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Editorial
Dear Colleagues,
It is our pleasure to present you the 290th issue of the AGB Newsletter. There’s lots on planetary nebulæ, radio
observations and more – the timescale analysis of detached carbon star shells is particularly elegant.
Looking for a Ph.D. position? Chalmers in Sweden might be just the right thing for you!
Change of the guards: Gioia Rau is now chairing the IAU Working Group on Red Giants and Supergiants, with
the former chair assuming presidency of Commission G3 “Stellar Evolution”, Franz Kerschbaum elected vice president and Carlos Abia joining the committee as well. If you have any ideas or suggestions don’t hesitate to contact them.
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 do roAp stars turn into when they end core hydrogen burning?
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
SPH modelling of wind–companion interactions in eccentric AGB
binary systems
Jolien Malfait 1 , Ward Homan2,1 , Silke Maes1 , Jan Bolte1 , Lionel Siess2 , Frederik De Ceuster3,1 and Leen Decin1,4
1 Institute

of Astronomy, K.U. Leuven, Celestijnenlaan 200D, 3001 Leuven, Belgium

2 Institut

d’Astronomie et d’Astrophysique, Université Libre de Bruxelles (ULB), C.P. 226, 1050 Brussels, Belgium
3 Department of Physics and Astronomy, University College London, Gower Place, London, WC1E 6BT, United Kingdom
4 School of Chemistry, University of Leeds, Leeds LS2 9JT, United Kingdom

The late evolutionary stages of low- and intermediate-mass stars are characterised by mass loss through a dust-driven
stellar wind. Recent observations reveal complex structures within these winds, which are believed to be formed
primarily via an interaction with a companion. How these complexities arise, and which structures are formed in which
type of systems, is still poorly understood. Particularly, there is a lack of studies investigating the structure formation in
eccentric systems. We aim to improve our understanding of the wind morphology of eccentric asymptotic giant branch
(AGB) binary systems by investigating the mechanism responsible for the different small-scale structures and global
morphologies that arise in a polytropic wind with different velocities. Using the smoothed particle hydrodynamics
(SPH) code Phantom, we generated nine different high-resolution, 3D simulations of an AGB star with a solar-mass
companion with various wind velocity and eccentricity combinations. The models assume a polytropic gas, with no
additional cooling. We conclude that for models with a high wind velocity, the short interaction with the companion
results in a regular spiral morphology, which is flattened. In the case of a lower wind velocity, the stronger interaction
results in the formation of a high-energy region and bow-shock structure that can shape the wind into an irregular
morphology if instabilities arise. High-eccentricity models show a complex, phase-dependent interaction leading to
wind structures that are irregular in three dimensions. However, the significant interaction with the companion
compresses matter into an equatorial density enhancement, irrespective of eccentricity.
Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/2107.01074

A new catalog of asymptotic giant branch stars in our Galaxy
Kyung-Won Suh1
1 Dept.

of Astronomy and Space Science, Chungbuk National University, South Korea

We present a new catalog of 11 209 O-rich AGB stars and 7 172 C-rich AGB stars in our Galaxy identifying more AGB
stars in the bulge component and considering more visual carbon stars. For each object, we cross-identify the IRAS,
AKARI, MSX, WISE, 2MASS, and AAVSO counterparts. We present the new catalog in two parts: one is based on
the IRAS PSC for brighter or more isolated objects, the other one is based on the ALLWISE source catalog for less
bright or objects in crowded regions. We present various infrared two-color diagrams (2CDs) for the sample stars.
We find that the theoretical dust shell models can roughly explain the observations of AGB stars on the various IR
2CDs. We investigate IR properties of SiO and OH maser emission sources in the catalog. For Mira variables in the
sample stars, we find that the IR colors get redder for longer pulsation periods. We also study infrared variability
of the sample stars using the WISE photometric data in the last 12 years: the ALLWISE multiepoch data and the
Near-Earth Object WISE Reactivation (NEOWISE-R) 2021 data release. We generate light curves using the WISE
data at W1 and W2 bands and compute the Lomb–Scargle periodograms for all of the sample stars. From the WISE
light curves, we have found useful variation parameters for 3 710 objects in the catalog, for which periods were either
known or unknown in previous works.
Accepted for publication in ApJS
Available from https://arxiv.org/abs/2107.02350
and from http://web.chungbuk.ac.kr/∼kwsuh/
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It remains a cage: ionization tolerance of C60 fullerene in planetary
nebulæ
SeyedAbdolreza Sadjadi1 and Quentin Andrew Parker1
1 Laboratory

for Space Research, Faculty of Science, Department of Physics, The University of Hong Kong, Hong Kong (SAR), China

We demonstrate that by combining two robust theoretical quantum chemistry calculation techniques, stepwise ionization of C60 fullerene by UV and extreme UV photons can in principle occur up to a limit as high as C26+
60 before
coulomb explosion of the cage. Furthermore, these highly ionized forms exhibit a comparable structural and bonding
stability as for the neutral fullerene. Certain astrophysical sources like the central stars of planetary nebulæ and the
hottest white dwarf stars have sufficiently hard UV radiation fields that can result in a series of highly charged Cq+
60
species from q = 1 up to q = 16. Harsher environments, like hot X-ray bubbles in planetary nebulæ, X-ray binaries and
other sources, may further push the ionization right up to the q = 26 limit. These remarkable theoretical findings add
new avenues to complex ion/molecule reactions, the chemistry of fragmentation products and additional pathways for
spreading carbon throughout the universe. The implications for the emerging field of astrochemistry of C60 fullerene
in all its possible states could be profound.
Published in Fullerenes, Nanotubes and Carbon Nanostructures
Available from https://arxiv.org/abs/210
and from https://www.tandfonline.com/doi/abs/10.1080/1536383X.2021.1876677?journalCode=lfnn20

The infrared evolution of dust in V838 Monocerotis
C.E. Woodward1 , A. Evans2 , D.P.K. Banerjee3 , T. Liimets4,5 , A.A. Djupvic6 , S. Starrfield7 , G.C. Clayton8 , S.P.S.
Eyres9 , R.D. Gehrz1 and R.M. Wagner10,11
1 Minnesota

Institute for Astrophysics, University of Minnesota, 116 Church Street SE, Minneapolis, MN 55455, USA
Group, Keele University, Keele, Staffordshire, ST5 5BG, UK
3 Physical Research Laboratory, Navrangpura, Ahmedabad, Gujarat 380009, India
2 Astrophysics

4 Astronomicklý

ústav, Akademie věd České republiky, v.v.i., Frič ova 298, 251 65 Ondřejov, Czech Republic
Observatory, University of Tartu, Observatooriumi 1, 61602 Tõravere, Estonia
6 Nordic Optical Telescope, Rambla José Ana Fernández Pérez 7, ES-38711 Breña Baja, Spain
5 Tartu

7 School

of Earth and Space Exploration, Arizona State University, Box 871404, Tempe, AZ 85287-1404, USA
State University, Baton Rouge, Department of Physics & Astronomy Baton Rouge, LA 70803-001, USA
9 Faculty of Computing, Engineering & Science, University of South Wales, Pontypridd, CF37 1DL, UK
8 Louisiana

10 Department
11 Large

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

Luminous Red Variables (LRVs) are most likely eruptions that are the outcome of stellar mergers. V838 Mon is
one of the best-studied members of this class, representing an archetype for stellar mergers resulting from B-type
stars. As result of the merger event, ‘nova-like’ eruptions occur driving mass-loss from the system. As the gas cools
considerable circumstellar dust is formed. V838 Mon erupted in 2002 and is undergoing very dynamic changes in its dust
composition, geometry, and infrared luminosity providing a real-time laboratory to validate mineralogical condensation
sequences in stellar mergers and evolutionary scenarios. We discuss recent NASA Stratospheric Observatory for
Infrared Astronomy (SOFIA) 5 to 38 µm observations combined with archival NASA Spitzer spectra that document the
temporal evolution of the freshly formed (within the last ≤ 20 yrs) circumstellar material in the environs of V838 Mon.
Changes in the 10 µm spectral region are strong evidence that we are witnessing a ’classical’ dust condensation
sequence expected to occur in oxygen-rich environments where alumina formation is followed by that of silicates at
the temperature cools.
Accepted for publication in The Astronomical Journal
Available from https://arxiv.org/abs/2108.08149
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The 2019 outburst of the 2005 classical nova V1047 Cen: a record
breaking dwarf nova outburst or a new phenomenon?
E. Aydi1 , K.V. Sokolovsky1,2 , J.S. Bright3 , E. Tremou4 , M.M. Nyamai5 , A. Evans6 , J. Stradler1 , L. Chomiuk1 , G.
Myers7 , F.-J. Hambsch8,9,10 , K.L. Page11 , D.A.H. Buckley12,5 , C.E. Woodward13 , F.M. Walter14 , P. Mróz15,16 , P.
Vellely17 , T.R. Geballe18 , D.P.K. Banerjee19 , R.D. Gehrz13 , R.P. Fender3,5 , M. Gromadzki16 , A. Kawash1 , C.
Knigge20 , K. Mukai21,22 , U. Munari23 , M. Orio24,25 , V.A.R.M. Riberio26,27 , A. Udalski16 and P.A. Woudt5
1 Center

for Data Intensive and Time Domain Astronomy, Department of Physics and Astronomy, Michigan State University, East Lansing,

MI 48824, USA
2 Sternberg Astronomical Institute, Moscow State University, Universitetskii pr. 13, 119992 Moscow, Russia
3 Astrophysics,

Department of Physics, University of Oxford, Keble Road, Oxford, OX1 3RH, UK
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5 Department of Astronomy, University of Cape Town, Private Bag X3, Rondebosch 7701, South Africa
4 LESIA,

6 Astrophysics

Group, Keele University, Keele, Staffordshire, ST5 5BG, UK
Association of Variable Star Observers, 5 Inverness Way, Hillsborough, CA 94010, USA
8 Vereniging Voor Sterrenkunde (VVS), Oostmeers 122 C, 8000 Brugge, Belgium

7 American
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Européen d’Observations Stellaires (GEOS), 23 Parc de Levesville, 28300 Bailleau l’Evêque, France
Arbeitsgemeinschaft für Veränderliche Sterne (BAV), Munsterdamm 90, 12169 Berlin, Germany
11 School of Physics & Astronomy, University of Leicester, LE1 7RH, UK

10 Bundesdeutsche

12 South

African Astronomical Observatory, P.O. Box 9, 7935 Observatory, South Africa
Institute for Astrophysics, School of Physics & Astronomy, 116 Church Street SE, University of Minnesota, Minneapolis, MN
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13 Minnesota

14 Department

of Physics & Astronomy, Stony Brook University, Stony Brook, NY 11794-2100 USA
of Physics, Mathematics, and Astronomy, California Institute of Technology, Pasadena, CA 91125, USA
16 Astronomical Observatory, University of Warsaw, Al. Ujazdowskie 4, 00-478 Warszawa, Poland

15 Division

17 Department
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of Astronomy, The Ohio State University, 140 West 18th Avenue, Columbus, OH 43210, USA
Observatory/NSF’s NOIRLab, 670 N. Aóhoku Place Hilo, Hawai’i, 96720, USA

19 Physical

Research Laboratory, Navrangpura, Ahmedabad, Gujarat 380009, India
of Physics and Astronomy, University of Southampton, Highfield, Southampton, SO17 1BJ, UK
21 CRESST II and X-ray Astrophysics Laboratory, NASA/GSFC, Greenbelt, MD 20771, USA

20 School

22 Department

of Physics, University of Maryland, Baltimore County, 1000 Hilltop Circle, Baltimore, MD 21250, USA
Observatory of Padova, 36012 Asiago (VI), Italy
24 INAF–Osservatorio di Padova, vicolo dell’Osservatorio 5, I-35122 Padova, Italy

23 INAF–Astronomical

25 Department

of Astronomy, University of Wisconsin, 475 N. Charter St., Madison, WI 53704, USA
de Telecomunicações, Campus Universitário de Santiago, 3810-193 Aveiro, Portugal
27 Departamento de Fı́sica, Universidade de Aveiro, Campus Universitário de Santiago, 3810-193 Aveiro, Portugal

26 Instituto

We present a detailed study of the 2019 outburst of the cataclysmic variable V1047 Cen, which hosted a classical
nova eruption in 2005. The peculiar outburst occurred 14 years after the classical nova event, lasted for more than
400 days, and reached an amplitude of around 6 magnitudes in the optical. Early spectral follow-up revealed what
could be a dwarf nova (accretion disk instability) outburst in a classical nova system. However, the outburst duration,
high velocity (> 2000 km s−1 ) features in the optical line profiles, luminous optical emission, and the presence of
prominent long-lasting radio emission, together suggest a phenomenon more exotic and energetic than a dwarf nova
outburst. There are striking similarities between this V1047 Cen outburst and those of ‘combination novæ’ in classical
symbiotic stars. We suggest that the outburst may have started as a dwarf nova that led to the accretion of a massive
disk, which in turn triggered enhanced nuclear shell burning on the white dwarf and eventually led to generation of a
wind/outflow. From optical photometry we find a possible orbital period of 8.36 days, which supports the combination
nova scenario and makes the system an intermediate case between typical cataclysmic variables and classical symbiotic
binaries. If true, such a phenomenon would be the first of its kind to occur in a system that has undergone a classical
nova eruption and is intermediate between cataclysmic variables and symbiotic binaries.
Submitted to The Astrophysical Journal
Available from https://arxiv.org/abs/2108.07868
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Constraining red supergiant mass-loss prescriptions through supernova
radio properties
Takashi J. Moriya1,2
1 National
2 School

Astronomical Observatory of Japan, National Institutes of Natural Sciences, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan
of Physics and Astronomy, Faculty of Science, Monash University, Clayton, Victoria 3800, Australia

Supernova (SN) properties in radio strongly depend on their circumstellar environment and they are an important
probe to investigate the mass-loss of SN progenitors. Recently, core-collapse SN observations in radio have been
assembled and the rise time and peak luminosity distribution of core-collapse SNe at 8.4 GHz has been estimated.
In this paper, we constrain the mass-loss prescriptions for red supergiants (RSGs) by using the rise time and peak
luminosity distribution of Type II SNe in radio. We take the de Jager and van Loon mass-loss rates for RSGs, calculate
the rise time and peak luminosity distribution based on them, and compare the results with the observed distribution.
We found that the de Jager mass-loss rate explains the widely spread radio rise time and peak luminosity distribution
of Type II SNe well, while the van Loon mass-loss rate predicts a relatively narrow range for the rise time and peak
luminosity. We conclude that the mass-loss prescriptions of RSGs should have strong dependence on the luminosity
as in the de Jager mass-loss rate to reproduce the widely spread distribution of the rise time and peak luminosity in
radio observed in Type II SNe.
Published in Monthly Notices of the Royal Astronomical Society, 503, L28 (2021)
Available from https://arxiv.org/abs/2102.07882

Heavy elements in barium stars
M.P. Roriz1 , M. Lugaro2,3,4 , C.B. Pereira1 , C. Sneden5 , S. Junqueira1 , A.I. Karakas4,6 and N.A. Drake7,8
1 Observatório

Nacional/MCTI, Rua Gen. José Cristino, 77, 20921-400, Rio de Janeiro, Brazil
Observatory, Research Centre for Astronomy and Earth Sciences, Eötvös Loránd Research Network (ELKH), H-1121 Budapest,
Konkoly Thege M. út 15-17, Hungary
2 Konkoly

3 ELTE

Eötvös Loránd University, Institute of Physics, Budapest 1117, Pázmány Péter sétány 1/A, Hungary
of Physics and Astronomy, Monash University, VIC 3800, Australia
5 Department of Astronomy and McDonald Observatory, The University of Texas, Austin, TX 78712, USA
4 School

6 Centre

of Excellence for Astrophysics in Three Dimensions (ASTRO 3D), Melbourne, 3000 Victoria, Australia
of Observational Astrophysics, Saint Petersburg State University, Universitetski pr. 28, 198504, Saint Petersburg, Russia
8 Laboratório Nacional de Astrofı́sica/MCTI, Rua dos Estados Unidos 154, Bairro das Nações, 37504-364, Itajubá, Brazil
7 Laboratory

New elemental abundances for the neutron-capture elements Sr, Nb, Mo, Ru, La, Sm, and Eu are presented for
a large sample of 180 barium (Ba) giant stars, a class of chemically peculiar objects that exhibit in their spectra
enhancements of the elements created by the s-process, as a consequence of mass transfer between the components of
a binary system. The content of heavy elements in these stars, in fact, points to nucleosynthesis mechanisms that took
place within a former asymptotic giant branch (AGB) companion, now an invisible white dwarf. From high-resolution
(R = 48 000) spectra in the optical, we derived the abundances either by equivalent width measurements or synthetic
spectra computations, and compared them with available data for field giant and dwarf stars in the same range of
metallicity. A re-determination of La abundances resulted in [La/Fe] ratios up to 1.2 dex lower than values previously
reported in literature. The program Ba stars show overabundance of neutron-capture elements, except for Eu, for
which the observational data set behave similarly to field stars. Comparison to model predictions are satisfactory for
second-to-first s-process peak ratios (e.g., [La/Sr]) and the ratios of the predominantly r-process element Eu to La.
However, the observed [Nb,Mo,Ru/Sr] and [Ce,Nd,Sm/La] ratios show median values higher or at the upper limits of
the ranges of the model predictions. This unexplained feature calls for new neutron capture models to be investigated.
Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2108.08132
and from https://doi.org/10.1093/mnras/stab2014
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The binary central star of the bipolar pre-planetary nebula
IRAS 08005−2356 (V510 Pup)
Rajeev Manick1,2 , Brent Miszalski3 , Devika Kamath4,5 , Patricia A. Whitelock1,9 , Hans Van Winckel6 , Bruce J.
Hrivnak7 , Brad N. Barlow8 and Shazrene Mohamed1,9,10
1 South
2 Univ.

African Astronomical Observatory, P.O. Box 9, Observatory, 7935, South Africa
Grenoble Alpes, CNRS, IPAG, 38000 Grenoble, France

3 Australian

Astronomical Optics – Macquarie, Faculty of Science and Engineering, Macquarie University, North Ryde, NSW 2113, Australia
of Physics & Astronomy, Macquarie University, Sydney, NSW 2109, Australia
5 Astronomy, Astrophysics and Astrophotonics Research Centre, Macquarie University, Sydney, NSW 2109, Australia
4 Department

6 Instituut

voor Sterrenkunde, K.U. Leuven, Celestijnenlaan 200D bus 2401, B-3001 Leuven, Belgium
of Physics and Astronomy, Valparaiso University, Valparaiso, IN 46383, USA

7 Department
8 Department

of Physics and Astronomy, High Point University, High Point, NC 27268, USA
of Astronomy, University of Cape Town, Private Bag X3, Rondebosch 7701, South Africa
10 National Institute for Theoretical Physics (NITheP), KwaZulu-Natal, South Africa
9 Department

Current models predict that binary interactions are a major ingredient for the formation of bipolar planetary nebulæ
(PNe) and pre-planetary nebulæ (PPNe). Despite years of radial velocity (RV) monitoring, the paucity of known
binaries amongst the latter systems is insufficient to examine this relationship in detail. In this paper, we report on
the discovery of a long period (P = 2654 ± 124 d) binary at the centre of the Galactic bipolar PPN, IRAS 08005−2356
(V510 Pup) determined from long-term spectroscopic and near-infrared time series data. The spectroscopic orbit is fit
with an eccentricity of 0.36 ± 0.05 that is similar to other long period post-AGB binaries. Time resolved Hα profiles
−1
seen at phases when the luminous
reveal high-velocity outflows (jets) with de-projected velocities up to 231+31
−27 km s
primary is behind the jet. The outflow traced by Hα is likely produced via accretion onto a main sequence companion
for which we calculate a mass of 0.63 ± 0.13 M⊙ . This discovery is one of the first cases of a confirmed binary PPN
and demonstrates the importance of high-resolution spectroscopic monitoring surveys on large telescopes in revealing
binarity among these systems.
Accepted for publication in MNRAS
Available from https://arxiv.org/abs/2108.09137

Synthetic observables for electron-capture supernovæ and low-mass core
collapse supernovæ
Alexandra Kozyreva1 , Petr Baklanov2,3 , Samuel Jones4 , Georg Stockinger1,5 and Hans-Thomas Janka1
1 Max-Planck-Institut

für Astrophysik, Karl-Schwarzschild-Str. 1, D-85748, Garching bei München, Germany

2 NRC

”Kurchatov Institute”, ITEP, Moscow, 117218, Russia
3 National Research Nuclear University Moscow Engineering Physics Institute, Moscow, 115409, Russia
4 X Computational Physics (XCP) Division and Center for Theoretical Astrophysics (CTA), Los Alamos National Laboratory, Los Alamos,
NM 87545, USA
5 Physik-Department, Technische Universität München, James-Franck-Str. 1, D-85748 Garching bei München, Germany

Stars in the mass range from 8 to 10 solar masses are expected to produce one of two types of supernovæ (SNe), either
electron-capture supernovæ (ECSNe) or core-collapse supernovæ (CCSNe), depending on their previous evolution.
Either of the associated progenitors retain extended and massive hydrogen-rich envelopes and the observables of
these SNe are, therefore, expected to be similar. In this study, we explore the differences in these two types of SNe.
Specifically, we investigate three different progenitor models: a solar-metallicity ECSN progenitor with an initial mass
of 8.8 solar masses, a zero-metallicity progenitor with 9.6 solar masses, and a solar-metallicity progenitor with 9 solar
masses, carrying out radiative transfer simulations for these progenitors. We present the resulting light curves for
these models. The models exhibit very low photospheric velocity variations of about 2000 km s−1 ; therefore, this may
serve as a convenient indicator of low-mass SNe. The ECSN has very unique light curves in broad-bands, especially
the U band, and does not resemble any currently observed SN. This ECSN progenitor being part of a binary will
lose its envelope for which reason the light curve becomes short and undetectable. The SN from the 9.6 solar masses
6

progenitor exhibits also quite an unusual light curve, explained by the absence of metals in the initial composition.
The artificially iron-polluted 9.6 solar masses model demonstrates light curves closer to normal SNe IIP. The SN from
the 9 solar masses progenitor remains the best candidate for so-called low-luminosity SNe IIP like SN 1999br and
SN 2005cs.
Published in MNRAS
Available from https://arxiv.org/abs/2102.02575
and from https://academic.oup.com/mnras/article-abstract/503/1/797/6133461?redirectedFrom=fulltext

Detached shell carbon stars: tracing thermal pulses on the asymptotic
giant branch
Joel H. Kastner1 and Emily Wilson1
1 Rochester

Institute of Technology, USA

We consider whether the subset of carbon-rich asymptotic giant branch (AGB) stars that exhibit detached, expanding
circumstellar shells may reveal the past histories of these stars as having undergone helium shell flashes (thermal pulses)
on the AGB. We exploit newly available Gaia parallaxes and photometry, along with archival infrared photometry, to
obtain refined estimates of the luminosities of all (12) known detached shell carbon stars. We examine the relationship
between these luminosities and the estimated dynamical ages (ejection times) of the detached shells associated with
the 12 stars, which range from ∼ 1000 to ∼ 30 000 yr. When arranged according to detached shell dynamical age, the
(implied) luminosity evolution of the known detached shell carbon stars closely follows the predicted “light curves” of
individual thermal pulses obtained from models of AGB stars. The comparison between data and models suggests that
detached shell carbon stars are descended from ∼ 2.5–4.0 M⊙ progenitors. We conclude that detached shell carbon
stars may serve as effective tracers of the luminosity evolution of AGB thermal pulses.
Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2108.08940

Hunting for planetary nebulæ toward the Galactic center
Jihye Hong1 , Janet P. Simpson2 , Deokkeun An1 , Angela S. Cotera2 and Solange V. Ramı́rez3
1 Department

of Science Education, Ewha Womans University, 52 Ewhayeodae-gil, Seodaemun-gu, Seoul 03760, South Korea

2 SETI

Institute, 189 Bernardo Avenue, Mountain View, CA 94043, USA
3 Carnegie Observatory, 813 Santa Barbara Street, Pasadena, CA 91101, USA

We present near-infrared (IR) spectra of two planetary nebula (PN) candidates in close lines of sight toward the Galactic
center (GC) using the Gemini Near-Infrared Spectrograph (GNIRS) at Gemini North. High-resolution images from
radio continuum and narrow-band IR observations reveal ringlike or barrel-shaped morphologies of these objects, and
their mid-IR spectra from the Spitzer Space Telescope exhibit rich emission lines from highly-excited species such
as [S iv], [Ne iii], [Ne v], and [O iv]. We also derive elemental abundances using the Cloudy synthetic models, and
find an excess amount of the s-process element krypton in both targets, which supports their nature as PN. We
estimate foreground extinction toward each object using near-IR hydrogen recombination lines, and find significant
visual extinctions (AV > 20 mag). The distances inferred from the size versus surface brightness relation of other PNe
are 9.0±1.6 kpc and 7.6±1.6 kpc for SSTGC 580183 and SSTGC 588220, respectively. These observed properties along
with abundance patterns and their close proximity to Sgr A∗ (projected distances < 20 pc) make it highly probable
that these objects are the first confirmed PN objects in the nuclear stellar disk. The apparent scarcity of such objects
resembles the extremely low rate of PN formation in old stellar systems, but is in line with the current rate of the
sustained star formation activity in the Central Molecular Zone.
Published in The Astronomical Journal, 162, 93 (2021)
Available from https://arxiv.org/abs/2102.09806
and from https://doi.org/10.3847/1538-3881/ac0534
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20 yr of observations of PM 1-188: its chemical abundances and
extraordinary kinematics
Miriam Peña1 , Liliana Hernández-Martinez2 and Francisco Ruiz-Escobedo1
1 Instituto
2 Instituto

de Astronomı́a, UNAM, México
de Ciencias Nucleares, UNAM, México

The analysis of 20 yr of spectrophotometric data of the double-shell planetary nebula (PN) PM 1-188 is presented,
aiming to determine the time evolution of the emission lines and the physical conditions of the nebula, as a consequence
of the systematic fading of its [WC 10] central star whose brightness has declined by about 10 mag in the past 40
yr. Our main results include that the [O iii], [O ii], and [N ii] line intensities are increasing with time in the inner
nebula as a consequence of an increase in electron temperature from 11 000 K in 2005 to more than 14 000 K in 2018,
due to shocks. The intensities of the same lines are decreasing in the outer nebula, due to a decrease in temperature,
from 13 000 to 7000 K, in the same period. The chemical compositions of the inner and outer shells are derived and
they are similar. Both nebulæ present subsolar O, S, and Ar abundances, while they are He, N, and Ne rich. For the
outer nebula, the values are 12 + log He/H = 11.13 ± 0.05, 12 + log O/H = 8.04 ± 0.04, 12 + log N/H = 7.87 ± 0.06,
12 + log S/H = 7.18 ± 0.10, and 12 + log Ar/H = 5.33 ± 0.16. The O, S, and Ar abundances are several times lower
than the average values found in disc non-Type I PNe, and are reminiscent of some halo PNe. From high-resolution
spectra, an outflow in the N–S direction was found in the inner zone. Position-velocity diagrams show that the outflow
expands at velocities in the −150 to 100 km s−1 range, and both shells have expansion velocities of about 40 km s−1 .
Published in Montly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2102.10022

Radio spectral index analysis of Southern Hemisphere symbiotic stars
John Dickey1 , J.H.S. Weston2 , J.L. Sokoloski3,4 , S.D. Vrtilek5 and Michael McCollough5
1 University

of Tasmania, Australia

2 Federated

IT, USA
3 Columbia University, USA
4 LSST Corporation, USA
5 Harvard–Smithsonian

Center for Astrophysics, USA

Symbiotic stars show emission across the electromagnetic spectrum from a wide array of physical processes. At cmwaves both synchrotron and thermal emission is seen, often highly variable and associated with outbursts in the optical
and X-rays. Most models of the radio emission include an ionized region within the dense wind of the red giant star,
that is kept ionized by activity on the white dwarf companion or its accretion disk. In some cases there is on-going
shell burning on the white dwarf due to its high mass accretion rate or a prior nova eruption, in other cases nuclear
fusion occurs only occasionally as recurrent nova events. In this study we measure the spectral indices of a sample
of symbiotic systems in the Southern Hemisphere using the Australia Telescope Compact Array. Putting our data
together with results from other surveys, we derive the optical depths and brightness temperatures of some well-known
symbiotic stars. Using parallax distances from Gaia Data Release 3, we determine the sizes and characteristic electron
densities in the radio emission regions.The results show a range of a factor of 104 in radio luminosity, and a factor of
100 in linear size. These numbers are consistent with a picture where the rate of shell burning on the white dwarf
determines the radio luminosity. Therefore, our findings also suggest that radio luminosity can be used to determine
whether a symbiotic star is powered by accretion alone or also by shell burning.
Published in ApJ
Available from https://arxiv.org/abs/2102.07340
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models defies the metallicity-independent Humphreys–Davidson limit
Avishai Gilkis1 , Tomer Shenar2 , Varsha Ramachandran3 , Adam S. Jermyn4 , Laurent Mahy2 , Lidia M. Oskinova3 ,
Iair Arcavi1,5 and Hugues Sana2
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The Humphreys–Davidson (HD) limit empirically defines a region of high luminosities (log L > 5.5) and low effective
temperatures (T < 20 kK) on the Hertzsprung–Russell Diagram in which hardly any supergiant stars are observed.
Attempts to explain this limit through instabilities arising in near- or super-Eddington winds have been largely
unsuccessful. Using modern stellar evolution we aim to re-examine the HD limit, investigating the impact of enhanced
mixing on massive stars. We construct grids of stellar evolution models appropriate for the Small and Large Magellanic
Clouds (SMC, LMC), as well as for the Galaxy, spanning various initial rotation rates and convective overshooting
parameters. Significantly enhanced mixing apparently steers stellar evolution tracks away from the region of the HD
limit. To quantify the excess of over-luminous stars in stellar evolution simulations we generate synthetic populations
of massive stars, and make detailed comparisons with catalogues of cool (T < 12.5 kK) and luminous (log L > 4.7)
stars in the SMC and LMC. We find that adjustments to the mixing parameters can lead to agreement between the
observed and simulated red supergiant populations, but for hotter supergiants the simulations always over-predict the
number of very luminous (log L > 5.4) stars compared to observations. The excess of luminous supergiants decreases
for enhanced mixing, possibly hinting at an important role mixing has in explaining the HD limit. Still, the HD limit
remains unexplained for hotter supergiants.
Published in Monthly Notices of the Royal Astronomical Society, 503, 1884 (2021)
Available from https://arxiv.org/abs/2102.03102
and from https://academic.oup.com/mnras/article/503/2/1884/6133465

Towards the global magnetic field of the planet-hosting red giant ǫ Tau
S.I. Plachinda1 , V.V. Butkovskaya1 and N.F. Pankov1
1 Crimean

Astrophysical Observatory RAS, Russia

We present the results of a search for the magnetic field inhomogeneity for the red giant ǫ Tau. This research is based
on observations obtained over 10 nights in 2008–2010 with the ESPaDOnS CFHT spectropolarimeter. We found
a previously undescribed instrumental effect in the ESPaDOnS spectra, consisting in random polarization outliers.
Therefore, to measure the magnetic field from the unblended individual lines, we preliminarily cleared the initial array
of spectral lines from the lines distorted by polarization outliers. On only one date from ten, the magnetic field of
ǫ Tau was found to exceed 3σ. We also revealed that during two nights the time series of the magnetic field values
shows a distribution that is different from the normal distribution. A hypothesis was put forward that this may be
due to the inhomogeneity of the magnetic field of this star.
Published in Astron. Nachr., 342, 607 (2021)
Available from https://arxiv.org/abs/2102.03158
and from DOI: 10.1002/asna.202113858
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Determination of planetary nebulæ angular diameters from radio
continuum spectral energy distribution modeling
I.S. Bojičić1 , M.D. Filipović1 , D. Urošević2,3 , Q.A. Parker4,5 and T.J. Galvin6,7
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Powerful new, high resolution, high sensitivity, multi-frequency, wide-field radio surveys such as the Australian Square
Kilometre Array Pathfinder (ASKAP) Evolutionary Map of the Universe (EMU) are emerging. They will offer fresh
opportunities to undertake new determinations of useful parameters for various kinds of extended astrophysical phenomena. Here, we consider specific application to angular size determinations of Planetary Nebulæ (PNe) via a new
radio continuum Spectral Energy Distribution (SED) fitting technique. We show that robust determinations of angular size can be obtained, comparable to the best optical and radio observations but with the potential for consistent
application across the population. This includes unresolved and/or heavily obscured PNe that are extremely faint or
even non-detectable in the optical.
Published in MNRAS
Available from https://arxiv.org/abs/2103.00004
and from https://ui.adsabs.harvard.edu/abs/2021MNRAS.503.2887B/abstract

Physical and chemical properties of Wolf–Rayet planetary nebulæ
Ashkbiz Danehkar1
1 Department

of Astronomy, University of Michigan, 1085 S. University Ave, Ann Arbor, MI 48109, USA

Wolf–Rayet ([WR]) and weak emission-line (wels) central stars of planetary nebulæ (PNe) have hydrogen-deficient
atmospheres, whose origins are not well understood. In the present study, we have conducted plasma diagnostics and
abundance analyses of 18 Galactic PNe surrounding [WR] and wels nuclei, using collisionally excited lines (CELs) and
optical recombination lines (ORLs) measured with the Wide Field Spectrograph on the ANU 2.3-m telescope at the
Siding Spring Observatory complemented with optical archival data. Our plasma diagnostics imply that the electron
densities and temperatures derived from CELs are correlated with the intrinsic nebular Hβ surface brightness and
excitation class, respectively. Self-consistent plasma diagnostics of heavy element ORLs of N2+ and O2+ suggest that
4
5
−3
a small fraction of cool (<
∼ 7000 K), dense (∼ 10 –10 cm ) materials may be present in some objects, though with
large uncertainties. Our abundance analyses indicate that the abundance discrepancy factors (ADF ≡ ORLs/CELs)
of O2+ are correlated with the dichotomies between forbidden-line and He i temperatures. Our results likely point to
the presence of a tiny fraction of cool, oxygen-rich dense clumps within the diffuse warm ionized nebulæ. Moreover,
our elemental abundances derived from CELs are mostly consistent with AGB models in the range of initial masses
from 1.5 to 5 M⊙ . Further studies are necessary to understand better the origins of abundance discrepancies in PNe
around [WR] and wels stars.
Accepted for publication in The Astrophysical Journal Supplement Series
Available from https://arxiv.org/abs/2106.10762
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Dust production around carbon-rich stars: the role of metallicity
Ambra Nanni1 , Sergio Cristallo2,3 , Jacco Th. van Loon4 and Martin A.T. Groenewegen5
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Background: Most of the stars in the Universe will end their evolution by losing their envelope during the thermally
pulsing asymptotic giant branch (TP-AGB) phase, enriching the interstellar medium of galaxies with heavy elements,
partially condensed into dust grains formed in their extended circumstellar envelopes. Among these stars, carbon-rich
TP-AGB stars (C-stars) are particularly relevant for the chemical enrichment of galaxies. We here investigated the
role of the metallicity in the dust formation process from a theoretical viewpoint.
Methods: We coupled an up-to-date description of dust growth and dust-driven wind, which included the time-averaged
effect of shocks, with FRUITY stellar evolutionary tracks. We compared our predictions with observations of C-stars
in our Galaxy, in the Magellanic Clouds (LMC and SMC) and in the Galactic Halo, characterised by metallicity
between solar and 1/10 of solar.
Results: Our models explained the variation of the gas and dust content around C-stars derived from the IRS Spitzer
spectra. The wind speed of the C-stars at varying metallicity was well reproduced by our description. We predicted
the wind speed at metallicity down to 1/10 of solar in a wide range of mass-loss rates.
Published in Universe
Available from https://arxiv.org/abs/2107.05645

Multiple stellar populations in asymptotic giant branch stars of Galactic
globular clusters
E.P. Lagioia1,2 , A.P. Milone1,2 , A.F. Marino3 , M. Tailo1 , A. Renzini2 , M. Carlos1 , G. Cordoni1 , E. Dondoglio1 , S.
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Multiple stellar populations (MPs) are a distinct characteristic of Globular Clusters (GCs). Their general properties
have been widely studied among main sequence, red giant branch (RGB) and horizontal branch (HB) stars, but a
common framework is still missing at later evolutionary stages. We studied the MP phenomenon along the AGB
sequences in 58 GCs, observed with the Hubble Space Telescope in ultraviolet (UV) and optical filters. By using UVoptical color–magnitude diagrams, we selected the AGB members of each cluster and identified the AGB candidates
of the metal-enhanced population in type II GCs. We studied the photometric properties of AGB stars and compared
them to theoretical models derived from synthetic spectra analysis. We observe the following features: i) the spread
of AGB stars in photometric indices sensitive to variations of light-elements and helium is typically larger than that
expected from photometric errors; ii) the fraction of metal-enhanced stars in the AGB is lower than in the RGB in
most of the type II GCs; iii) the fraction of 1G stars derived from the chromosome map of AGB stars in 15 GCs
is larger than that of RGB stars; iv) the AGB/HB frequency correlates with the average mass of the most heliumenriched population. These findings represent a clear evidence of the presence of MPs along the AGB of Galactic GCs
and indicate that a significant fraction of helium-enriched stars, which have lower mass in the HB, does not evolve
to the AGB phase, leaving the HB sequence towards higher effective temperatures, as predicted by the AGB-manqué
scenario.
Published in The Astrophysical Journal
Available from https://arxiv.org/abs/2101.09843
and from https://iopscience.iop.org/article/10.3847/1538-4357/abdfcf/pdf
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The missing link? Discovery of pulsations in the nitrogen-rich PG 1159
star PG 1144+005
Paulina Sowicka1 , Gerald Handler1 , David Jones2,3 and Francois van Wyk4
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Up to 98% of all single stars will eventually become white dwarfs – stars that link the history and future evolution
of the Galaxy, and whose previous evolution is engraved in their interiors. Those interiors can be studied using
asteroseismology, utilizing stellar pulsations as seismic waves. The pulsational instability strips of DA and DB white
dwarf stars are pure, allowing for the important generalization that their interior structure represents that of all DA
and DB white dwarfs. This is not the case for the hottest pulsating white dwarfs, the GW Vir stars: only about
50% of white dwarfs in this domain pulsate. Several explanations for the impurity of the GW Vir instability strip
have been proposed, based on different elemental abundances, metallicity, and helium content. Surprisingly, there
is a dichotomy that only stars rich in nitrogen, which by itself cannot cause pulsation driving, pulsate – the only
previous exception being the nitrogen-rich nonpulsator PG 1144+005. Here, we report the discovery of pulsations in
PG 1144+005 based on new observations. We identified four frequency regions: 40, 55, 97, and 112 day−1 with low
and variable amplitudes of about 3–6 mmag and therefore confirm the nitrogen dichotomy. As nitrogen is a trace
element revealing the previous occurrence of a very late thermal pulse (VLTP) in hot white dwarf stars, we speculate
that it is this VLTP that provides the interior structure required to make a GW Vir pulsator.
Published in The Astrophysical Journal Letters, 918, L1 (2021)
Available from https://arxiv.org/abs/2108.08167
and from https://iopscience.iop.org/article/10.3847/2041-8213/ac1c08

Tidal effects on the radial velocities of V723 Mon: additional evidence
for a dark 3-M⊙ companion
Kento Masuda1 and Teruyuki Hirano2,3
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Jayasinghe et al. identified a dark ≈ 3-M⊙ companion on a nearly edge-on ≈ 60-day orbit around the red giant star
V723 Monoceros as a black hole candidate in the mass gap. This scenario was shown to explain most of the data
presented by Jayasinghe et al., except for periodic radial velocity (RV) residuals from the circular Keplerian model.
Here we show that the RV residuals are explained by orbital phase-dependent distortion of the absorption line profile
associated with changing visible fractions of the approaching and receding sides of the red giant star, whose surface is
tidally deformed by and rotating synchronously with the dark companion. Our RV model constrains the companion
+7.0
mass M• = 2.95 ± 0.17 M⊙ and orbital inclination i = 82.9−3.3
deg (medians and 68.3% highest density intervals
of the marginal posteriors) adopting the radius of the red giant 24.0 ± 0.9 R⊙ as constrained from its SED and
distance. The analysis provides independent support for the companion mass from ellipsoidal variations and the limits
on the companion’s luminosity from the absence of eclipses both derived by Jayasinghe et al. We also show that a
common scheme to evaluate the tidal RV signal as the flux-weighted mean of the surface velocity field can significantly
underestimate its amplitude for RVs measured with a cross-correlation technique, and present a modified prescription
that directly models the distorted line profile and its effects on the measured RVs. The formulation will be useful for
estimating the component masses and inclinations in other similar binaries.
Published in ApJ Letters
Available from https://arxiv.org/abs/2103.05216
and from https://iopscience.iop.org/article/10.3847/2041-8213/abecdc
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On the nature of organic dust in novæ
Izumi Endo1 , Itsuki Sakon1 , Takashi Onaka2,1 , Yuki Kimura3 , Seiji Kimura4 , Setsuko Wada4 , L. Andrew Helton5,12 ,
Ryan Lau6 , Yoko Kebukawa7 , Yasuji Muramatsu8 , Nanako O. Ogawa9 , Naohiko Ohkouchi9 , Masato Nakamura10
and Sun Kwok11
1 Department

of Astronomy, Graduate School of Science, University of Tokyo, 7-3-1 Hongo Bunkyo-ku, Tokyo 113-0033, Japan
of Physics, Faculty of Science and Engineering, Meisei University, 2-1-1 Hodokubo, Hino, Tokyo 191-8506, Japan
3 Institute of Low Temperature Science, Hokkaido University, Kita-19, Nishi-8, Kita-ku, Sapporo 060-0819, Japan
2 Department

4 The

University of Electro-Communications, 1-5-1, Chofugaoka, Chofu, Tokyo 182-8585, Japan
Science Center/NASA Ames Research Center, MS 211-1, P.O. Box 1, Moffett Field, CA 94035-0001, USA

5 SOFIA

6 Institute

of Space and Astronautical Science, Japan Aerospace Exploration Agency, 3-1-1 Yoshinodai, Sagamihara, 229-8510, Japan
of Engineering, Yokohama National University, 79-5 Tokiwadai, Hodogaya-ku, Yokohama 240-8501, Japan
8 Graduate School of Engineering, University of Hyogo, 2167 Shosha, Himeji-shi, Hyogo, 671-2280, Japan
7 Faculty

9 Biogeochemistry

Program, Japan Agency for Marine-Earth Science and Technology, 2-15 Natsushima-Cho, Yokosuka, 237-0061, Japan
Laboratory and Institute of Quantum Science, College of Science and Technology, Nihon University, Narashinodai, Funabashi
274-8501, Japan

10 Physics

11 Department
12 present

of Earth, Ocean, and Atmospheric Sciences, The University of British Columbia, Vancouver, Canada
address: Google Research, 1600 Amphitheater Pkwy, Mountain View, CA 94043, USA

Recent astronomical observations and planetary missions have found that complex organics are prevalent throughout
the universe, from the solar system to distant galaxies. However, the detailed chemical composition and the synthesis pathway of these organics are still unclear. Circumstellar envelopes represent excellent laboratories to study the
abiological synthesis of extraterrestrial organics. Novæ, having very short dynamical lifetimes, can put severe constraints on the chemical pathway of organic synthesis. Here, we report a laboratory simulation of carbonaceous dust
with inclusion of nitrogen in the form of Quenched Nitrogen-included Carbonaceous Composite (QNCC). QNCC is
produced by the quenched condensation of plasma gas generated from the nitrogen gas, and aromatic and/or aliphatic
hydrocarbon solids by applying microwave discharge (2.45 GHz, 300 W). We have shown that the spectra of QNCC
have a close resemblance to the observed infrared spectra of novæ. The results of the infrared and X-ray analyses
suggest that the nitrogen inclusion in the form of amine plays an important role in the origin of the broad 8-µm
feature of dusty novæ. We conclude that QNCC is at present the best laboratory analog of organic dust formed in
the circumstellar medium of dusty classical novæ, which carries the unidentified infrared bands in novæ via thermal
emission process.
Published in The Astrophysical Journal
Available from https://doi.org/10.3847/1538-4357/ac0cf1

Job Advert
Ph.D. position on the study of AGB stars
at Chalmers University of Technology in Sweden
We invite applicants for a Ph.D. position on the study of the extended atmospheres of asymptotic giant branch stars.
The candidate will investigate the processes that create and shape these atmospheres (convective motions, stellar
pulsations, magnetic fields) using high-angular-resolution observations of continuum and molecular-line emission at
(sub-)millimeter wavelengths (acquired with ALMA and the VLA) and at shorter wavelengths (acquired with the Very
Large Telescope). The work will consist of direct analysis of the data and of modelling, with the exact balance defined
by the preference of the successful applicant.
The Ph.D. student will lead the work in close collaboration with Theo Khouri and Wouter Vlemmings and other
members of the evolved stars group at Chalmers. The research will be carried out at the main campus of the Chalmers
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University of Technology in Johanneberg (Gothenburg) and at the Onsala Space Observatory.
Application deadline 24 September 2021. The starting date depends on the availability of the successful candidate.
More information on the position and the application procedure are available through the following link.
See also
https://www.chalmers.se/en/about-chalmers/Working-at-Chalmers/Vacancies/Pages/default.aspx?rmpage=job&rmjob=9760
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