple periods, changing amplitudes, and evidence of shocks. Nevertheless, we found one, and
possibly two, such cases, which are associated with the higher-temperature stars in the sample (7250 and 8000 K).
These results are most consistent with the evolution of stars at the lower end of the mass range of carbon stars, 1.5–2
M⊙. Several of the stars show longer-term trends of increasing (six cases) or decreasing (one case) brightness, which
we think most likely due to changes in the circumstellar dust opacity. There is one case of a possible 1.8 yr period in
addition to the shorter pulsation. This is interpreted as possible evidence of an orbiting companion.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2210.00103
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The role of rotation on the formation of second generation stars in
globular clusters

Elena Lacchin1,2,3, Francesco Calura1, Enrico Vesperini4 and Alessandra Mastrobuono-Battisti3

1INAF–OAS, Osservatorio di Astrofisica e Scienza dello Spazio di Bologna, via Gobetti 93/3, I-40129 Bologna, Italy
2Department of Physics and Astronomy, University of Bologna, via Gobetti 93/3, I-40129 Bologna, Italy
3GEPI, Observatoire de Paris, PSL Research University, CNRS, Place Jules Janssen, F-92190, Meudon, France
4Department of Astronomy, Indiana University, Swain West, 727 E. 3rd Street, Bloomington, IN 47405, USA

By means of 3D hydrodynamic simulations, we explore the effects of rotation in the formation of second-generation
(SG) stars in globular clusters (GC). Our simulations follow the SG formation in a first-generation (FG) internally
rotating GC; SG stars form out of FG asymptotic giant branch (AGB) ejecta and external pristine gas accreted by
the system. We have explored two different initial rotational velocity profiles for the FG cluster and two different
inclinations of the rotational axis with respect to the direction of motion of the external infalling gas, whose density
has also been varied. For a low (10−24 g cm−3) external gas density, a disc of SG helium-enhanced stars is formed.
The SG is characterized by distinct chemo-dynamical phase space patterns: it shows a more rapid rotation than
the FG with the helium-enhanced SG subsystem rotating more rapidly than the moderate helium-enhanced one. In
models with high external gas density (10−23 g cm−3), the inner SG disc is disrupted by the early arrival of external
gas and only a small fraction of highly enhanced helium stars preserves the rotation acquired at birth. Variations
in the inclination angle between the rotation axis and the direction of the infalling gas and the velocity profile can
slightly alter the extent of the stellar disc and the rotational amplitude. The results of our simulations illustrate the
complex link between dynamical and chemical properties of multiple populations and provide new elements for the
interpretation of observational studies and future investigations of the dynamics of multiple-population GCs.

Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2209.05178
and from https://ui.adsabs.harvard.edu/abs/2022MNRAS.517.1171L/abstract

On the N/O abundance ratio and the progenitor mass for the most
luminous planetary nebulæ of M31

Toshiya Ueta1 and Masaaki Otsuka2

1University of Denver, USA
2Kyoto University/Okayama Observatory, Japan

Context: Plasma diagnostics form the basis of investigation into the physical and chemical properties of line-emitting
gaseous systems.
Aims: To perform plasma diagnostics properly, it is essential to accurately correct the input spectrum for extinction
because determining the degree of extinction is dependent on the physical properties of the line-emitting gas. Hence,
both extinction correction and plasma diagnostics have to be performed simultaneously and self-consistently.
Methods: By comparing the results of analyses performed for a sample of nine bright planetary nebulæ in M31,
both with and without the fully iterative self-consistent simultaneous extinction correction and plasma diagnostics,
we demonstrate how a seemingly benign initial assumption of the physical conditions of the line-emitting gas in
extinction correction could compromise the results of the entire analyses in terms of the extinction, electron density
and temperature, and ionic and elemental abundances.
Results: While the electron density and temperature are relatively immune to the imposed inconsistent assumptions,
the compromised extinction would cause systematic offsets in the extinction-corrected spectrum, and hence, line
strengths, which consequently would impose adverse effects on the resulting ionic and elemental abundances, and
other inferences made from the incorrect results.
Conclusions: We find that this M31 PN sample simply represents those around the high-mass end of the mass range
for low-mass planetary nebula progenitor stars as expected from the existing theoretical models. It appears that the
suspicion raised in the previous study – that these PNe could be anomalously nitrogen-overabundant for the expected
progenitor mass range – is simply caused by the apparent underestimation in extinction that originates from the
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imposed inconsistent assumptions in extinction correction. In a larger context, the results of plasma diagnostics in the
literature that are done without seeking simultaneous self-consistency with extinction corrections have to be handled
with caution. Ideally, such previous results should be re-evaluated by always seeking simultaneous self-consistency.

Accepted for publication in Astronomy and Astrophysics Letters
Available from https://arxiv.org/abs/2210.07091

Updated low-temperature gas opacities with ÆSOPUS 2.0
Paola Marigo1, Bernhard Aringer2, Léo Girardi3 and Alessandro Bressan4

1University of Padova, Italy
2University of Vienna, Austria
3INAF, Padova, Italy
4SISSA, Trieste, Italy

This work introduces new low-temperature gas opacities, in the range 3.2 ≤ log(T/K) ≤ 4.5, computed with the
ÆSOPUS code under the assumption of thermodynamic equilibrium (Marigo & Aringer 2009). In comparison to the
previous version ÆSOPUS 1.0, we updated and expanded molecular absorption to include 80 species,mostly using the
recommended line lists currently available from the ExoMol and HITRAN databases. Furthermore, in light of a recent
study, we revised the Hα photodetachment cross section, added the free–free absorption of other negative ions of atoms
and molecules, and updated the collision-induced absorption due to H2/H2, H2/H, H2/He, and H/He pairs. Using the
new input physics, we computed tables of Rosseland mean opacities for several scaled-solar chemical compositions,
including Magg et al. (2022)’s most recent one, as well as α-enhanced mixtures. The differences in opacity between the
new ÆSOPUS 2.0 and the original ÆSOPUS 1.0 versions, as well as other sets of calculations, are discussed. The new
opacities are released to the community via a dedicated web-page that includes both pre-computed tables for widely
used chemical compositions, and a web-interface for calculating opacities on-the-fly for any abundance distribution.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/2210.08587

Relation of observable stellar parameters to mass-loss rate of AGB stars
in the LMC

Henry A. Prager1,2, Lee Anne Willson3, Massimo Marengo3 and Michelle Creech-Eakman1

1New Mexico Institute of Mining and Technology, USA
2Los Alamos National Laboratory, USA
3Iowa State University, USA

Using the Riebel et al. (2012) data set for 6,889 pulsating AGB stars in the LMC, we have derived formulæ for mass-
loss rate as a function of luminosity and pulsation period or luminosity and mass in three ways, for each of five subsets
of data: fundamental mode oxygen rich stars, first overtone mode oxygen rich stars stars, fundamental mode carbon
stars, first overtone mode carbon stars, and extreme carbon stars. Using the distribution of the stars in period versus
luminosity and mass versus luminosity, we are able to derive a power-law fit to the dependence of mass-loss rate on
those quantities. This results in formulæ that reproduce observed mass-loss rates and are in general agreement with
the expectation from mass-loss models that the mass-loss rate is highly sensitive to luminosity, mass, and pulsation
period.
In the process of carrying out this analysis we have found radius–mass–luminosity and examined pulsation–mass–
radius relations using published evolutionary and pulsation models. These allow us to derive mass and radius from
the observed quantities luminosity and pulsation period. We also derived new mass-loss rate versus color relations.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2210.15039
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Investigating anomalous photochemistry in the inner wind of
IRC+10◦216 Through ALMA observations of HC3N
Mark A. Siebert1, Marie Van de Sande2, Thomas J. Millar3 and Anthony J. Remijan4

1Department of Astronomy, University of Virginia, Charlottesville, VA 22904, USA
2School of Physics and Astronomy, University of Leeds, Leeds, UK
3School of Mathematics and Physics, Queen’s University Belfast, Belfast, UK
4National Radio Astronomy Observatory, Charlottesville, VA 22903, USA

In recent years, many questions have arisen regarding the chemistry of photochemical products in the carbon-rich
winds of evolved stars. To address them, it is imperative to constrain the distributions of such species through
high angular resolution interferometric observations covering multiple rotational transitions. We used archival ALMA
observations to map rotational lines involving high energy levels of cyanoacetylene (HC3N) toward the inner envelope
(radius < 8′′/1000 au) of the carbon star IRC+10◦216. The observed lines include the J = 28–27, J = 30–29, and
J = 38–37, transitions of HC3N in its ground vibrational state. In contrast to previous observations of linear carbon
chains toward this AGB star which show extended, hollow emission at 15′′–20′′ radii (e.g., C4H, C6H, HC5N), the
maps of the HC3N lines here show compact morphologies comprising various arcs and density enhancements, with
significant emission from gas clumps at an angular distance of ∼ 3′′ (350 au) from the central AGB star. We compared
visibility sampled non-LTE radiative transfer models with the observed brightness distributions, and derive a fractional
abundance with respect to H2 of 10−8 for HC3N at the radii probed by these lines. These results are consistent with
enhanced photochemistry occurring in warm (∼ 200 K) regions of the circumstellar envelope. After application of a
specialized chemical model for IRC+10◦216, we find evidence that the enhanced HC3N abundances in the inner wind
are most likely due to a solar-type binary companion initiating photochemistry in this region.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2210.14941

Schwarzschild and Ledoux are equivalent on evolutionary timescales
Evan H. Anders1,2, Adam S. Jermyn2,3, Daniel Lecoanet1,2,4, Adrian E. Fraser2,5, Imogen G. Cresswell2,6, Meridith

Joyce2,7 and J.R. Fuentes8

1CIERA, Northwestern University, Evanston IL 60201, USA; evan.anders@northwestern.edu
2Kavli Institute for Theoretical Physics, University of California, Santa Barbara, CA 93106, USA
3Center for Computational Astrophysics, Flatiron Institute, New York, NY 10010, USA
4Department of Engineering Sciences and Applied Mathematics, Northwestern University, Evanston IL 60208, USA
5Department of Applied Mathematics, Baskin School of Engineering, University of California, Santa Cruz, CA 95064, USA
6Department Astrophysical and Planetary Sciences & LASP, University of Colorado, Boulder, CO 80309, USA
7Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
8Department of Physics and McGill Space Institute, McGill University, 3600 rue University, Montreal, QC H3A 2T8, Canada

Stellar evolution models calculate convective boundaries using either the Schwarzschild or Ledoux criterion, but
confusion remains regarding which criterion to use. Here we present a 3D hydrodynamical simulation of a convection
zone and adjacent radiative zone, including both thermal and compositional buoyancy forces. As expected, regions that
are unstable according to the Ledoux criterion are convective. Initially, the radiative zone adjacent to the convection
zone is Schwarzschild unstable but Ledoux stable due to a composition gradient. Over many convective overturn
timescales, the convection zone grows via entrainment. The convection zone saturates at the size originally predicted
by the Schwarzschild criterion, although in this final state the Schwarzschild and Ledoux criteria agree. Therefore,
the Schwarzschild criterion should be used to determine the size of stellar convection zones, except possibly during
short-lived evolutionary stages in which entrainment persists.

Published in https://iopscience.iop.org/article/10.3847/2041-8213/ac5cb5
Available from https://arxiv.org/abs/2203.06186
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The survey of planetary nebulæ in Andromeda (M31) – IV. Radial
oxygen and argon abundance gradients of the thin and thicker disc

Souradeep Bhattacharya1, Magda Arnaboldi2, Nelson Caldwell3, Ortwin Gerhard4, Chiaki Kobayashi5, Johanna

Hartke6, Kenneth C. Freeman7, Alan McConnachie8 and Puragra Guhathakurta9

1Inter-University Center for Astronomy and Astrophysics, Ganeshkhind, Post Bag 4, Pune 411007, India
2European Southern Observatory, Karl-Schwarzschild-Str. 2, D-85748 Garching bei München, Germany
3Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
4Max-Planck-Institut für extraterrestrische Physik, Gießenbachstraße, D-85748 Garching bei München, Germany
5Centre for Astrophysics Research, Department of Physics, Astronomy and Mathematics, University of Hertfordshire, Hatfield, AL10 9AB,

UK
6European Southern Observatory, Alonso de Córdova 3107, Santiago de Chile, Chile
7Research School of Astronomy and Astrophysics, Mount Stromlo Observatory, Cotter Road, ACT 2611 Weston Creek, Australia
8NRC Herzberg, 5071 West Saanich Road, Victoria, BC V9E 2E7, Canada
9UCO/Lick Observatory, Department of Astronomy & Astrophysics, University of California Santa Cruz, 1156 High Street, Santa Cruz,

CA 95064, USA

We obtain a magnitude-limited sample of Andromeda (M31) disc PNe with chemical abundance estimated through
the direct detection of the [O iii] 4363Å line. This leads to 205 and 200 PNe with oxygen and argon abundances,
respectively. We find that high- and low-extinction M31 disc PNe have statistically distinct argon and oxygen abun-
dance distributions. In the radial range of 2–30 kpc, the older low-extinction disc PNe are metal-poorer on average
with a slightly positive radial oxygen abundance gradient (0.006 ± 0.003 dex kpc−1) and slightly negative for argon
(−0.005 ± 0.003 dex kpc−1), while the younger high-extinction disc PNe are metal-richer on average with steeper
radial abundance gradients for both oxygen (−0.013±0.006 dex kpc−1) and argon (−0.018±0.006 dex kpc−1), similar
to the gradients computed for the M31 H ii regions. The M31 disc abundance gradients are consistent with values
computed from major merger simulations, with the majority of the low-extinction PNe being the older pre-merger
disc stars in the thicker disc, and the majority of the high-extinction PNe being younger stars in the thin disc, formed
during and after the merger event. The chemical abundance of the M31 thicker disc has been radially homogenized
because of the major merger. Accounting for disc scale lengths, the positive radial oxygen abundance gradient of the
M31 thicker disc is in sharp contrast to the negative one of the MW thick disc. However, the thin discs of the MW
and M31 have remarkably similar negative oxygen abundance gradients.

Published in MNRAS
Available from https://arxiv.org/abs/2203.06428
and from doi:10.1093/mnras/stac2703

Carbon abundances in compact Galactic planetary nebulæ: An
ultraviolet spectroscopic study with the Space Telescope Imaging

Spectrograph (STIS)
Letizia Stanghellini1, Rafia Bushra, Richard A. Shaw, Flavia Dell’Agli, D.A. Garćıa-Hernández and Paolo Ventura

1NSF’s NOIRLab, USA

We surveyed a sample of compact Galactic planetary nebulæ (PNe) with the Space Telescope Imaging Spectrograph
on the Hubble Space Telescope (HST) to determine their gas-phase carbon abundances. Carbon abundances in PNe
constrain the nature of their asymptotic giant branch (AGB) progenitors, as well as cosmic recycling. We measured
the carbon abundances, or the limits thereof, of 11 compact Galactic PNe, notably increasing the sample of Galactic
PNe whose carbon abundance based on HST ultraviolet spectra is available. The dust content of most targets has
been studied elsewhere from Spitzer spectroscopy; given the compact nature of the nebulæ, both UV and IR spectra
can be directly compared to study gas- and dust-phase carbon. We found that carbon-poor (C/O < 1) compact
Galactic PNe have an oxygen-rich dust type, while their carbon-enhanced counterparts (C/O > 1) have carbon-rich
dust, confirming the correlation between gas- and dust-phase carbon content that was known for Magellanic Cloud
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PNe. Based on models of expected final yields from AGB evolution, we interpret the majority of the carbon-poor
PNe in this study as the progeny of ∼ 1.1–1.2 M⊙ stars that experienced some extra mixing on the red giant branch.
They went through the AGB but did not go through the carbon star phase. Most PNe in this group have a bipolar
morphology, possibly due to the presence of a subsolar companion. The carbon-enhanced PNe in our sample could be
the progeny of stars in the ∼ 1.5–2.5 M⊙ range, depending on their original metallicity.

Published in The Astrophysical Journal
Available from https://iopscience.iop.org/article/10.3847/1538-4357/ac5d50

Weak mass loss from the red supergiant progenitor of the Type II SN
2021yja

Griffin Hosseinzadeh1, Charles D. Kilpatrick2, Yize Dong3, David J. Sand1, Jennifer E. Andrews4, K. Azalee

Bostroem5, Daryl Janzen6, Jacob E. Jencson1, MIchael Lundquist7, Nicolas E. Meza Retamal3, Jeniveve Pearson1,

Stefano Valenti3, Samuel Wyatt1, Jamison Burke8,9, Daichi Hiramatsu10,11, D. Andrew Howell8,9, Curtis

McCully8,9, Megan Newsome8,9, Estefania Padilla Gonzalez8,9, Craig Pellegrino8,9, Giacomo Terreran8,9, Katie

Auchettl12,13,14, Kyle W. Davis14, Ryan J. Foley14, Hao-Yu Miao15, Yen-Chen Pan15, Armin Rest16,17, Matthew R.

Siebert14, Kirsty Taggart14, Brad E. Tucker13,18,19, Feng Lin Cyrus Leung20, Jonathan J. Swift20, Grace Yang20,

Joseph P. Anderson21, Chris Ashall22, Stefano Benetti23, Peter J. Brown24,25, Régis Cartier26, Ting-Wan Chen27,

Massimo Della Valle28,29,30, Llúıs Galbany31,32, Sebastian Gomez16, Mariusz Gromadzki33, Joshua Haislip34, Eric Y.

Hsiao35, Cosimo Inserra36, Saurabh W. Jha37, Thomas L. Killestein38, Vladimir Kouprianov34, Alexandra

Kozyreva39, Tomás E. Müller-Bravo31, Matt Nicholl40, Emmy Paraskeva41,42, Daniel E. Reichart34, Stuart

Ryder43,44, Melissa Shahbandeh35, Ben Shappee22, Nathan Smith1 and David R. Young45

1University of Arizona, USA
2Northwestern University, USA
3University of California, Davis, USA
4Gemini North Observatory, USA
5University of Washington, USA
6University of Saskatchewan, Canada
7W.M. Keck Observatory, USA
8Las Cumbres Observatory, USA
9University of California, Santa Barbara, USA
10Center for Astrophysics, Harvard & Smithsonian, USA
11NSF AI Institute for Artificial Intelligence and Fundamental Interactions, USA
12University of Melbourne, Australia
13ARC Centre of Excellence for All Sky Astrophysics in 3 Dimensions (ASTRO 3D), Australia
14University of California, Santa Cruz, USA
15National Central University, Taiwan
16Space Telescope Science Institute, USA
17Johns Hopkins University, USA
18Mt. Stromlo Observatory, Australian National University, Australia
19National Center for the Public Awareness of Science, Australian National University, Australia
20Thacher School, USA
21European Southern Observatory, Chile
22University of Hawai‘i, USA
23INAF–Osservatorio Astronomico di Padova, Italy
24Texas A&M University, USA
25George P. and Cynthia Woods Mitchell Institute for Fundamental Physics & Astronomy, USA
26Gemini South Observatory, Chile
27Stockholm University, Sweden
28INAF–Capodimonte Astronomical Observatory, Italy
29INFN–Napoli, Italy
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30ICRANet, Italy
31Institute of Space Sciences (ICE, CSIC), Spain
32Institut d’Estudis Espacials de Catalunya, Spain
33University of Warsaw, Poland
34University of North Carolina, USA
35Florida State University, USA
36Cardiff University, UK
37Rutgers, the State University of New Jersey, USA
38University of Warwick, UK
39Max-Planck-Institut für Astrophysik, Germany
40University of Birmingham, UK
41National Observatory of Athens, Greece
42University of Athens, Greece
43School of Mathematical and Physical Sciences, Macquarie University, Australia
44Astronomy, Astrophysics and Astrophotonics Research Centre, Macquarie University, Australia
45Queen’s University Belfast, UK

We present high-cadence optical, ultraviolet (UV), and near-infrared data of the nearby (D ≈ 23 Mpc) Type II
supernova (SN) 2021yja. Many Type II SNe show signs of interaction with circumstellar material (CSM) during the
first few days after explosion, implying that their red supergiant (RSG) progenitors experience episodic or eruptive
mass loss. However, because it is difficult to discover SNe early, the diversity of CSM configurations in RSGs has
not been fully mapped. SN 2021yja, first detected within ≈ 5.4 hours of explosion, shows some signatures of CSM
interaction (high UV luminosity and radio and X-ray emission) but without the narrow emission lines or early light-
curve peak that can accompany CSM. Here we analyze the densely sampled early light curve and spectral series of this
nearby SN to infer the properties of its progenitor and CSM. We find that the most likely progenitor was an RSG with
an extended envelope, encompassed by low-density CSM. We also present archival Hubble Space Telescope imaging of
the host galaxy of SN 2021yja, which allows us to place a stringent upper limit of <∼ 9 M⊙ on the progenitor mass.
However, this is in tension with some aspects of the SN evolution, which point to a more massive progenitor. Our
analysis highlights the need to consider progenitor structure when making inferences about CSM properties, and that
a comprehensive view of CSM tracers should be made to give a fuller view of the last years of RSG evolution.

Published in The Astrophysical Journal
Available from https://arxiv.org/abs/2203.08155
and from https://doi.org/10.3847/1538-4357/ac75f0

Recent mass ejection from AGB star WHya
D.T. Hoai1, P.T. Nhung1, P. Darriulat1, P.N. Diep1, N.B. Ngoc1, T.T. Thai1 and P. Tuan-Anh1

1Department of Astrophysics, Vietnam National Space Center, Vietnam Academy of Science and Technology, 18 Hoang Quoc Viet, Cau

Giay, Hanoi, Vietnam

We analyse archival ALMA (Atacama Large Millimeter/submillimeter Array) observations of two molecular line emis-
sions, 12CO(3–2) and 29SiO(8–7), from oxygen-rich AGB (Asymptotic Giant Branch) star WHya. Together with
results of earlier VLT observations at visible and infrared wavelengths, our results suggest a two-component picture
of the morpho-kinematics of the circumstellar envelope (CSE), one stable over time, at the scale of centuries, and the
other variable, at the scale of years. The stable component consists of an approximately spherical shell of gas and
dust expanding radially to a terminal velocity of ∼ 5 km s−1 at a distance of ∼ 30 au from the star. It is found to
display comparable features as seen in the CSE of RDor, a star similar to WHya. The variable component projects
on the plane of the sky over a region confined to the neighbourhood of the star and elongated toward the north. Its
very high density and sudden acceleration suggest an interpretation in terms of mass ejection initiated a few years ago.
We discuss its properties in relation with earlier observations of dust formation in the same region. Our results offer
a picture of the wind of WHya that differs significantly from the picture that could be suggested by earlier analyses,
giving evidence for a mass ejection that had been previously overlooked and underscoring new relations between the
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dust and gas emissions. They have an impact on the evidence published earlier for the presence of CO masers. They
favour an interpretation in terms of convective cell ejections playing the main role in the generation of the nascent
wind, the stable component of the CSE being seen as the result of many successive such events occurring in different
directions at short time intervals.

Accepted for publication in Vietnam Journal of Science, Technology and Engineering
Available from https://arxiv.org/abs/2203.09144

WD1145+017: Alternative models of the atmosphere, dust clouds, and
gas rings

Jan Budaj1, Andrii Maliuk1 and Ivan Hubeny2

1Astronomical Institute, Tatranská Lomnica, Slovakia
2University of Arizona, USA

WD1145+017 (WD1145) is the first white dwarf known to be orbited by disintegrating exoasteroids. It is a DBZ-type
white dwarf with strongly variable broad circumstellar lines and variable shallow ultraviolet (UV) transits. Various
models of the dust clouds and gaseous rings have been proposed as an explanation for this behavior. We aim to revisit
these observations and propose alternative or modified models of the atmosphere of this white dwarf, its dust clouds,
and gas rings. The simple radiative transfer code Shellspec was modified for this purpose and used for testing the
new dust cloud and gas disk models. We used modified tlusty and synspec codes to calculate atmosphere models
assuming the local thermodynamical equilibrium (LTE) or non-LTE (NLTE), and to calculate the intrinsic spectrum
of the star. We then used these atmosphere models to estimate the mass of the radiative and convective zones and
NLTE spectrum synthesis to estimate their chemical composition. We offer an alternative explanation of some (not
all) shallow UV transits. These may be naturally caused by the optical properties of the dust grains: opacities and
mainly phase functions as a result of the forward scattering. The latter is much stronger in UV compared to the
optical region, leaving more UV photons in the original direction during the transit. We also developed an alternative
model of the gaseous disk, consisting of an inner, hotter, and almost circular disk and an outer, cooler, and eccentric
disk. The structure precesses with a period of 3.83± 0.12 yr. We demonstrate that it fits the observed circumstellar
lines reasonably well. These alternative models solve a few drawbacks that might be associated with the previous
models, but they also have their own disadvantages. We confirm that the chemical composition of the atmosphere is
similar to that of CI chondrites but carbon, nitrogen, and sulfur are significantly underabundant and much closer to
the bulk Earth composition. This is a strong argument that the star has recently encountered and accreted material
from a body of Earth-like composition.

Published in A&A, 660, A72 (2022)
Available from https://ui.adsabs.harvard.edu/abs/2022A%26A...660A..72B/abstract

Large-amplitude periodic outbursts and long-period variables in the
VVV VIRAC2-β data base

Zhen Guo1,2,3, Philip Lucas3 et al.

1Universidad de Valparaiso, Chile
2Núcleo Milenio de Formación Planetaria (NPF), Chile
3University of Hertfordshire, United Kingdom

The VISTA Variables in the Via Lactea (VVV) survey obtained near-infrared photometry toward the Galactic bulge
and the southern disc plane for a decade (2010–2019). We designed a modified Lomb–Scargle method to search for large-
amplitude (∆Ks,2%−98% > 1.5 mag) mid to long-term periodic variables (P > 10 d) in the 2nd version of VVV Infrared
Astrometric Catalogue (VIRAC2-β). In total, 1520 periodic sources were discovered, including 59 candidate periodic
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outbursting young stellar objects (YSOs), based on the unique morphology of the phase-folded light curves, proximity
to Galactic H ii regions and mid-infrared colours. Five sources are spectroscopically confirmed as accreting YSOs.
Both fast-rise/slow-decay and slow-rise/fast-decay periodic outbursts were found, but fast-rise/slow-decay outbursts
predominate at the highest amplitudes. The multi-wavelength colour variations are consistent with a variable mass
accretion process, as opposed to variable extinction. The cycles are likely to be caused by dynamical perturbations from
stellar or planetary companions within the circumstellar disc. An additional search for periodic variability amongst
YSO candidates in published Spitzer-based catalogues yielded a further 71 candidate periodic accretors, mostly with
lower amplitudes. These resemble cases of pulsed accretion but with unusually long periods and greater regularity.
The majority of other long-period variables are pulsating dusty Miras with smooth and symmetric light curves. We
find that some Miras have redder W3–W4 colours than previously thought, most likely due to their surface chemical
compositions.

Published in MNRAS
Available from https://arxiv.org/abs/2203.08681
and from https://academic.oup.com/mnras/article-abstract/513/1/1015/6551345

Bridging the gap between intermediate and massive stars – I: Validation
of mesa against the state-of-the-art Monash stellar evolution program

for a 2-M⊙ AGB star
Giulia C. Cinquegrana1,2, Meridith Joyce2,3,4,5 and Amanda I. Karakas1,2

1School of Physics & Astronomy, Monash University, Clayton VIC 3800, Australia
2ARC Centre of Excellence for All Sky Astrophysics in 3 Dimensions (ASTRO 3D)
3Konkoly Observatory, Research Centre for Astronomy and Earth Sciences, H-1121 Budapest Konkoly Th. M. út 15–17., Hungary
4CSFK, MTA Centre of Excellence, Budapest, Konkoly Thege Miklós út 15–17, H-1121, Hungary
5Lasker Fellow, Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA

One-dimensional stellar structure and evolution programs are built using different physical prescriptions and algo-
rithms, which means there can be variations between models’ predictions even when using identical input physics.
This leads to questions about whether such deviations are physical or numerical; code validation studies are important
and necessary tools for studying these questions. We provide the first direct comparison between the Monash stellar
evolution program and mesa for a 2-M⊙ model evolved from the zero-age main sequence to the tip of the thermally
pulsing asymptotic giant branch. We compare the internal structure of the two models at six critical evolutionary
points and find that they are in excellent agreement in characteristics like central temperature, central density and
the temperature at the base of the convective envelope during the thermally pulsing asymptotic giant branch. The
hydrogen-exhausted core mass between the models differs by less than 4.2% throughout the entire evolution, the final
values vary only by 1.5%. Surface quantities such as luminosity and radius vary by less than 0.2% prior to the asymp-
totic giant branch. During thermal pulses, the difference extends to 3.4%, largely due to uncertainties in mixing and
the treatment of atmospheric boundary conditions. Given that the veteran Monash code is closed source, the present
work provides the first fully open-source computational analog. This increases accessibility to precision modeling on
the asymptotic giant branch and lays the groundwork for higher-mass calculations that are performed with mesa but
preserve the standards of the Monash code during the AGB.

Published in The Astrophysical Journal
Available from https://arxiv.org/abs/2208.01859
and from https://iopscience.iop.org/article/10.3847/1538-4357/ac87ae
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Constraining the original composition of the gas forming
first-generation stars in globular clusters

M.V. Legnardi1, A.P. Milone1,2, L. Armillotta3, A.F. Marino4, G. Cordoni1, A. Renzini2, E. Vesperini5, F.

D’Antona6, M. McKenzie7,8, D. Yong8, E. Dondoglio1, E.P. Lagioia1, M. Carlos1, M. Tailo9, S. Jang1 and A.

Mohandasan1

1Dipartimento di Fisica e Astronomia “Galileo Galilei”, Univ. di Padova, Vicolo dell’Osservatorio 3, Padova, IT-35122, Italy
2Istituto Nazionale di Astrofisica–Osservatorio Astronomico di Padova, Vicolo dell’Osservatorio 5, IT-35122, Padua, Italy
3Department of Astrophysical Sciences, Princeton University, Princeton, NJ 08544, USA
4Istituto Nazionale di Astrofisica–Osservatorio Astrofisico di Arcetri, Largo Enrico Fermi, 5, Firenze, IT-50125, Italy
5Department of Astronomy, Indiana University, Bloomington, IN 47401, USA
6INAF–Osservatorio Astronomico di Roma, Via Frascati 33, I-00040, Monte Porzio Catone, Roma, Italy
7ICRAR, M468, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009, Australia
8Research School of Astronomy & Astrophysics, Australian National University, Canberra, ACT 2611, Australia
9Dipartimento di Fisica e Astronomia Augusto Righi, Università degli Studi di Bologna, Via Gobetti 93/2, I-40129 Bologna, Italy

Disentangling distinct stellar populations along the red-giant branches (RGBs) of Globular Clusters (GCs) is possible
by using the pseudo two-color diagram dubbed chromosome map (ChM). One of the most intriguing findings is that
the so-called first-generation (1G) stars, characterized by the same chemical composition of their natal cloud, exhibit
extended sequences in the ChM. Unresolved binaries and internal variations in helium or metallicity have been sug-
gested to explain this phenomenon. Here, we derive high-precision Hubble Space Telescope photometry of the GCs
NGC6362 and NGC6838 and build their ChMs. We find that both 1G RGB and main-sequence (MS) stars exhibit
wider ChM sequences than those of second-generation (2G). The evidence of this feature even among unevolved 1G MS
stars indicates that chemical inhomogeneities are imprinted in the original gas. We introduce a pseudo two-magnitude
diagram to distinguish between helium and metallicity, and demonstrate that star-to-star metallicity variations are
responsible for the extended 1G sequence. Conversely, binaries provide a minor contribution to the phenomenon.
We estimate that the metallicity variations within 1G stars of 55 GCs range from less than [Fe/H] ∼ 0.05 to ∼ 0.30
and mildly correlate with cluster mass. We exploit these findings to constrain the formation scenarios of multiple
populations showing that they are qualitatively consistent with the occurrence of multiple generations. In contrast,
the fact that 2G stars have more homogeneous iron content than the 1G challenges the scenarios based on accretion
of material processed in massive 1G stars onto existing protostars.

Published in
https://academic.oup.com/mnras/article-abstract/513/1/735/6555468?redirectedFrom=fulltext

Available from https://arxiv.org/abs/2203.07571

Conference Paper

Molecules from evolved stars and their role in the cycle of the ISM
Marcelino Agúndez1

1Instituto de F́ısica Fundamental, CSIC, Madrid, Spain

The ejecta of evolved stars are among the most efficient chemical laboratories in the Universe. Many of the chemical
compounds synthesized in these environments probably travel along the interstellar medium and may be ultimately
delivered to planets. However, we still do not understand many of the chemical processes at work during the evolution
from the AGB phase to the PN. Here we review key aspects of our current understanding of the chemistry of AGB
and post-AGB envelopes, highlighting the issues that are yet to be understood.

Oral contribution, published in ”Multi-line Diagnostics of the Interstellar Medium”, Nice, France, Eds.
L. Boucasse, C. Kramer & F. Gueth. EPJ Web of Conferences, 265, 29
Available from https://ui.adsabs.harvard.edu/abs/2022EPJWC.26500029A/abstract
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Job Adverts

University of Leuven, University of Ghent, University of Liège
(Belgium) Postdoctoral positions on JWST science in Belgium

Applications are invited for five 3-year postdoctoral positions in the fields of exoplanet, galactic and extra-galactic
astronomy at three Belgian institutes: K.U. Leuven, Ghent University, and Université de Liège. Each of the successful
candidates will be employed at one of these institutions, with significant cross-university interactions. The successful
candidates will be part of the multi-disciplinary MIRI team in Belgium, who are involved in several Cycle 1 and
GTO-MIRI teams. Specifically, we are looking for applicants to work on JWST MIRI data processing and science
exploitation in the following fields. For each of these post-doc positions, we have listed the host institutions and
supervisors.

1. Exoplanet atmosphere retrieval: Prof. Decin (K.U. Leuven) and Prof. Absil (U. Liège)

2. Modelling transiting planets with JWST spectra: Prof. Gillon (U. Liège) and Prof. Decin (K.U. Leuven)

3. Modelling PAH emission in nearby galaxies: Prof. Baes (U. Gent) and Prof. Decin (K.U. Leuven)

4. Dust properties and geometry of active galactic nuclei: Dr. Sluse (U. Liège) and Prof. Baes (U. Gent)

5. Dust characterisation in supernova remnants and the circumgalactic medium: Prof. De Looze (U. Gent)

An extensive description of these research topics and the job profile can be found here:
https://fys.kuleuven.be/ster/vacancies/vacancies#postdoc MIRI
Informal inquiries are welcome (clio.gielen@kuleuven.be) and applications sent by Tuesday November 15, 2022 will be
fully considered. Candidates must possess a Ph.D. in Astrophysics, Planetology or a similar field. Applicants should
submit their CV, bio sketch (up to 2 pages) and research plan (up to 2 pages), and share the contact information of
two referees. We welcome applications from qualified candidates irrespective of gender, disability, sexual orientation,
ethnicity, beliefs and age. We envision a starting date between January and October 2023. All positions are offered
for 2+1 years. Support for travel will be available.

See also https://jobregister.aas.org/ad/678b8f10

Center for Astrophysics Harvard & Smithsonian, Cambridge, USA
Astrophysicist (Post-Doctoral Research Fellow)

The successful candidate will work with Dr. Margarita Karovska on research involving interacting binary systems, and
particularly symbiotic systems with evolved cool star and accreting compact components (e.g., white dwarf accretors)
– potential precursor environments of progenitors of Planetary Nebulæ and Supernovæ Type Ia. The postdoctoral
fellow will work on multi-wavelength studies of mass transport, accretion, outburst and jets in wind interacting binaries.

Duties will include conducting a program of research and scholarship in the area of symbiotic interacting binaries.
such as analysis, modeling, and interpretation of imaging and spectroscopic observations (especially from Chandra and
HST). Scientific experience with X-ray spectral analysis and interpretation and modeling of observations of accreting
and jet producing environments (from stellar to AGN) is very welcome.

Interested applicants should contact Dr. Margarita Karovska (mkarovska@cfa.harvard.edu).
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For application procedure, further information, and requirements, please view the AAS Job Register Vacancy An-
nouncement at: https://jobregister.aas.org/ad/518ea630

Update: Applications submitted by December 15, 2022 will receive full consideration.

See also https://jobregister.aas.org/ad/518ea630

Institute of Astronomy, K.U. Leuven (Belgium) Postdoc position:

”Theoretical and numerical stellar astrophysics: The winds of cool
massive stars”

The Institute of Astronomy of K.U. Leuven (Belgium) seeks highly motivated and excellent applicants to take on an im-
portant role in the MAESTRO project, which aims to fundamentally improve our understanding of massive-star winds.

Applications are invited for a post-doc position financed through a prestigious research grant (C1) from the K.U.
Leuven university. The selected candidate will join the MAESTRO team, under supervision of Professor Leen Decin,
and in close collaboration with Profs. Hugues Sana, Jon Sundqvist and Alex de Koter. The selected candidate will be
member of an international network of collaborators obtaining crucial observational constraints and developing new
theoretical methods needed to advance our understanding of cool and hot massive-star winds.

Here, we specifically advertise the following post-doc position (with preferred starting date around 1 March 2023)
on ”Theoretical and numerical modelling of the winds of cool stars”. The post-doc will be involved in a team-effort
to build a modern numerical code for modelling the winds of cool stars, including hydrodynamics, (non-equilibrium)
chemistry, and radiative transfer and including the impact of a stellar or planetary companion. The post-doc will be
involved in the daily supervision of master and Ph.D. students working on this topic in the MAESTRO project.

The selected post-doc will be offered a 2-year contract with a possible extension of maximum 1 year. The salary will
be commensurate to the standard scale for post-doc researcher in Belgium and will depend on the number of years of
experience after Ph.D. It includes social and medical insurance as well as pension rights. Working hours are flexible
and there is possibility to work occasionally from home. Refund of commuting expenses when using public transport
or bicycle are included. The K.U. Leuven offers access to child care.

The preferred starting date shall be between February 1st 2023 and May 1st 2023 but can be negotiated. The post-doc
will also be encouraged to take up training in science and people management, science communication and grant
application writing with the aim to develop a personal independent career track.

More information and instructions to apply on https://fys.kuleuven.be/ster/vacancies/vacancies#postdoc MAESTRO

Closing date: 15/12/2022

See also https://fys.kuleuven.be/ster/vacancies#postdoc MAESTRO
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Announcement

2nd Meeting on progress in Astrophysics with Type-1a Supernovæ
(PATIAS-2)

The next RAS specialist discussion meeting ”2nd Meeting on progress in Astrophysics with Type-1a Supernovæ
(PATIAS-2)” will take place in London on the 9th of December, at Burlington House.

The aim of this Specialist Discussion meeting, the second of a series started in November 2020, is to bring together
researchers to promote interaction, networking and discuss strategies to progress our knowledge of Type Ia supernovæ.
Anyone wishing to give a contributed talk is kindly invited to send an abstract to U.Battino@hull.ac.uk before 14:00
on Monday the 7th of November.

We look forward to seeing you all in London!

Kind regards,
Umberto Battino, Brad Gibson and Alex Murphy
(PATIAS-2 Organizing Committee)

See also

https://ras.ac.uk/events-and-meetings/ras-meetings/2nd-meeting-progress-astrophysics-type-1a-supernovae-patias-2
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