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Editorial
Dear Colleagues,

It is our pleasure to present you the 285th issue of the AGB Newsletter. Element of the month is lithium.

We congratulate Dylan Bollen on their Ph.D. thesis on a very interesting topic, and we wish them all the best in their
future career.

For those looking for a postdoctoral research position, there’s one in Uppsala (Sweden) to work on cool evolved star
winds.

You may be interested in the announcement of a new public dataset on a symbiotic system. We encourage these kinds
of announcements, as well as research collaborations and requests for data (observational, theoretical, laboratory).

Betelgeuse keeps intriguing, and even the Marcel Grossman meeting is now hosting a parallel session on the cutest
named star in the sky.

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

Editorially Yours,

Jacco van Loon, Ambra Nanni and Albert Zijlstra

Food for Thought

This month’s thought-provoking statement is:

What do we see when a tip-RGB star experiences a helium flash?

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

Cool stars in the Galactic Center as seen by APOGEE: M giants, AGB
stars and supergiant stars and candidates

M. Schultheis1 et al.

1Université Côte d’Azur, Observatoire de la Côte d’Azur, Laboratoire Lagrange, CNRS, Blvd. de l’Observatoire, F-06304 Nice, France

The Galactic Center region, including the nuclear disk, has until recently been largely avoided in chemical census
studies because of extreme extinction and stellar crowding. Large, near-IR spectroscopic surveys, such as the Apache
Point Observatory Galactic Evolution Experiment (APOGEE), allow the measurement of metallicities in the inner
region of our Galaxy. Making use of the latest APOGEE data release (DR16), we are able for the first time to study
cool Asymptotoc Giant branch (AGB) stars and supergiants in this region. The stellar parameters of five known AGB
stars and one supergiant star (VR5-7) show that their location is well above the tip of the red giant branch (RGB).
We studied metallicities of 157 M giants situated within 150 pc of the Galactic Center from observations obtained by
the APOGEE survey with reliable stellar parameters from the APOGEE pipeline making use of the cool star grid
down to 3200 K. Distances, interstellar extinction values, and radial velocities were checked to confirm that these stars
are indeed situated in the Galactic Center region. We detect a clear bimodal structure in the metallicity distribution
function, with a dominant metal-rich peak of [Fe/H] ∼ +0.3 dex and a metal-poor peak around [Fe/H] = −0.5 dex,
which is 0.2 dex poorer than Baade’s Window. The α-elements Mg, Si, Ca, and O show a similar trend to the Galactic
Bulge. The metal-poor component is enhanced in the α-elements, suggesting that this population could be associated
with the classical bulge and a fast formation scenario. We find a clear signature of a rotating nuclear stellar disk and
a significant fraction of high-velocity stars with vgal > 300 km s−1; the metal-rich stars show a much higher rotation
velocity (∼ 200 km s−1) with respect to the metal-poor stars (∼ 140 km s−1). The chemical abundances as well as
the metallicity distribution function suggest that the nuclear stellar disk and the nuclear star cluster show distinct
chemical signatures and might have been formed differently.

Published in Astronomy & Astrophysics, 642, A81 (2020)
Available from https://arxiv.org/abs/2008.13687

Successive common envelope events from multiple planets
Luke Chamandy1, Eric G. Blackman1, Jason Nordhaus2,3 and Emily Wilson2

1Department of Physics and Astronomy, University of Rochester, Rochester NY 14627, USA
2Center for Computational Relativity and Gravitation, Rochester Institute of Technology, Rochester, NY 14623, USA
3National Technical Institute for the Deaf, Rochester Institute of Technology, Rochester, NY 14623, USA

Many stars harbour multi-planet systems. As these stars expand late in their evolutions, the innermost planet may
be engulfed, leading to a common envelope (CE) event. Even if this is insufficient to eject the envelope, it may
expand the star further, causing additional CE events, with the last one unbinding what remains of the envelope. This
multi-planet CE scenario may have broad implications for stellar and planetary evolution across a range of systems.
We develop a simplified version and show that it may be able to explain the recently observed planet WD1856 b.

Published in MNRAS Letters
Available from https://arxiv.org/abs/2011.11106
and from https://watermark.silverchair.com/slab017.pdf
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Discovery of HC4NC in TMC-1: a study of the isomers of HC3N, HC5N,
and HC7N

J. Cernicharo1, N. Marcelino1, M. Agúndez1, C. Bermúdez1, C. Cabezas1, B. Tercero2 and J.R. Pardo1

1Instituto de F́ısica Fundamental, CSIC, Spain
2Observatorio Astronómico Nacional, IGN, Madrid

We present a study of the isocyano isomers of the cyanopolyynes HC3N, HC5N, and HC7N in TMC-1 and IRC+10◦216
carried out with the Yebes 40m radio telescope. This study has enabled us to report the detection, for the first time in
space, of HCCCCNC in TMC-1 and to give upper limits for HC6NC in the same source. In addition, the deuterated
isotopologues of HCCNC and HNCCC were detected, along with all 13C substitutions of HCCNC, also for the first time
in space. The abundance ratios of HC3N and HC5N, with their isomers, are very different in TMC-1 and IRC+10◦216,
namely, N(HC5N)/N(HC4NC)= 300 and > 2100, respectively. We discuss the chemistry of the metastable isomers
of cyanopolyynes in terms of the most likely formation pathways and by comparing observational abundance ratios
between different sources.

Published in A&A, 642, L8 (2020)
Available from https://arxiv.org/abs/2009.07686
and from https://www.aanda.org/articles/aa/full html/2020/10/aa39274-20/aa39274-20.html

X-rays observations of a super-Chandrasekhar object reveal an ONe
and a CO white dwarf merger product embedded in a putative SN Iax

remnant
Lidia M. Oskinova1,2, Vasilii V. Gvaramadze3,4,5, Götz Gräfener6, Norbert Langer6,7 and Helge Todt1

1Institute of Physics and Astronomy, University of Potsdam, 14476, Potsdam, Germany
2Department of Astronomy, Kazan Federal University, Kremlevskaya Str. 18, Kazan, Russia
3Sternberg Astronomical Institute, Lomonosov Moscow State University, Moscow 119234, Russia
4Space Research Institute, Russian Academy of Sciences, Moscow 117997, Russia
5Evgeni Kharadze Georgian National Astrophysical Observatory, Abastumani, 0301, Georgia
6Argelander-Institut für Astronomie, Universität Bonn, Germany
7Max-Planck-Institut für Radioastronomie, Bonn, Germany

The merger of two white dwarfs (WDs) is a natural outcome of the evolution of many binary stars. Recently, a
WD merger product, IRAS 00500+6713, was identified. IRAS 00500+6713 consists of a central star embedded in a
circular nebula. The analysis of the optical spectrum of the central star revealed that it is hot, hydrogen, and helium
free, and it drives an extremely fast wind with a record breaking speed. The nebula is visible in infrared and in the
[O iii] 5007Å line images. No nebula spectroscopy was obtained prior to our observations. Here we report the first
deep X-ray imaging spectroscopic observations of IRAS 00500+6713. Both the central star and the nebula are detected
in X-rays, heralding the WD merger products as a new distinct type of strong X-ray sources. Low-resolution X-ray
spectra reveal large neon, magnesium, silicon, and sulfur enrichment of the central star and the nebula. We conclude
that IRAS 00500+6713 resulted from a merger of an ONe and a CO WD, which supports earlier suggestion for a
super-Chandrasekhar mass of this object. X-ray analysis indicates that the merger was associated with an episode of
carbon burning and possibly accompanied by an SN Iax. In X-rays, we observe the point source associated with the
merger product while the surrounding diffuse nebula is a supernova remnant. IRAS 00500+6713 will likely terminate
its evolution with another peculiar Type I supernova, where the final core collapse to a neutron star might be induced
by electron captures.

Published in Astronomy & Astrophysics, 644, L8 (2020)
Available from https://arxiv.org/abs/2008.10612
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Red supergiants in M31 and M33 – II. The mass loss rate
Tianding Wang1, Biwei Jiang1, Yi Ren1, Ming Yang2 and Jun Li1

1Beijing Normal University, China
2National Observatory of Athens, Greece

Mass loss is an important activity for red supergiants (RSGs) which can influence their evolution and final fate.
Previous estimations of mass loss rates (MLRs) of RSGs exhibit significant dispersion due to the difference in method
and the incompleteness of sample. With the improved quality and depth of the surveys including the UKIRT/WFCAM
observation in near infrared, LGGS and PS1 in optical, a rather complete sample of RSGs is identified in M31 and
M33 according to their brightness and colors. For about 2000 objects in either galaxy from this ever largest sample,
the MLR is derived by fitting the observational optical-to-mid infrared spectral energy distribution (SED) with the
dusty code of a 1-D dust radiative transfer model. The average MLR of RSGs is found to be around 2.0 × 10−5

M⊙ yr−1 with a gas-to-dust ratio of 100, which yields a total contribution to the interstellar dust by RSGs of about
1.1 × 10−3 M⊙ yr−1 in M31 and 6.0 × 10−4 M⊙ yr−1 in M33, a non-negligible source in comparison with evolved
low-mass stars. The MLRs are divided into three types by the dust properties, i.e. amorphous silicate, amorphous
carbon and optically thin, and the relations of MLR with stellar parameters, infrared flux and colors are discussed
and compared with previous works for the silicate and carbon dust group respectively.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2103.05263

Long-term near-infrared brightening of nonvariable OH/IR stars
T. Kamizuka1, Y. Nakada1, K. Yanagisawa2, R. Ohsawa1, Y. Ita3, H. Izumiura4, H. Mito5, H. Onozato6, K.

Asano1, T. Ueta7 and T. Miyata1

1Institute of Astronomy, the University of Tokyo, Japan
2Division of Optical and Infrared Astronomy, National Astronomical Observatory of Japan, Japan
3Astronomical Institute, Tohoku University, Japan
4Subaru Telescope Okayama Branch, National Astronomical Observatory of Japan, Japan
5UTokyo Organization for Planetary and Space Science, the Universtiy of Tokyo, Japan
6Nishi-Harima Astronomical Observatory, Center for Astronomy, Institute of Natural and Environmental Sciences, University of Hyogo,

Japan
7Department of Physics and Astronomy, University of Denver, USA

Nonvariable OH/IR stars are thought to have just left the asymptotic giant branch (AGB) phase. In this conventional
picture, they must still show strong circumstellar extinction caused by the dust ejected during the AGB phase, and
the extinction is expected to decrease over time because of the dispersal of the circumstellar dust after the cessation
of stellar mass loss. The reduction of extinction makes the stars become apparently brighter and bluer with time,
especially in the near-infrared (NIR) range. We look for such long-term brightening of nonvariable OH/IR stars by
using 2MASS, UKIDSS, and OAOWFC survey data. As such, we obtain multiepoch NIR data taken over a 20 yr period
(1997–2017) for 6 of 16 nonvariable OH/IR stars, and all 6 objects are found to be brightening. The K-band brightening
rate of five objects ranges from 0.010 to 0.130 mag yr−1, which is reasonably explained with the conventional picture.
However, one OH/IR star, OH31.0−0.2, shows a rapid brightening, which cannot be explained only by the dispersal of
the dust shell. Multicolor (J-, H-, and K-band) data are obtained for three objects, OH25.1−0.3, OH53.6−0.2, and
OH77.9+0.2. Surprisingly, none of them appears to have become bluer, and OH53.6−0.2 is found to have reddened at
a rate of 0.013 mag yr−1 in (J−K). Our findings suggest other mechanisms such as rapid changes in stellar properties
(temperature or luminosity) or a generation of a new batch of dust grains.

Published in The Astrophysical Journal
Available from https://arxiv.org/abs/2008.06897
and from https://ui.adsabs.harvard.edu/abs/2020ApJ...897...42K/abstract
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An extremely hot white dwarf with a rapidly rotating K-type subgiant
companion: UCAC2 46706450

Klaus Werner1, Nicole Reindl2, Lisa Löbling1, Ingrid Pelisoli2, Veronika Schaffenroth2, Alberto

Rebassa-Mansergas3,4, Puji Irawati5 and Juanjuan Ren6

1Institut für Astronomie und Astrophysik, Kepler Center for Astro and Particle Physics, Eberhard Karls Universität, Sand 1, 72076

Tübingen, Germany
2Institut für Physik und Astronomie, Universität Potsdam, Karl-Liebknecht-Straße 24/25, Germany
3Departament de F́ısica, Universitat Politècnica de Catalunya, c/Esteve Terrades 5, E-08860 Castelldefels, Spain
4Institut d’Estudis Espacials de Catalunya, Ed. Nexus-201, c/Gran Capità 2-4, E-08034 Barcelona, Spain
5National Astronomical Research Institute of Thailand, Sirindhorn AstroPark, Donkaew, Mae Rim, Chiang Mai 50180, Thailand
6Key Laboratory of Space Astronomy and Technology, National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101,

China

The subgiant UCAC2 46706450 is a late-type star with an ultraviolet (UV) excess. It was considered as a candidate to
establish a sample of stars of spectral type F, G, and K with white dwarf (WD) companions that could be used to test
binary evolution models. To verify the WD nature of the companion, UV spectroscopy has previously been performed
by other authors. Via a detailed model-atmosphere analysis, we show that the UV source is an extremely hot WD
with an effective temperature of Teff = 105 000±5000 K, mass of M/M⊙ = 0.54±0.02, radius of R/R⊙ = 0.040+0.005

−0.004,

and luminosity of L/L⊙ = 176+55
−49, meaning that the compact object is just about to enter the WD cooling sequence.

Investigating spectra of the cool star (Teff = 4945± 250 K), we found that it is a K-type subgiant with M/M⊙ = 0.8–
2.4, R/R⊙ = 5.9+0.7

−0.5, and L/L⊙ = 19+5
−5 that is rapidly rotating with v sin i = 81 km s−1. Optical light curves reveal a

period of two days and an o-band peak-to-peak amplitude of 0.06 mag. We suggest that it is caused by stellar rotation
in connection with star spots. With the radius, we infer an extremely high rotational velocity of vrot = 151+18

−13 km
s−1, thus marking the star as one of the most rapidly rotating subgiants known. This explains chromospheric activity
observed by Hα emission and emission-line cores in Ca ii H and K as well as NUV flux excess. From equal and constant
radial velocities of the WD and the K subgiant as well as from a fit to the spectral energy distribution, we infer that
they form a physical, wide (though unresolved) binary system. Both components exhibit similar metal abundances
and show iron-group elements with slightly oversolar (up to 0.6 dex) abundance, meaning that atomic diffusion in the
WD atmosphere is not yet active due to a residual, weak radiation-driven wind. Kinematically and from its height
above the Galactic plane, the system belongs to the Galactic thick disk, indicating that it is an old system and that
the initial masses of both stars were close to 1 M⊙.

Published in A&A
Available from https://arxiv.org/abs/2009.02968

Effects of dark matter in red giants
Clea Sunny1, Arun Kenath1, C. Sivaram2 and S.B. Gudennavar1

1Christ (Deemed to be University), Bengaluru, Karnataka, India
2Indian Institute of Astrophysics, Bengaluru, Karnataka, India

Dark matter (DM) which constitutes five-sixths of all matter is hypothesized to be a weakly interacting non-baryonic
particle, created in the early stages of cosmic evolution. It can affect various cosmic structures in the Universe via
gravitational interactions. The effect of DM in main sequence stars and stellar remnants like neutron stars and white
dwarfs has already been studied. Red giant phase is a late stage of the evolution of stars. In this work, we study,
low-mass red giants stars with admixture of DM and how this can effectively change the intrinsic properties of red
giants such as their luminosities, temperatures and lifetimes.

Published in Physics of the Dark Universe
Available from https://arxiv.org/abs/2009.04302
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Connection between the long secondary period phenomenon and the
red giant evolution

Micha l Pawlak1

1Jagiellonian University, Poland

The mechanism behind the Long Secondary Period (LSP) observed in pulsating red giants still remains unknown. In
this work, I investigate the connection between the Red Giant Branch and Asymptotic Giant Branch evolution and
the appearance of the LSP – the phenomenon observed in a large fraction the red giants. I use the OGLE-III sample
of the OSARG variables in the Large Magellanic Cloud. I construct the density maps in the period–luminosity as
well as color–magnitude planes for the stars showing LSP and compare them to the remaining giants. I also fit the
spectral energy distribution to test whether an additional source of reddening is present in the LSP stars. I post a
hypothesis that the LSP phenomenon may be related to a transition between the different pulsation period–luminosity
sequences. I also show that an overabundance of the stars showing Long Period Variables can be observed around the
Tip of the Red Giant Branch, and much more prominently, at the upper part of the Asymptotic Giant Branch. The
main over-density region appears to be slightly fainter and redder than the bulk of the Asymptotic Giant Branch. It
also seems to correspond to the area of the Hertzsprung–Russell diagram where stable winds and high mass loss are
present. The LSP can possibly be a recurring phenomenon appearing and disappearing in various points of the red
giant evolution. The LSP stars appear to be more reddened than other giants, which suggests the intrinsic nature
of the reddening, likely related to large dust emission. The analysis seems to confirms the hypothesis that there is a
relation between the mass loss due to the presence of strong stellar wind and the appearance of LSP.

Accepted for publication in A&A
Available from https://arxiv.org/abs/2103.01233

Short-term variability of evolved massive stars with TESS – II. A new
class of cool, pulsating supergiants

Trevor Z. Dorn-Wallenstein1, Emily M. Levesque1, Kathryn F. Neugent1,2, James R. A. Davenport1, Brett M.

Morris3 and Keyan Gootkin1

1University of Washington Astronomy Department, USA
2Lowell Observatory, USA
3Center for Space and Habitability, University of Bern, Switzerland

Massive stars briefly pass through the yellow supergiant (YSG) phase as they evolve redward across the HR diagram
and expand into red supergiants (RSGs). Higher-mass stars pass through the YSG phase again as they evolve blueward
after experiencing significant RSG mass loss. These post-RSG objects offer us a tantalizing glimpse into which stars
end their lives as RSGs, and why. One telltale sign of a post-RSG object may be an instability to pulsations, depending
on the star’s interior structure. Here we report the discovery of five YSGs with pulsation periods faster than 1 day,
found in a sample of 76 cool supergiants observed by TESS at two-minute cadence. These pulsating YSGs are
concentrated in a HR diagram region not previously associated with pulsations; we conclude that this is a genuine
new class of pulsating star, Fast Yellow Pulsating Supergiants (FYPS). For each FYPS, we extract frequencies via
iterative prewhitening and conduct a time-frequency analysis. One FYPS has an extracted frequency that is split into
a triplet, and the amplitude of that peak is modulated on the same timescale as the frequency spacing of the triplet;
neither rotation nor binary effects are likely culprits. We discuss the evolutionary status of FYPS and conclude that
they are candidate post-RSGs. All stars in our sample also show the same stochastic low-frequency variability (SLFV)
found in hot OB stars and attributed to internal gravity waves. Finally, we find four αCygni variables in our sample,
of which three are newly discovered.

Accepted for publication in The Astrophysical Journal
Available from https://arxiv.org/abs/2008.11723
and from https://ui.adsabs.harvard.edu/abs/2020ApJ...902...24D/abstract
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A helium-flash-induced mixing event can explain the lithium
abundances of red clump stars

Josiah Schwab1

1University of California, Santa Cruz, USA

Observations demonstrate that the surface abundance of 7Li in low-mass stars changes dramatically between the
tip of the red giant branch and the red clump. This naturally suggests an association with the helium core flash,
which occurs between these two stages. Using stellar evolution models and a simple, ad hoc mixing prescription, we
demonstrate that the 7Li enhancement can be explained by a brief chemical mixing event that occurs at the time of
the first, strongest He subflash. The amount of 7Be already present above the H-burning shell just before the flash,
once it mixes into the cooler envelope and undergoes an electron capture converting it to 7Li, is sufficient to explain
the observed abundance at the red clump. We suggest that the excitation of internal gravity waves by the vigorous
turbulent convection during the flash may provide a physical mechanism that can induce such mixing.

Published in The Astrophysical Journal Letters
Available from https://arxiv.org/abs/2009.01248
and from https://ui.adsabs.harvard.edu/abs/2020ApJ...901L..18S/abstract

UV spectroscopy confirms SULyn to be a symbiotic star
Vipin Kumar1,2, Mudit K. Srivastava1, Dipankar P.K. Banerjee1 and Vishal Joshi1

1Astronomy & Astrophysics Division, Physical Research Laboratory, Ahmedabad 380009, India
2Indian Institute of Technology, Gandhinagar, 382335, India

SULyn, a star that ostensibly appears to be an unremarkable late M type giant, has recently been proposed to be a
symbiotic star largely based on its hard X-ray properties. The star does not display, in low-resolution optical spectra,
the high excitation lines typically seen in the spectra of symbiotic stars. In the present work, UV, optical, and near-
infrared observations are presented, aimed at exploring and strengthening the proposed symbiotic classification for
this star. Our Far-UV 1300–1800Å spectrum of SULyn, obtained with the ASTROSAT mission’s UVIT payload,
shows emission lines of Si iv, C iv, O iii and N iii in a spectrum typical of symbiotic stars. The UV spectrum robustly
confirms SULyn’s symbiotic nature. The detection of high excitation lines in a high-resolution optical spectrum further
consolidates its symbiotic nature. As is being recognized, the potential existence of other similar symbiotic systems
could significantly impact the census of symbiotic stars in the galaxy.

Published in Monthly Notices of the Royal Astronomical Society Letters, 500, L12 (2021)
Available from https://arxiv.org/abs/2009.03104
and from https://academic.oup.com/mnrasl/article/500/1/L12/5906556
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Multiwavelength observations of the RVTauri variable system
UMonocerotis: long-term variability phenomena that can be explained

by binary interactions with a circumbinary disk
Laura D. Vega1,2, Keivan G. Stassun1, Rodolfo Montez Jr.3, Tomasz Kamiński4, Laurence Sabin5, Eric M. Schlegel6,

Wouter H.T. Vlemmings7, Joel H. Kastner8, Sofia Ramstedt9 and Patricia T. Boyd2

1Department of Physics & Astronomy, Vanderbilt University, Nashville, TN 37235, USA
2Astrophysics Science Division, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA
3Center for Astrophysics mid Harvard & Smithsonian, Cambridge, MA 02138, USA
4Nicolaus Copernicus Astronomical Center of the Polish Academy of Sciences, Toruń, Poland
5Instituto de Astronomı́a, Universidad Nacional Autónoma de México, Ensenada, B.C., México
6Department of Physics & Astronomy, The University of Texas at San Antonio, San Antonio, TX 78249, USA
7Department of Space, Earth and Environment, Chalmers University of Technology, Onsala Space Observatory, Onsala, Sweden
8School of Physics and Astronomy, Rochester Institute of Technology, Rochester, NY 14623, USA
9Department of Physics and Astronomy, Uppsala University, Uppsala, Sweden

We present X-ray through submillimeter observations of the classical RVTauri (RVb-type) variable UMon, a post-
AGB binary with a circumbinary disk (CBD). Our SMA observations indicate a CBD diameter of <∼ 550 au. Our
XMM–Newton observations make U Mon the first RVTauri variable detected in X-rays. The X-ray emission is
characteristic of a hot plasma (∼ 10 MK), with LX = 5×1030 erg s−1, and we consider its possible origin from UMon,
its companion, and/or binary system interactions. Combining DASCH and AAVSO data, we extend the time-series
photometric baseline back to the late 1880s and find evidence that UMon has secular changes that appear to recur
on a timescale of ∼ 60 yr, possibly caused by a feature in the CBD. From literature radial velocities we find that the
binary companion is a ∼ 2 M⊙ A-type main-sequence star. The orientation of the binary’s orbit lies along our line
of sight (ω = 95◦), such that apastron corresponds to photometric RVb minima, consistent with the post-AGB star
becoming obscured by the near side of the CBD. In addition, we find the size of the inner-CBD hole (∼ 4.5–9 au) to
be comparable to the binary separation, implying that one or both stars may interact with the CBD at apastron. The
obscuration of the post-AGB star implicates the companion as the likely source of the enhanced Hα observed at RVb
minima and of the X-ray emission that may arise from accreted material.

Published in The Astrophysical Journal, 909, 138 (2021)
Available from https://arxiv.org/abs/2103.07330
and from

https://www.nasa.gov/feature/goddard/2021/scientists-sketch-aged-star-system-using-over-a-century-of-observations

DYPegasi: an SXPhoenicis star in a binary system with an evolved
companion

Hui-Fang Xue1 and Jia-Shu Niu2

1Department of Physics, Taiyuan Normal University, Jinzhong, 030619, China
2Institute of Theoretical Physics, Shanxi University, Taiyuan 030006, China

In this work, the photometric data from the American Association of Variable Star Observers are collected and analyzed
on the SXPhoenicis star DYPegasi (DYPeg). From the frequency analysis, we get three independent frequencies:
f0 = 13.71249 d−1, f1 = 17.7000 d−1, and f2 = 18.138 d−1, in which f0 and f1 are the radial fundamental and
first overtone mode, respectively, while f2 is detected for the first time and should belong to a nonradial mode.
The O–C diagram of the times of maximum light shows that DYPeg has a period change rate (1/P0)(dP0/dt) =
−(5.87 ± 0.03) × 10−8 yr−1 for its fundamental pulsation mode, and should belong to a binary system that has an
orbital period Porb = 15425.0 ± 205.7 d. Based on the spectroscopic information, single star evolutionary models
are constructed to fit the observed frequencies. However, some important parameters of the fitted models are not
consistent with that from observations. Combing with the information from observation and theoretical calculation,
we conclude that DYPeg should be an SXPhoenicis star in a binary system and accreting mass from a dust disk,
which was the residue of its evolved companion (most probably a hot white dwarf at the present stage) produced in the

8

https://arxiv.org/abs/2103.07330
https://www.nasa.gov/feature/goddard/2021/scientists-sketch-aged-star-system-using-over-a-century-of-observations


asymptotic giant branch phase. Further observations are needed to confirm this inference, and it might be potentially
a universal formation mechanism and evolutionary history for SXPhoenicis stars.

Published in The Astrophysical Journal
Available from https://arxiv.org/abs/2008.02542
and from https://doi.org/10.3847/1538-4357/abbc12

Enhancement of lithium in red clump stars by the additional energy
loss induced by new physics

Kanji Mori1,2, Motohiko Kusakabe3, A. Baha Balantekin2,4, Toshitaka Kajino1,2,3 and Michael A. Famiano2,5

1Graduate School of Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-0033 Japan
2Division of Science, National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan
3School of Physics, Beihang University, 37 Xueyuan Road, Haidian-qu, Beijing 100083, China
4Department of Physics, University of Wisconsin–Madison, Madison, Wisconsin 53706 USA
5Department of Physics, Western Michigan University, Kalamazoo, Michigan 49008 USA

Since 7Li is easily destroyed in low temperatures, the surface lithium abundance decreases as stars evolve. This is
supported by the lithium depletion observed in the atmosphere of most red giants. However, recent studies show that
almost all of red clump stars have high lithium abundances A(Li) > −0.9, which are not predicted by the standard
theory of the low-mass stellar evolution. In order to reconcile the discrepancy between the observations and the model,
we consider additional energy loss channels which may come from physics beyond the Standard Model. A(Li) slightly
increases near the tip of the red giant branch even in the standard model with thermohaline mixing because of the
7Be production by the Cameron–Fowler mechanism, but the resultant 7Li abundance is much lower than the observed
values. We find that the production of 7Be becomes more active if there are additional energy loss channels, because
themohaline mixing becomes more efficient and a heavier helium core is formed.

Published in Monthly Notices of the Royal Astronomical Society
Available from https://arxiv.org/abs/2009.00293
and from https://academic.oup.com/mnras/article-abstract/503/2/2746/6156622

Convective differential rotation in stars and planets – I. Theory
Adam S . Jermyn1, Shashikumar M. Chitre2,3, Pierre Lesaffre4 and Christopher A. Tout2

1Center for Computational Astrophysics, Flatiron Institute, New York, New York, 10010, USA
2Institute of Astronomy, University of Cambridge, Madingley Rd., Cambridge CB3 0HA, UK
3Centre for Basic Sciences, University of Mumbai, India
4École Normale Supérieure 24 rue Lhomond, 75231 Paris, France

We derive the scaling of differential rotation in both slowly- and rapidly-rotating convection zones using order of
magnitude methods. Our calculations apply across stars and fluid planets and all rotation rates, as well as to both
magnetized and purely hydrodynamic systems. We find shear |R∇Ω| of order the angular frequency Ω for slowly-
rotating systems with Ω ≪ |N |, where N is the Brunt–Väisälä frequency, and find that it declines as a power-law in
Ω for rapidly-rotating systems with Ω ≫ |N |. We further calculate the meridional circulation rate and baroclinicity
and examine the magnetic field strength in the rapidly rotating limit. Our results are in general agreement with
simulations and observations and we perform a detailed comparison with those in a companion paper.

Published in MNRAS
Available from https://arxiv.org/abs/2008.09125
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Convective differential rotation in stars and planets – II. Observational
and numerical tests

Adam S. Jermyn1, Shashikumar M. Chitre2,3, Pierre Lesaffre4 and Christopher A. Tout2

1Center for Computational Astrophysics, Flatiron Institute, New York, New York, 10010, USA
2Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 0HA, UK
3Centre for Basic Sciences, University of Mumbai, India
4École Normale Supérieure 24 rue Lhomond, 75231 Paris, France

Differential rotation is central to a great many mysteries in stars and planets. In Part I we predicted the order of
magnitude and scaling of the differential rotation in both hydrodynamic and magnetohydrodynamic convection zones.
Our results apply to both slowly- and rapidly-rotating systems, and provide a general picture of differential rotation
in stars and fluid planets. We further calculated the scalings of the meridional circulation, entropy gradient and
baroclinicity. In this companion paper we compare these predictions with a variety of observations and numerical
simulations. With a few exceptions we find that these are consistent in both the slowly-rotating and rapidly-rotating
limits. Our results help to localize core-envelope shear in red giant stars, suggest a rotation-dependent frequency shift
in the internal gravity waves of massive stars and potentially explain observed deviations from von Zeipel’s gravity
darkening in late-type stars.

Published in MNRAS
Available from https://arxiv.org/abs/2008.09126

Thesis

Jet creation in post-asymptotic giant branch binaries
Dylan Bollen1,2,3

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

Astrophysical jets are frequently observed phenomena in our Universe, ranging from high-energy jets in active galactic
nuclei to low-energy stellar jets. Recent studies have shown that jets are also present in a large fraction of binary
post-asymptotic giant branch (post-AGB) systems. These are systems in which a post-AGB star and a main-sequence
companion form a binary, that is surrounded by a circumbinary disk. The companion star itself is surrounded by a
smaller accretion disk, from which a jet is launched. The jet-launching mechanisms and their physical structure are
currently unknown. However, it is likely that the jets are governed by the same physics as those observed in other
astrophysical objects. In this thesis, we study the jets in post-AGB binary systems. We collect high-resolution optical
spectra of jet-creating post-AGB binary systems that were obtained from the HERMES spectrograph, mounted on the
MERCATOR telescope. We develop a spatio-kinematic and radiative transfer model, from which we obtain important
jet properties, such as opening angles, velocities, orientation and mass-loss rates. We show that our model is successful
in reproducing the jet feature in the spectra. We link the mass-loss rates in the jet with the mass-accretion rate in the
accretion disk and the stellar and orbital properties of the system. Correlating the jet and accretion properties with
the binary properties provides us with more insights into the binary interaction history of post-AGB binary systems
and how they are connected to the formation of these jets.

Joint Ph.D. between K.U. Leuven (Leuven, Belgium) and Macquarie University (Sydney, Australia).
Defended 16th of March, 2021, Leuven, Belgium. Supervisors: Prof. Hans Van Winckel (K.U. Leuven),
Dr. Devika Kamath (Macquarie University) and Prof. Orsola De Marco (Macquarie University)
Available from https://fys.kuleuven.be/ster/pub/phd-thesis-dylan-bollen/phd-thesis-dylan-bollen
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Job Advert

Postdoctoral position: Winds of Cool Giant Stars and Red Supergiants

Applications are invited for a postdoctoral position at the Department of Physics and Astronomy, Uppsala University,
Sweden.

Project description: Evolved stars play a crucial role for the cosmic matter cycle and the origin of life. Critical chem-
ical elements, like carbon, are produced inside luminous cool giant stars, transported to the surface by turbulent gas
flows, and ejected into interstellar space by massive outflows of gas and dust. The current knowledge of stellar winds
is incomplete, and does not allow us to fully understand their effects on the evolution of stars, and how they enrich
their surroundings with newly produced elements and cosmic dust. Project EXWINGS, funded by the European
Research Council with an ERC Advanced Grant, aims at a breakthrough in understanding the winds of cool giant and
supergiant stars by developing a new type of models: global dynamical star-and-wind-in-a-box simulations, in full 3D
geometry. Astronomical instruments with high spatial resolution, which give images of the stellar atmospheres where
the winds originate, will allow us to test the new models.

The post-doctoral researcher will work together with Susanne Höfner, Bernd Freytag, and other EXWINGS team
members on studying the interplay of dynamical processes in the stellar interior (convection, pulsation) with physical
phenomena (shocks, dust formation, emergence of complex structures) in the extended atmosphere, where the stellar
wind has its origin. Comparing a new generation of dynamic models for Asymptotic Giant Branch (AGB) and red
supergiant (RSG) stars to state-of-the-art observations, the mechanisms which drive their winds will be explored.
More information on project EXWINGS and the stellar winds research group can be found at
https://www.physics.uu.se/research/research-funding/european-research-council/exwings/ and
https://www.physics.uu.se/research/astronomy-and-space-physics/research/stars/Stellar+winds/.

The position is a 2-year appointment, with a possibility for an extension of 2 years. To qualify for an employment you
must have a Ph.D. degree (or equivalent) in Astronomy or Physics. The Ph.D. degree must have been obtained no
more than three years prior to the application deadline. The three year period can be extended due to circumstances
such as sick leave, parental leave, etc. Candidates should be fluent in English and have the capacity to work both
independently and in collaboration with the team. Applications should include a brief description of research interests
and relevant experience, CV, copies of university grades, certificates and diplomas, and contact details for at least one
reference person. Practical experience with relevant numerical simulations (gas dynamics, radiative transfer), or with
observational techniques (e.g., spectroscopy, interferometry) applied to AGB and RSG stars, will be considered a merit.

The official announcement and the link to the online application system can be found here:
https://www.uu.se/en/about-uu/join-us/details/?positionId=388199
Deadline: 17 May 2021, Reference: UFV-PA 2021/1015.

For further information about the position please contact Susanne Höfner (susanne.hoefner@physics.uu.se).

See also https://www.uu.se/en/about-uu/join-us/details/?positionId=388199
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Announcements

A new joint SOFIA/HST public dataset of the symbiotic Mira HMSge

We would like to alert the community to an upcoming data set on the recent (1975), post-outburst symbiotic HMSge,
which will be publicly available. This set will consist of observations obtained as part of a joint Directors’ Discretionary
Program using the Stratospheric Observatory For Infrared Astronomy (SOFIA) and the Hubble Space Telescope (HST),
and will showcase their capabilities for evolved-star science. A pilot program was approved to use FORCAST (mid-IR
imaging & low-resolution spectroscopy) and EXES (high-resolution spectroscopy) aboard SOFIA (PID: 75 0057) , and
WFC3 (narrowband optical imaging) and COS (FUV & NUV spectroscopy) aboard HST (PID: 16492) to target this
evolving Mira system.

See also https://www.stsci.edu/sites/www/home/hst/observing/program-information.html?id=16492

Marcel Grossmann Meeting XVI
Parallel Session on Betelgeuse

The Marcel Grossmann Meetings started in 1975 and reached the widest resonance in the field of General Relativity
and Relativistic Astrophysics. More than 1000 scientists worldwide participated to the last meetings ”in person” as
you can find in the Proceedings on NASA/ADS, also with some Nobel laureates.

A parallel session on ”The fall and rise of Betelgeuse” will be held at the Sixteenth Marcel Grossmann Meeting on
General Relativity (MG16).

In October 2019 the luminosity of the red supergiant Betelgeuse started its descent to a particularly deep minimum
in February 2020, rather predictable in time, but not in magnitude, which actually made rare the event. This condi-
tion, especially for semiregular variable stars, but also and even more for Mira-type stars, is not unique. The case of
Betelgeuse raised many original works from various groups of researchers, either observational either theoretical.
In this meeting session, occurring one primary oscillating period of Betelgeuse after that minimum, are strongly en-
couraged the presentations of works on Betelgeuse, on its variability, on its deep 2020 minimum, on supergiant stars
similar to Betelgeuse, on time series analysis in stellar astrophysics, on observational aspects of stellar variability, on
the pre-supernova stages.

The MG16 will take place virtually from Monday July 5 through Friday July 9, 2021. It will be organized by ICRA
(Rome, Italy), ICRANet (Pescara, Italy) and the associated ICRANet centers including Yerevan, Armenia; Minsk,
Belarus; Rio de Janeiro, Brazil; USTC, China; Isfahan, Iran; Stanford University and the University of Arizona, USA.

The MG16 website is http://www.icra.it/mg/mg16

The timeline is:

• March 15, 2021: registration opening

• April 15, 2021: abstract submission opening

• May 15, 2021: registration closure

• June 15, 2021: abstract submission closure

Each day of the meeting there will be three program blocks of three hours each: one plenary session and two parallel
sessions in revolving order to address the three major continental time zones: Central European Summer Time:
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Block 1: 6:30-9:30

Block 2: 9:30-12:30

Block 3: 16:30-19:30

Parallel sessions will last three hours and will occupy two of the above blocks every day.

Remo Ruffini
Chairman of the International Organizing Committee of MG16
Robert Jantzen
Chairman of the International Coordinating Committee of MG16
Gregory Vereshchagin
Chairman of the Local Organizing Committee of MG16
Costantino Sigismondi Chairman of the Parallel Session on Betelgeuse

See also http://www.icra.it/mg/mg16/
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