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Figure 1: The planetary nebula Henize 2-111, suggested by Sakib Rasool and imaged by Don Goldman – see
http://astrodonimaging.com/gallery/henize-2-111/ for details. It resembles the H ii region N119 in the centre of
the Large Magellanic Cloud. Sakib welcomes suggestions for other objects to be imaged by their team – write to
sakibrasool@yahoo.co.uk
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Editorial

Dear Colleagues,

It is a pleasure to present you the 244th issue of the AGB Newsletter. IRC10◦420 and the Magellanic Clouds seem
popular, and there’s also a large number of papers on more fundamental data such as oscillator strengths, molecular
line lists, helium burning treatment, determination of temperatures or variability amplitudes...

We would like to highlight the proceedings paper by John Percy on using variable red giants as a tool for education,
and would encourage you all to consider the educational and public outreach potential of our research.

There is a job opening for a postdoctoral researcher in Brussels.

The European Week of Astronomy and Space Science (EWASS) takes place in Liverpool (UK) in April 2018, and
there are at least two sessions of (potential) interest to our red giant star community – see the announcements at the
end of the newsletter.

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

Editorially Yours,

Jacco van Loon, Ambra Nanni and Albert Zijlstra

Food for Thought

This month’s thought-provoking statement is:

How much nitrogen in our DNA was made inside AGB stars?

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

Lifetime measurements and oscillator strengths in singly ionised
scandium and the solar abundance of scandium

A. Pehlivan Rhodin1,2, M.T. Belmonte3, L. Engström4, H. Lundberg4, H. Nilsson1, H. Hartman1,2, J.C. Pickering3,

C. Clear3, P. Quinet5,6, V. Fivet5 and P. Palmeri5

1Lund Observatory, Lund University, P.O. Box 43, SE-221 00 Lund, Sweden
2Materials Science and Applied Mathematics, Malmö University, 205 06 Malmö, Sweden
3Physics Department, Blackett Laboratory, Imperial College London, London SW7 2BZ, UK
4Department of Physics, Lund Institute of Technology, P.O. Box 118, SE-221 00 Lund, Sweden
5Physique Atomique et Astrophysique, Université de Mons – UMONS, 20 Place du Parc, B-7000 Mons, Belgium
6IPNAS, Université de Liège B15 Sart Tilman, B-4000 Liège, Belgium

The lifetimes of 17 even-parity levels (3d5s, 3d4d, 3d6s and 4p2) in the region 57 743–77 837 cm−1 of singly ionized
scandium (Sc ii) were measured by two-step time-resolved laser induced fluorescence spectroscopy. Oscillator strengths
of 57 lines from these highly excited upper levels were derived using a hollow cathode discharge lamp and a Fourier
transform spectrometer. In addition, Hartree–Fock calculations where both the main relativistic and core-polarization
effects were taken into account were carried out for both low- and high-excitation levels. There is a good agreement for
most of the lines between our calculated branching fractions and the measurements of Lawler & Dakin in the region
9000–45 000 cm−1 for low excitation levels and with our measurements for high excitation levels in the region 23 500–
63 100 cm−1. This, in turn, allowed us to combine the calculated branching fractions with the available experimental
lifetimes to determine semi-empirical oscillator strengths for a set of 380 E1 transitions in Sc ii. These oscillator
strengths include the weak lines that were used previously to derive the solar abundance of scandium. The solar
abundance of scandium is now estimated to log ǫ⊙ = 3.04±0.13 using these semi-empirical oscillator strengths to shift
the values determined by Scott et al. The new estimated abundance value is in agreement with the meteoritic value
(log ǫmet = 3.05± 0.02) of Lodders, Palme & Gail.

Published in MNRAS
Available from https://arxiv.org/abs/1708.06692
and from https://doi.org/10.1093/mnras/stx2159

Circumstellar ammonia in oxygen-rich evolved stars
K.T. Wong1,2, K.M. Menten1, T. Kamiński3, F. Wyrowski1, J.H. Lacy4 and T.K. Greathouse5

1Max-Planck-Institut für Radioastronomie, Auf dem Hügel 69, 53121 Bonn, Germany
2Institut de Radioastronomie Millimétrique, 300 rue de la Piscine, 38406 Saint-Martin-d’Hères, France
3Harvard–Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
4Department of Astronomy, University of Texas, Austin, TX 78712, USA
5Southwest Research Institute, 6220 Culebra Road, San Antonio, TX 78238, USA

Context: The circumstellar ammonia (NH3) chemistry in evolved stars is poorly understood. Previous observations
and modelling showed that NH3 abundance in oxygen-rich stars is several orders of magnitude above that predicted
by equilibrium chemistry.
Aims: We would like to characterise the spatial distribution and excitation of NH3 in the oxygen-rich circumstellar
envelopes (CSEs) of four diverse targets: IKTau, VYCMa, OH231.8+4.2, and IRC+10◦420.
Methods: We observed NH3 emission from the ground state in the inversion transitions near 1.3 cm with the Very Large
Array (VLA) and submillimetre rotational transitions with the Heterodyne Instrument for the Far-Infrared (HIFI)
aboard Herschel Space Observatory from all four targets. For IKTau and VYCMa, we observed NH3 rovibrational
absorption lines in the ν2 band near 10.5 µm with the Texas Échelon Cross Échelle Spectrograph (TEXES) at the
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NASA Infrared Telescope Facility (IRTF). We also attempted to search for the rotational transition within the excited
vibrational state (v2 = 1) near 2 mm with the IRAM 30m Telescope. Non-LTE radiative transfer modelling, including
radiative pumping to the vibrational state, was carried out to derive the radial distribution of NH3 in the CSEs of
these targets.
Results: We detected NH3 inversion and rotational emission in all four targets. IKTau and VYCMa show blueshifted
absorption in the rovibrational spectra. We did not detect vibrationally excited rotational transition from IKTau.
Spatially resolved VLA images of IKTau and IRC+10◦420 show clumpy emission structures; unresolved images of
VYCMa and OH231.8+4.2 indicate that the spatial-kinematic distribution of NH3 is similar to that of assorted
molecules, such as SO and SO2, that exhibit localised and clumpy emission. Our modelling shows that the NH3

abundance relative to molecular hydrogen is generally of the order of 10−7, which is a few times lower than previous
estimates that were made without considering radiative pumping and is at least 10 times higher than that in the
carbon-rich CSE of IRC+10◦216. NH3 in OH231.8+4.2 and IRC+10◦420 is found to emit in gas denser than the
ambient medium. Incidentally, we also derived a new period of IKTau from its V -band light curve.
Conclusions: NH3 is again detected in very high abundance in evolved stars, especially the oxygen-rich ones. Its
emission mainly arises from localised spatial-kinematic structures that are probably denser than the ambient gas. Cir-
cumstellar shocks in the accelerated wind may contribute to the production of NH3. Future mid-infrared spectroscopy
and radio imaging studies are necessary to constrain the radii and physical conditions of the formation regions of NH3.

Accepted for publication in A&A
Available from https://arxiv.org/abs/1710.01027

Hertzsprung–Russell diagram and mass distribution of barium stars
A. Escorza1,2, H.M.J. Boffin3, A. Jorissen2, S. Van Eck2, L. Siess2, H. Van Winckel1, D. Karinkuzhi2, S. Shetye2,1

and D. Pourbaix2

1Institute of Astronomy, K.U. Leuven, Celestijnenlaan 200D, 3001 Leuven, Belgium
2Institut d’Astronomie et d’Astrophysique, Université Libre de Bruxelles, ULB, Campus Plaine C.P. 226, Boulevard du Triomphe, B-1050

Bruxelles, Belgium
3ESO, Karl Schwarzschild Straße 2, D-85748 Garching bei München, Germany

With the availability of parallaxes provided by the Tycho–Gaia Astrometric Solution, it is possible to construct the
Hertzsprung–Russell diagram (HRD) of barium and related stars with unprecedented accuracy. A direct result from the
derived HRD is that subgiant CH stars occupy the same region as barium dwarfs, contrary to what their designations
imply. By comparing the position of barium stars in the HRD with starevol evolutionary tracks, it is possible to
evaluate their masses, provided the metallicity is known. We used an average metallicity [Fe/H] = −0.25 and derived
the mass distribution of barium giants. The distribution peaks around 2.5 M⊙ with a tail at higher masses up to
4.5 M⊙. This peak is also seen in the mass distribution of a sample of normal K and M giants used for comparison
and is associated with stars located in the red clump. When we compare these mass distributions, we see a deficit
of low-mass (1–2 M⊙) barium giants. This is probably because low-mass stars reach large radii at the tip of the red
giant branch, which may have resulted in an early binary interaction. Among barium giants, the high-mass tail is
however dominated by stars with barium indices of less than unity, based on a visual inspection of the barium spectral
line; that is, these stars have a very moderate barium line strength. We believe that these stars are not genuine
barium giants, but rather bright giants, or supergiants, where the barium lines are strengthened because of a positive
luminosity effect. Moreover, contrary to previous claims, we do not see differences between the mass distributions of
mild and strong barium giants.

Accepted for publication in Astronomy & Astrophysics
Available from https://arxiv.org/abs/1710.02029
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Inflows, outflows, and a giant donor in the remarkable recurrent nova
M31N2008-12a? – Hubble Space Telescope photometry of the 2015

eruption
M.J. Darnley1, R. Hounsell2,3, P. Godon4,5, D.A. Perley1, M. Henze6, N.P.M. Kuin7, B.F. Williams8, S.C.

Williams1,9, M.F. Bode1, D.J. Harman1, K. Hornoch10, M. Link11, J.-U. Ness12, V.A.R.M. Ribeiro13,14,15,16, E.M.

Sion4, A.W. Shafter17 and M.M. Shara18

1LJMU, UK
2UCSC, USA
3University of Illinois at Urbana–Champaign, USA
4Villanova University, USA
5Johns Hopkins University, USA
6CSIC–IEEC, Catalunya (Spain)
7Mullard Space Science Laboratory, UK
8University of Washington, USA
9Lancaster University, UK
10Czech Academy of Sciences, Czech Republic
11STScI, USA
12ESAC, Spain
13Universidade de Aveiro, Portugal
14Instituto de Telecomunicações, Portugal
15Botswana International University of Science & Technology, Botswana
16Radboud University, The Netherlands
17SDSU, USA
18American Museum of Natural History, USA

The recurrent nova M31N2008-12a experiences annual eruptions, contains a near-Chandrasekhar mass white dwarf,
and has the largest mass accretion rate in any nova system. In this paper, we present Hubble Space Telescope (HST)
WFC3/UVIS photometry of the late decline of the 2015 eruption. We couple these new data with archival HST
observations of the quiescent system and Keck spectroscopy of the 2014 eruption. The late-time photometry reveals
a rapid decline to a minimum luminosity state, before a possible recovery / re-brightening in the run-up to the next
eruption. Comparison with accretion disk models supports the survival of the accretion disk during the eruptions, and
uncovers a quiescent disk mass accretion rate of the order of 10−6 M⊙ yr−1, which may rise beyond 10−5 M⊙ yr−1

during the super-soft source phase – both of which could be problematic for a number of well-established nova eruption
models. Such large accretion rates, close to the Eddington limit, might be expected to be accompanied by additional
mass loss from the disk through a wind and even collimated outflows. The archival HST observations, combined with
the disk modeling, provide the first constraints on the mass donor; Ldonor = 103+12

−11 L⊙, Rdonor = 14.14+0.46
−0.47 R⊙, and

Teff, donor = 4890 ± 110 K, which may be consistent with an irradiated M31 red-clump star. Such a donor would
require a system orbital period >∼5 days. Our updated analysis predicts that the M31N2008-12a WD could reach the
Chandrasekhar mass in < 20 kyr.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/1709.10145

The Cluster AgeS Experiment (CASE). Variable stars in the field of the
globular cluster M22

M. Rozyczka1, I.B. Thompson2, W. Pych1, W. Narloch1, R. Poleski3 and A. Schwarzenberg-Czerny1

1Nicolaus Copernicus Astronomical Center, ul. Bartycka 18, 00-716 Warsaw, Poland
2The Observatories of the Carnegie Institution for Science, 813 Santa Barbara Street, Pasadena, CA 91101, USA
3Department of Astronomy, Ohio State University, 140 W. 18th Ave., Columbus, OH 43210, USA

The field of the globular cluster M22 (NGC6656) was monitored between 2000 and 2008 in a search for variable
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stars. BV light curves were obtained for 359 periodic, likely periodic, and long-term variables, 238 of which are new
detections. Thirty nine newly detected variables, and 63 previously known ones are members or likely members of
the cluster, including 20 SXPhe, 10 RRab and 16 RRc-type pulsators, one BLHer-type pulsator, 21 contact binaries,
and 9 detached or semi-detached eclipsing binaries. The most interesting among the identified objects are V112 – a
bright multimode SXPhe pulsator, V125 – a β Lyr-type binary on the blue horizontal branch, V129 – a blue/yellow
straggler with a WUMa-like light curve, located halfway between the extreme horizontal branch and red giant branch,
and V134 – an extreme horizontal branch object with P = 2.33 d and a nearly sinusoidal light curve; all four of them
are proper motion (PM) members of the cluster. Among nonmembers, a P = 2.83 d detached eclipsing binary hosting
a δ Sct-type pulsator was found, and a peculiar P = 0.93 d binary with ellipsoidal modulation and narrow minimum
in the middle of one of the descending shoulders of the sinusoid. We also collected substantial new data for previously
known variables; in particular we revise the statistics of the occurrence of the Blazhko effect in RR Lyr-type variables
of M22.

Accepted for publication in Acta Astronomica
Available from https://arxiv.org/abs/1709.09572

A dearth of OH/IR stars in the Small Magellanic Cloud
Steven R. Goldman1, Jacco Th. van Loon1, José F. Gómez2, James A. Green3,4, Albert A. Zijlstra5, Ambra Nanni6,

Hiroshi Imai7, Patricia A. Whitelock8,9, Martin A.T. Groenewegen10 and Joana M. Oliveira1

1Astrophysics Group, Lennard-Jones Laboratories, Keele University, ST5 5BG, UK
2Instituto de Astrof́ısica de Andalućıa, CSIC, Glorieta de la Astronomı́a s/n, 18008 Granada, Spain
3SKA Organisation, Jodrell Bank Observatory, Lower Withington, Macclesfield, Cheshire, SK11 9DL, UK
4CSIRO Astronomy and Space Science, Australia Telescope National Facility, P.O. Box 76, Epping, NSW 1710, Australia
5Jodrell Bank Centre for Astrophysics, Alan Turing Building, School of Physics and Astronomy, The University of Manchester, Oxford

Road, Manchester, M13 9PL, UK
6Dipartimento di Fisica e Astronomia Galileo Galilei, vicolo dell’Osservatorio 3, 35122 Padova PD, Italy
7Department of Physics and Astronomy, Kagoshima University, 1-21-35 Korimoto, Kagoshima 890-0065, Japan
8South African Astronomical Observatory (SAAO), P.O. Box 9, 7935 Observatory, South Africa
9Astronomy Department, University of Cape Town, 7701 Rondebosch, South Africa
10Koninklijke Sterrenwacht van België, Ringlaan 3, B-1180 Brussels, Belgium

We present the results of targeted observations and a survey of 1612-, 1665-, and 1667-MHz circumstellar OH maser
emission from asymptotic giant branch (AGB) stars and red supergiants (RSGs) in the Small Magellanic Cloud
(SMC), using the Parkes and Australia Telescope Compact Array radio telescopes. No clear OH maser emission
has been detected in any of our observations targeting luminous, long-period, large-amplitude variable stars, which
have been confirmed spectroscopically and photometrically to be mid- to late-M spectral type. These observations
have probed 3–4 times deeper than any OH maser survey in the SMC. Using a bootstrapping method with LMC and
Galactic OH/IR star samples and our SMC observation upper limits, we have calculated the likelihood of not detecting
maser emission in any of the two sources considered to be the top maser candidates to be less than 0.05%, assuming a
similar pumping mechanism as the LMC and Galactic OH/IR sources. We have performed a population comparison
of the Magellanic Clouds and used Spitzer IRAC and MIPS photometry to confirm that we have observed all high
luminosity SMC sources that are expected to exhibit maser emission. We suspect that, compared to the OH/IR stars
in the Galaxy and LMC, the reduction in metallicity may curtail the dusty wind phase at the end of the evolution of
the most massive cool stars. We also suspect that the conditions in the circumstellar envelope change beyond a simple
scaling of abundances and wind speed with metallicity.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/1710.02184
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Discovery of a metal-poor, luminous post-AGB star that failed the third
dredge-up

D. Kamath1, H. Van Winckel1, P.R. Wood2, M. Asplund2, A.I. Karakas2,3 and J.L. Lattanzio3

1Instituut voor Sterrenkunde, K.U. Leuven, Celestijnenlaan 200D bus 2401, B-3001 Leuven, Belgium
2Research School of Astronomy and Astrophysics, Australian National University, Canberra ACT 2611, Australia
3Monash Centre for Astrophysics, School of Physics and Astronomy, Monash University, VIC 3800, Australia

Post-asymptotic giant branch (post-AGB) stars are known to be chemically diverse. In this paper we present the
first observational evidence of a star that has failed the third dredge-up (TDU). J 005252.87−722842.9 is an A-type
(Teff = 8250 ± 250 K) luminous (8200 ± 700 L⊙), metal-poor ([Fe/H] = −1.18 ± 0.10), low-mass (Minitial ≈ 1.5–2.0
M⊙) post-AGB star in the Small Magellanic Cloud. Through a systematic abundance study, using high-resolution
optical spectra from UVES, we found that this likely post-AGB object shows an intriguing photospheric composition
with no confirmed carbon-enhancement (upper limit of [C/Fe] < 0.50) nor enrichment of s-process elements. We
derived an oxygen abundance of [O/Fe] = 0.29 ± 0.1. For Fe and O, we took into account the effects of non-local
thermodynamic equilibrium (NLTE). We could not derive an upper limit for the nitrogen abundance as there are
no useful nitrogen lines within our spectral coverage. The chemical pattern displayed by this object has not been
observed in single or binary post-AGBs. Based on its derived stellar parameters and inferred evolutionary state, single
star nucleosynthesis models predict that this star should have undergone TDU episodes while on the AGB and be
carbon-enriched. However, our observations are in contrast with these predictions. We identify two possible Galactic
analogues which are likely to be post-AGB stars, but the lack of accurate distances (hence luminosities) to these
objects does not allow us to confirm their post-AGB status. If they have low luminosities then they are likely to be
dusty post-RGB stars. The discovery of J 005252.87−722842.9 reveals a new stellar evolutionary channel whereby a
star evolves without any third dredge-up episodes.

Published in ApJ, 836, 15 (2017)
Available from http://adsabs.harvard.edu/abs/2017ApJ...836...15K

The extended molecular envelope of the asymptotic giant branch star
π
1 Gruis as seen by ALMA I. Large-scale kinematic structure and CO

excitation properties
L. Doan1, S. Ramstedt1, W.H.T. Vlemmings2, S. Höfner1, E. De Beck2, F. Kerschbaum3, M. Lindqvist2, M.

Maercker2, S. Mohamed4,5,6, C. Paladini7 and M. Wittkowski8

1Department of Physics and Astronomy, Uppsala University, Box 516, 751 20 Uppsala, Sweden
2Department of Earth and Space Sciences, Chalmers University of Technology, SE-43992 Onsala, Sweden
3Department of Astrophysics, University of Vienna, Türkenschanzstr. 17, 1180 Vienna, Austria
4South African Astronomical Observatory, P.O. Box 9, 7935 Observatory, South Africa
5Astronomy Department, University of Cape Town, University of Cape Town, 7701, Rondebosch, South Africa
6National Institute for Theoretical Physics, Private Bag X1, Matieland, 7602, South Africa
7Institut d’Astronomie et d’Astrophysique, Université Libre de Bruxelles, Campus Plaine C.P. 226, Boulevard du Triomphe, B-1050

Bruxelles, Belgium
8European Southern Observatory, Karl-Schwarzschild-Straße 2, 85748 Garching bei München, Germany

The S-type asymptotic giant branch (AGB) star π1 Gruis has a known companion at a separation of ≈ 400 au. The
envelope structure, including an equatorial torus and a fast bipolar outflow, is rarely seen in the AGB phase and is
particularly unexpected in such a wide binary system. Therefore a second, closer companion has been suggested, but
the evidence is not conclusive. The new ALMA 12CO and 13CO J = 3–2 data, together with previously published
12CO J = 2–1 data from the Submillimeter Array (SMA), and the 12CO J = 5–4 and J = 9–8 lines observed with
Herschel/Heterodyne Instrument for the Far-Infrared (HIFI), is modeled with the 3D non-LTE radiative transfer
code shapemol. The data analysis clearly confirms the torus-bipolar structure. The 3D model of the CSE that
satisfactorily reproduces the data consists of three kinematic components: a radially expanding torus with velocity
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slowly increasing from 8 to 13 km s−1 along the equator plane; a radially expanding component at the center with a
constant velocity of 14 km s−1; and a fast, bipolar outflow with velocity proportionally increasing from 14 km s−1 at
the base up to 100 km s−1 at the tip, following a linear radial dependence. The results are used to estimate an average
mass-loss rate during the creation of the torus of 7.7 × 10−7 M⊙ yr−1. The total mass and linear momentum of the
fast outflow are estimated at 7.3× 10−4 M⊙ and 9.6× 1037 g cm s−1, respectively. The momentum of the outflow is
in excess (by a factor of about 20) of what could be generated by radiation pressure alone, in agreement with recent
findings for more evolved sources. The best-fit model also suggests a 12CO/13CO abundance ratio of 50. Possible
shaping scenarios for the gas envelope are discussed.

Published in Astronomy & Astrophysics
Available from https://arxiv.org/abs/1709.09435
and from https://www.aanda.org/articles/aa/abs/2017/09/aa30703-17/aa30703-17.html

Dense molecular clumps in the envelope of the yellow hypergiant
IRC+10◦420

Dinh-V-Trung1, Ka Tat Wong2 and Jeremy Lim2

1Institute of Physics, Vietnam Academy of Science and Technology, 10 DaoTan, BaDinh, Hanoi, Vietnam
2Department of Physics, The Hong Kong University, Pok Fu Lam Road, Hong Kong

The circumstellar envelope of the hypergiant star IRC+10◦420 has been traced as far out in SiO J = 2–1 as in CO
J = 1–0 and CO J = 2–1, in dramatic contrast with the centrally condensed (thermal) SiO- but extended CO-emitting
envelopes of giant and supergiant stars. Here, we present an observation of the circumstellar envelope in SiO J = 1–0
that, when combined with the previous observation in SiO J = 2–1, provide more stringent constraints on the density
of the SiO-emitting gas than hitherto possible. The emission in SiO J = 1–0 peaks at a radius of ∼ 2′′ whereas
that in SiO J = 2–1 emission peaks at a smaller radius of ∼ 1′′, giving rise to their ring-like appearances. The
ratio in brightness temperature between SiO J = 2–1 and SiO J = 1–0 decreases from a value well above unity at
the innermost measurable radius to about unity at radius of ∼ 2′′, beyond which this ratio remains approximately
constant. Dividing the envelope into three zones as in models for the CO J = 1–0 and CO J = 2–1 emission, we show
that the density of the SiO-emitting gas is comparable with that of the CO-emitting gas in the inner zone, but at
least an order of magnitude higher by comparison in both the middle and outer zones. The SiO-emitting gas therefore
originates from dense clumps, likely associated with the dust clumps seen in scattered optical light, surrounded by
more diffuse CO-emitting interclump gas. We suggest that SiO molecules are released from dust grains due to shock
interactions between the dense SiO-emitting clumps and the diffuse CO-emitting interclump gas.

Accepted for publication in ApJ
Available from https://arxiv.org/abs/1710.05543

Estimating the dust production rate of carbon stars in the Small
Magellanic Cloud

Ambra Nanni1, Paola Marigo1, Léo Girardi2, Stefano Rubele1, Alessandro Bressan3, Martin A.T. Groenewegen4,

Giada Pastorelli1 and Bernhard Aringer1

1Dipartimento di Fisica e Astronomia Galileo Galilei, Università di Padova, Vicolo dell’Osservatorio 3, I-35122 Padova, Italy
2Osservatorio Astronomico di Padova, Vicolo dell’Osservatorio 5, I-35122 Padova, Italy
3SISSA, via Bonomea 265, I-34136 Trieste, Italy
4Koninklijke Sterrenwacht van België, Ringlaan 3, B-1180 Brussel, Belgium

We employ newly computed grids of spectra reprocessed by dust for estimating the total dust production rate (DPR)
of carbon stars in the Small Magellanic Cloud (SMC). For the first time, the grids of spectra are computed as a
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function of the main stellar parameters, i.e. mass-loss rate, luminosity, effective temperature, current stellar mass and
element abundances at the photosphere, following a consistent, physically grounded scheme of dust growth coupled with
stationary wind outflow. The model accounts for the dust growth of various dust species formed in the circumstellar
envelopes of carbon stars, such as carbon dust, silicon carbide and metallic iron. In particular, we employ some selected
combinations of optical constants and grain sizes for carbon dust which have been shown to reproduce simultaneously
the most relevant color–color diagrams in the SMC. By employing our grids of models, we fit the spectral energy
distributions of ≈ 3100 carbon stars in the SMC, consistently deriving some important dust and stellar properties, i.e.
luminosities, mass-loss rates, gas-to-dust ratios, expansion velocities and dust chemistry. We discuss these properties
and we compare some of them with observations in the Galaxy and LMC. We compute the DPR of carbon stars in
the SMC, finding that the estimates provided by our method can be significantly different, between a factor ≈ 2–5,
than the ones available in the literature. Our grids of models, including the spectra and other relevant dust and stellar
quantities, are publicly available at http://starkey.astro.unipd.it/web/guest/dustymodels.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/1710.02591

Are some CEMP-s stars the daughters of spinstars?
Arthur Choplin1, Raphael Hirschi2,3,4, Georges Meynet1 and Sylvia Ekström1

1Geneva Observatory, University of Geneva, Switzerland
2Astrophysics Group, Lennard-Jones Laboratories, Keele University, UK
3Kavli Institute for the Physics and Mathematics of the Universe (WPI), Japan
4UK Network for Bridging the Disciplines of Galactic Chemical Evolution (BRIDGCE)

Carbon-Enhanced Metal-Poor (CEMP)-s stars are long-lived low-mass stars with a very low iron content as well as
overabundances of carbon and s-elements. Their peculiar chemical pattern is often explained by pollution from an
asymptotic giant branch (AGB) star companion. Recent observations have shown that most CEMP-s stars are in
binary systems, providing support to the AGB companion scenario. A few CEMP-s stars, however, appear to be
single. We inspect four apparently single CEMP-s stars and discuss the possibility that they formed from the ejecta of
a previous-generation massive star, referred to as the “source” star. In order to investigate this scenario, we computed
low-metallicity massive-star models with and without rotation and including complete s-process nucleosynthesis. We
find that non-rotating source stars cannot explain the observed abundance of any of the four CEMP-s stars. Three
out of the four CEMP-s stars can be explained by a 25 M⊙ source star with vini ∼ 500 km s−1 (spinstar). The fourth
CEMP-s star has a high Pb abundance that cannot be explained by any of the models we computed. Since spinstars
and AGB predict different ranges of [O/Fe] and [ls/hs], these ratios could be an interesting way to further test these
two scenarios.

Accepted for publication in A&A
Available from https://arxiv.org/abs/1710.05564

ExoMol line lists XXIV: A new hot line list for silicon monohydride, SiH
Sergei N. Yurchenko1, Frances Sinden1, Lorenzo Lodi1, Christian Hill1, Maire N. Gorman2 and Jonathan Tennyson1

1Department of Physics and Astronomy, University College London, Gower Street, London, WC1E 6BT, UK
2Department of Physics, Aberystwyth University, Penglais, Aberystwyth, Ceredigion, SY23 3BZ, UK

SiH has long been observed in the spectrum of our Sun and other cool stars. Computed line lists for the main
isotopologues of silicon monohydride, 28SiH, 29SiH, 30SiH and 28SiD are presented. These line lists consider rotation-
vibration transitions within the ground X 2Π electronic state as well as transitions to the low-lying A 2∆ and a 4Σ−

states. Ab initio potential energy (PECs) and dipole moment curves (DMCs) along with spin–orbit and electronic–
angular-momentum couplings between them are calculated using the MRCI level of theory with the molpro package.
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The PEC for the ground X 2Π state is refined to available experimental data with a typical accuracy of around 0.01
cm−1 or better. The 28SiH line list includes 11,785 rovibronic states and 1,724,841 transitions with associated Einstein-
A coefficients for angular momentum J up to 82.5 and covering wavenumbers up to 31,340 cm−1 (λ < 0.319 µm).
Spectra are simulated using the new line list and comparisons made with various experimental spectra. These line lists
are applicable up to temperatures of ∼ 5000 K, making them relevant to astrophysical objects such as exoplanetary
atmospheres and cool stars and opening up the possibility of detection in the interstellar medium. These line lists are
available at the ExoMol (http:www.exomol.com) and CDS database websites.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/1710.06964

Laboratory experiments on the low temperature formation of
carbonaceous grains in the ISM

Daniele Fulvio1,2, Sandor Gobi3,4, Cornelia Jäger2, Akos Kereszturi5 and Thomas Henning6

1Physics Department, Pontifical Catholic University of Rio de Janeiro, RJ, Brazil
2Laboratory Astrophysics Group of the Max Planck Institute for Astronomy at the Friedrich Schiller University Jena, Institute of Solid

State Physics, Jena, Germany
3Institute for Geological and Geochemical Research, Research Centre for Astronomy and Earth Sciences, Hungarian Academy of Sciences,

Budapest, Hungary
4Department of Chemistry, University of Hawai’i at Manoa, Honolulu, USA
5Konkoly Thege Miklos Astronomical Institute, Research Centre for Astronomy and Earth Sciences, Budapest, Hungary
6Max Planck Institute for Astronomy, Heidelberg, Germany

The life-cycle of cosmic dust grains is far from being understood and the origin and evolution of interstellar medium
(ISM) grains is still under debate. In the ISM, the cosmic dust destruction rate is faster than the production rate
by stellar sources. However, observations of ISM refractory matter suggest that to maintain a steady amount of
cosmic grains, some supplementary production mechanism takes place. In this context, we aimed to study possible
re-formation mechanisms of cosmic grains taking place at low temperature directly in the ISM. The low temperature
condensation of carbonaceous materials has been investigated in experiments mimicking the ISM conditions. Gas-
phase carbonaceous precursors created by laser ablation of graphite were forced to accrete on cold substrates (T ∼ 10
K) representing surviving dust grains. The growing and evolution of the condensing carbonaceous precursors have
been monitored by MIR and UV spectroscopy under a number of experimental scenarios. It is demonstrated, for
the first time, the possibility to form ISM carbonaceous grains ”in situ”. The condensation process is governed by
carbon chains that first condense into small carbon clusters and finally into more stable carbonaceous materials, which
structural characteristics are comparable to the material formed in gas-phase condensation experiments at very high
temperature. We also show that the so-formed fullerene-like carbonaceous material is transformed into a more ordered
material under VUV processing. The cold condensation mechanisms here discussed can give fundamental clues to
fully understand the balance between the timescale for dust injection, destruction and re-formation in the ISM.

Accepted for publication in ApJS
Available from https://arxiv.org/abs/1710.08445

A symbiotic channel for the progenitors of type Ia supernovæ
Dongdong Liu1,2,3, Bo Wang1,2,3, Hongwei Ge1,2,3, Xuefei Chen1,2,3 and Zhanwen Han1,2,3

1Key Laboratory for the Structure and Evolution of Celestial Objects, Yunnan Observatories, CAS, Kunming 650216, China
2University of Chinese Academy of Sciences, CAS, Beijing 100049, China
3Center for Astronomical Mega-Science, CAS, Beijing 100012, China

The companions of the exploding carbon–oxygen white dwarfs (CO WDs) for producing type Ia supernovæ (SNe Ia)
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are still not conclusively confirmed. A red-giant (RG) star has been suggested to be the mass donor of the exploding
WD, known as the symbiotic channel. However, previous studies on the symbiotic channel gave a relatively low rate
of SNe Ia. In this Letter, we adopted an integrated mass-transfer prescription that is applicable for the mass-transfer
from a RG star onto the WD. In this prescription, the mass-transfer rate varies with the local material states. We
evolved a large number of WD+RG systems, and found that the parameter space of WD+RG systems for producing
SNe Ia is significantly enlarged. This channel could produce SNe Ia with intermediate and old ages, contributing to
2–5% of all SNe Ia in our Galaxy. We suggest that the symbiotic systems RSOph and TCrB are strong candidates
for the progenitors of SNe Ia.

Submitted to MNRAS
Available from https://arxiv.org/abs/1710.03965

Method to estimate the effective temperatures of late-type giants using
line-depth ratios in the wavelength range 0.97–1.32 µm

Daisuke Taniguchi1, Noriyuki Matsunaga1,2, Naoto Kobayashi3,4,2, Kei Fukue2, Satoshi Hamano2, Yuji Ikeda2,5,

Hideyo Kawakita2,6, Sohei Kondo2, Hiroaki Sameshima2 and Chikako Yasui7

1Department of Astronomy, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
2Laboratory of Infrared High-resolution spectroscopy (LiH), Koyama Astronomical Observatory, Kyoto Sangyo University, Motoyama,

Kamigamo, Kita-ku, Kyoto 603-8555, Japan
3Institute of Astronomy, The University of Tokyo, 2-21-1 Osawa, Mitaka, Tokyo 181-0015, Japan
4Kiso Observatory, The University of Tokyo, 10762-30 Mitake, Kiso-machi, Kiso-gun,Nagano 397-0101, Japan
5Photocoding, 460-102 Iwakura-Nakamachi, Sakyo-ku, Kyoto 606-0025, Japan
6Department of Astrophysics and Atmospheric Sciences, Faculty of Sciences, Kyoto Sangyo University, Motoyama, Kamigamo, Kita-ku,

Kyoto 603-8555, Japan
7National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan

The effective temperature, one of the most fundamental atmospheric parameters of a star, can be estimated using
various methods, and here we focus on the method using line-depth ratios (LDRs). This method combines low- and
high-excitation lines and makes use of relations between LDRs of these line pairs and the effective temperature. It
has an advantage, for example, of being minimally affected by interstellar reddening, which changes stellar colours.
We report 81 relations between LDRs and the effective temperature established with high-resolution, λ/∆λ ∼ 28, 000,
spectra of nine G- to M-type giants in Y and J bands. Our analysis gives the first comprehensive set of LDR relations
for this wavelength range. The combination of all these relations can be used to determine the effective temperatures
of stars that have 3700 < Teff < 5400 K and −0.5 < [Fe/H] < +0.3 dex to the precision of ±10 K in the best cases.

Accepted for publication in MNRAS
Available from https://arxiv.org/abs/1710.04674

Amplitude variations in pulsating red giants. II. Some systematics
John Percy1,2 and Jennifer Laing1

1Department of Astronomy & Astrophysics, University of Toronto, Canada
2Dunlap Institute of Astronomy & Astrophysics, University of Toronto, Canada

In order to extend our previous studies of the unexplained phenomenon of cyclic amplitude variations in pulsating
red giants, we have used the AAVSO time-series package vstar to analyze long-term AAVSO visual observations of
50 such stars, mostly Mira stars. The relative amount of the variation, typically a factor of 1.5, and the time scale
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of the variation, typically 20–35 pulsation periods, are not significantly different in longer-period, shorter-period, and
carbon stars in our sample, and they also occur in stars whose period is changing secularly, perhaps due to a thermal
pulse. The time scale of the variations is similar to that in smaller-amplitude SR variables, but the relative amount
of the variation appears to be larger in smaller-amplitude stars, and is therefore more conspicuous. The cause of the
amplitude variations remains unclear, though they may be due to the rotational modulation of a star whose pulsating
surface is dominated by the effects of large convective cells.

Accepted for publication in Journal of the AAVSO
Available from https://arxiv.org/abs/1709.09696

Fe i oscillator strengths for transitions from high-lying odd-parity levels
M.T. Belmonte1, J.C. Pickering1, M.P. Ruffoni1, E.A. Den Hartog 2, J.E. Lawler2, A. Guzman2 and U. Heiter3

1Blackett Laboratory, Physics Department, Imperial College London, UK
2Department of Physics, University of Wisconsin–Madison, USA
3Observational Astrophysics, Department of Physics and Astronomy, Uppsala University, Sweden

We report new experimental Fe i oscillator strengths obtained by combining measurements of branching fractions
measured with a Fourier Transform spectrometer and time-resolved laser-induced fluorescence lifetimes. The study
covers the spectral region ranging from 213 to 1033 nm. A total of 120 experimental log gf -values coming from 15 odd-
parity energy levels are provided, 22 of which have not been reported previously and 63 values with lower uncertainty
than the existing data. Radiative lifetimes for 60 upper energy levels are presented, 39 of which have no previous
measurements.

Published in The Astrophysical Journal
Available from https://arxiv.org/abs/1710.07571
and from https://doi.org/10.3847/1538-4357/aa8cd3

Radiation forces on dust envelopes
Peter H. Jumper1 and Christopher D. Matzner1

1University of Toronto, Canada

We address in detail the radiation forces on spherical dust envelopes around luminous stars, and numerical solutions
for these forces, as a first step toward more general dust geometries. Two physical quantities, a normalized force and
a force-averaged radius, suffice to capture the overall effects of radiation forces. In addition to the optically thin and
thick regimes, the wavelength dependence of dust opacity allows for an intermediate case in which starlight is easily
trapped but infrared radiation readily escapes. Scattering adds a non-negligible force in this intermediate regime. We
address all three regimes analytically and provide approximate formulæ for the force parameters, for arbitrary optical
depth and inner dust temperature. Turning to numerical codes, we examine the convergence properties of dusty and
of the Monte Carlo code Hyperion. We find that Monte Carlo codes tend to underestimate the radiation force when
the mean free path of starlight is not well resolved, as this causes the inner dust temperature, and therefore the inner
Rosseland opacity, to be too low. We briefly discuss implications for more complicated radiation transfer problems.

Submitted to MNRAS
Available from https://arxiv.org/abs/1710.09424
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Computational method for a fractional model of the helium burning
network

Mohamed Nouh1,2

1Department of Physics, College of Science, Northern Border University, Arar, Saudi Arabia
2Astronomy Department, National research Institute of Astronomy and Geophysics, 11421 Helwan, Egypt

Stellar cores may be considered as a nuclear reactor that play important role in injecting new synthesized elements in
the interstellar medium helium burning is an important stage that contribute to the synthesis of key elements such as
carbon, through the triple-α process, and oxygen. In the present paper, we introduce a computational method for the
fractional model of the nuclear helium burning in stellar cores. The system of fractional differential equations is solved
simultaneously using series expansion method. The calculations are performed in the sense of modified Riemann–
Liouville fractional derivative. Analytic expressions are obtained for the abundance of each element as a function of
time. Comparing the abundances calculated at the fractional parameter α = 1, which represents the integer solution,
with the numerical solution revealed a good agreement with maximum error ǫ = 0.003. The product abundances are
calculated at α = 0.25, 0.5, 0.75 to declare the effects of changing the fractional parameters on the calculations.

Submitted to Astronomy Reports
Available from https://arxiv.org/abs/1710.08459

Detailed abundances for the old population near the Galactic Center
I. Metallicity distribution of the nuclear star cluster

R.M. Rich1, N. Ryde2, B. Thorsbro2, T.K. Fritz3, M. Schultheis4, L. Origlia5 and H. Jönsson2

1Department of Physics and Astronomy, UCLA, 430 Portola Plaza, Box 951547, Los Angeles, CA 90095-1547, USA
2Lund Observatory, Department of Astronomy and Theoretical Physics, Lund University, Box 43, SE-221 00 Lund, Sweden
3Department of Astronomy, University of Virginia, 3530 McCormick Road, Charlottesville, VA 22904, USA
4Observatoire de la Côte d’Azur, CNRS UMR 7293, BP4229, Laboratoire Lagrange, F-06304 Nice Cedex 4, France
5INAF – Osservatorio Astronomico di Bologna, Via Gobetti 93/3, I-40129 Bologna, Italy

We report the first high spectral resolution study of 17 M giants kinematically confirmed to lie within a few parsecs of
the Galactic Center, using R ∼ 24, 000 spectroscopy from Keck/NIRSPEC and a new linelist for the infrared K band.
We consider their luminosities and kinematics, which classify these stars as members of the older stellar population
and the central cluster. We find a median metallicity of 〈[Fe/H]〉 = −0.16 and a large spread from approximately
−0.3 to +0.3 (quartiles). We find that the highest metallicities are [Fe/H] < 0.6, with most of the stars being at
or below the Solar iron abundance. The abundances and the abundance distribution strongly resembles that of the
Galactic bulge rather than disk or halo; in our small sample we find no statistical evidence for a dependence of velocity
dispersion on metallicity.

Accepted for publication in Astronomical Journal
Available from https://arxiv.org/abs/1710.08477
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Conference Papers

Maser, infrared and optical emission for late-type stars in the Galactic
plane

L.H. Quiroga-Nuñez1,2, H.J. van Langevelde2,1, L.O. Sjouwerman 3, Y.M. Pihlström4, M.J. Reid5, A.G.A. Brown1

and J.A. Green6

1Leiden Observatory, Leiden University, The Netherlands
2Joint Institute for VLBI ERIC (JIVE), The Netherlands
3National Radio Astronomy Observatory, Socorro, USA
4Department of Physics and Astronomy, University of New Mexico, USA
5Harvard–Smithsonian Center for Astrophysics, USA
6CSIRO Astronomy and Space Science, Australia Telescope National Facility, Australia

Radio astrometric campaigns using VLBI have provided distances and proper motions for masers associated with
young massive stars (BeSSeL survey). The ongoing BAaDE project plans to obtain astrometric information of SiO
maser stars located in the inner Galaxy. These stars are associated with evolved, mass-losing stars. By overlapping
optical (Gaia), infrared (2MASS, MSX and WISE) and radio (BAaDE) sources, we expect to obtain important clues
on the intrinsic properties and population distribution of late-type stars. Moreover, a comparison of the Galactic
parameters obtained with Gaia and VLBI can be done using radio observations on different targets: young massive
stars (BeSSeL) and evolved stars (BAaDE).

Available from https://arxiv.org/abs/1710.05441

Forty years of linking variable star research with education
John Percy1,2

1Department of Astronomy & Astrophysics, University of Toronto, Canada
2Dunlap Institute of Astronomy & Astrophysics, University of Toronto, Canada

In this review, I reflect on four decades of my experience in linking astronomy research and education by supervising
variable-star research projects by undergraduates, and by outstanding senior high school students. I describe the
evolution of my experience, the students I have supervised, the nature of their projects, the educational contexts of
their projects, the need for ”best practices”, the journals in which we publish, and the special role of the American
Association of Variable Star Observers (AAVSO). I then describe our recent research on pulsating red giants and
related objects, including three astrophysical mysteries that we have uncovered. Finally, I suggest how my projects
might be scaled up or extended by others who supervise student research.

Oral contribution, published in ”Remote Telescopes, Student Research, and Education”
Available from https://arxiv.org/abs/1710.04492
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Job Advert

Postdoctoral position

This position is situated within the framework of the STARLAB BRAINbe network (http://www.astro.ulb.ac.be/pmwiki/
BRAIN/HomePage) financed by BELSPO. The network is a collaboration between the Royal Observatory of Belgium
(ROB – M. Groenewegen), the astronomy department of the ULB (Prof. A. Jorissen, the principal investigator of
STARLAB), and the astronomy department of the K.U. Leuven (Prof. C. Wælkens). One of the three workpackages
within STARLAB aims at a better understanding of the mass-loss process in late-type stars, analysing data from the
Herschel satellite, and the ALMA interferometer. This workpackage is a collaboration between ROB and K.U. Leuven
(Prof. L. Decin).

WE LOOK FOR A PERSON (M/F):

• Holding a doctoral degree in astrophysics (at the time of the start of the contract).

• Knowledge of dust continuum and/or molecular line radiative transfer modelling.

• A background in stellar astrophysics and evolved star research would be an advantage.

• Good command of the English language.

• Motivated and flexible researcher.

• Good team-player within the STARLAB network.

WE OFFER:

• A contract for at most 13 months, depending on the personal situation and work experience.

• Salary and social security benefits according to federal regulations for civil servants at the SW1 level.

• Flexible working hours.

• Refund of commuting expenses with public transport or bicycle.

HOW TO APPLY:
Candidates must send a motivation letter and CV (in English), at least one letter of reference, and an electronic copy
of their Ph.D. thesis, to Dr. Groenewegen (martin.groenewegen@oma.be). The application deadline is December 15th,
2017. Interviews may be held early 2018. The position would start in the Spring of 2018.
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Announcements

Special Session at EWASS 2018
Dust formation by evolved stars and supernovæ

We would like to draw your attention to an EWASS Special Session on ”Dust formation by evolved stars and su-
pernovæ”, which will take place during April 3–6 2018 in Liverpool. During this meeting, we are hoping to bring
observers and modellers together to re-evaluate the efficiency of dust formation processes in evolved stars and super-
nova remnants. The deadline for final abstract submission is at the end of this month (November 27 2017) so please
do not hesitate to submit your abstracts to present your work at this meeting!

We look forward to a fruitful meeting in Liverpool with plenty of interesting discussions and new ideas!

Confirmed invited speakers:
Sara Bladh – Jacco van Loon – Mike Barlow

SOC:
Ilse De Looze (Chair) – Olivia C. Jones – Ambra Nanni – Elvire De Beck – Leen Decin – Arkaprabha Sarangi –
Stefania Marassi

See also http://eas.unige.ch/EWASS2018/session.jsp?id=SS6

Special Session at EWASS 2018:
Atomic and molecular data needs for astronomy and astrophysics

The aim of this session is to encourage further dialogue and promote knowledge transfer between astronomers with
strong atomic and molecular data needs and those who produce this data from laboratory measurements and cal-
culations. We hope this will foster new collaborations for the future, which, through targeted measurements and
calculations, will accelerate the rate at which astronomers’ needs can be met.

Talks and posters will focus on four main areas:

• Data requirements of astronomers

• Laboratory-measured atomic and molecular data

• Theoretical calculations

• Databases

We encourage all astronomers involved in the ongoing spectroscopic surveys such as Gaia–ESO, APOGEE or GALAH
or in future ones such as WEAVE, 4MOST or DESI to attend in order to explain their data needs.

The emphasis throughout the special session will remain on knowledge transfer; with astronomers highlighting their
data needs, and spectroscopists and theorists presenting new data of astronomical interest and the capabilities of their
facilities for future collaborations.

See also http://eas.unige.ch/EWASS/session.jsp?year=2018&id=SS4
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