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Editorial

Dear Colleagues,

It is a pleasure to present you the 278th issue of the AGB Newsletter. People (and editors) are catching up, resulting in
a resurgence of activity posted in this edition. Look for the slightly unusual ones, such as the use of medical diagnosis
and how grains form under different conditions. There is great scope for the application of techniques and insight
from other disciplines, and vice versa. Betelgeuse also continues to capture the imagination (and observation), and
there are two very interesting reviews related to the fundamental properties of red giant stars. And lots more.

The IAU Working Group on Planetary Nebulæ is reaching out to the community to help build a repository of learning
material for novices in the field – a great idea that we strongly endorse and would encourage you to consider.

Elizabeth Griffin responded to last month’s Food for Thought (”How well do we know how the Sun will evolve into an
AGB star?”):

“First, science isn’t about knowing, it’s about approximating to what can be regarded as knowledge through repeated
trials and tests, the state when hypotheses might be regarded as ‘theories’. The example above is particularly trying
since we cannot carry out control experiments. It is largely about likelihoods, which are based on statistics and only
apply to a general mean, so they are inherently false when applied to any one individual case.
Secondly, every star is an individual when observed in sufficient detail (did we ever conclusively find ‘The Solar
Twin’?). The effective temperature of the Sun is no measured temperature, as is so often assumed, but a parameter
that represents the smoothed spectral energy distribution according to a particular law, again an assumption that the
said law applies. Is ‘An AGB Star’ anything other than a description of a rather vague state whose bounds are broad
enough to admit pseudo-AGB types that are not fully commensurate with the general situation, rather than a state
which can be said to be reached very definitively at a very specific combination of a star’s luminosity and surface (or
effective? or excitation?, or ionization?) temperature?
Thirdly, how likely is it that the Sun will obediently obey your stellar-evolution codes (that may or may not make
allowances for observations that smooth over surface granulation and the like, and which assumes no absorption in the
chromosphere which we know is present, and is variable), and conform to a pattern that only much less well observed
stars seem to do, and not prove to be some exception that tests all those hypotheses? You could save time by getting
out your crystal ball.”
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Further discussion is encouraged – it is not irrelevant that astronomers know the ultimate fate (and timescales) of
“our” star, and hence the Earth. We know the Sun formed 4.6 Gyr ago, but we cannot tell with such confidence when
it will end. Will there be a safe place for us to live in the Solar System?

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

Editorially Yours,

Jacco van Loon, Ambra Nanni and Albert Zijlstra

Food for Thought

This month’s thought-provoking statement is:

What is Betelgeuse going to do next?

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

The post-common-envelope binary central star of the planetary nebula
PNG283.7−05.1: A possible post-red-giant-branch planetary nebula

central star
David Jones1,2, Henri Boffin3, Jacob Hibbert4,5, Thomas Steinmetz4,5, Roger Wesson6, Todd Hillwig7, Paulina

Sowicka8, Romano Corradi9,1, Jorge Garćıa-Rojas1,2, Pablo Rodŕıguez-Gil1,2 and James Munday10,1

1IAC, Spain
2ULL. Spain
3ESO, Germany
4ING, Spain
5Sheffield, UK
6UCL, UK
7Valparaiso, USA
8NCAC, Poland
9GTC, Spain
10Surrey, UK

We present the discovery and characterisation of the post-common-envelope central star system in the planetary nebula
PNG283.7−05.1. Deep images taken as part of the POPIPlaN survey indicate that the nebula may possess a bipolar
morphology similar to other post-common-envelope planetary nebulæ. Simultaneous light and radial velocity curve
modelling reveals the newly discovered binary system to comprise a highly-irradiated, M-type main-sequence star in a
5.9 hour orbit with a hot pre-white-dwarf. The nebular progenitor is found to have a particularly low mass of around
0.4 M⊙, making PNG283.7−05.1 one of only a handful of candidate planetary nebulæ to be the product of a common-
envelope event while still on the red giant branch. Beyond its low mass, the model temperature, surface gravity and
luminosity are all found to be consistent with the observed stellar and nebular spectra through comparison with model
atmospheres and photoionisation modelling. However, the high temperature (Teff ∼ 95 kK) and high luminosity of
the central star of the nebula are not consistent with post-RGB evolutionary tracks.

Accepted for publication in A&A
Available from https://arxiv.org/abs/2007.08960

Abell 30 – a binary central star among the born-again planetary nebulæ
George Jacoby1, Todd Hillwig2 and David Jones3,4

1NSF’s NOIRLab, USA
2Valparaiso, USA
3IAC, Spain
4ULL, Spain

Eight planetary nebulæ have been identified as ‘born-again’, a class of object typified by knotty secondary ejecta
having low masses (∼ 10−4 M⊙) with nearly no hydrogen. Abell 30, the archetype of the class, also belongs to a small
subset of planetary nebulae that exhibit extreme abundance discrepancy factors (where Abell 30 is the most extreme),
a phenomenon strongly linked to binary star interactions. We report the presence of light curve brightness variations
having a period of 1.060 days that are highly suggestive of a binary central star in Abell 30. If confirmed, this detection
supports the proposed link between binary central stars and extreme abundance discrepancies.

Accepted for publication in MNRAS Letters
Available from https://arxiv.org/abs/2008.01488
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Adiabatic mass loss in binary stars – III. From the base of the red giant
branch to the tip of the asymptotic giant branch

Hongwei Ge1,2,3,4, Ronald F Webbink5, Xuefei Chen1,2,3,4 and Zhanwen Han1,2,3,4

1Yunnan Observatories, Chinese Academy of Sciences, China
2Key Laboratory for the Structure and Evolution of Celestial Objects, Chinese Academy of Sciences, China
3Center for Astronomical Mega-Science, Chinese Academy of Sciences, China
4University of Chinese Academy of Sciences, China
5University of Illinois at Urbana–Champaign, USA

The distinguishing feature of the evolution of close binary stars is the role played by the mass exchange between
the component stars. Whether the mass transfer is dynamically stable is one of the essential questions in binary
evolution. In the limit of extremely rapid mass transfer, the response of a donor star in an interacting binary
becomes asymptotically one of adiabatic expansion. We use the adiabatic mass loss model to systematically survey
the thresholds for dynamical timescale mass transfer over the entire span of possible donor star evolutionary states.
We also simulate mass loss process with isentropic envelopes, the specific entropy of which is fixed to be that at the
base of the convective envelope, to artificially mimic the effect of such mass loss in super-adiabatic surface convection
regions, where the adiabatic approximation fails. We illustrate the general adiabatic response of 3.2-M⊙ donor stars at
different evolutionary stages. We extend our study to a grid of donor stars with different masses (from 0.1 to 100 M⊙

with Z = 0.02) and at different evolutionary stages. We proceed to present our criteria for dynamically unstable mass
transfer in both tabular and graphical forms. For red giant branch and asymptotic giant branch donors in systems
with such mass ratios, they may have convective envelopes deep enough to evolve into common envelopes on a thermal
timescale, if the donor star overfills its outer Lagrangian radius. Our results show that the red giant branch and
asymptotic giant branch stars tend to be more stable than previously believed, and this may be helpful to explain the
abundance of observed post-AGB binary stars with an orbital period of around 1000 days.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/2007.09848

Bi-abundance photoionization models of planetary nebulæ: determining
the amount of oxygen in the metal rich component

V. Gómez-Llanos1 and C. Morisset1

1Instituto de Astronomı́a (IA), Universidad Nacional Autónoma de México, Apartado postal 106, C.P. 22800 Ensenada, Baja California,

México

We study the hypothesis of high metallicity clumps being responsible for the abundance discrepancy found in plan-
etary nebulæ between the values obtained from recombination and collisionally excited lines. We generate grids of
photoionization models combining cold metal-rich clumps emitting the heavy element recombination lines, embedded
in a normal metallicity region responsible for the forbidden lines. The two running parameters of the grid are the
metallicity of the clumps and its volume fraction relative to the whole nebula. We determine the density and temper-
atures (from the Balmer jump and the [O iii] 5007/4363 Å line ratio), and the ionic abundances from the collisional
and recombination lines, as an observer would do. The metallicity of the near-to-solar region is recovered, while the
metallicity of the clumps is systematically underestimated, by up to 2 orders of magnitude. This is mainly because
most of the Hβ emission is coming from the ”normal” region, and only the small contribution emitted by the metal-rich
clumps should be used. We find that a given ADF(O++) can be reproduced by a small amount of rich clumps, or
a bigger amount of less rich clumps. Finally, comparing with the observations of NGC6153 we find 2 models that
reproduce its ADF(O++) and the observed electron temperatures. We determine the fraction of oxygen embedded
in the metal-rich region (with a fraction of volume less than 1%) to be roughly between 25% and 60% of the total
amount of oxygen in the nebula (a few 10−3 M⊙).

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2007.14414
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The impact of strong recombination on temperature determination in
planetary nebulæ

V. Gómez-Llanos1, C. Morisset1, J. Garćıa-Rojas2,3, D. Jones2,3, R. Wesson4, R.L.M. Corradi5,2 and H.M.J.

Boffin6

1Instituto de Astronomı́a (IA), Universidad Nacional Autńoma de México, Apdo. postal 106, C.P. 22800 Ensenada, Baja California, México
2Instituto de Astrof́ısica de Canarias, E-38200, La Laguna, Tenerife, Spain
3Universidad de La Laguna. Depart. de Astrof́ısica, E-38206, La Laguna, Tenerife, Spain
4Department of Physics and Astronomy, University College London, Gower St., London WC1E 6BT, UK
5GranTeCan, Cuesta de San José s/n, E-38712, Breña Baja, La Palma, Spain
6European Southern Observatory, Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany

The long-standing difference in chemical abundances determined from optical recombination lines and collisionally
excited lines raises questions about our understanding of atomic physics, as well as the assumptions made when
determining physical conditions and chemical abundances in astrophysical nebulæ. Here, we study the recombination
contribution of [O iii] 4363 and the validity of the line ratio [O iii] 4363/4959 as a temperature diagnostic in planetary
nebulæ with a high abundance discrepancy. We derive a fit for the recombination coefficient of [O iii] 4363 that
takes into account the radiative and dielectronic recombinations, for electron temperatures from 200 to 30,000 K. We
estimate the recombination contribution of [O iii] 4363 for the planetary nebulæ Abell 46 and NGC6778 by subtracting
the collisional contribution from the total observed flux. We find that the spatial distribution for the estimated
recombination contribution in [O iii] 4363 follows that of the O ii 4649 recombination line, both peaking in the central
regions of the nebula, especially in the case of Abell 46 which has a much higher abundance discrepancy. The estimated
recombination contribution reaches up to 70% and 40% of the total [O iii] 4363 observed flux, for Abell 46 and
NGC6778, respectively.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2007.05488

The halo of M105 and its group environment as traced by planetary
nebula populations – I. Wide-field photometric survey of planetary

nebulæ in the Leo I group
J. Hartke1,2, M. Arnaboldi1, O. Gerhard3, L. Coccato1, C. Pulsoni3,4, K.C. Freeman5, M. Merrifield6, A. Cortesi7

and K. Kuijken8

1European Southern Observatory, Karl-Schwarzschild-Str. 2, D-85748 Garching bei München, Germany
2European Southern Observatory, Alonso de Córdova 3107, Vitacura, Casilla 19001, Santiago de Chile, Chile
3Max-Planck-Institut für Extraterrestrische Physik, Gießenbachstraße, D-85748 Garching bei München, Germany
4Excellence Cluster Universe, Boltzmannstraße 2, D-85748 Garching bei München, Germany
5Research School of Astronomy & Astrophysics Mount Stromlo Observatory, Cotter Road, 2611 Canberra, Australia
6School of Physics and Astronomy, University of Nottingham, NG7 2RD, UK
7Departamento de Astronomı́a, Instituto de Astronomia, Geof́ısica e Ciências Atmosféricas da USP, Cidade Universitária, CEP:05508900

São Paulo, Brazil
8Leiden Observatory, Leiden University, P.O. Box 9513, NL-2300 RA Leiden, The Netherlands

M105 (NGC3379) is an early-type galaxy in the Leo I group. The Leo I group is the nearest group that contains all
main galaxy types and can thus be used as a benchmark to study the properties of the intra-group light (IGL) in
low-mass groups. We present a photometric survey of planetary nebulæ (PNe) in the extended halo of the galaxy to
characterise its PN populations and investigate the presence of an extended PN population associated with the intra-
group light. We use PNe as discrete stellar tracers of the diffuse light around M105. These PNe were identified on
the basis of their bright [O iii]5007Å emission and the absence of a broad-band continuum using automated detection
techniques. We compare the PN number density profile with the galaxy surface-brightness profile decomposed into
metallicity components using published photometry of the Hubble Space Telescope in two halo fields. We identify 226
PNe candidates within a limiting magnitude of m5007,lim = 28.1 from our Subaru-SuprimeCam imaging, covering 67.6
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kpc (23 effective radii) along the major axis of M105 and the halos of NGC3384 and NGC3398. We find an excess of
PNe at large radii compared to the stellar surface brightness profile from broad-band surveys. This excess is related to
a variation in the luminosity-specific PN number α with radius. The α-parameter value of the extended halo is more
than seven times higher than that of the inner halo. We also measure an increase in the slope of the PN luminosity
function at fainter magnitudes with radius. We infer that the radial variation of the PN population properties is due
to a diffuse population of metal-poor stars ([M/H] < −1.0) following an exponential profile, in addition to the M105
halo. The spatial coincidence between the number density profile of these metal-poor stars and the increase in the
α-parameter value with radius establishes the missing link between metallicity and the post-asymptotic giant branch
phases of stellar evolution. We estimate that the total bolometric luminosity associated with the exponential IGL
population is 2.04 × 109 L⊙ as a lower limit. The lower limit on the IGL fraction is thus 3.8%. This work sets the
stage for kinematic studies of the IGL in low-mass groups.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2008.01696
and from https://www.aanda.org/component/article?access=doi&doi=10.1051/0004-6361/202038009

V725 Sagittarii: unique, important, neglected
John R. Percy1

1Department of Astronomy & Astrophysics and Dunlap Institute, University of Toronto, Canada

During the last century, V725 Sgr gradually changed from a 12-day Cepheid to an 85-day yellow semiregular giant.
This paper presents wavelet analysis of AAVSO visual observations from 1982 to 2020, and Fourier analysis of ASAS-
SN observations from 2016 to 2018. The results confirm that the previously identified pulsation period has increased
from about 50–60 days to 80–90 days since 1982. In the ASAS-SN data, there appear to be both an 82.6-day period
and a possible 160.0-day period, though the latter is not prominent after pre-whitening. If it is real, however, the
two periods could be interpreted as a first overtone period and a fundamental period, respectively. Evidence for two
(or more) periods can also be seen in the ASAS-SN light curve, and in the visual data. The total V range is 1.1
magnitude. Since recent results in the literature indicate that V725 Sgr is a K4 yellow giant, it should be classified as
a SRd variable. In view of its continuing changes, it needs and deserves to be monitored more systematically.

Published in JAAVSO
Available from https://www.aavso.org/apps/jaavso/article/3637/

Analysis of ASAS-SN observations of short-period Mira stars
John R. Percy1 and Patricia Golaszewska1

1Department of Astronomy & Astrophysics and Dunlap Institute, University of Toronto, Canada

We have analyzed observations of a uniform sample of 36 stars in the ASAS-SN variable star catalogue, with mean
magnitudes between 10 and 12, classified as Mira by the catalogue, and with periods of 150 days or less. They
presumably represent a transition from Mira type to semiregular type. The stars show a wide variety of light curve
shapes, and of deviation from periodicity. The amplitude increases with increasing period, as is well known, but no
other properties, including the degree of periodicity, seem to depend on period.

Published in JAAVSO
Available from https://www.aavso.org/apps/jaavso/article/3638/
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A detailed view on the circumstellar environment of the M-type AGB
star EPAquarii – I. High-resolution ALMA and SPHERE observations

Ward Homan1, Emily Cannon1, Miguel Montargès1, Anita M.S. Richards2, Tom J. Millar3 and Leen Decin1,4

1Institute of Astronomy, K.U. Leuven, Celestijnenlaan 200D B2401, 3001 Leuven, Belgium
2JBCA, Department Physics and Astronomy, University of Manchester, Manchester M13 9PL, UK
3Astrophysics Research Centre, School of Mathematics and Physics, Queen’s University Belfast, Belfast BT7 1NN, UK
4School of Chemistry, University of Leeds, Leeds LS2 9JT, UK

Cool evolved stars are known to be significant contributors to the enrichment of the interstellar medium through their
dense and dusty stellar winds. High resolution observations of these outflows have shown them to possess high degrees
of morphological complexity. We observed the asymptotic giant branch (AGB) star EPAquarii with ALMA in band 6
and VLT/SPHERE/ZIMPOL in four filters the visible. Both instruments had an angular resolution of 0.′′025. These
are follow-up observations to the lower-resolution 2016 ALMA analysis of EPAquarii, which revealed that its wind
possesses a nearly face-on, spiral-harbouring equatorial density enhancement, with a nearly pole-on bi-conical outflow.
At the base of the spiral, the SiO emission revealed a distinct emission void approximately 0.′′4 to the West of the
continuum brightness peak, which was proposed to be linked to the presence of a companion. The new ALMA data
better resolve the inner wind and reveal that its morphology as observed in CO is consistent with hydrodynamical
companion-induced perturbations. Assuming that photodissociation by the UV-field of the companion is responsible
for the emission void in SiO, we deduced the spectral properties of the tentative companion from the size of the
hole. We conclude that the most probable companion candidate is a white dwarf with a mass between 0.65 and
0.8 M⊙, though a solar-like companion could not be definitively excluded. The radial SiO emission shows periodic,
low-amplitude perturbations. We tentatively propose that they could be the consequence of the interaction of the
AGB wind with another much closer low-mass companion. The polarised SPHERE/ZIMPOL data show a circular
signal surrounding the AGB star with a radius of ∼ 0.′′1. Decreased signal along a PA of 138◦ suggests that the dust
is confined to an inclined ring-like structure, consistent with the previously determined wind morphology.

Accepted for publication in Astronomy and Astrophysics
Available from https://arxiv.org/abs/2008.08394
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PHAT XX. AGB stars and other cool giants in M31 star clusters
Léo Girardi1, Martha L. Boyer2, L. Clifton Johnson3, Julianne J. Dalcanton4, Philip Rosenfield5, Anil C. Seth6,

Evan D. Skillman7, Daniel R. Weisz8, Benjamin F. Williams4, Antara Raaghavi Bhattacharya9,10, Alessandro

Bressan11, Nelson Caldwell,12, Yang Chen13, Andrew E. Dolphin14,15, Morgan Fouesneau16, Steven R. Goldman2,

Puragra Guhathakurta17, Paola Marigo13, Sagnick Mukherjee17,18, Giada Pastorelli2, Amanda Quirk17, Monika

Soraisam19,20 and Michele Trabucchi21,13

1Osservatorio Astronomico di Padova – INAF, Vicolo dell’Osservatorio 5, I-35122 Padova, Italy
2Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
3Department of Physics and Astronomy, Northwestern University, 2145 Sheridan Road, Evanston, IL 60208, USA
4Department of Astronomy, University of Washington, Box 351580, Seattle, WA 98195, USA
5Eureka Scientific, Inc., 2452 Delmer Street, Oakland, CA 94602, USA
6Department of Physics and Astronomy, University of Utah, Salt Lake City, UT 84112, USA
7Minnesota Institute for Astrophysics, University of Minnesota, 116 Church St. SE, Minneapolis, MN 55455, USA
8Department of Astronomy, University of California, 501 Campbell Hall #3411, Berkeley, CA 94720-3411, USA
9Navy Children School, Mumbai, India
10Science Internship Program (SIP) intern, University of California Santa Cruz, Department of Astronomy and Astrophysics, 1156 High

Street, Santa Cruz, California 95064, USA
11SISSA, via Bonomea 365, I-34136 Trieste, Italy
12Harvard–Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
13Dipartimento di Fisica e Astronomia Galileo Galilei, Università di Padova, Vicolo dell’Osservatorio 3, I-35122 Padova, Italy
14Raytheon, 1151 E. Hermans Road, Tucson, AZ 85706, USA
15Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721, USA
16Max-Planck-Institut für Astronomie, Königstuhl 17, D-69117 Heidelberg, Germany
17UCO/Lick Observatory, University of California Santa Cruz, 1156 High Street, Santa Cruz, CA 95064, USA
18Department of Physics, Presidency University, Kolkata, India
19National Center for Supercomputing Applications, University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA
20Department of Astronomy, University of Illinois at Urbana–Champaign, Urbana, IL 61801, USA
21Department of Astronomy, University of Geneva, Ch. des Maillettes 51, 1290 Versoix, Switzerland

The presence of AGB stars in clusters provides key constraints for stellar models, as has been demonstrated with
historical data from the Magellanic Clouds. In this work, we look for candidate AGB stars in M31 star clusters from
the Panchromatic Hubble Andromeda Treasury (PHAT) survey. Our photometric criteria selects stars brighter than
the tip of the red giant branch, which includes the bulk of the thermally-pulsing AGB stars as well as early-AGB stars
and other luminous cool giants expected in young stellar populations (e.g., massive red supergiants, and intermediate-
mass red helium-burning stars). The AGB stars can be differentiated, a posteriori, using the ages already estimated
for our cluster sample. 937 candidates are found within the cluster aperture radii, half (450) of which are very likely
cluster members. Cross-matching with additional databases reveals two carbon stars and ten secure variables among
them. The field-corrected age distribution reveals the presence of young supergiants peaking at ages smaller than 100
Myr, followed by a long tail of AGB stars extending up to the oldest possible ages. This long tail reveals the general
decrease in the numbers of AGB stars from initial values of 50 × 10−6/M⊙ at 100 Myr down to 5 × 10−6/M⊙ at 10
Gyr. Theoretical models of near-solar metallicity reproduce this general trend, although with localized discrepancies
over some age intervals, whose origin is not yet identified. The entire catalogue is released together with finding charts
to facilitate follow-up studies.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/2008.07184
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Progenitor, precursor and evolution of the dusty remnant of the stellar
merger M31-LRN-2015

N. Blagorodnova1, V. Karambelkar2, S.M. Adams2, M.M. Kasliwal2, C.S. Kochanek3,4, S. Dong5, H. Campbell6, S.

Hodgkin7, J.E. Jencson8, J. Johansson9, S. Koz lowski10, R.R. Laher11, F. Masci11, P. Nugent12 and U.

Rebbapragada13

1Department of Astrophysics/IMAPP, Radboud University, Nijmegen, The Netherlands
2Cahill Center for Astrophysics, California Institute of Technology, Pasadena, CA 91125, USA
3Department of Astronomy, The Ohio State University, 140 W. 18th Ave., Columbus, OH 43210, USA
4Center for Cosmology and AstroParticle Physics (CCAPP), The Ohio State University, 191 W. Woodruff Ave., Columbus, OH 43210,

USA
5Kavli Institute for Astronomy and Astrophysics, Peking University, Yi He Yuan Road 5, Hai Dan District, Beijing 100871, China
6Department of Physics, Faculty of Engineering and Physical Sciences, University of Surrey, Guildford, Surrey, GU2 7XH, UK
7Institute of Astronomy, University of Cambridge, Madingley Road, CB3 0HA, Cambridge, UK
8Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721-0065, USA
9Department of Physics and Astronomy, Division of Astronomy and Space Physics, Uppsala University, Box 516, SE-751 20 Uppsala,

Sweden
10Astronomical Observatory, University of Warsaw, Al. Ujazdowskie 4, 00-478 Warszawa, Poland
11Infrared Processing and Analysis Center, California Institute of Technology, Pasadena, CA 91125, USA
12Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA
13Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91125, USA

M31-LRN-2015 is a likely stellar merger discovered in the Andromeda Galaxy in 2015. We present new optical to
mid-infrared photometry and optical spectroscopy for this event. Archival data shows that the source started to
brighten ∼ 2 years before the nova event. During this precursor phase, the source brightened by ∼ 3 mag. The
lightcurve at 6 and 1.5 months before the main outburst may show periodicity, with periods of 16± 0.3 and 28.1± 1.4
days respectively. This complex emission may be explained by runaway mass loss from the system after the binary
undergoes Roche-lobe overflow, leading the system to coalesce in tens of orbital periods. While the progenitor spectral
energy distribution shows no evidence of pre-existing warm dust in system, the remnant forms an optically thick dust
shell at ∼ 4 months after the outburst peak. The optical depth of the shell increases dramatically after 1.5 years,
suggesting the existence of shocks that enhance the dust formation process. We propose that the merger remnant is
likely an inflated giant obscured by a cooling shell of gas with mass ∼ 0.2 M⊙ ejected at the onset of the common
envelope phase.

Published in MNRAS
Available from https://arxiv.org/abs/2004.04757

Evidence for localized onset of episodic mass loss in Mira
G. Perrin1, S.T. Ridgway1,2, S. Lacour1, X. Haubois3, É. Thiébaut4, J.P. Berger5, M.G. Lacasse6, R.

Millan-Gabet7, J.D. Monnier8, E. Pedretti9, S. Ragland10 and W. Traub11

1LESIA, Observatoire de Paris, Université PSL, CNRS, Sorbonne Université, Université de Paris, 5 place Jules Janssen, 92195 Meudon,

France
2NSF’s NOIRLab, 950 N. Cherry Ave., Tucson, AZ 85719, USA
3European Southern Observatory, Alonso de Córdova 3107, Vitacura, Casilla 19001, Santiago de Chile, Chile
4Université de Lyon, Université Lyon1, ENS de Lyon, CNRS, Centre de Recherche Astrophysique de Lyon UMR 5574, 69230 Saint-Genis-

Laval, France
5Univ. Grenoble Alpes, CNRS, IPAG, F-38000 Grenoble, France
6Harvard–Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
7Infrared Processing and Analysis Center, California Institute of Technology, Pasadena, CA, 91125, USA
8University of Michigan, 941 Dennison Building, 500 Church Street, Ann Arbor, MI 48109-1090, USA
9RAL Space, STFC Rutherford Appleton Laboratory, Harwell, Didcot, OX11 0QX, UK
10W.M. Keck Observatory, 65-1120 Mamalahoa Hwy, Kamuela, HI 96743, USA
11Jet Propulsion Laboratory, California Institute of Technology, M/S 301-451, 4800 Oak Grove Dr., Pasadena CA, 91109, USA

Context: Mass loss from long-period variable stars (LPV) is an important contributor to the evolution of galactic
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abundances. Dust formation is understood to play an essential role in mass loss. It has, however, proven difficult to
develop measurements that strongly constrain the location and timing of dust nucleation and acceleration.
Aims: Interferometric imaging has the potential to constrain the geometry and dynamics of mass loss. High angular
resolution studies of various types have shown that LPVs have a distinct core–halo structure. These have also shown
that LPV images commonly exhibit a non-circular shape. The nature of this shape and its implications are yet to be
understood.
Methods: Multi-telescope interferometric measurements taken with the Interferometric Optical Telescope Array (IOTA)
provide imagery of the LPV Mira in the H-band. This wavelength region is well suited to studying mass loss given
the low continuum opacity, which allows for emission to be observed over a very long path in the stellar atmosphere
and envelope.
Results: The observed visibilities are consistent with a simple core-halo model to represent the central object and
the extended molecular layers but, in addition, they demonstrate a substantial asymmetry. An analysis with image
reconstruction software shows that the asymmetry is consistent with a localized absorbing patch. The observed opacity
is tentatively associated with small dust grains, which will grow substantially during a multi-year ejection process.
Spatial information along with a deduced dust content of the cloud, known mass loss rates, and ejection velocities
provide evidence for the pulsational pumping of the extended molecular layers. The cloud may be understood as a
spatially local zone of enhanced dust formation, very near to the pulsating halo. The observed mass loss could be
provided by several such active regions around the star.
Conclusions: This result provides an additional clue for better understanding the clumpiness of dust production in
the atmosphere of AGB stars. It is compatible with scenarios where the combination of pulsation and convection play
a key role in the process of mass loss.

Accepted for publication in A&A
Available from https://arxiv.org/abs/2008.09801

Molecular gas in 21- and 30-µm sources: the 2-mm and 1.3-mm spectra
of IRAS 21318+5631 and 22272+5435

Yong Zhang1

1Sun Yat-Sen University, China

The carriers of the 21- and 30-µm emission features in infrared spectra of circumstellar envelopes are a long-standing
enigma. In this paper, we present the results of molecular line observations toward two circumstellar envelopes
exhibiting the 21- and/or 30-µm features, IRAS 21318+5631 and 22272+5435, aiming at investigating whether they
have unusual gas-phase chemistry and searching for possible gas-phase precursor of the carriers of the two dust features.
The spectra cover several discrete frequency ranges of 130–164 GHz and 216.5–273 GHz, resulting in a detection of
13 molecular species and isotopologues in each object. Rotation-diagram analysis is carried out to determine the
molecular abundances, column densities, and excitation temperatures. We did not discover any molecular species
that is unexpected in a normal C-rich star. Nevertheless, there exists subtle difference between their molecular
abundances. IRAS 22272+5435 shows stronger SiC and HCN lines and weaker SiS lines than IRAS 21318+5631,
presumably suggesting that this 21-µm source is more carbon rich and has experienced a more efficient dust formation.
We discuss the potential implications of the results for the carriers of the 21-µm and 30-µm features.

Published in ApJ
Available from https://arxiv.org/abs/2006.07044

Are fulleranes responsible for the 21-µm feature?
Yong Zhang1

1Sun Yat-Sen University, China

Recent detections of C60, C70, and C+
60 in space induced extensive studies of fullerene derivatives in circumstellar

environments. As the promising fullerene sources, protoplanetary nebulae (PPNe) show a number of unidentified bands
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in their infrared spectra, among which a small sample exhibits an enigmatic feature at ∼ 21 µm. Hydrogenation of
fullerenes can produce fulleranes emitting new infrared bands. In this paper, we investigate the possibility of fulleranes
(C60Hm) as the carrier of the 21-µm feature in terms of theoretical vibrational spectra of fulleranes. The evidences
favoring and disfavoring the fullerane hypothesis are presented. We made an initial guess for the hydrogen coverage
of C60Hm that may contribute to the 21-µm feature.

Published in Chinese Journal of Chemical Physics
Available from https://arxiv.org/abs/2006.07053

The spectra of evolved stars at 20–25 GHz: tracing circumstellar
chemistry during the asymptotic giant branch to planetary nebula

transition
Yong Zhang1,2, Wayne Chau2, Jun-ichi Nakashima1 and Sun Kwok2,3

1Sun Yat-Sen University, China
2The University of Hong Kong, China
3University of British Columbia, Canada

We report an unbiased radio line survey towards the circumstellar envelopes of evolved stars at the frequency range
from 20 to 25 GHz, aiming to obtain a more complete unbiased picture of the chemical evolution in the final stages of
stellar evolution. The observation sample includes the asymptotic giant branch (AGB) star IRC+10◦216, the proto-
planetary nebulæ (PPNs) CRL2688 and CRL618, and the young planetary nebula (PN) NGC7027, representing an
evolutionary sequence spanning about 10,000 years. Rotational transitions from cyanopolyyne chains and inversion
lines from ammonia are detected in the AGB star and PPNs, while the PN displays several recombination lines. The
different spectral behaviors of these evolved stars clearly reflect the evolution of circumstellar chemistry during the
AGB–PPN–PN transitions.

Published in PASJ
Available from https://arxiv.org/abs/2006.07062

Can the κ-distributed electron energies account for the intensity ratios
of O ii lines in photo-ionized gaseous nebulæ?

Bao-Zhi Lin1 and Yong Zhang1

1Sun Yat-Sen University, China

A vexing puzzle in the study of planetary nebulæ and H ii regions is that the plasma diagnostic results based on
collisionally excited lines systematically differ from those based on recombination lines. A fairly speculative interpre-
tation is the presence of nonthermal electrons with the so-called κ energy distributions, yet there is little observational
evidence to verify or disprove this hypothesis. In this paper, we examine the influence of κ-distributed electrons on the
emissivities of O ii recombination lines using an approximate method, where the rate coefficients for a κ distribution
are computed by summing Maxwellian–Boltzmann rate coefficients with appropriate weights. The results show that
if invoking κ-distributed electrons, the temperatures derived from the [O iii] (λ4959+λ5007)/λ4363 ratios could coin-
cide with those estimated from the O ii λ4649/λ4089 ratios. However, the estimated temperatures and κ values are
not in agreement with those obtained through comparing the [O iii] (λ4959+λ5007)/λ4363 ratios and the hydrogen
recombination spectra, suggesting that the electron energy is unlikely to follow the κ-distributions over a global scale
of the nebular regions. Nevertheless, based on this observation alone, we cannot definitely rule out the presence of
κ-distributed electrons in some microstructures within nebulæ.

Published in ApJ
Available from https://arxiv.org/abs/2006.08862
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Convection and spin-up during common envelope evolution: the
formation of short-period double white dwarfs

E.C. Wilson1 and J.T. Nordhaus1,2

1Center for Computational Relativity and Gravitation, Rochester Institute of Technology, Rochester, NY, USA
2National Technical Institute for the Deaf, Rochester Institute of Technology, Rochester, NY, USA

The formation channels and predicted populations of double-white dwarfs (DWDs) are important because a subset
will evolve to be gravitational-wave sources and/or progenitors of Type Ia supernovæ. Given the observed population
of short-period DWDs, we calculate the outcomes of common envelope evolution when convective effects are included.
For each observed white dwarf in a DWD system, we identify all progenitor stars with an equivalent proto-WD core
mass from a comprehensive suite of stellar evolution models. With the second observed white dwarf as the companion,
we calculate the conditions under which convection can accommodate the energy released as the orbit decays, including
(if necessary), how much the envelope must spin-up during the common envelope phase. The predicted post-CE final
separations closely track the observed DWD orbital parameter space, further strengthening the view that convection
is a key ingredient in common envelope evolution.

Published in MNRAS
Available from https://arxiv.org/abs/2006.09360
and from https://academic.oup.com/mnras/article/497/2/1895/5872503?guestAccessKey=831eccc7-3b08-4c52-a472-e35f2e80c7

Common envelope wind tunnel: range of applicability and self-similarity
in realistic stellar envelopes

Rosa Wallace Everson1,2, Morgan MacLeod3, Soumi De4,5, Phillip Macias1,2 and Enrico Ramirez-Ruiz1,2

1Department of Astronomy & Astrophysics, University of California, Santa Cruz, CA 95064, USA
2Niels Bohr Institute, University of Copenhagen, Blegdamsvej 17, DK-2100 Copenhagen, Denmark
3Harvard–Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
4Department of Physics, Syracuse University, Syracuse, NY 13244, USA
5Kavli Institute for Theoretical Physics, University of California, Santa Barbara, CA 93106, USA

Common envelope evolution, the key orbital tightening phase of the traditional formation channel for close binaries,
is a multistage process that presents many challenges to the establishment of a fully descriptive, predictive theoretical
framework. In an approach complementary to global 3D hydrodynamical modeling, we explore the range of applica-
bility for a simplified drag formalism that incorporates the results of local hydrodynamic ”wind tunnel” simulations
into a semi-analytical framework in the treatment of the common envelope dynamical inspiral phase using a library of
realistic giant branch stellar models across the low, intermediate, and high-mass regimes. In terms of a small number
of key dimensionless parameters, we characterize a wide range of common envelope events, revealing the broad range
of applicability of the drag formalism as well its self-similar nature across mass regimes and ages. Limitations arising
from global binary properties and local structural quantities are discussed together with the opportunity for a general
prescriptive application for this formalism.

Published in The Astrophysical Journal, 899, 77 (2020)
Available from https://arxiv.org/abs/2006.07471
and from https://doi.org/10.3847/1538-4357/aba75c

WIYN open cluster study – LXXXI. Caught in the act? The peculiar
red giant NGC2243-W2135

B.J. Anthony-Twarog1, C.P. Deliyannis2 and B.A. Twarog1

1University of Kansas, USA
2Indiana University, USA

High-dispersion spectra for giants through turnoff stars in the Li 6708 Å region have been obtained and analyzed
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in the old, metal-deficient open cluster, NGC2243. When combined with high dispersion data from other surveys,
the cluster is found to contain a uniquely peculiar star at the luminosity level of the red clump. The giant is the
reddest star at its luminosity, exhibits variability at a minimum 0.1 mag level on a timescale of days, is a single-lined,
radial-velocity variable, and has v sin i between 35 and 40 km s−1. In sharp contrast with the majority of the red giant
cluster members, the star has a detectable Li abundance, potentially as high or higher than other giants observed
to date while at or just below the boundary normally adopted for Li-rich giants. The observed anomalies may be
indicators of the underlying process by which the giant has achieved its unusual Li abundance, with a recent mass
transfer episode being the most probable within the currently limited constraints.

Published in The Astronomical Journal, 160, 75 (2020)
Available from https://arxiv.org/abs/2006.10862

Carbon-grain sublimation: a new top-down component of protostellar
chemistry

Merel L.R. van ’t Hoff1, Edwin A. Bergin1, Jes K Jørgensen2 and Geoffrey A. Blake3

1University of Michigan, USA
2University of Copenhagen, Denmark
3California Institute of Technology, USA

Earth’s carbon deficit has been an outstanding problem in our understanding of the formation of our Solar System.
A possible solution would be the sublimation of carbon grains at the so-called soot line (∼ 300 K) early in the planet-
formation process. Here, we argue that the most likely signatures of this process are an excess of hydrocarbons and
nitriles inside the soot line, and a higher excitation temperature for these molecules compared to oxygen-bearing
complex organics that desorb around the water snowline (∼ 100 K). Such characteristics have been reported in the
literature, for example, in OrionKL, although not uniformly, potentially due to differences in observational settings
and analysis methods of different studies or related to the episodic nature of protostellar accretion. If this process is
active, this would mean that there is a heretofore unknown component to the carbon chemistry during the protostellar
phase that is acting from the top down – starting from the destruction of larger species – instead of from the bottom
up from atoms. In the presence of such a top-down component, the origin of organic molecules needs to be re-explored.

Published in The Astrophysical Journal Letters
Available from https://arxiv.org/abs/2006.12522
and from https://iopscience.iop.org/article/10.3847/2041-8213/ab9f97/pdf

Early warning signals indicate a critical transition in Betelgeuse
Sandip V. George 1, Sneha Kachhara2, Ranjeev Misra3 and G. Ambika2

1University of Groningen, University Medical Center Groningen (UMCG), Groningen, Department of Psychiatry, Interdisciplinary Center

Psychopathology and Emotion regulation (ICPE), The Netherlands
2Indian Institute of Science Education and Research (IISER) Tirupati, Tirupati – 517507, India
3Inter University Centre for Astronomy and Astrophysics (IUCAA), Pune – 411007, India

Critical transitions occur in complex dynamical systems, when the system dynamics undergoes a regime shift. These
can often occur with little change in the mean amplitude of system response prior to the actual time of transition.
The recent dimming and brightening event in Betelgeuse occurred as a sudden shift in the brightness and has been the
subject of much debate. Internal changes or an external dust cloud have been suggested as reasons for this change in
variability. We examine whether the dimming and brightening event of 2019–20 could be due to a critical transition
in the pulsation dynamics of Betelgeuse, by studying the characteristics of the light curve prior to transition. We
calculate the quantifiers hypothesized to rise prior to a critical transition for the light curve of Betelgeuse up to the
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dimming event of 2019–20. These include the auto-correlation at lag-1, variance and the spectral coefficient calculated
from detrended fluctation analysis (DFA), apart from two measures that quantify the recurrence properties of the
light curve. Significant rises are confirmed using the Mann–Kendall trend test. We see a significant increase in all
quantifiers (p < 0.05) prior to the dimming event of 2019–20. This suggests that the event was a critical transition
related to the underlying nonlinear dynamics of the star. Together with results that suggests minimal change in Teff

and infra-red flux, a critical transition in the pulsation dynamics could be a possible reason for the unprecedented
dimming of Betelgeuse. The rise in the studied quantifiers prior to the dimming event, supports this possibility.

Published in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2006.16086
and from https://doi.org/10.1051/0004-6361/202038785

Standing on the shoulders of giants: new mass and distance estimates
for Betelgeuse through combined evolutionary, asteroseismic, and

hydrodynamical simulations with mesa

Meridith Joyce1,2, Shing-Chi Leung3, László Molnár4,5,6, Michael J. Ireland1, Chiaki Kobayashi7,8,2 and Ken’ichi

Nomoto8

1Research School of Astronomy and Astrophysics, Australian National University, Canberra, ACT 2611, Australia
2ARC Centre of Excellence for All Sky Astrophysics in 3 Dimensions (ASTRO 3D), Australia
3TAPIR, Walter Burke Institute for Theoretical Physics, Mailcode 350-17, Caltech, Pasadena, CA 91125, USA
4Konkoly Observatory, Research Centre for Astronomy and Earth Sciences, Konkoly-Thege út 15-17, H-1121 Budapest, Hungary
5MTA CSFK Lendület Near-Field Cosmology Research Group, Konkoly-Thege út 15-17, H-1121 Budapest, Hungary
6ELTE Eötvös Loránd University, Institute of Physics, Budapest, 1117, Pázmány Péter sétány 1/A, Hungary
7Centre for Astrophysics Research, Department of Physics, Astronomy and Mathematics, University of Hertfordshire, College Lane, Hat-

field AL10 9AB, UK
8Kavli Institute for the Physics and Mathematics of the Universe (WPI), The University of Tokyo Institutes for Advanced Study, The

University of Tokyo, Kashiwa, Chiba 277-8583, Japan

We conduct a rigorous examination of the nearby red supergiant Betelgeuse by drawing on the synthesis of new obser-
vational data and three different modeling techniques. Our observational results include the release of new, processed
photometric measurements collected with the space-based SMEI instrument prior to Betelgeuse’s recent, unprece-
dented dimming event. Our theoretical predictions include self-consistent results from multi-timescale evolutionary,
oscillatory, and hydrodynamic simulations conducted with the Modules for Experiments in Stellar Astrophysics (mesa)
software suite. Significant outcomes of our modeling efforts include a precise prediction for the star’s radius: 750+62

−30

R⊙. In concert with additional constraints, this allows us to derive a new, independent distance estimate of 165+16
−8 pc

and a parallax of π = 6.06+0.31
−0.52 mas, in good agreement with Hipparcos but less so with recent radio measurements.

Seismic results from both perturbed hydrostatic and evolving hydrodynamic simulations constrain the period and
driving mechanisms of Betelgeuse’s dominant periodicities in new ways. Our analyses converge to the conclusion that
Betelgeuse’s 388 day period is the result of pulsation in the fundamental mode, driven by the κ-mechanism. Grid-
based hydrodynamic modeling reveals that the behavior of the oscillating envelope is mass-dependent, and likewise
suggests that the non-linear pulsation excitation time could serve as a mass constraint. Our results corroborate recent
conclusions that Betelgeuse is the outcome of a past merger. We place it definitively in the core helium-burning phase
near the base of the red supergiant branch, and we report a present-day mass of 16.5–19 M⊙ – slightly lower than
typical literature values.

Submitted to ApJ
Available from https://arxiv.org/abs/2006.09837
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Revisiting the impact of dust production from carbon-rich Wolf–Rayet
binaries

Ryan M. Lau1, J.J. Eldridge2, Matthew J. Hankins3, Astrid Lamberts4, Itsuki Sakon5 and Peredur M. Williams6

1Institute of Space & Astronautical Science, Japan Aerospace Exploration Agency, 3-1-1 Yoshinodai, Chuo-ku, Sagamihara, Kanagawa

252-5210, Japan
2Department of Physics, University of Auckland, Private Bag 92019, Auckland 1010, New Zealand
3Division of Physics, Mathematics, and Astronomy, California Institute of Technology, Pasadena, CA 91125, USA
4Université Côte d’Azur, Observatoire de la Côte d’Azur, CNRS, Laboratoire Lagrange, Laboratoire ARTEMIS, France
5Department of Astronomy, School of Science, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
6Institute for Astronomy, University of Edinburgh, Royal Observatory, Edinburgh EH9 3HJ, UK

We present a dust spectral energy distribution (SED) and binary stellar population analysis revisiting the dust produc-
tion rates (DPRs) in the winds of carbon-rich Wolf–Rayet (WC) binaries and their impact on galactic dust budgets.
DustEM SED models of 19 Galactic WC “dustars” reveal DPRs of Ṁd ∼ 10−10–10−6 M⊙ yr−1 and carbon dust con-
densation fractions, χC , between 0.002–40%. A large (0.1–1.0 µm) dust grain size composition is favored for efficient
dustars where χC

>
∼ 1%. Results for dustars with known orbital periods verify a power-law relation between χC , orbital

period, WC mass-loss rate, and wind velocity consistent with predictions from theoretical models of dust formation
in colliding-wind binaries. We incorporated dust production into Binary Population and Spectral Synthesis (bpass)
models to analyze dust production rates from WC dustars, asymptotic giant branch stars (AGBs), red supergiants
(RSGs), and core-collapse supernovæ (SNe). BPASS models assuming constant star formation (SF) and a co-eval 106

M⊙ stellar population were performed at low, Large Magellanic Cloud (LMC)-like, and solar metallicities (Z = 0.001,
0.008, and 0.020). Both constant SF and co-eval models indicate that SNe are net dust destroyers at all metallicities.
Constant SF models at LMC-like metallicities show that AGB stars slightly outproduce WC binaries and RSGs by
factors of 2–3, whereas at solar metallicites WC binaries are the dominant source of dust for ∼ 60 Myr until the onset
of AGBs, which match the dust input of WC binaries. Co-eval population models show that for “bursty” SF, AGB
stars dominate dust production at late times (t>∼ 70 Myr).

Published in The Astrophysical Journal, 898, 74 (2020)
Available from https://arxiv.org/abs/2006.08695
and from https://ui.adsabs.harvard.edu/abs/2020ApJ...898...74L/abstract

Fast and Automated Peak Bagging with Diamonds (famed)
Enrico Corsaro1, Jean M. McKeever2 and James S. Kuszlewicz3,4

1INAF – Osservatorio Astrofisico di Catania, via S. Sofia 78, 95123, Catania, Italy
2Astronomy Department, Yale University, New Haven, CT 06511, USA
3Max-Planck-Institut für Sonnensystemforschung, Justus-von-Liebig-Weg 3, D-37077 Göttingen, Germany
4Stellar Astrophysics Centre, Department of Physics and Astronomy, Århus University, Ny Munkegade 120, DK-8000 Århus C, Denmark

Stars of low and intermediate mass that exhibit oscillations may show tens of detectable oscillation modes each.
Oscillation modes are a powerful tool to constrain the internal structure and rotational dynamics of the star, hence
allowing one to obtain an accurate stellar age. The tens of thousands of solar-like oscillators that have been discovered
thus far are representative of the large diversity of fundamental stellar properties and evolutionary stages available.
Because of the wide range of oscillation features that can be recognized in such stars, it is particularly challenging
to properly characterize the oscillation modes in detail, especially in light of large stellar samples. Overcoming this
issue requires an automated approach, which has to be fast, reliable, and flexible at the same time. In addition,
this approach should not only be capable of extracting the oscillation mode properties of frequency, linewidth, and
amplitude from stars in different evolutionary stages, but also able to assign a correct mode identification for each of
the modes extracted. Here we present the new freely available pipeline famed (Fast and AutoMated pEak bagging
with Diamonds), which is capable of performing an automated and detailed asteroseismic analysis in stars ranging
from the main sequence up to the core-helium-burning phase of stellar evolution. This, therefore, includes subgiant
stars, stars evolving along the red giant branch (RGB), and stars likely evolving toward the early asymptotic giant
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branch. In this paper, we additionally show how famed can detect rotation from dipolar oscillation modes in main
sequence, subgiant, low-luminosity RGB, and core-helium-burning stars.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2006.08245

It has to be cool: on supergiant progenitors of binary black hole
mergers from common-envelope evolution

Jakub Klencki1, Gijs Nelemans1,2,3, Alina G. Istrate1 and Martyna Chruslinska1

1Department of Astrophysics/IMAPP, Radboud University, P.O. Box 9010, NL-6500 GL Nijmegen, The Netherlands
2Institute of Astronomy, K.U. Leuven, Celestijnenlaan 200D, B-3001 Leuven, Belgium
3SRON, Netherlands Institute for Space Research, Sorbonnelaan 2, NL-3584 CA Utrecht, The Netherlands

Common-envelope (CE) evolution in massive binary systems is thought to be one of the most promising channels for
the formation of compact binary mergers. In the case of merging binary black holes (BBHs), the essential CE phase
takes place at a stage when the first BH is already formed and the companion star expands as a supergiant. We
study which BH binaries with supergiant companions will evolve through and potentially survive a CE phase. To
this end, we compute envelope binding energies from detailed massive stellar models at different evolutionary stages
and metallicities. We make multiple physically extreme choices of assumptions that favor easier CE ejection as well
as account for recent advancements in mass transfer stability criteria. We find that even with the most optimistic
assumptions, a successful CE ejection in BH binaries is only possible if the donor is a massive convective-envelope
giant, i.e. a red supergiant (RSG). The same is true for neutron star binaries with massive companions. In other words,
pre-CE progenitors of BBH mergers are BH binaries with RSG companions. We find that due to its influence on the
radial expansion of massive giants, metallicity has an indirect but a very strong effect on the chemical profile, density
structure, and the binding energies of RSG envelopes. Our results suggest that merger rates from population synthesis
models could be severely overestimated, especially at low metallicity. Additionally, the lack of observed RSGs with
luminosities above logL ≈ 5.6–5.8, corresponding to stars with M >

∼ 40 M⊙, puts into question the viability of the
CE channel for the formation of the most massive BBH mergers. Either such RSGs elude detection due to very short
lifetimes, or they do not exist and the CE channel can only produce BBH systems with masses <∼ 50 M⊙. Finally, we
discuss an alternative CE scenario, in which a partial envelope ejection is followed by a phase of possibly long and
stable mass transfer.

Submitted to Astronomy & Astrophysics
Available from https://arxiv.org/abs/2006.11286

How to disentangle geometry and mass-loss rate from AGB-star
spectral energy distributions. The case of EPAqr
J. Wiegert1, M.A.T. Groenewegen1, A. Jorissen2, L. Decin3 and T. Danilovich3

1Koninklijke Sterrenwacht van België, Ringlaan 3, B-1180 Brussels, Belgium
2Institut d’Astronomie et d’Astrophysique, Université Libre de Bruxelles, ULB, Av. F. Roosevelt 50, B-1050 Bruxelles, Belgium
3Departement Natuurkunde en Sterrenkunde, Instituut voor Sterrenkunde, K.U. Leuven, Celestijnenlaan 200D, B-3001 Leuven, Belgium

Context: High-angular-resolution observations of asymptotic giant branch (AGB) stars often reveal non-spherical
morphologies for the gas and dust envelopes.
Aims: We aim to make a pilot study to quantify the impact of different geometries (spherically symmetric, spiral-
shaped, and disc-shaped) of the dust component of AGB envelopes on spectral energy distributions (SEDs), mass
estimates, and subsequent mass-loss rate (MLR) estimates. We also estimate the error made on the MLR if the SED
is fitted by an inappropriate geometrical model.
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Methods: We use the three-dimensional Monte-Carlo-based radiative-transfer code radmc-3d to simulate emission
from dusty envelopes with different geometries (but fixed spatial extension). We compare these predictions with each
other, and with the SED of the AGB star EPAqr that we use as a benchmark since its envelope is disc-like and known
to harbour spiral arms, as seen in CO.
Results: The SEDs involving the most massive envelopes are those for which the different geometries have the largest
impact, primarily on the silicate features at 10 and 18 µm . These different shapes originate from large differences in
optical depths. Massive spirals and discs appear akin to black bodies. Optically thick edge-on spirals and discs (with
dust masses of 10−4 and 10−5 M⊙) exhibit black-body SEDs that appear cooler than those from face-on structures
and spheres of the same mass, while optically thick face-on distributions appear as warmer emission. We find that
our more realistic models, combined spherical and spiral distributions, are 0.1 to 0.5 times less massive than spheres
with similar SEDs. More extreme, less realistic scenarios give that spirals and discs are 0.01 to 0.05 times less massive
than corresponding spheres. This means that adopting the wrong geometry for an AGB circumstellar envelope may
result in a MLR that is incorrect by as much as one to two orders of magnitude when derived from SED fitting.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2008.11525

VLTI/PIONIER reveals the close environment of the evolved system
HD101584

J. Kluska1, H. Olofsson2, H. Van Winckel1, T. Khouri2, M. Wittkowski3, W.-J. de Wit4, E.M.L. Humphreys3, M.

Lindqvist2, M. Maercker2, S. Ramstedt5, D. Tafoya2,6 and W.H.T. Vlemmings2

1Instituut voor Sterrenkunde (IvS), K.U. Leuven, Celestijnenlaan 200D, B-3001, Leuven, Belgium
2Department of Space, Earth and Environment, Chalmers University of Technology, Onsala Space Observatory, S-43992, Onsala, Sweden
3ESO, Karl-Schwarzschild-Str. 2, D-85748, Garching bei München, Germany
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Context: The observed orbital characteristics of post-asymptotic giant branch (post-AGB) and post-red giant branch
(post-RGB) binaries are not understood. We suspect that the missing ingredients to explain them probably lie in the
continuous interaction of the central binary with its circumstellar environment.
Aims: We aim at studying the circumbinary material in these complex systems by investigating the connection between
the innermost and large-scale structures.
Methods: We perform high-angular resolution observations in the near-infrared continuum of HD101584, which has a
complex structure as seen at millimeter wavelengths with a disk-like morphology and a bipolar outflow due to an episode
of strong binary interaction. To account for the complexity of the target we first perform an image reconstruction and
use this result to fit a geometrical model to extract the morphological and thermal features of the environment.
Results: The image reveals an unexpected double-ring structure. We interpret the inner ring to be produced by
emission from dust located in the plane of the disk and the outer ring to be produced by emission from dust that is
located 1.6 [D / 1 kpc] au above the disk plane. The inner ring diameter (3.94 [D / 1 kpc] au), and temperature
(T = 1540 ± 10 K) are compatible with the dust sublimation front of the disk. The origin of the out-of-plane ring
(with a diameter of 7.39 [D / 1 kpc] au and a temperature of 1014± 10 K) could be due to episodic ejection or a dust
condensation front in the outflow.
Conclusion: The observed outer ring is possibly linked with the blue-shifted side of the large scale outflow seen by
ALMA and is tracing its launching location to the central star. Such observations give morphological constraints on
the ejection mechanism. Additional observations are needed to constrain the origin of the out-of-plane structure.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2008.11555
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Isotopic ratios in the red giant component of the recurrent nova
TCoronæBorealis

Ya.V. Pavlenko1,2, A. Evans3, D.P.K. Banerjee4, T.R. Geballe5, U. Munari6, R.D. Gehrz7, C.E. Woodward7 and S.

Starrfield8

1Main Astronomical Observatory, Academy of Sciences of the Ukraine, Golosiiv Woods, Kyiv-127, 03680 Ukraine
2Centre for Astrophysics Research, University of Hertfordshire, College Lane, Hatfield, AL10 9AB, UK
3Astrophysics Group, Lennard-Jones Laboratories, Keele University, Keele, Staffordshire, ST5 5BG, UK
4Physical Research Laboratory, Navrangpura, Ahmedabad, Gujarat 380009, India
5Gemini Observatory, 670 N. Aohoku Place, Hilo, HI, 96720, USA
6INAF – Astronomical Observatory of Padova, I-36012 Asiago (VI), Italy
7Minnesota Institute for Astrophysics, School of Physics & Astronomy, 116 Church Street SE, University of Minnesota, Minneapolis, MN

55455, USA
8School of Earth and Space Exploration, Arizona State University, Box 871404, Tempe, AZ 85287-1404, USA

We report the determination of abundances and isotopic ratios for C, O and Si in the photosphere of the red gi-
ant component of the recurrent nova TCoronæBorealis from new 2.284–2.402-µm and 3.985–4.155-µm spectroscopy.
Abundances and isotopic ratios in the photosphere may be affected by (i) processes in the red giant interior which are
brought to the surface during dredge-up, (ii) contamination of the red giant, either during the common envelope phase
of the binary evolution or by material synthesised in recurrent nova eruptions, or a combination of the two. We find
that the abundances of C, O and Si are reasonably consistent with the expected composition of a red giant after first
dredge-up, as is the 16O/17O ratio. The 28Si/29Si ratio is found to be 8.6 ± 3.0, and that for 28Si/30Si is 21.5 ± 3.0.
The 12C/13C ratio (10± 2) is somewhat lower than expected for first dredge-up. The 16O/18O ratio (41± 3) is highly
inconsistent with that expected either from red giant evolution (∼ 550) or from contamination of the red giant by
the products of a nova thermonuclear runaway. In particular the C and O isotopic ratios taken in combination are
a puzzle. We urge confirmation of our results using spectroscopy at high resolution. We also encourage a thorough
theoretical study of the effects on the secondary star in a recurrent nova system of contamination by ejecta having
anomalous abundances and isotopic ratios.

Accepted for publication in Monthly Notices of the RAS
Available from https://arxiv.org/abs/2008.12150

Lithium in TCoronæBorealis
C.E. Woodward1, Ya.V. Pavlenko2,3, A. Evans4, R.M. Wagner5,6, I. Ilyin7, K.G. Strassmeier7, S. Starrfield8 and U.

Munari9

1Minnesota Institute for Astrophysics, University of Minnesota, 116 Church Street SE, Minneapolis, MN 55455, USA
2Main Astronomical Observatory, Academy of Sciences of the Ukraine, Golosiiv Woods, Kyiv-127, 03680, Ukraine
3Centre for Astrophysics Research, University of Hertfordshire, College Lane, Hatfield, AL10 9AB, UK
4Astrophysics Group, Lennard-Jones Laboratories, Keele University, ST5 5BG, UK
5Department of Astronomy, The Ohio State University, 140 W. 18th Avenue, Columbus, OH 43210, USA
6Large Binocular Telescope Observatory, 933 North Cherry Avenue, Tucson, AZ 85721, USA
7Leibniz-Institut für Astrophysik Potsdam (AIP), An der Sternwarte 16, D-14482 Potsdam, Germany
8School of Earth and Space Exploration, Arizona State University, Box 871404, Tempe, AZ 85287-1404, USA
9INAF – Astronomical Observatory of Padova, I-36012 Asiago (VI), Italy

TCoronæBorealis is a recurrent, symbiotic nova system currently in quiescence between its periodic ≃ 80 yr cycle of
eruptions. Observations during inter-outburst epochs provide an opportunity to study properties of the accretion disk
and the M red giant. Here we present new irradiated (blackbody veiling) models, incorporating modern molecular
opacities and line lists, of spectra derived from high-resolution (22, 000<∼R<

∼ 120, 000) optical échelle observations
obtained at two epochs, one prior to and one post the 2015 rebrightening event at similar spectroscopic system phase.
We find a lithium abundance in the secondary at both epochs to be comparable. The non-irradiated (classical) model
atmospheres yield a lithium abundance, A(Li) = 1.3 ± 0.1. The irradiated model (veiled) atmospheres, which are
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likely a better representation of the system in which the white dwarf and accretion disk illuminate the red giant, give
A(Li) = 2.4± 0.1.

Published in The Astronomical Journal, 159, 231 (2020)
Available from https://iopscience.iop.org/article/10.3847/1538-3881/ab8639/pdf

Nubi di polvere su Betelgeuse – dust clouds on Betelgeuse
Costantino Sigismondi1

1ICRA/Sapienza University of Rome and ITIS G. Ferraris, Rome, Italy

The circular orbital velocity vc is calculated at the level of the photospheric radius of Betelgeuse, in order to know
the order of magnitude of ejected dust clouds’ velocity. Two months is the time required for a cloud ejected along
the line of sight to reach the stellar limb, as observed during the great minimum of February 2020 (in phase with
stellar main pulsation) and the secondary one of August 2020. By September 2020 the present maximum magnitude
of Betelgeuse should be restored, if no others dust clouds are ejected. The secondary minimum reached in August
2020 is not pulsational, and it is due to a second dust cloud ejected along the line of sight. Text in Italian with one
figure. The ATel #13982 is explained in details.

Accepted for publication in Gerbertus (Gerb)
Available from http://www.icra.it/gerbertus/2020/Gerb-13-2020-Sigismondi-DustClouds-115-118.pdf

On the absence of symbiotic stars in globular clusters
Diogo Belloni1, Joanna Miko lajewska2, Krystian I lkiewicz2,3, Matthias R. Schreiber4, Mirek Giersz2, Liliana E.

Rivera Sandoval3 and Claudia V. Rodrigues1

1National Institute for Space Research, Brazil
2Nicolaus Copernicus Astronomical Center, Poland
3Department of Physics and Astronomy, Texas Tech University, USA
4Instituto de F́ısica y Astronomı́a, Universidad de Valparáıso, Chile

Even though plenty of symbiotic stars (SySts) have been found in the Galactic field and nearby galaxies, not a single
one has ever been confirmed in a Galactic globular cluster (GC). We investigate the lack of such systems in GCs for
the first time by analysing 144 GC models evolved with the mocca code, which have different initial properties and
are roughly representative of the Galactic GC population. We focus here on SySts formed through the wind-accretion
channel, which can be consistently modelled in binary population synthesis codes. We found that the orbital periods
of the majority of such SySts are sufficiently long (>∼ 103 d) so that, for very dense GC models, dynamical interactions
play an important role in destroying their progenitors before the present day (∼ 11–12 Gyr). In less dense GC models,
some SySts are still predicted to exist. However, these systems tend to be located far from the central parts (>∼ 70
per cent are far beyond the half-light radius) and are sufficiently rare (<∼ 1 per GC per Myr), which makes their
identification rather difficult in observational campaigns. We propose that future searches for SySts in GCs should be
performed in the outskirts of nearby low-density GCs with sufficiently long half-mass relaxation times and relatively
large Galactocentric distances. Finally, we obtained spectra of the candidate proposed in ωCen (SOPS IV e-94) and
showed that this object is most likely not a SySt.

Published in MNRAS
Available from https://arxiv.org/abs/2004.05453
and from https://ui.adsabs.harvard.edu/abs/2020MNRAS.496.3436B/abstract
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Review Papers

Weighing stars from birth to death: mass determination methods across
the HRD

A. Serenelli1, A. Weiss2, C. Aerts3 et al.

1Institute of Space Sciences, Barcelona, Spain
2Max Planck Institute for Astrophysics, Garching bei München, Germany
3Institute of Astronomy, K.U. Leuven, Leuven, Belgium

The mass of a star is the most fundamental parameter for its structure, evolution, and final fate. It is particularly
important for any kind of stellar archaeology and characterization of exoplanets. There exists a variety of methods in
astronomy to estimate or determine it. In this review we present a significant number of such methods, beginning with
the most direct and model-independent approach using detached eclipsing binaries. We then move to more indirect
and model-dependent methods, such as the quite commonly used isochrone or stellar track fitting. The arrival of
quantitative asteroseismology has opened a completely new approach to determine stellar masses and to complement
and improve the accuracy of other methods. We include methods for different evolutionary stages, from the pre-main
sequence to evolved (super)giants and final remnants. For all methods uncertainties and restrictions will be discussed.
We provide lists of altogether more than 200 benchmark stars with relative mass accuracies between [0.3, 2]% for the
covered mass range of M ∈ [0.1, 16] M⊙, 75% of which are stars burning hydrogen in their core and the other 25%
covering all other evolved stages. We close with a recommendation how to combine various methods to arrive at a
”mass-ladder” for stars.

Published in Astronomy and Astrophysics Reviews
Available from https://arxiv.org/abs/2006.10868

Unveiling the structure and dynamics of red giants with
asteroseismology

Sarbani Basu1 and Saskia Hekker2,3

1Department of Astronomy, Yale University, New Haven, CT, USA
2Max Planck Institute for Solar System Research, Göttingen, Germany
3Stellar Astrophysics Centre, Department of Physics and Astronomy, Århus University, Århus, Denmark

The Kepler mission observed many thousands of red giants. The long time series, some as long as the mission itself,
have allowed us to study red giants with unprecedented detail. Given that red giants are intrinsically luminous, and
hence can be observed from very large distances, knowing the properties of red giants, in particular ages, is of immense
value for studies of the formation and evolution of the Galaxy, an endeavor known as ”Galactic archæology”. In this
article we review what we have learned about red giants using asteroseismic data. We start with the properties of the
power spectrum and move on to internal structure and dynamics of these stars; we also touch upon unsolved issues in
red-giant asteroseismology and the prospects of making further progress in understanding these stars.

Published in Frontiers in Astronomy and Space Sciences
Available from https://arxiv.org/abs/2006.14643
and from https://doi.org/10.3389/fspas.2020.00044
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Announcements

Research primers

Dear All

The IAU commission H3 ’Planetary Nebulæ’ would like to make a request.

Research into planetary nebulæ covers an extraordinary wide range of topics. This can be hard especially for beginning
research students, who are expected to learn about stellar evolution, stellar winds, hydro-dynamics, photo-ionization,
abundances, dust, binary interaction, etc, and may across observations ranging from X-ray to radio and everything in
between. To make the field more accessible, we would like to collect some research primers: brief introductions into
a topic of relevance which explain the topic at a level accessible to early postgraduate students and have pointers at
current research. They can be found at

https://www.iau.org/science/scientific bodies/commissions/H3/info/primers/

So far there are three such primers, two specifically written for this purpose and one published elsewhere.

1. Planetary nebulæ and how to find them – Quentin Parker

2. Central stars of planetary nebulæ and related objects – Marcelo M. Miller Bertolami

3. Nebular spectroscopy: a guide on H ii regions and planetary nebulæ – Manuel Peimbert, Antonio Peimbert and
Gloria Delgado-Inglada

If you are interested in contributing a primer in your area of expertise, we would love to hear from you. Please get
in touch (email albert.zijlstra@manchester.ac.uk) to discuss your ideas. It is an excellent way to support our young
researchers.

See also https://www.iau.org/science/scientific bodies/commissions/H3/info/primers/

Second dust cloud on Betelgeuse

Following the discussions of February 2020 AGB dedicated on Betelgeuse’s dimming, it is worth to consider the recent
observations of that star.

ATel #13982; Costantino Sigismondi (ICRA/Sapienza University of Rome and ITIS G. Ferraris, Rome), Wolfgang
Vollmann (AAVSO/BAV), Otmar Nickel (University of Mainz and AAVSO/BAV), Alexandre Amorim (NEOA-JBS,
AAVSO), Rod Stubbings (AAVSO), Fabio Mariuzza (AAVSO), Paolo Ochner (University of Padua and Asiago Astro-
physical Observatory), Margarita Karovska (Harvard–Smithsonian Center for Astrophysics), Luigi Bordoni (Sapienza
University of Rome and Italian Physical Society), Remo Ruffini (ICRANet Pescara), Cesare Barbieri (University of
Padua) on 30 Aug 2020; 22:30 UT Credential Certification: Costantino Sigismondi (sigismondi@icra.it)

Subjects: Optical, Star, Transient, Variables

The photometry of Betelgeuse is continuing to give us surprises. It seems like a second dust cloud ejected by the
star is passing over its photosphere along our line of sight. As mentioned in ATel #13901 after a unusual short-lived
maximum around 0.4 magnitude (ATel #13601) reached in April/May 2020 the star began again to fade in July
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2020. After reaching a secondary minimum after August 3rd, 2020 at magnitude V = +1.0, on August 27, 2020 the
star gained 0.3 magnitudes, recovering magnitude V = +0.7. Measurements with DSLR differential V photometry
(W. Vollmann), also made in daytime (O. Nickel), showed this behavior within ±0.04 magnitudes of typical errorbar.
Naked eye observations in twilight, always with airmass corrections, of A. Amorim (Brazil), R. Stubbings (Australia),
F. Mariuzza (Italy) and C. Sigismondi (Italy) confirmed the attained maximum at magnitude 0.4, and the following
fading phase. The interpretation of these observations suggests the presence of a second dust cloud, following the
great one (in phase with the main pulsational period of 1.2 years) which determined the deep minimum of Betelgeuse
in December 2019–February 2020. The level of the present maximum luminosity (+0.4 mag) of Betelgeuse should be
recovered by September 2020, if no new clouds will appear on the line of sight.

See also http://www.astronomerstelegram.org/?read=13982
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