THE

AGB

NEWSLETTER

An electronic publication dedicated to Asymptotic Giant Branch stars and related phenomena
Official publication of the IAU Working Group on Red Giants and Supergiants
No. 271 — 1 February 2020

https://www.astro.keele.ac.uk/AGBnews
Editors: Jacco van Loon, Ambra Nanni and Albert Zijlstra
Editorial Board (Working Group Organising Committee):
Marcelo Miguel Miller Bertolami, Carolyn Doherty, JJ Eldridge, Anibal Garcı́a-Hernández, Josef Hron, Biwei Jiang,
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Figure 1: FLIERS are pairs of low-ionization knots that appear on opposite sides of a central star in several round
or elliptical PNe. The formation of FLIERs has been a challenge to explain since FLIERS were discovered in the late
1990s. The above figure shows a model to explain FLIERs (left side) along with images of four examples in [N ii].
Its from a paper by Balick et al. that appeared at the end of the December AGB Newsletter and will soon appear in
the ApJ. The model is one in which a weak toroidal field is injected into the 40-km s−1 winds of a post-AGB star.
The field concentrates much of the local stellar wind into a thin, cold, and very dense jet. The left side of the figure
shows the outcome at 1000 yr. The knot at the end of the jet is extremely dense and cold. Its leading edge shocks the
ambient nebular gas into which it penetrates which excites lines such as [O i] 630nm, [S ii] 673nm, and [N ii] 658nm.
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Editorial
Dear Colleagues,
It is a pleasure to present you the 271st issue of the AGB Newsletter. This must be the one with the most audience
participation ever!
Betelgeuse has been funny of late – see the contributions by Costantino Sigismondi but also others in the community. Indeed, having seen it in the evening sky last week, it is noticeably dimmer. Hence this month’s Food for Thought.
It’s great to see new jobs being created: for a postdoc in Århus, and another one in Madrid, and for two Ph.D. students
in Toruń. All great places to do research and to live, among great scientists and people.
Three meetings are announced: one in July in Leiden (on common envelope systems), another in July in Marseille
(dust and metals in galaxies), and the recordings of one that has just happened (on Betelgeuse).
The previous Food for Thought resulted in reactions. Noam Soker and Orsola De Marco suggest 14% of PN progenitors
will never become one – see De Marco & Soker (2011) https://ui.adsabs.harvard.edu/abs/2011PASP..123..402D/abstract
Noam is willing to include massive planets and brown dwarfs around low-mass stars (M < 1.5 M⊙ , say) that can also
prevent these stars from reaching the AGB. He thus concludes that about 15–20% of stars suffer too high a mass loss
on the RGB because of an interaction with a stellar or sub-stellar companion, such that they do not reach the AGB,
and hence do not make PNe.
Lee Patrick addresses the issue from the massive star point of view. His paper (see this issue) estimates a binary
fraction of 0.3 in the NGC 330 red supergiants, rough estimates for the binary fraction in the B-star domain for this
cluster are ∼ 0.5. If we take these estimates at face value, he suggests, (which is rather hand wavy as they were
calculated using very different techniques), a picture emerges where the red supergiant binary fraction is lower than
their main-sequence counterparts. He interprets that as the effects of interaction. He also estimated the red straggler
fraction of NGC 330 which is ∼ 50% (in good agreement with Britavskiy et al. 2019). From Sana et al. (2012) for
main sequence O-type stars we have the following:
∼ 25% merge – creating red stragglers
∼ 50% interact in some way (accretion & spin up + envelope stripping) – most never becoming red supergiants
∼ 25% effectively single – the binary fraction we measure
So Lee guesses the question becomes how to interpret what we measure in red supergiants in this context? The
red straggler fraction ties in quite nicely but Lee thinks we should be finding higher binary fractions among the red
supergiant population to fit with the above picture.
Ambra Nanni follows in the footsteps of Maria Lugaro, Tomasz Kamiński and JJ Eldridge to share her thoughts.
Finally, we were humbled by a flood of ”Thank You”s from the readership – totally unexpected and very kind. It
extends to the previous editors who set up and run the Newsletter last century. Thank you all!
The next issue is planned to be distributed around the 1st of March.
Editorially Yours,
Jacco van Loon, Ambra Nanni and Albert Zijlstra

Food for Thought
This month’s thought-provoking statement is:
When is Betelgeuse going to explode?
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?
Ambra Nanni
Aix Marseille Université
CNRS, CNES, LAM (CNES Fellow)
France
What are the missing ingredients to understand dust around AGB stars?
It is well established that the condensation of dust grains in the extended envelopes of AGB stars play a fundamental
role in their evolution, being in large part responsible for the development of stellar winds and mass-loss, and shaping
their emerging spectra by absorbing photons from their photosphere and re-emitting them at longer wavelengths.
Understanding dust formation and the properties of grains is therefore of primary relevance to investigate the AGB
phase, the spectral energy distribution of AGB stars, their role in the life-cycle of dust in the interstellar medium
of galaxies, their contribution to the integrated light in spatially unresolved galaxies, and the origin of our Solar System.
Despite the significance of the topic and the recent advancements in the field, we still struggle to unveil the nature
of dust condensed around AGB stars. The pathway of grain formation of different chemical composition – from
molecules, to the first seed nuclei and finally to the full-growth grain – is still poorly constrained, while the shape, size
and structure of grains, and consequently their optical properties, are to a large extent matters of debate.
A large portion of the uncertainties in grain formation is related to the lack of data from laboratory experiments such as
the reaction rates between the different chemical species in the gas phase, and between different gas species and grains,
especially at the high temperatures found in circumstellar envelopes of AGB stars. The efficiency of the chemical erosion of grains from molecular hydrogen (known as ”chemisputtering”) under the typical conditions of temperature and
pressure of the dense AGB envelopes is as well a process that is often overlooked in its details. Precious information
on its kinetics in different conditions can be retrieved from solid state experimental studies on the interaction between
hydrogen gas and silicate glasses. Such results are used in industrial applications to develop the equipment used in coal
gasification installations for electricity generation, or for production of chemical feedstocks. In such plants refractory
silicate linings are largely employed, and need to be stable against the corrosion from hydrogen gas. In the context of
dust formation around AGB stars the efficiency of molecular hydrogen erosion might have strong implications on the
condensation temperature of silicates, and therefore on the development of dust-driven wind of oxygen-rich AGB stars.
Optical properties of dust grains that are affected by the dust chemical composition, by grain shape and size as well as
by their internal structure are equally important for gaining a thorough insight of stellar wind, mass-loss and spectra
reprocessed by dust. Impurities inclusions in silicate dust grains significantly alter their optical properties, while the
internal structure of carbon dust grains (aliphatic or aromatic bonds) modifies their absorption properties.
It is therefore crystal clear how laboratory measurements of dust nucleation and accretion, erosion and optical properties are of fundamental relevance. Despite this being a matter of fact, it is equally true that researchers working in
the AGB domain and specialists on laboratory experiments belong to different communities that are not highly interconnected. Most of the experimentalists are focused on projects weakly related to the AGB field, such as formation
of icy mantles at the low temperatures of the interstellar medium.
Despite the recent remarkable projects focused on combining experiments with the AGB field, more funding, resources
and interactions are needed in order to make relevant steps forwards.
I also strongly believe that it will be decisive to build a robust connection between the AGB community and experimentalists, in order to examine which new data are needed to advance in the field.
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Refereed Journal Papers
The Aarhus Red Giants Challenge I: Stellar structures in the red giant
branch phase
V. Silva Aguirre1 , J. Christensen-Dalsgaard1 , S. Cassisi2,3 , M. Miller Bertolami4,5,6 , A.M. Serenelli7,8 , D. Stello9,10 ,
A. Weiss6 et al.
1 Stellar

Astrophysics Centre, Department of Physics and Astronomy, Århus University, Ny Munkegade 120, DK-8000 Århus C, Denmark
Observatory of Abruzzo, Via M. Maggini sn, I-64100 Teramo, Italy
3 INFN–Sezione di Pisa, Largo Pontecorvo 3, 56127 Pisa, Italy
2 INAF–Astronomical

4 Instituto
5 Facultad

de Astrofı́sica de La Plata, UNLP–CONICET, La Plata, Paseo del Bosque s/n, B1900FWA, Argentina
de Ciencias Astronómicas y Geofı́sicas, UNLP, La Plata, Paseo del Bosque s/n, B1900FWA, Argentina

6 Max-Planck-Institut

für Astrophysics, Karl Schwarzschild Straße 1, 85748, Garching bei München, Germany
de Ciencias del Espacio (ICE, CSIC), Campus UAB, Carrer de Can Magrans, s/n, 08193 Cerdanyola del Valles, Spain
8 Institut d’Estudis Espacials de Catalunya (IEEC), Gran Capita 4, E-08034, Barcelona, Spain
7 Instituto

9 School

of Physics, University of New South Wales, NSW, 2052, Australia
Institute for Astronomy, School of Physics, University of Sydney, NSW 2006, Australia

10 Sydney

We introduce the Aarhus Red Giants Challenge, a series of detailed comparisons between widely used stellar evolution
and oscillation codes aiming at establishing the minimum level of uncertainties in properties of red giants arising solely
from numerical implementations. Using 9 state-of-the-art stellar evolution codes, we defined a set of input physics and
physical constants for our calculations and calibrated the convective efficiency to a specific point on the main sequence.
We produced evolutionary tracks and stellar structure models at fixed radius along the red-giant branch for masses of
1.0 M⊙ , 1.5 M⊙ , 2.0 M⊙ , and 2.5 M⊙ , and compared the predicted stellar properties. Once models have been calibrated
on the main sequence we find a residual spread in the predicted effective temperatures across all codes of ∼ 20 K at
solar radius and ∼ 30–40 K in the RGB regardless of the considered stellar mass. The predicted ages show variations
of 2–5% (increasing with stellar mass) which we track down to differences in the numerical implementation of energy
generation. The luminosity of the RGB-bump shows a spread of about 10% for the considered codes, which translates
into magnitude differences of ∼ 0.1 mag in the optical V-band. We also compare the predicted [C/N] abundance
ratio and found a spread of 0.1 dex or more for all considered masses. Our comparisons show that differences at the
level of a few percent still remain in evolutionary calculations of red giants branch stars despite the use of the same
input physics. These are mostly due to differences in the energy generation routines and interpolation across opacities,
and call for further investigations on these matters in the context of using properties of red giants as benchmarks for
astrophysical studies.
Accepted for publication in Astronomy and Astrophysics
Available from https://arxiv.org/abs/1912.04909

Detection and characterisation of oscillating red giants: first results
from the TESS satellite
V. Silva Aguirre1 , D. Stello2,3,1 , A. Stokholm1 , J.R. Mosumgaard1 , W.H. Ball4,1 et al.
1 Stellar
2 School

Astrophysics Centre (SAC), Department of Physics and Astronomy, Århus University, Ny Munkegade 120, 8000 Århus C, Denmark
of Physics, The University of New South Wales, Sydney NSW 2052, Australia

3 Sydney
4 School

Institute for Astronomy (SIfA), School of Physics, University of Sydney, NSW 2006, Australia
of Physics and Astronomy, University of Birmingham, Birmingham, B15 2TT, United Kingdom

Since the onset of the ‘space revolution’ of high-precision high-cadence photometry, asteroseismology has been demonstrated as a powerful tool for informing Galactic archaeology investigations. The launch of the NASA TESS mission
has enabled seismic-based inferences to go full sky – providing a clear advantage for large ensemble studies of the
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different Milky Way components. Here we demonstrate its potential for investigating the Galaxy by carrying out the
first asteroseismic ensemble study of red giant stars observed by TESS. We use a sample of 25 stars for which we
measure their global asteroseimic observables and estimate their fundamental stellar properties, such as radius, mass,
and age. Significant improvements are seen in the uncertainties of our estimates when combining seismic observables
from TESS with astrometric measurements from the Gaia mission compared to when the seismology and astrometry
are applied separately. Specifically, when combined we show that stellar radii can be determined to a precision of a
few percent, masses to 5–10% and ages to the 20% level. This is comparable to the precision typically obtained using
end-of-mission Kepler data
Accepted for publication in Astrophysical Journal Letters
Available from https://arxiv.org/abs/1912.07604

Candidate hypervelocity red clump Stars in the Galactic bulge found
using the VVV and Gaia surveys
Alonso Luna1,2 , Dante Minniti2,3,4 and Javier Alonso-Garcı́a3,5
1 Instituto
2 Depto.

de Astronomı́a, Universidad Nacional Autónoma de México, Ciudad Universitaria, 04510, México
de Ciencias Fı́sicas, Facultad de Ciencias Exactas, Universidad Andres Bello, Av. Fernandez Concha 700, Las Condes, Santiago,

Chile
3 Millennium
4 Vatican
5 Centro

Institute of Astrophysics, Av. Vicuña Mackenna 4860, 782-0436, Santiago, Chile
Observatory, V00120 Vatican City State, Italy

de Astronomı́a (CITEVA), Universidad de Antofagasta, Av. Angamos 601, Antofagasta, Chile

We propose a new way to search for hypervelocity stars in the Galactic bulge, by using red clump (RC) giants, that
are good distance indicators. The 2nd Gaia Data Release and the near-IR data from the VISTA Variables in the Via
Láctea (VVV) Survey led to the selection of a volume limited sample of 34 bulge RC stars. A search in this combined
data set leads to the discovery of seven candidate hypervelocity red clump stars in the Milky Way bulge. Based on
this search we estimate the total production rate of hypervelocity RC stars from the central supermassive black hole
(SMBH) to be NHVRC = 3.26×10−4 yr−1 . This opens up the possibility of finding larger samples of hypervelocity stars
in the Galactic bulge using future surveys, closer to their main production site, if they are originated by interactions
of binaries with the central SMBH.
Published in Astrophysical Journal Letters
Available from https://arxiv.org/abs/1912.02129
and from https://doi.org/10.3847/2041-8213/ab5c27

Superhydrogenated polycyclic aromatic hydrocarbon molecules:
vibrational spectra in the infrared
Xuejuan Yang1,2 , Aigen Li2 and Rainer Glaser3
1 Department
2 Department

of Physics, Xiangtan University, 411105 Xiangtan, Hunan Province, China
of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA

3 Department

of Chemistry, University of Missouri, Columbia, MO 65211, USA

Superhydrogenated polycyclic aromatic hydrocarbons (PAHs) may be present in H-rich and ultraviolet-poor benign
regions. The addition of excess H atoms to PAHs converts the aromatic bonds into aliphatic bonds, the strongest of
which falls near 3.4 µm. Therefore, superhydrogenated PAHs are often hypothesized as a carrier of the 3.4-µm emission
feature which typically accompanies the stronger 3.3-µm aromatic C–H stretching feature seen in various astrophysical
regions. To assess this hypothesis, we use density function theory to compute the infrared (IR) vibrational spectra of
superhydrogenated PAHs and their ions of various sizes (ranging from benzene, naphthalene to perylene and coronene)
and of various degrees of hydrogenation. For each molecule, we derive the intrinsic oscillator strengths of the 3.3-µm
aromatic C–H stretch (A3.3 ) and the 3.4-µm aliphatic C–H stretch (A3.4 ). By comparing the computationally-derived
mean ratio of hA3.4 /A3.3 i ≈ 1.98 with the mean ratio of the observed intensities hI3.4 /I3.3 i ≈ 0.12, we find that the
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degree of superhydrogenation – the fraction of carbon atoms attached with extra hydrogen atoms – is only ∼ 2.2%
for neutral PAHs which predominantly emit the 3.3- and 3.4-µm features. We also determine for each molecule
the intrinsic band strengths of the 6.2-µm aromatic C–C stretch (A6.2 ) and the 6.85-µm aliphatic C–H deformation
(A6.85 ). We derive the degree of superhydrogenation from the mean ratio of the observed intensities hI6.85 /I6.2 i<
∼ 0.10
<
and hA6.85 /A6.2 i ≈ 1.53 for neutrals and hA6.85 /A6.2 i ≈ 0.56 for cations to be <
3.1%
for
neutrals
and
8.6%
for
∼
∼
cations. We conclude that astrophysical PAHs are primarily aromatic and are only marginally superhydrogenated.
Accepted for publication in The Astrophysical Journal Supplement Series
Available from https://arxiv.org/abs/2001.00717

Metal abundances in the macer simulations of the hot interstellar
medium
Silvia Pellegrini1 , Zhaoming Gan2,3 , Jeremiah P. Ostriker3 and Luca Ciotti1
1 Dept.

of Physics and Astronomy, University of Bologna, Italy
Astronomical Observatory, Chinese Academy of Sciences, People’s Republic of China
3 Department of Astronomy, Columbia University, NY, USA
2 Shanghai

A hot plasma is the dominant phase of the interstellar medium of early-type galaxies. Its origin can reside in stellar
mass losses, residual gas from the formation epoch, and accretion from outside of the galaxies. Its evolution is
linked to the dynamical structure of the host galaxy, to the supernova and AGN feedback, and to (late-epoch) star
formation, in a way that has yet to be fully undestood. Important clues about the origin and evolution of the hot
gas come from the abundances of heavy metals, that have been studied with increasing detail with XMM–Newton
and Chandra. We present recent high resolution hydrodynamical simulations of the hot gas evolution that include
the above processes, and where several chemical species, originating in AGB stars and supernovæ of type Ia and II,
have also been considered. The high resolution, of few parsecs in the central galactic region, allows us to track the
metal enrichment, transportation and dilution throughout the galaxy. The comparison of model results with observed
abundances reveals a good agreement for the region enriched by the AGN wind, but also discrepancies for the diffuse
hot gas; the latter indicate the need for a revision of standard assumptions, and/or the importance of neglected effects
as those due to the dust, and/or residual uncertainties in deriving abundances from the X-ray spectra.
Accepted for publication in Astronomische Nachrichten (Astronomical Notes)
Available from https://arxiv.org/abs/1912.05857

Gemini–GRACES high-quality spectra of Kepler evolved stars with
transiting planets. I. Detailed characterization of multi-planet systems
Kepler-278 and Kepler-391
E. Jofré1,2,10 , J.M. Almenara 3 , R. Petrucci1,2,10 , R.F. Dı́az4,5 , Y. Gómez Maqueo Chew2 , E. Martioli6 , I.
Ramı́rez7 , L. Garcı́a1 , C. Saffe8,9,10 , E.F. Canul2 , A. Buccino4,5 , M. Gómez1,10 and E. Moreno Hilario2
1 Universidad

Nacional de Córdoba – Observatorio Astronómico de Córdoba, Laprida 854, X5000BGR, Córdoba, Argentina
de Astronomı́a, Universidad Nacional Autónoma de México, Ciudad Universitaria, CDMX, C.P. 04510, México
3 Observatoire de Genève, Département d’Astronomie, Université de Genève, Chemin des Maillettes 51, 1290 Versoix, Switzerland
2 Instituto

4 Universidad

de Buenos Aires, Facultad de Ciencias Exactas y Naturales, Buenos Aires, Argentina
– Universidad de Buenos Aires, Instituto de Astronomı́a y Fı́sica del Espacio (IAFE), Buenos Aires, Argentina
6 Laboratorio Nacional de Astrofı́sica, rua Estados Unidos 154, Itajubá, MG, Brazil
5 CONICET

7 Tacoma

Community College, 6501 South 19th Street, Tacoma, WA 98466, United States of America
de Ciencias Astronómicas, de la Tierra y del Espacio, C.C. 467, 5400, San Juan, Argentina

8 Instituto

9 Universidad
10 Consejo

Nacional de San Juan, Facultad de Ciencias Exactas, Fı́sicas y Naturales, San Juan, Argentina
Nacional de Investigaciones Cientı́ficas y Técnicas (CONICET), Godoy Cruz 2290, CABA, CPC 1425FQB, Argentina

Aims: Kepler-278 and Kepler-391 are two of the three evolved stars known to date on the red giant branch (RGB) to
host multiple short-period transiting planets. Moreover, the planets orbiting Kepler-278 and Kepler-391 are among
the smallest discovered around RGB stars. Here we present a detailed stellar and planetary characterization of these
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remarkable systems.
Methods: Based on high-quality spectra from Gemini–GRACES for Kepler-278 and Kepler-391, we obtained refined
stellar parameters and precise chemical abundances for 25 elements. Nine of these elements and the carbon isotopic
ratios, 12 C/13 C, had not previously been measured. Also, combining our new stellar parameters with a photodynamical
analysis of the Kepler light curves, we determined accurate planetary properties of both systems.
Results: Our revised stellar parameters agree reasonably well with most of the previous results, although we find that
Kepler-278 is ∼ 15% less massive than previously reported. The abundances of C, N, O, Na, Mg, Al, Si, S, Ca, Sc,
Ti, V, Cr, Mn, Co, Ni, Cu, Zn, Sr, Y, Zr, Ba, and Ce, in both stars, are consistent with those of nearby evolved
thin disk stars. Kepler-391 presents a relatively high abundance of lithium (A(Li)NLTE = 1.29 ± 0.09 dex), which is
likely a remnant from the main-sequence phase. The precise spectroscopic parameters of Kepler-278 and Kepler-391,
along with their high 12 C/13 C ratios, show that both stars are just starting their ascent on the RGB. The planets
Kepler-278b, Kepler-278c, and Kepler-391c are warm sub-Neptunes, whilst Kepler-391b is a hot sub-Neptune that
falls in the hot super-Earth desert and, therefore, it might be undergoing photoevaporation of its outer envelope. The
high-precision obtained in the transit times allowed us not only to confirm Kepler-278c’s TTV signal, but also to find
evidence of a previously undetected TTV signal for the inner planet Kepler-278b. From the presence of gravitational
interaction between these bodies we constrain, for the first time, the mass of Kepler-278b (Mp = 56+37
−13 M⊕ ) and
+9.9
Kepler-278c (Mp = 35−21 M⊕ ). The mass limits, coupled with our precise determinations of the planetary radii,
suggest that their bulk compositions are consistent with a significant amount of water content and the presence of H2
gaseous envelopes. Finally, our photodynamical analysis also shows that the orbits of both planets around Kepler-278
are highly eccentric (e ∼ 0.7) and, surprisingly, coplanar. Further observations (e.g., precise radial velocities) of this
system are needed to confirm the eccentricity values presented here.
Submitted to A&A
Available from https://arxiv.org/abs/1912.10278

Neutron-capture elements in dwarf galaxies II: Challenges for the s- and
i-processes at low metallicity
Ása Skúladóttir1,2,3 , Camilla Juul Hansen1 , Arthur Choplin4 , Stefania Salvadori2,3 , Melanie Hampel5 and Simon W.
Campbell5
1 Max-Planck-Institut

für Astronomie, Königstuhl 17, D-69117 Heidelberg, Germany

2 Dipartimento

di Fisica e Astronomia, Università degli Studi di Firenze, Via G. Sansone 1, I-50019 Sesto Fiorentino, Italy
3 INAF–Osservatorio Astrofisico di Arcetri, Largo E. Fermi 5, I-50125 Firenze, Italy
4 Department of Physics, Faculty of Science and Engineering, Konan University, 8-9-1 Okamoto, Kobe, Hyogo 658-8501, Japan

5 Monash

Centre for Astrophysics, School of Physics and Astronomy, Monash University, VIC 3800, Australia

The slow (s) and intermediate (i) neutron (n) capture processes occur both in asymptotic giant branch (AGB) stars,
and in massive stars. To study the build-up of the s- and i-products at low metallicity, we investigate the abundances
of Y, Ba, La, Nd, and Eu in 98 stars, at −2.4 < [Fe/H] < −0.9, in the Sculptor dwarf spheroidal galaxy. The chemical
enrichment from AGB stars becomes apparent at [Fe/H] ≈ −2 in Sculptor, and causes [Y/Ba], [La/Ba], [Nd/Ba] and
[Eu/Ba] to decrease with metallicity, reaching subsolar values at the highest [Fe/H] ≈ −1. To investigate individual
nucleosynthetic sites, we compared three n-rich Sculptor stars with theoretical yields. One carbon-enhanced metalpoor (CEMP-no) star with high [Sr, Y, Zr] > +0.7 is best fit with a model of a rapidly-rotating massive star, the
second (likely CH star) with the i-process, while the third has no satisfactory fit. For a more general understanding of
the build-up of the heavy elements, we calculate for the first time the cumulative contribution of the s- and i-processes
to the chemical enrichment in Sculptor, and compare with theoretical predictions. By correcting for the r-process, we
derive [Y/Ba]s/i = −0.85 ± 0.16, [La/Ba]s/i = −0.49 ± 0.17, and [Nd/Ba]s/i = −0.48 ± 0.12, in the overall s- and/or
i-process in Sculptor. These abundance ratios are within the range of those of CEMP stars in the Milky Way, which
have either s- or i-process signatures. The low [Y/Ba]s/i and [La/Ba]s/i that we measure in Sculptor are inconsistent
with them arising from the s-process only, but are more compatible with models of the i-process. Thus we conclude
that both the s- and i-processes were important for the build-up of n-capture elements in the Sculptor dwarf spheroidal
galaxy.
Accepted for publication in A&A
Available from https://arxiv.org/abs/1912.06671
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The origin of s-process isotope heterogeneity in the solar protoplanetary
disk
Mattias Ek1,2 , Alison C. Hunt1 , Maria Lugaro3,4 and Maria Schönbächler1
1 Institute

for Geochemistry and Petrology, ETH Zürich, Zurich, Switzerland
Isotope Group, School of Earth Sciences, University of Bristol, Bristol, UK

2 Bristol

3 Konkoly
4 Monash

Observatory, Research Centre for Astronomy and Earth Sciences, MTA Centre for Excellence, Budapest, Hungary
Centre for Astrophysics, School of Physics and Astronomy, Monash University, Clayton, Victoria, Australia

Rocky asteroids and planets display nucleosynthetic isotope variations that are attributed to the heterogeneous distribution of stardust from different stellar sources in the solar protoplanetary disk. Here we report new high-precision
palladium isotope data for six iron meteorite groups. The palladium data display smaller nucleosynthetic isotope
variations than the more refractory neighbouring elements. Based on this observation, we present a model in which
thermal destruction of interstellar dust in the inner Solar System results in an enrichment of s-process-dominated
stardust in regions closer to the Sun. We propose that stardust is depleted in volatile elements due to incomplete
condensation of these elements into dust around asymptotic giant branch stars. This led to the smaller nucleosynthetic
variations for Pd reported here and the lack of such variations for more volatile elements. The smaller magnitude
variations measured in heavier refractory elements suggest that material from high-metallicity asymptotic giant branch
stars is the dominant source of stardust in the Solar System. These stars produce fewer heavy s-process elements
(proton number Z ≥ 56) compared with the bulk Solar System composition.
Published in Nature Astronomy
Available from https://ui.adsabs.harvard.edu/abs/2019NatAs.tmp....2E/abstract

Benzyne in V4334 Sqr: a quest for the ring with SOFIA/EXES
C.E. Woodward1 , A. Evans2 , M. Richter3 , C.N. deWitt4 , E. Montiel3,4 , D.P.K. Banerjee5 , G.C. Clayton6 , S.P.S.
Eyres7,8 , R.D. Gehrz1 , K.H. Hinkle9 , R.R. Joyce9 , T. Liimets10.11 , S. Starrfield12 , R.M. Wagner13,14 and H.
Worters15
1 Minnesota

Institute for Astrophysics, University of Minnesota, 116 Church Street SE, Minneapolis, MN 55455, USA

2 Astrophysics

Group, Keele University, Keele, Staffordshire, ST5 5BG, UK
of California Davis, 1 Shields Ave, Physics Department, Davis, CA 95616-5270, USA
4 USRA/SOFIA Science Center, NASA Ames Research Center, Moffet Field, CA 94035-100, USA
3 University

5 Physical

Research Laboratory, Navrangpura, Ahmedabad, Gujarat 380009, India
State University, Baton Rouge, Department of Physics & Astronomy Baton Rouge, LA 70803-001, USA
7 Faculty of Computing, Engineering, and Science, University of South Wales, Pontypridd CF37 1DL, UK
6 Louisiana

8 Jeremiah

Horrocks Institute, University of Central Lancashire, Preston PR1 2HE, UK
Optical–Infrared Laboratories, P.O. Box 26732, Tucson, AZ 85726-6732, USA
10 Astronomický ústav, Akademie věd České republiky, v.v.i., Fričova 298, 251 65 Ondřejov, Czech Republic
9 NSF’s

11 Tartu

Observatory, University of Tartu, Observatooriumi 1, 61602 Tõravere, Estonia
of Earth and Space Exploration, Arizona State University, Box 871404, Tempe, AZ 85287-1404, USA

12 School

13 Department

of Astronomy, The Ohio State University, 140 W. 18th Avenue, Columbus, OH 43210, USA
Binocular Telescope Observatory, 933 North Cherry Avenue, Tucson, AZ 85721, USA
15 South African Astronomical Observatory, P.O. Box 9, Observatory 7935, South Africa

14 Large

Large aromatic molecules are ubiquitous in both circumstellar and interstellar environments. Detection of small
aromatic molecules, such as benzene (C6 H6 ) and benzyne (C6 H4 ), are rare in astrophysical environments. Detection
of such species will have major implications for our understanding of the astrochemistry involved in the formation
of the molecules necessary for life, including modeling the chemical pathways to the formation of larger hydrocarbon
molecules. We conducted a search for the infrared 18-µm spectral signature of benzyne in V4334 Sgr with SOFIA/EXES
finding no evidence for a feature at the sensitivity of our observations.
Accepted for publication in Astronomical Journal
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Multiplicity of the red supergiant population in the young massive
cluster NGC 330
L.R. Patrick1,2 , D.J. Lennon1,2 , C.J. Evans3 , H. Sana4 , J. Bodensteiner4 , N. Britavskiy1,2 , R. Dorda1,2 , A.
Herrero1,2 , I. Negueruela5 and A. de Koter4,6
1 Instituto

de Astrofı́sica de Canarias, E-38205 La Laguna, Tenerife, Spain

2 Universidad

de La Laguna, Dpto. Astrofı́sica, E-38206 La Laguna, Tenerife, Spain
Astronomy Technology Centre, Royal Observatory, Blackford Hill, Edinburgh, EH9 3HJ, UK
4 Institute of astrophysics, K.U. Leuven, Celestijnlaan 200D, 3001, Leuven, Belgium

3 UK

5 Departamento

de Fı́sica Aplicada, Facultad de Ciencias, Universidad de Alicante, Carretera San Vicente s/n, E03690, San Vicente del
Raspeig, Spain
6 Anton Pannekoek Institute for Astronomy, Universiteit van Amsterdam, Science Park 904, NL-1098 XH Amsterdam, The Netherlands

The multiplicity properties of massive stars are one of the important outstanding issues in stellar evolution. Quantifying
the binary statistics of all evolutionary phases is essential to paint a complete picture of how and when massive stars
interact with their companions, and to determine the consequences of these interactions. We investigate the multiplicity
of an almost complete census of red supergiant stars (RSGs) in NGC 330, a young massive cluster in the SMC. Using
a combination of multi-epoch HARPS and MUSE spectroscopy, we estimate radial velocities and assess the kinematic
and multiplicity properties of 15 RSGs in NGC 330. Radial velocities are estimated to better than ±100 m s−1 for
+0.69
km s−1 . When virial
the HARPS data. The line-of-sight velocity dispersion for the cluster is estimated as 3.20−0.52
equilibrium is assumed, the dynamical mass of the cluster is log(Mdyn /M⊙ ) = 5.20 ± 0.17, in good agreement with
previous upper limits. We detect significant radial velocity variability in our multi-epoch observations and distinguish
between variations caused by atmospheric activity and those caused by binarity. The binary fraction of NGC 330
RSGs is estimated by comparisons with simulated observations of systems with a range of input binary fractions.
In this way, we account for observational biases and estimate the intrinsic binary fraction for RSGs in NGC 330 as
fRSG = 0.3 ± 0.1 for orbital periods in the range 2.3 < log P [days] < 4.3, with q > 0.1. Using the distribution of the
luminosities of the RSG population, we estimate the age of NGC 330 to be 45 ± 5 Myr and estimate a red straggler
fraction of 50%. We estimate the binary fraction of RSGs in NGC 330 and conclude that it appears to be lower than
that of main-sequence massive stars, which is expected because interactions between an RSG and a companion are
assumed to effectively strip the RSG envelope.
Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2001.02700

Infrared properties of Planetary Nebulæ with [WR] and wels central
stars
C. Muthumariappan1 and M. Parthasarathy2
1 Indian

Institute of Astrophysics, Koramangala, Bangalore 34, India
Astronomical Observatory of Japan (NAOJ), 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan

2 National

We report the IR properties of planetary nebulæ with WR type and wels central stars known to date and compare
them with the IR properties of a sample of PNe with H-rich central stars. We use near-, mid- and far-IR photometric
data from archives to derive the IR properties of PNe. We have constructed IR colour–colour diagrams of PNe using
measurements from 2MASS, IRAS, WISE and Akari bands. [WR] PNe have a larger near-IR emission from the hot
dust component and also show a tendency for stronger 12-µm emission as compared to the other two groups. Cool
AGB dust properties of all PNe are found to be similar. We derived the dust colour temperatures, dust masses,
dust-to-gas mass ratios, IR luminosities and IR excess of PNe for these three groups. [WR] PNe and wels-PNe tend
to have larger mean values for dust mass when compared to the third group. The average dust-to-gas mass ratio
is found to be similar for the three groups of PNe. While there is a strong correlation of dust temperature and IR
luminosity with the age for the three groups of PNe, the dust mass, dust-to-gas mass ratios and IR excess are found
to be non-varying as the PNe evolve. [WR] PNe and wels-PNe show very similar distribution of excitation classes and
also show similar distribution with Galactic latitude.
Accepted for publication in Monthly Notices of the Royal Astronomical Society
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The X-Shooter Spectral Library (XSL): Data Release 2
Anaı̈s Gonneau1,2,4 , M. Lyubenova3 , A. Lançon4 , S.C. Trager2 , R.F. Peletier2 , A. Arentsen7,2 , Y.-P. Chen6 , P.R.T.
Coelho11 , M. Dries2 , J. Falcón-Barroso8,9 , P. Prugniel5 , P. Sánchez-Blázquez10 , A. Vazdekis8,9 and K. Verro2
1 Institute
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de Lyon, Université de Lyon, Lyon I, CNRS, UMR5574, France
York University Abu Dhabi, Abu Dhabi, P.O. Box 129188, Abu Dhabi, United Arab Emirates
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We present the second data release (DR2) of the X-Shooter Spectral Library (XSL), which contains all the spectra
obtained over the six semesters of that program. This release supersedes our first data release from Chen et al. (2014),
with a larger number of spectra (813 observations of 666 stars) and with a more extended wavelength coverage as the
data from the near-infrared arm of the X-Shooter spectrograph are now included. The DR2 spectra then consist of
three segments that were observed simultaneously and, if combined, cover the range between ∼ 300 nm and ∼ 2.45
µm at a spectral resolving power close to R = 10 000. The spectra were corrected for instrument transmission and
telluric absorption, and they were also corrected for wavelength-dependent flux losses in 85% of the cases. On average,
synthesized broad-band colors agree with those of the MILES library and of the combined IRTF and Extended IRTF
libraries to within ∼ 1%. The scatter in these comparisons indicates typical errors on individual colors in the XSL of
2–4%. The comparison with 2MASS point source photometry shows systematics of up to 5% in some colors, which we
attribute mostly to zero-point or transmission curve errors and a scatter that is consistent with the above uncertainty
estimates. The final spectra were corrected for radial velocity and are provided in the rest-frame (with wavelengths in
air). The spectra cover a large range of spectral types and chemical compositions (with an emphasis on the red giant
branch), which makes this library an asset when creating stellar population synthesis models or for the validation of
near-ultraviolet to near-infrared theoretical stellar spectra across the Hertzsprung–Russell diagram.
Accepted for publication in A&A
Available from https://arxiv.org/abs/2001.03080
and from http://xsl.astro.unistra.fr/

The uncertain masses of progenitors of core collapse supernovæ and
direct collapse black holes
Eoin Farrell1 , Jose Groh1 , Georges Meynet2 and J.J. Eldridge3
1 Trinity
2 Geneva

College Dublin, Ireland
Observatory, Switzerland

3 University

of Auckland, New Zealand

We show that it is not possible to determine the final mass Mfin of a red supergiant (RSG) at the pre-supernova (SN)
stage from its luminosity L and effective temperature Teff alone. Using a grid of stellar models, we demonstrate that for
a given value of L and Teff , a RSG can have a range of Mfin as wide as 3 to 45 M⊙ . While the probability distribution
within these limits is not flat, any individual determination of Mfin for a RSG will be degenerate. This makes it
difficult to determine its evolutionary history and to map Mfin to an initial mass. Single stars produce a narrower
range that is difficult to accurately determine without making strong assumptions about mass loss, convection, and
rotation. Binaries would produce a wider range of RSG Mfin . However, the final Helium core mass MHe−core is well
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determined by the final luminosity and we find log(MHe−core /M⊙ ) = 0.659 log(L/L⊙ ) − 2.630. Using this relationship,
we derive MHe−core for directly imaged SN progenitors and one failed SN candidate. The value of Mfin for stripped
star progenitors of SNe IIb is better constrained by L and Teff due to the dependence of Teff on the envelope mass
Menv for Menv < 1 M⊙ . Given the initial mass function, our results apply to the majority of progenitors of core
collapse SNe, failed SNe and direct collapse black holes.
Submitted to MNRAS
Available from https://arxiv.org/abs/2001.08711

A massive star’s dying breaths: pulsating red supergiants and their
resulting Type IIP supernovæ
Jared A. Goldberg1 , Lars Bildsten1,2 and Bill Paxton2
1 University
2 Kavli

of California, Santa Barbara, USA
Institute for Theoretical Physics, USA

Massive stars undergo fundamental-mode and first-overtone radial pulsations with periods of 100–1000 days as Red
Supergiants (RSGs). At large amplitudes, these pulsations substantially modify the outer envelope’s density structure
encountered by the outgoing shock wave from the eventual core collapse of these M > 9 M⊙ stars. Using Modules for
Experiments in Stellar Astrophysics (MESA), we model the effects of fundamental-mode and first-overtone pulsations
in the RSG envelopes, and the resulting Type IIP supernovæ (SNe) using MESA+STELLA. We find that, in the case
of fundamental mode pulsations, SN plateau observables such as the luminosity at day 50 L50 , time-integrated shock
energy ET , and plateau duration tp are consistent with radial scalings derived considering explosions of non-pulsating
stars. Namely, most of the effect of the pulsation is consistent with the behavior expected for a star of a different size
at the time of explosion. However, in the case of overtone pulsations, the Lagrangian displacement is not monotonic.
Therefore, in such cases, excessively bright or faint SN emission at different times reflects the underdense or overdense
structure of the emitting region near the SN photosphere.
Accepted for publication in ApJ
Available from https://arxiv.org/abs/2001.07303

ExoMol molecular line lists – XXXVII: spectra of acetylene
Katy L. Chubb1,2 , Jonathan Tennyson1 and Sergei N. Yurchenko1
1 Department
2 SRON

of Physics and Astronomy, University College London, London, WC1E 6BT, UK
Netherlands Institute for Space Research, Sorbonnelaan 2, 3584 CA, Utrecht, The Netherlands

A new ro-vibrational line list for the ground electronic state of the main isotopologue of acetylene, HCCH, is computed
as part of the ExoMol project. The aCeTY line list covers the transition wavenumbers up to 10 000 cm−1 (λ > 1 µm),
with lower and upper energy levels up to 12 000 cm−1 and 22 000 cm−1 considered, respectively. The calculations
are performed up to a maximum value for the vibrational angular momentum, Kmax = Lmax = 16, and maximum
rotational angular momentum, J = 99. Higher values of J were not within the specified wavenumber window. The
aCeTY line list is considered to be complete up to 2200 K, making it suitable for use in characterising high-temperature
exoplanet or cool stellar atmospheres. Einstein-A coefficients, which can directly be used to calculate intensities at a
particular temperature, are computed for 4.3 billion (4 347 381 911) transitions between 5 million (5 160 803) energy
levels. We make comparisons against other available data for HCCH, and demonstrate this to be the most complete
line list available. The line list is available in electronic form from the online CDS and ExoMol databases.
Published in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2001.04550
and from https://academic.oup.com/mnras/advance-article/doi/10.1093/mnras/staa229/5716685
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Betelgeuse at the end of 2019: an historical minimum about to end
Costantino Sigismondi1,2,3
1 ICRA,
2 ITIS,

International Center for Relativistic Astrophysics/Sapienza University of Rome, Italy
Galileo Ferraris, Rome, Italy

3 AAVSO,

American Association of Variable Stars Observers, USA

The semi-regular variable star Betelgeuse is undergoing an historical minimum of its brightness. An 8 year series
of visual and V-band CCD observations started at the end of 2011 is presented and discussed. Visual methods for
comparing magnitudes of angularly distant stars, and performing a differential photometry, needed for such a bright
star, are also presented.
Accepted for publication in Gerbertus
Available from https://arxiv.org/abs/1912.12539

Chemistry under EUV irradiation of H2 –CO–N2 gas mixtures:
implications for photochemistry in the outer CSE of evolved stars
Jérémy Bourgalais1 , David V. Bekaert2 , Aurore Bacmann3 , Bernard Marty2 and Nathalie Carrasco1
1 Université

Versailles St-Quentin, Sorbonne Université, UPMC Univ. Paris 06, CNRS/INSU, LATMOS-IPSL, 11 boulevard d’Alembert,
78280 Guyancourt, France
2 Centre

de Recherches Pétrographiques et Géochimiques, CNRS, Université de Lorraine, 15 rue Notre Dame des Pauvres, BP 20, 54501
Vandoeuvre lès Nancy, France
3 Univ. Grenoble Alpes, CNRS, IPAG, 38000 Grenoble, France

CircumStellar Envelopes (CSEs) of stars are complex chemical objects for which theoretical models encounter difficulties in elaborating a comprehensive overview of the occurring chemical processes. Along with photodissociation,
ion-neutral reactions and dissociative recombination might play an important role in controlling molecular growth
in outer CSEs. The aim of this work is to provide experimental insights into pathways of photochemistry-driven
molecular growth within outer CSEs to draw a more complete picture of the chemical processes occurring within
these molecule-rich environments. A simplified CSE environment was therefore reproduced in the laboratory through
gas-phase experiments exposing relevant gas mixtures to an Extreme UltraViolet (EUV) photon source. This photochemical reactor should ultimately allow us to investigate chemical processes and their resulting products occurring
under conditions akin to outer CSEs. We used a recently developed EUV lamp coupled to the APSIS photochemical
cell to irradiate CSE relevant gas mixtures of H2 , CO and N2 , at one wavelength, 73.6 nm. The detection and identification of chemical species in the photochemical reactor was achieved through in-situ mass spectrometry analysis of
neutral and cationic molecules. We find that exposing CO–N2 –H2 gas mixtures to EUV photons at 73.6 nm induces
photochemical reactions that yield the formation of complex, neutral and ionic species. Our work shows that N2 H+
can be formed through photochemistry along with highly oxygenated ion molecules like HCO+ in CSE environments.
We also observe neutral N-rich organic species including triazole and aromatic molecules. These results confirm the
suitability of our experimental setting to investigate photochemical reactions and provide fundamental insights into
the mechanisms of molecular growth in the outer CSEs. Especially, this work supports a potential reaction mechanism from simple species to monocylic system toward the formation of Nitrogenized Polycyclic aromatic hydrocarbons
(NPAHs) that could occur in circumstellar environments but also in the InterStellar Medium (ISM).
Submitted to Astronomy & Astrophysics
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Betelgeuse 2020 dimming: getting the minimum
Costantino Sigismondi1,2,3
1 ICRA,

International Center for Relativistic Astrophysics/Sapienza University of Rome, Italy
Galileo Ferraris, Rome, Italy
3 AAVSO, American Association of Variable Stars Observers, USA
2 ITIS

The historical minimum of the red supergiant Betelgeuse (α Ori) is occurring in 2020 January 28 ± 4 days, as from
simple parabolic fit of V band (29 ± 5 January) and Visual data (22 ± 9 January) of the data on AAVSO database
observed by the author (SGQ) and by Wolfgang Vollmann (VOL) before 20 January 2020. The discrete derivative of
data points binned each 15 days has been also used to predict the instant of the minimum, obtaining February 1, 2020
±18 days. The 425-days cycle of variability of Betelgeuse ends on February 29, 2020, following the previous minimum
of 1st Jan 2019. This seems to be a negative modulation with longer period of such oscillations, and further analyses
on the whole database available on Betelgeuse are required to better understand the behaviour of this star.
Submitted to Gerbertus
Available from
https://docs.google.com/document/d/1HNbaaDbN31Ckfropu3 g156S7Bp4zJVsnV8bagQDrk0/edit?usp=sharing

Population synthesis of helium white dwarf–red giant star mergers and
the formation of lithium-rich giants and carbon stars
Xianfei Zhang1 , C.Simon Jeffery2,3 , Yaguang Li1 and Shaolan Bi1
1 Department

of Astronomy, Beijing Normal University, Beijing, 100875, China

2 Armagh

Observatory, College Hill, Armagh BT61 9DG, UK
3 School of Physics, Trinity College Dublin, Dublin 2, Ireland

The formation histories of lithium-rich and carbon-rich red giants are not yet understood. It has been proposed that
the merger of a helium-core white dwarf with a red giant branch star might provide a solution. We have computed
an extended grid of post-merger evolution models and combined these with predictions of binary star population
synthesis. The results strongly support the proposal that the merger of a helium white dwarf with a red giant branch
star can provide the progenitors of both lithium-rich red clump stars and early-R carbon stars. The distribution
of post-merger models in Teff , log g, log L, the surface abundances of lithium and carbon, and the predicted space
densities agree well with the observed distributions of these parameters for Li-rich and early-R stars in the Galaxy.
Published in ApJ
Available from https://arxiv.org/abs/2001.05600
and from https://iopscience.iop.org/article/10.3847/1538-4357/ab5e89

Are faint supernovæ responsible for carbon-enhanced metal-poor stars?
Yutaka Komiya1 , Takuma Suda1,2 , Shimako Yamada3 and Masayuki Y. Fujimoto3,4
1 The

University of Tokyo, Japan

2 Open

University of Japan, Japan
University, Japan

3 Hokkaido

4 Hokkai–Gakuen

University, Japan

Mixing and fallback models in faint supernova models are supposed to reproduce the abundance patterns of observed
carbon-enhanced metal-poor (CEMP) stars in the Galactic halo. A fine-tuning of the model parameters for individual
stars is required to reproduce the observed ratios of carbon to iron. We focus on extremely metal-poor stars formed
out of the ejecta from the mixing and fallback models using a chemical evolution model. Our chemical evolution
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models take into account the contribution of individual stars to chemical enrichment in host halos, together with
their evolution in the context of the hierarchical clustering. Parameterized models of mixing and fallback models for
Population III faint supernovae are implemented in the chemical evolution models with merger trees to reproduce
the observed CEMP stars. A variety of choices for model parameters on star formation and metal pollution by faint
supernovae are unable to reproduce the observed stars with [Fe H] <
∼ − 4 and [C H] >
∼ − 2, which are the majority of
CEMP stars among the lowest-metallicity stars. Only possible solution is to form stars from small ejecta mass, which
produces an inconsistent metallicity distribution function. We conclude that not all the CEMP stars are explicable by
the mixing and fallback models. We also tested the contribution of binary mass transfers from AGB stars that are also
supposed to reproduce the abundances of known CEMP stars. This model reasonably reproduces the distribution of
carbon and iron abundances simultaneously only if we assume that long-period binaries are favored at [Fe H] <
∼ − 3.5.
Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2001.01420

Conference Paper
The BRITE–SONG of Aldebaran – stellar music in three voices
P.G. Beck1,2,3 , R. Kuschnig4 , G. Houdek5 , T. Kallinger6 , W.W. Weiss6 , P.L. Palle2,3 , F. Grundahl5 , A. Hatzes7 ,
H. Parviainen2,3 , C. Allende Prieto2,3 , H.J. Deeg2,3 , A. Jimenez2,3 , S. Mathur2,3 , R.A. Garcia8 , T.R.White5,9 , T.R.
Bedding9,5 , D.H. Grossmann1 , S. Janisch1 , T. Zaqarashvili1 , A. Hanslmeier1 , K. Zwintz10 and the BRITE & SONG
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Solar-like oscillations in red-giant stars are now commonly detected in thousands of stars with space telescopes such
as the NASA Kepler mission. Parallel radial velocity and photometric measurements would help to better understand
the physics governing the amplitudes of solar-like oscillators. Yet, most target stars for space photometry are too faint
for light-demanding ground-based spectroscopy. The BRITE Constellation satellites provide a unique opportunity of
two-color monitoring the flux variations of bright luminous red giants. Those targets are also bright enough to be
monitored with high-resolution spectrographs on small telescopes, such as the SONG Network. In these proceedings,
we provide a first overview of our comprehensive, multi-year campaign utilizing both BRITE and SONG to seismically
characterize Aldebaran, one of the brightest red giants in the sky. Because luminous red giants can be seen at large
distances, such well-characterized objects will serve as benchmark stars for galactic archæology.
Oral contribution, published in ’Stars and their Variability’ conference in August 2019, in Vienna
Austria
Available from https://arxiv.org/abs/2001.04912
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Review Papers
Physical conditions and chemical abundances in photoionized nebulæ
from optical spectra
Jorge Garcia-Rojas1,2
1 Instituto
2 Dept.

de Astrofı́sica de Canarias, Spain
Astrophysics, Universidad de La Laguna, Spain

This chapter presents a review on the latest advances in the computation of physical conditions and chemical abundances of elements present in photoionized gas (H ii regions and planetary nebulæ). The arrival of highly sensitive
spectrographs attached to large telescopes and the development of more sophisticated and detailed atomic data calculations and ionization correction factors have helped to raise the number of ionic species studied in photoionized
nebulæ in the last years, as well as to reduce the uncertainties in the computed abundances. Special attention will be
given to the detection of very faint lines such as heavy-element recombination lines of C, N and O in H ii regions and
planetary nebulæ, and collisionally excited lines of neutron-capture elements (Z > 30) in planetary nebulæ
Published in the book ”Reviews in Frontiers of Modern Astrophysics: From Space Debris to Cosmology”, eds. Kabath, Jones & Skarka, Springer Nature – funded by the European Union Erasmus+
Strategic Partnership grant ”Per Aspera Ad Astra Simul” 2017-1-CZ01-KA203-035562
Available from https://arxiv.org/abs/2001.03388

Observational constraints on the common envelope phase
David Jones1,2
1 IAC,
2 ULL,

Spain
Spain

The common envelope phase was first proposed more than forty years ago to explain the origins of evolved, close binaries like cataclysmic variables. It is now believed that the phase plays a critical role in the formation of a wide variety
of other phenomena ranging from type Ia supernovae through to binary black holes, while common envelope mergers
are likely responsible for a range of enigmatic transients and supernova imposters. Yet, despite its clear importance,
the common envelope phase is still rather poorly understood. Here, we outline some of the basic principles involved,
the remaining questions as well as some of the recent observational hints from common envelope phenomena – namely
planetary nebulæ and luminous red novæ – which may lead to answering these open questions.
Published in the book ”Reviews in Frontiers of Modern Astrophysics: From Space Debris to Cosmology”, eds. Kabath, Jones & Skarka, Springer Nature – funded by the European Union Erasmus+
Strategic Partnership grant ”Per Aspera Ad Astra Simul” 2017-1-CZ01-KA203-035562
Available from https://arxiv.org/abs/2001.03337
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Job Adverts
Postdoctoral position in 3D magneto-hydrodynamical simulations and
asteroseismology
The Department of Physics and Astronomy at Århus University invites applications for a 3-year postdoctoral position
in 3D magneto-hydrodynamical simulations and asteroseismology in the research group of Dr. Vı́ctor Silva Aguirre
(www.isimba.dk). Exceptional candidates that have experience with usage and development of stellar atmosphere
codes, including (magneto-)hydrodynamics codes and/or radiative transfer codes are particularly encouraged to apply.
The postdoc will be involved in the computation of the next generation of time-dependent 3D magneto-hydrodynamical
simulations of stellar surface convection and atmospheres, with applications to stellar evolution, asteroseismology,
spectroscopy, and Galactic archæology. The successful candidate will work in close collaboration with an international
team of collaborators including Prof. Martin Asplund and Prof. Åke Nordlund, lead users and developers of the
Stagger code and DISPATCH framework for high-performance computing. The postdoc will have access to a
generous travel budget and computational resources.
See also https://jobregister.aas.org/ad/d7469afc

Two Ph.D. positions available:
Astrophysics of stellar-merger remnants with interferometric techniques
(supervised by dr. Tomasz Kamiński)
We invite applications for two Ph.D. positions at the Nicolaus Copernicus Astronomical Center (NCAC) of the Polish
Academy of Sciences. The scholarships will be executed in the Department for Astrophysics which is a NCAC branch
located in the beautiful old town of Toruń.
The Ph.D. candidates will investigate the physical and chemical structure of the remnants of red-nova eruptions.
The remnants are thought to be sites of a recent collision and coalescence of non-compact stars. The remnants are
years to centuries old and their studies may help us understand why stars merge and what are the products of stellar
coalescence. The main science aims include investigating physical processes that govern the common-envelope phase,
stellar-collisions, mass loss in binaries, and binary interaction in eruptive systems. The Ph.D. candidates will work
chiefly with interferometric data acquired (1) in the infrared with two new VLTI instruments, Gravity and Matisse,
and/or (2) similar submillimeter observations from ALMA and SMA arrays. Preferences of each Ph.D. candidate will
be taken into account in deciding which of the two wavelength regimes, infrared or submillimeter, will constitute the
main working material for their thesis. Most of the interoferometric observations have been collected or are scheduled
for execution in the near future. The Ph.D. candidates will be expected to develop optimal interferometric imaging
techniques and investigate the physical structure of the remnants. The Ph.D. candidates will be also expected to
secure multi-wavelength auxiliary data at other facilities (e.g., NASA IRTF, SOFIA, and VLT). Frequent training
trips to ESO (Garching & Santiago) and interferometry schools are foreseen during the course of the scholarship.
To learn more on the science project, seehttps://www.ncac.torun.pl/∼tomkam/index.html#mergestars or contact T.
Kamiński attomkam@ncac.torun.pl.
A prior experience with interferometric data (infrared or submillimeter) or molecular spectroscopy are welcome but
are not required.Proficiency in python programming will be considered as an asset.Applicants should hold (or expect
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to obtain before the start of the position) a university degree (master or equivalent) in the field of astrophysics, astronomy, or physics.
Each position has funding for four years within the Polish National Science Center (NCN) grant SONATA-BIS
(2018/30/E/ST9/00398) entitled ”Stellar mergers: causes and aftermath of stellar collisions investigated with interferometric methods”. The monthly gross salary for a Ph.D. student is set to 4500 PLN which is competitive
considering the current costs of living in Toruń, and is higher than the typical stipends at Polish universities.
For more details about the application procedure, please visit the NCAC recruitment page below
See also https://camk.edu.pl/pl/archiwum/2020/01/17/general-recrutment-20202021/

Postdoctoral position: ”The Gaia Catalogue of Galactic OH/IR stars”
The Centro de Astrobiologı́a (CSIC) at ESAC, Madrid, currently has an open post-doc position for the study of OH/IR
stars based on the Gaia-DR2 data and the Virtual Observatory (VO). The candidate will use the VO in combination
with the information contained in Gaia-DR2 to build an enhanced catalogue of galactic OH/IR stars. Subsequently,
the candidate will scientifically exploit the catalogue.
The candidate should hold a Ph.D. in astronomy. A research background in evolved stars is preferable, specially AGBs.
The position is for 10 months with the possibility of further extension. The starting date is expected to be in March–
April 2020. The annual brute salary will be around 41 000 euro.
For additional information contact Dr. Jiménez-Esteban: fran.jimenez-esteban@cab.inta-csic.es
To submit an application send a CV including a list of publications to Dr. Jiménez-Esteban:
fran.jimenez-esteban@cab.inta-csic.es

Announcements
Common-envelope systems: progenitors, mergers and survivors
Registration is now open for the EAS week of astronomy 2020 in Leiden which will include a 2-day symposium on
common-envelope systems (2–3 July 2020). Observers and theoreticians are all welcome to share their results. The
program includes the following topics:
• stellar mergers and CE transients
• post-CE objects (central stars of planetary nebulæ, cataclysmic variables, etc.) and merger remnants: blue and
red stragglers, anomalous Cepheids, Be & B[e] stars, η Car, FK Com stars, etc.
• hydrodynamical modeling of the common envelope
• common envelope evolution in population synthesis
• radiation transport and shocks in the common envelope phase.
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Please consider signing in.
Invited speakers:
Jennifer Andrews (Univ. Arizona, USA)
Selma de Mink (CfA – Harvard & Smithsonian, USA)
David Jones (IAC, ES)
Morgan MacLeod (CfA – Harvard & Smithsonian, USA)
Gijs Nelemans (Nijmegen Univ., NL)
Paul Ricker (Univ. Illinois, USA)
More details about the symposium: https://eas.unige.ch//EAS meeting/session.jsp?id=S8
More details about the EAS meeting, registration, and logistics: https://eas.unige.ch//EAS meeting/index.jsp
SOC:
chair: Tomasz Kamiński (NCAC Toruń, Polish Academy of Sciences, PL),
Orsola de Marco (Macquarie University, AU),
Nadia Blagorodnova (Radboud University, NL),
Stephen Justham (University of Amsterdam, NL & University of the Chinese Academy of Sciences, CH),
Ondřej Pejcha (Charles University, CZ),
Silvia Toonen (University of Birmingham, UK)
Contact: tomkam@ncac.torun.pl
See also https://eas.unige.ch//EAS meeting/session.jsp?id=S8

The rise of metals and dust in galaxies through cosmic time
Before the birth of the first generation of stars (population III), the universe contained essentially only hydrogen and
helium atoms. But after these first stars ignited, they synthesized in their cores nuclei of atoms heavier and heavier
(the rise of metals). Some of these atoms have formed grains of dust, which is now everywhere in the interstellar
medium. Dust absorbs and diffuses ultraviolet radiation and optical light, which heats the dust particles that ultimately produce radiation that is re-emitted in the infrared. This process modifies our vision of galaxies and of the
universe and has dominated the universe for several billion years (the rise of dust).
In addition to the effects of reddening and obscuration, dust grains also play a crucial role in star formation and in
the physics and chemistry of the interstellar medium, such as heating and cooling processes, gas dynamics, charge
transfer and the formation of H2 molecules. It is therefore important to progress in understanding the history of the
formation of heavy elements in the universe as well as the different phases of the duty cycle of dust and the variation
of this cycle according to the environment and the cosmic times.
Successive generations of IR and sub-mm telescopes (ISO, AKARI, Spitzer, Herschel, ALMA, IRAM, SPT and others)
have revolutionized galaxy studies in a wide range of astrophysical environments but can still hardly reach the early
universe. Projects in the near future (JWST) and in study could have performances to reach this ambitious goal and
to open the door to the primordial universe.
At the same time, many theoretical advances have been made in understanding the composition, physical nature and
evolution of the dust cycle and the different processes involved. It is the same for the modeling of the history of the
formation of the heavy elements and their ejection in the interstellar, circumgalactic and intergalactic media during
the cosmic times in the frame of the formation and the evolution of the galaxies. It is therefore timely to bring
together theoretical and observational communities to share what we know about the rise of metals and dust in the
universe over a wide range of cosmic times and to discuss effective strategies to best use our powerful current and
future facilities.
See also https://metals-dust.sciencesconf.org/
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Betelgeuse dimming: the state of the star. International workshop.
Jan 17 2020 ICRANet, Pescara
Betelgeuse, the α of Orion, has been classified as the brightest star of the constellation by Johannes Bayer in the
Uranometria (1603). It is a semi-regular variable that in the top luminosity phases can be the brightest star of the
northern hemisphere, with negative magnitude. Since October 2019, its luminosity is dimming and lost one whole
magnitude, attaining the visual magnitude of 1.4, at the level of Regulus, the α of Leo. What is going on? This is
the subject of this workshop, organized in the occurrence of such epochal event, with some of the most prominent
scientists in the field. The video of the event will be published on the ICRANet website.
See also http://www.icranet.org/index.php?option=com content&task=view&id=1281
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