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Editorial

Dear Colleagues,

It is a pleasure to present you the 277th issue of the AGB Newsletter. A bit later than usual because of the holidays
– also reflected in the lower volume of work posted. Note, though, that you do not need to wait for an invitation to
post something.

This month, Ańıbal Garćıa-Hernández shares his insightful thoughts with you – feel welcome to respond.

Dimitrios Sarafopoulos announces an interesting work on the dynamo mechanism in red giants.

And the Stratospheric Observatory For Infrared Astronomy announces an opportunity to use its mid-IR spectrometre.

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

Editorially Yours,

Jacco van Loon, Ambra Nanni and Albert Zijlstra

Food for Thought

This month’s thought-provoking statement is:

How well do we know how the Sun will evolve into an AGB star?

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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What am I thinking?

D. Ańıbal Garćıa-Hernández

Instituto de Astrof́ısica de Canarias

Tenerife, Spain

The SDSS/APOGEE revolution in our knowledge of nucleosynthesis and circumstellar chemistry

In the last 15 years or so, my research interests have been mainly centred in several topics on evolved stars, making
use of optical and infrared spectroscopy, from asymptotic giant branch (AGB) nucleosynthesis to molecular processes
taking place in the transition phase from AGB stars to Planetary Nebulæ (PNe) as well as formation of complex or-
ganics (e.g., fullerene- and graphene-related species) in space. However, with the advent of still on-going large surveys
like SDSS/APOGEE (2010–2020, see below), I started to be interested in less evolved stars (but more numerous); i.e.
red giant branch (RGB) or red clump (RC) stars.

I think that, in the single star scenario, the main open questions regarding AGB nucleosynthesis remain the same:
what is the detailed dependence of the several AGB nucleosynthesis processes (e.g., Hot Bottom Burning (HBB), the
s-process) and the chemical evolution of AGB stars as a function of stellar mass and metallicity? Clues to these ques-
tions from observations will impose severe observational constraints on the present theoretical AGB nucleosynthesis
models but also will significantly impact other fields (Galactic chemical evolution, formation/evolution of globular
clusters, etc.). In the new era of large high-resolution spectroscopic surveys (both in the optical and in the near-IR),
we are now in an unprecedented position to obtain chemical abundances (CNO elemental and isotopic abundances,
α- and s-process elements) in large and unbiased (flux-limited) samples of Galactic and extra-galactic AGB stars,
covering broad metallicity and progenitor mass ranges. In my opinion, however, the progress in our understanding
of AGB nucleosynthesis from direct observations is still plagued by the large abundance errors due to the difficulties
to model their complex dynamical atmospheres and resulting spectra together with our infant stage of knowledge of
non-local thermodynamical equilibrium (NLTE) effects on spectral lines.

Regarding molecular processes in evolved stars, I think that the three main questions are: what is the rôle of the
fullerene- and graphene-related species in circumstellar chemistry and physics? What is the origin of the unidenti-
fied IR emission widely observed? What other carbon-compounds are present in space? The upcoming James Webb

Space Telescope (JWST) is expected to significantly contribute to address (at least in part) these astrochemical ques-
tions. However, a full understanding of the molecular complexity in circumstellar environments is demanding an
interdisciplinary approach, by combining astronomical data, top-level organic chemistry lab experiments, and novel
quantum-chemistry calculations, among others.

The spectra of less evolved red giant (RGB or RC) stars are relatively easier to model and their abundances can be
more precisely determined. A particularly relevant dataset to red giants is, as mentioned above, the Apache Point
Observatory Galactic Evolution Experiment (APOGEE). APOGEE is one of the four surveys of the Sloan Digital
Sky Survey (SDSS) – the most productive astronomical collaboration among the world and actually in its phase IV
(https://www.sdss.org/surveys/apogee-2/). APOGEE has now observed almost half a million red giant stars mainly
across the Galaxy and the Magellanic Clouds, by using twin instruments in both hemispheres and collecting high-
resolution (λ/∆λ ∼ 22, 500) near-IR (H-band) spectra. Via the determination of up to 20 elemental abundances (see
Jönsson et al. 2020; arXiv:2007.05537 or the last data release DR16 paper; Ahumada et al. 2020, ApJS, 249, 3), the
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main objective of APOGEE is Galactic archæology but scientific achievements in many other fields have been already
obtained (e.g., globular and open cluster studies, diffuse interstellar bands, etc.) or are expected to come.

From my scientific experience with such large surveys, I would say that the most important astronomical discoveries are
usually driven by two approaches: i) robust confirmation of expected discoveries based on observations with statistical
significance; or ii) unexpected discoveries based on rare or rather peculiar observations. Recent APOGEE examples
of the latter two facts are the following: i) the discovery of the Gaia–Enceladus merger with our Galaxy (Helmi et
al. 2018, Nature, 563, 85); and ii) the recent detection of phosphorus-rich red giant stars with an extremely peculiar
chemical abundance pattern that challenges present theoretical nucleosynthesis predictions but that could explain the
missing phosphorus in our Galaxy and Solar System (Masseron et al. 2020, Nature Communications – see post in this
newsletter).

The next phase of SDSS (SDSS-V, 2020–2025; https://www.sdss.org/future/) is coming and is using the APOGEE
spectrographs in the Milky Mapper (MWM) survey to drastically increase the number of near-IR red giant spectra
to more than 4 million throughout the Milky Way and Local Group. The SDSS-V/MWM survey is expected to
revolutionize three main fields, Galactic genesis, stellar astrophysics, and stellar system architecture. So, stay tuned!

Figure 1: The see-through Soap Bubble Nebula, imaged by Mark Hanson. (Suggestion by Sakib Rasool.)
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Refereed Journal Papers

Gaia white dwarfs within 40 pc – II. The volume-limited northern
hemisphere sample

Jack McCleery1, Pier-Emmanuel Tremblay1, Nicola Pietro Gentile Fusillo2, Mark A. Hollands1, Boris T. Gänsicke1,

Paula Izquierdo3,4, Silvia Toonen5, Tim Cunningham1 and Alberto Rebassa-Mansergas6,7

1Department of Physics, University of Warwick, CV4 7AL, Coventry, UK
2European Southern Observatory, Karl-Schwarzschild-Str. 2, D-85748 Garching bei München, Germany
3Instituto de Astrof́ısica de Canarias, 38205 La Laguna, Tenerife, Spain
4Departamento de Astrof́ısca, Universidad de La Laguna, 38206 La Laguna,Tenerife, Spain
5Institute for Gravitational Wave Astronomy, School of Physics and Astronomy, University of Birmingham, Birmingham, B15 2TT, UK
6Departament de F́ısica, Universitat Politècnica de Catalunya, c/Esteve Terrades 5, 08860 Castelldefels, Spain
7Institut d’Estudis Espacials de Catalunya, Ed. Nexus-201, c/Gran Capità 2-4, 08034 Barcelona, Spain

We present an overview of the sample of northern hemisphere white dwarfs within 40 pc of the Sun detected from
Gaia Data Release 2 (DR2). We find that 521 sources are spectroscopically confirmed degenerate stars, 111 of which
were first identified as white dwarf candidates from Gaia DR2 and followed-up recently with the William Herschel

Telescope and Gran Telescopio Canarias. Three additional white dwarf candidates remain spectroscopically unobserved
and six unresolved binaries are known to include a white dwarf but were not in our initial selection in the Gaia DR2
Hertzsprung–Russell diagram (HRD). Atmospheric parameters are calculated from Gaia and Pan-STARRS photometry
for all objects in the sample, confirming most of the trends previously observed in the much smaller 20 pc sample. Local
white dwarfs are overwhelmingly consistent with Galactic disc kinematics, with only four halo candidates. We find
that DAZ white dwarfs are significantly less massive than the overall DA population (MDAZ = 0.59 M⊙, MDA = 0.66
M⊙). It may suggest that planet formation is less efficient at higher mass stars, producing more massive white dwarfs.
We detect a sequence of crystallised white dwarfs in the mass range from 0.6<∼M/M⊙

<
∼ 1.0 and find that the vast

majority of objects on the sequence have standard kinematic properties that correspond to the average of the sample,
suggesting that their nature can be explained by crystallisation alone. We also detect 26 double degenerates and white
dwarf components in 56 wide binary systems.

Submitted to MNRAS
Available from https://arxiv.org/abs/2006.00874

Observed binary populations reflect the Galactic history. Explaining
the orbital period–mass ratio relation in wide hot subdwarf binaries

Joris Vos1, Alexey Bobrick2 and Maja Vučković3

1Institut für Physik und Astronomie, Universität Potsdam, Karl-Liebknecht-Str. 24/25, 14476, Golm, Germany
2Lund University, Department of Astronomy and Theoretical physics, Box 43, SE 221-00 Lund, Sweden
3Instituto de F́ısica y Astronomı́a, Universidad de Valparáıso, Gran Bretaña 1111, Playa Ancha, Valparáıso 2360102, Chile

Wide hot subdwarf B (sdB) binaries with main-sequence companions are outcomes of stable mass transfer from evolved
red giants. The orbits of these binaries show a strong correlation between their orbital periods and mass ratios. The
origins of this correlation have, so far, been lacking a conclusive explanation. We aim to find a binary evolution model
which can explain the observed correlation. Radii of evolved red giants, and hence the resulting orbital periods, strongly
depend on their metallicity. We have performed a small but statistically significant binary population synthesis study
with the binary stellar evolution code mesa. We have used a standard model for binary mass loss and a standard
Galactic metallicity history. The resulting sdBs were selected based on the same criteria as used in observations and
then compared with the observed population. We have achieved an excellent match to the observed period–mass ratio
correlation without explicitly fine-tuning any parameters. Furthermore, our models produce a good match to the
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observed period–metallicity correlation. We predict several new correlations which link the observed sdB binaries to
their progenitors, and a correlation between the period, metallicity and core mass for subdwarfs and young low-mass
He white dwarfs. We also predict that sdB binaries have distinct orbital properties depending on whether they formed
in the bulge, thin or thick disc, or the halo. We demonstrate, for the first time, how the metallicity history of the
Milky Way is imprinted in the properties of the observed post-mass transfer binaries. We show that Galactic chemical
evolution is an important factor in binary population studies of interacting systems containing at least one evolved
low-mass (Mi < 1.6 M⊙) component. Finally, we provide an observationally supported model of mass transfer from
low-mass red giants onto main-sequence stars.

Accepted for publication in A&A
Available from https://arxiv.org/abs/2003.05665

A wide angle view of the Sagittarius dwarf spheroidal galaxy – II. A
CEMP-r/s star in the Sagittarius dwarf spheroidal galaxy

L. Sbordone1, C.J. Hansen2, L. Monaco 3, S. Cristallo 4,5, P. Bonifacio6, E. Caffau6, S. Villanova7 and P. Amigo8

1ESO – European Southern Observatory, Alonso de Córdova 3107, Vitacura, Santiago, Chile
2Max Planck Institute for Astronomy, Heidelberg, Königstuhl 17, D-69117 Heidelberg, Germany
3Departamento de Ciencias F́ısicas, Universidad Andrés Bello, Fernandez Concha 700, Las Condes, Santiago, Chile
4INAF–Osservatorio Astronomico d’Abruzzo, via Maggini snc, Teramo, Italy
5INFN–Sezione di Perugia, via A. Pascoli, Perugia, Italy
6GEPI, Observatoire de Paris, Université PSL, CNRS, Place Jules Janssen, 92195 Meudon, France
7Departamento de Astronomı́a, Universidad de Concepción, Casilla 160-C, Concepción, Chile
8Facultad de Ingenieŕıa y Ciencias, Universidad Adolfo Ibáñez, Avenida Padre Hurtado 750, Viña del Mar, 2520000, Chile

We report on the discovery and chemical abundance analysis of the first CEMP-r/s star detected in the Sagittarius
dwarf spheroidal galaxy (Sgr dSph) by means of UVES high-resolution spectra. The star, found in the outskirts of
Sgr dSph, along the major axis of the main body, is a moderately metal-poor giant (Teff = 4753 K, log g = 1.75,
[Fe/H] = −1.55) with [C/Fe] = 1.13, placing it in the so-called “high-carbon band”, and strong s-process and r-process
enrichment ([Ba/Fe] = 1.4, [Eu/Fe] = 1.01). Abundances of 29 elements from C to Dy were obtained. The chemical
pattern appears to be best fitted by a scenario where an r-process pollution event pre-enriched the material out of
which the star was born as secondary in a binary system whose primary evolved through the AGB phase, providing
C- and s-process enrichment.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2005.03027

Relative importance of convective uncertainties in massive stars
Etienne A. Kaiser1, Raphael Hirschi1,2, W. David Arnett3, Cyril Georgy4, Laura J.A. Scott1 and Andrea Cristini1

1Astrophysics Group, Keele University, Keele, Staffordshire ST5 5BG, UK
2Institute for the Physics and Mathematics of the Universe (WPI), University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa 277-8583, Japan
3Steward Observatory, University of Arizona, 933 N. Cherry Avenue, Tucson AZ 85721, USA
4Department of Astronomy, University of Geneva, Ch. Maillettes 51, 1290 Versoix, Switzerland

In this work, we investigate the impact of uncertainties due to convective boundary mixing (CBM), commonly called
”overshoot”, namely the boundary location and the amount of mixing at the convective boundary, on stellar structure
and evolution. For this we calculated two grids of stellar evolution models with the mesa code, each with the Ledoux
and the Schwarzschild boundary criterion, and vary the amount of CBM. We calculate each grid with the initial masses
15, 20 and 25 M⊙. We present the stellar structure of the models during the hydrogen and helium burning phases.
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In the latter, we examine the impact on the nucleosynthesis. We find a broadening of the main-sequence with more
CBM, which is more in agreement with observations. Furthermore during the core hydrogen burning phase there is a
convergence of the convective boundary location due to CBM. The uncertainties of the intermediate convective zone
remove this convergence. The behaviour of this convective zone strongly affects the surface evolution of the model, i.e.
how fast it evolves red-wards. The amount of CBM impacts the size of the convective cores and the nucleosynthesis,
e.g., the 12C to 16O ratio and the weak s-process. Lastly, we determine the uncertainty that the range of parameter
values investigated introduce and we find differences of up to 70% for the core masses and the total mass of the star.

Published in MNRAS
Available from https://ui.adsabs.harvard.edu/abs/2020MNRAS.496.1967K

K-band spectra of selected post-AGB candidates
M. Parthasarathy1, C. Muthumariappan1 and S. Muneer1

1Indian Institute of Astrophysics, Koramangala, Bangalore, 560 034 India

We present medium resolution (λ/∆λ = 1000) K-band spectra of 12 post-AGB candidates and related stars. For several
objects in our sample, these spectra were obtained for the first time. The Br line in emission is detected in seven
objects indicating the onset of photo-ionization in these objects. Four objects show the presence of He i line. We detect
H2 emission line in the spectra of IRAS 06556+1623, IRAS 22023+5249, IRAS 18062+2410 and IRAS 20462+3416. H2

emission line ratio 1–0 S(1)/2–1 S(1) indicate that H2 is radiatively excited due to the UV radiation of hot post-AGB
central stars. When compared with the recent observations by other investigators, the Br and H2 emission fluxes
varied in some of the objects. The hot post-AGB stars IRAS 22495+5134, IRAS 22023+5249, IRAS 18062+2410 and
IRAS 20462+3416 seem to be evolving rapidly to young low excitation planetary nebula phase. The spectra of the
objects presented in this paper may be useful for future observers as some of these stars show spectral variation and
since the post-AGB evolution of some of these stars is relatively rapid.

Accepted for publication in Astrophysics and Space Science
Available from https://arxiv.org/abs/2007.02241

Carbon star formation as seen through the non-monotonic initial–final
mass relation

Paola Marigo1, Jeffrey D. Cummings2, Jason Lee Curtis3,4, Jason Kalirai5,6, Yang Chen1, Pier-Emmanuel

Tremblay7, Enrico Ramirez-Ruiz8, Pierre Bergeron9, Sara Bladh10,1, Alessandro Bressan11, Léo Girardi 12, Giada

Pastorelli6,1, Michele Trabucchi13,1, Sihao Cheng2, Bernhard Aringer 1 and Piero Dal Tio12,1

1Department of Physics and Astronomy G. Galilei, University of Padova, Italy
2Center for Astrophysical Sciences, Johns Hopkins University, USA
3Department of Astrophysics, American Museum of Natural History, NY, USA
4Department of Astronomy, Columbia University, USA
5Johns Hopkins University Applied Physics Laboratory, USA
6Space Telescope Science Institute, USA
7Department of Physics, University of Warwick, UK
8Department of Astronomy and Astrophysics, University of California, Santa Cruz, USA
9Département de Physique, Université de Montréal, Canada
10Department of Physics and Astronomy, Uppsala University, Sweden
11International School for Advanced Studies, Trieste, Italy
12Astronomical Observatory of Padova, INAF, Italy
13Department of Astronomy, University of Geneva, Switzerland

The initial–final mass relation (IFMR) links the birth mass of a star to the mass of the compact remnant left at its
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death. While the relevance of the IFMR across astrophysics is universally acknowledged, not all of its fine details have
yet been resolved. A new analysis of a few carbon–oxygen white dwarfs in old open clusters of the Milky Way led us
to identify a kink in the IFMR, located over a range of initial masses, 1.65<∼Mi/M⊙

<
∼ 2.10. The kink’s peak in WD

mass of ≈ 0.70–0.75 M⊙ is produced by stars with Mi ≈ 1.8–1.9 M⊙, corresponding to ages of about 1.8–1.7 Gyr.
Interestingly, this peak coincides with the initial mass limit between low-mass stars that develop a degenerate helium
core after central hydrogen exhaustion, and intermediate-mass stars that avoid electron degeneracy. We interpret
the IFMR kink as the signature of carbon star formation in the Milky Way. This finding is critical to constraining
the evolution and chemical enrichment of low-mass stars, and their impact on the spectrophotometric properties of
galaxies.

Published in Nature Astronomy
Available from https://arxiv.org/abs/2007.04163
and from https://rdcu.be/b5r2A

The impact of spectra quality on nebular abundances
Mónica Rodŕıguez1

1Instituto Nacional de Astrof́ısica, Óptica y Electrónica, México

I explore the effects of observational errors on nebular chemical abundances using a sample of 179 optical spectra of
42 planetary nebulæ (PNe) observed by different authors. The spectra are analysed in a homogeneous way to derive
physical conditions and ionic and total abundances. The effects of recombination on the [O ii] and [N ii] emission
lines are estimated by including the effective recombination coefficients in the statistical equilibrium equations that
are solved for O+ and N+. The results are shown to be significantly different than those derived using previous
approaches. The O+ abundances derived with the blue and red lines of [O ii] differ by up to a factor of 6, indicating
that the relative intensities of lines widely separated in wavelength can be highly uncertain. In fact, the He i lines in
the range 4000–6800 Å imply that most of the spectra are bluer than expected. Scores are assigned to the spectra
using different criteria and the spectrum with the highest score for each PN is taken as the reference spectrum. The
differences between the abundances derived with the reference spectrum and those derived with the other spectra
available for each object are used to estimate the one-σ observational uncertainties in the final abundances: 0.11 dex
for O/H and Ar/H, 0.14 dex for N/H, Ne/H, and Cl/H, and 0.16 dex for S/H.

Published in MNRAS
Available from https://arxiv.org/abs/2005.03798
and from https://doi.org/10.1093/mnras/staa1286

SOFIA/FORCAST observations of RAqr: monitoring the dust emission
Eric Omelian1, Ravi Sankrit2, L. Andrew Helton3,6, Uma Gorti4 and R. Mark Wagner5

1Space Science Institute, USA
2Space Telescope Science Institute, USA
3USRA/SOFIA, USA
4SETI, NASA Ames Research Center, USA
5LBT Observatory, USA
6Google, Mountain View, USA

We present mid-infrared spectra of the symbiotic Mira, RAqr obtained with the Faint Object infraRed CAmera
instrument on the Stratospheric Observatory for Infrared Astronomy in 2016 and 2017. These data, supplemented
with Infrared Space Observatory observations from 20 yr earlier, allow us to study the variation of the silicate dust
emission over short and long timescales. Radiative transfer models for the dust emission from the circumstellar
shell indicate that changes that occur within a pulsation period are driven mainly by the variation properties of the
asymptotic giant branch star, and do not require any change in the grain composition. The models show that the
longer-term changes are due to variations in the dust density, probably modulated by the orbital separation of the
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binary companion stars. The models also suggest the presence of micron-size dust grains at all epochs.

Published in The Astrophysical Journal
Available from https://iopscience.iop.org/article/10.3847/1538-4357/ab9824

Determining mass accretion and jet mass-loss rates in post-asymptotic
giant branch binary systems

Dylan Bollen1,2,3, Devika Kamath1,2, Orsola De Marco1,2, Hans Van Winckel3 and Mark Wardle1,2

1Department of Physics & Astronomy, Macquarie University, Sydney, NSW 2109, Australia
2Astronomy, Astrophysics and Astrophotonics Research Centre, Macquarie University, Sydney, NSW 2109, Australia
3Instituut voor Sterrenkunde (IvS), K.U. Leuven, Celestijnenlaan 200D, B-3001 Leuven, Belgium

Aims: In this study we determine the morphology and mass-loss rate of jets emanating from the companion in post-
asymptotic giant branch (post-AGB) binary stars with a circumbinary disk. In doing so, we also determine the mass
accretion rates on to the companion and investigate the source feeding the circum-companion accretion disk.
Methods: We perform a spatio-kinematic modelling of the jet of two well-sampled post-AGB binaries, BD+46◦442
and IRAS19135+3937, by fitting the orbital phased time series of Hα spectra. Once the jet geometry, velocity and
scaled density structure are computed, we carry out radiative transfer modelling of the jet for the first four Balmer
lines to determine the jet densities, thus allowing us to compute the jet mass-loss rates and mass accretion rates. We
distinguish the origin of the accretion by comparing the computed mass accretion rates with theoretically-estimated
mass-loss rates, both from the post-AGB star and from the circumbinary disk.
Results: The spatio-kinematic model of the jet reproduces the observed absorption feature in the Hα lines. In both
objects, the jets have an inner region with extremely low density. The jet model for BD+46◦442 is tilted by 15◦ with
respect to the orbital axis of the binary system. IRAS 19135+3937 has a smaller tilt of 6◦. Using our radiative transfer
model, we find the full three-dimensional density structure of both jets. By combining these results, we can compute
mass-loss rates of the jets, which are of the order of 10−7–10−5 M⊙ yr−1. From this, we estimate mass accretion rates
onto the companion of 10−6–10−4 M⊙ yr−1.
Conclusions: Based on the mass accretion rates found for these two objects, we conclude that the circumbinary
disk is most likely the source feeding the circum-companion accretion disk. This is in agreement with the observed
depletion patterns in post-AGB binaries, which is caused by re-accretion of gas from the circumbinary disk that is
under-abundant in refractory elements. The high accretion rates from the circumbinary disk imply that the lifetime
of the disk will be short. Mass-transfer from the post-AGB star cannot be excluded in these systems, but it is unlikely
to provide a sufficient mass-transfer rate to sustain the observed jet mass-loss rates.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2007.14293

Phosphorus-rich stars with unusual abundances are challenging
theoretical predictions

T. Masseron1,2, D.A. Garćıa3,4, A. Manchado1,2,5, O. Zamora1,2, M. Manteiga3,6 and C. Dafonte3,4

1Instituto de Astrof́ısica de Canarias, E-38205, La Laguna, Tenerife, Spain
2Departamento de Astrof́ısica, Universidad de La Laguna, E-38206, La Laguna, Tenerife, Spain
3CITIC, Centre for Information and Communications Technology Research, Universidade da Coruña, Campus de Elviña sn, 15071 A,

Coruña, Spain
4Universidade da Coruña (UDC), Dept. of Computer Science and IT, University of A Coruña, 15071, A Coruña, Spain
5Consejo Superior de Investigaciones Cient́ıficas, Madrid, Spain
6Department of Nautical Sciences and Marine Engineering, Universidade da Coruña (UDC), 15011A, Coruña, Spain

Almost all chemical elements have been made by nucleosynthetic reactions in various kind of stars and have been
accumulated along our cosmic history. Among those elements, the origin of phosphorus is of extreme interest because
it is known to be essential for life such as we know on Earth. However, current models of (Galactic) chemical evolution

8

https://iopscience.iop.org/article/10.3847/1538-4357/ab9824
https://arxiv.org/abs/2007.14293


under-predict the phosphorus we observe in our Solar System. Here we report the discovery of 15 phosphorus-rich stars
with unusual over-abundances of O, Mg, Si, Al, and Ce. Phosphorus-rich stars likely inherit their peculiar chemistry
from another nearby stellar source but their intriguing chemical abundance pattern challenge the present stellar
nucleosynthesis theoretical predictions. Specific effects such as rotation or advanced nucleosynthesis in convective-
reactive regions in massive stars represent the most promising alternatives to explain the existence of phosphorus-rich
stars. The phosphorus-rich stars progenitors may significantly contribute to the phosphorus present on Earth today.

Published in Nature Communications
Available from https://www.nature.com/articles/s41467-020-17649-9

Variability in proto-planetary nebulæ – VII. Light curve studies of five
medium-bright, oxygen-rich or mixed-chemistry post-AGB/post-RGB

objects
Bruce J. Hrivnak1, Gary Henson2, Todd C. Hillwig1, Wenxian Lu1, Kristie A. Nault1 and Kevin Volk3

1Valparaiso University, USA
2East Tennessee State University, USA
3Space Telescope Science Institute, USA

We have monitored over a ten-year interval the light variations of five evolved stars with very large mid-infrared
excesses. All five objects appear to have oxygen-rich or mixed oxygen-rich and carbon-rich chemistries. They all vary
in light: four over a small range of ∼ 0.2 mag and the fifth over a larger range of ∼ 0.7 mag. Spectral types range
from G2 to B0. Periodic pulsations are found for the first time in the three cooler ones, IRAS 18075−0924 (123 days),
19207+2023 (96 days), and 20136+1309 (142 days). No significant periodicity is found in the hotter ones, but they
appear to vary on a shorter time scale of a few days or less. Two also show some evidence of longer-term periodic
variations (∼ 4 yrs). Three appear to be proto-planetary nebulæ, in the post-asymptotic giant branch (post-AGB)
phase of stellar evolution. Their light variations are in general agreement with the relationships between temperature,
pulsation period, and pulsation amplitude found in previously studied PPNe. The other two, however, appear to have
too low a luminosity (1000–1500 L⊙), based on Gaia distances, to be in the post-AGB phase. Instead, they appear to
be Milky Way analogues of the recently identified class of dusty post-red giant branch stars found in the Magellanic
Clouds, which likely had their evolution interrupted by interaction with a binary companion. If this is the case, then
these would be among the first dusty post-RGB objects identified in the Milky Way Galaxy.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2008.00921

The surprisingly carbon-rich environment of the S-type star WAql
Elvire De Beck1 and Hans Olofsson1

1Department of Space, Earth and Environment, Chalmers University of Technology, Gothenburg, Sweden

Context: WAql is an asymptotic giant branch (AGB) star with an atmospheric elemental abundance ratio C/O ≈ 0.98.
It has previously been reported to have circumstellar molecular abundances intermediate between those of M-type and
C-type AGB stars, which respectively have C/O < 1 and C/O > 1. This intermediate status is considered typical for
S-type stars, although our understanding of the chemical content of their circumstellar envelopes is currently rather
limited.
Aims: We aim to assess the reported intermediate status of WAql by analysing the line emission of molecules that
have never before been observed towards this star.
Methods: We performed observations in the frequency range 159–268 GHz with the SEPIA/B5 and PI230 instruments
on the APEX telescope. We made abundance estimates through direct comparison to available spectra towards a
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number of well-studied AGB stars and based on rotational diagram analysis in the case of SiC2.
Results: From a compilation of our abundance estimates and those found in the literature for two M-type (RDor,
IKTau), two S-type (χCyg, WAql), and two C-type stars (VAql, IRC+10◦216), we conclude that the circumstellar
environment of WAql appears considerably closer to that of a C-type AGB star than to that of an M-type AGB star.
In particular, we detect emission from C2H, SiC2, SiN, and HC3N, molecules previously only detected towards the
circumstellar environment of C-type stars. This conclusion, based on the chemistry of the gaseous component of the
circumstellar environment, is further supported by reports in the literature on the presence of atmospheric molecular
bands and spectral features of dust species which are typical for C-type AGB stars. Although our observations mainly
trace species in the outer regions of the circumstellar environment, our conclusion matches closely that based on recent
chemical equilibrium models for the inner wind of S-type stars: the atmospheric and circumstellar chemistry of S-type
stars likely resembles that of C-type AGB stars much more closely than that of M-type AGB stars.
Conclusions: Further observational investigation of the gaseous circumstellar chemistry of S-type stars is required to
characterise its dependence on the atmospheric C/O. Non-equilibrium chemical models of the circumstellar environ-
ment of AGB stars need to address the particular class of S-type stars and the chemical variety that is induced by the
range in atmospheric C/O.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2007.01756
and from DOI: https://doi.org/10.1051/0004-6361/202038335

Thesis

The dynamo action for red dwarfs and red giant and supergiant stars
D.V. Sarafopoulos1

1Department of Electrical and Computer Engineering, Democritus University of Thrace, Xanthi, Greece

We investigate the possibility to apply the already suggested by Sarafopoulos (2017, 2019) main concept of dynamo
action to red dwarfs and red giant and supergiant stars. Thus, we attempt to establish a unified dynamo action, being
potentially at work at widely varying stellar domains. Thus, the powerful, unique and leading entity generating the
primary stellar magnetic field remains the so-called ”Torus structure”. Within the Torus the same sign charges are
mutually attracted and the Torus could be simulated as a superconductor. An existing gradient of the rotation rate
accumulates net charge in the Torus, and the resulting toroidal current becomes the driving source of the magnetic
field. In turn, there is a complicated network of secondary interactions that affect and modulate the whole star’s
magnetic behaviour. Our dynamo action is potentially at work in fully and partly convecting stars. A major finding
is that the strength of the magnetic field, for stars of the same spectral type, is essentially controlled by the size of
the star; we suggest that, the larger the star, the deeper inward the Torus is formed. The formation of a single Torus
is essentially associated with a large-scale strong, poloidal and axisymmetric magnetic field topology, whereas the
generation of a weaker multipolar, non-axisymmetric field configuration in rapid evolution can result from a double-
Torus structure (like the solar case). The same basic concept is scaled up or down; in parallel, we conclude that the
tachocline does not play the supposed role in the classical αΩ solar dynamo action. Moreover, we identify four key
parameters associated with the magnetic field of red dwarfs, giants and supergiants: First, the rotation speed; second,
the steepness of the radial gradient of the rotation rate (∇Ω) in the shear layer; third, the distance of the Torus from
the photosphere and fourth, the cross-sectional area of the Torus. The third and fourth key parameters are introduced
for the first time. In our model, the observation that in the longest rotation periods there are active stars exclusively
within the category of late M dwarfs is interpreted based on the extremely high gradient of rotation rate (in this
category) that surpasses the role of the minimized rotation speed.

Democritus University of Thrace, Greece
Available from https://arxiv.org/abs/2005.08716
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Announcement

EXES Instrument Encourages SOFIA Cycle 9 Proposals

The Échelon-Cross-Échelle Spectrograph (EXES) team invites proposals to study evolved stars during the current
SOFIA Cycle 9 call for proposals, which are due 4 September 2020 21:00 PDT (5 September 2020 04:00 UTC). EXES
is a Principal Investigator class instrument on SOFIA capable of providing spectral observations between 4.5 and 28.3
µm. EXES is optimized for very high resolution (R ∼ 100, 000). There are medium (R ∼ 15, 000) and low (R ∼ 4000)
modes available, although there are limitations in these modes that need to be discussed with the instrument team.
Wavelength coverage in a single setting is around 0.75% to 1% of the central wavelength for high-medium and medium
modes, and around 0.25–0.3 µm for high-low and low modes. Finally, it should also be noted that the SOFIA SMO
has already determined that EXES will not be one of the instruments selected for a Southern deployment. If there
is any interest, please contact the EXES team so that we can work with you on the technical feasibility of your project.

Figure 2: Sample of EXES spectra taken in “High-Low mode as part of Montiel et al. (in prep).
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