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Editorial
Dear Colleagues,
It is a pleasure to present you the 189th issue of the AGB Newsletter. A variety of work is presented, on elemental
abundances, masers, post-AGB objects, et cetera, as well as some results presented at the Betelgeuse workshop with
relevance to the study of AGB stars.
Prospective PhD students may wish to consider the positions opened in Uppsala, Sweden.
The 6th Asymmetrical Planetary Nebulæ conference will be held in México.
The next issue is planned to be distributed around the 1st of May.
Editorially Yours,
Jacco van Loon and Albert Zijlstra

Food for Thought
This month’s thought-provoking statement is:
Experiences in youth shape adulthood – AGB stars keep memory of their past
Reactions to this statement or suggestions for next month’s statement can be e-mailed to agbnews@astro.keele.ac.uk
(please state whether you wish to remain anonymous)
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Refereed Journal Papers
Two beyond-primitive extrasolar planetesimals
S. Xu1 , M. Jura1 , B. Klein1 , D. Koester2 and B. Zuckerman1
1 UCLA,

USA
of Kiel, Germany

2 University

Using the Cosmic Origins Spectrograph onboard the Hubble Space Telescope, we have obtained high-resolution ultraviolet observations of GD 362 and PG 1225−079, two helium-dominated, externally-polluted white dwarfs. We
determined or placed useful upper limits on the abundances of two key volatile elements, carbon and sulfur, in both
stars; we also constrained the zinc abundance in PG 1225−079. In combination with previous optical data, we find
strong evidence that each of these two white dwarfs has accreted a parent body that has evolved beyond primitive
nebular condensation. The planetesimal accreted onto GD 362 had a bulk composition roughly similar to that of a
mesosiderite meteorite based on a reduced χ2 comparison with solar system objects; however, additional material is
required to fully reproduce the observed mid-infrared spectrum for GD 362. No single meteorite can reproduce the
unique abundance pattern observed in PG 1225−079; the best fit model requires a blend of ureilite and mesosiderite
material. From a compiled sample of 9 well-studied polluted white dwarfs, we find evidence for both primitive planetesimals, which are a direct product from nebular condensation, as well as beyond-primitive planetesimals, whose
final compositions were mainly determined by post-nebular processing.
Accepted for publication in ApJ
Available from arXiv:1302.4799

Convective overshoot mixing in stellar interior models
Q.S. Zhang1,2,3
1 National
2 Key

Astronomical Observatories/Yunnan Observatory, Chinese Academy of Sciences, P.O. Box 110, Kunming 650011, China
Laboratory for the Structure and Evolution of Celestial Objects, Chinese Academy of Sciences, Kunming, 650011, China

3 Graduate

University of Chinese Academy of Sciences, Beijing 100049, China

The convective overshoot mixing plays an important role in stellar structure and evolution. However, the overshoot
mixing is a long standing problem. The uncertainty of the overshoot mixing is one of the most uncertain factors
in stellar physics. As it is well known, the convective and overshoot mixing is determined by the radial chemical
component flux. In this paper, a local model of the radial chemical component flux is established based on the
hydrodynamic equations and some model assumptions. The model is tested in stellar models. The main conclusions
are as follows. (i) The local model shows that the convective and overshoot mixing could be regarded as a diffusion
process, and the diffusion coefficient for different chemical element is the same. However, if the non-local terms, i.e.,
the turbulent convective transport of radial chemical component flux, are taken into account, the diffusion coefficient
for each chemical element should be in general different. (ii) The diffusion coefficient of convective / overshoot mixing
shows different behaviors in convection zone and in overshoot region because the characteristic length scale of the
mixing is large in the convection zone and small in the overshoot region. The overshoot mixing should be regarded
as a weak mixing process. (iii) The result of the diffusion coefficient of mixing is tested in stellar models. It is found
that a single choice of our central mixing parameter leads to consistent results for a solar convective envelope model
as well as for core convection models of stars with mass from 2 M⊙ to 10 M⊙ .
Accepted for publication in ApJS
Available from arXiv:1303.013
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Is the sulphur anomaly in planetary nebulæ caused by the s-process?
Luke J. Shingles1 and Amanda I. Karakas1
1 Research

School of Astronomy & Astrophysics, Mount Stromlo Observatory, Weston Creek, ACT 2611, Australia

Motivated by unexplained observations of low sulphur abundances in planetary nebulæ (PNe) and the PG 1159 class
of post asymptotic giant branch (AGB) stars, we investigate the possibility that sulphur may be destroyed by nucleosynthetic processes in low-to-intermediate mass stars during stellar evolution. We use a 3 M⊙ , Z = 0.01 evolutionary
sequence to examine the consequences of high and low reaction rate estimates of neutron captures onto sulphur
and neighbouring elements. In addition we have also tested high and low rates for the neutron producing reactions
13
C(α,n)16 O and 22 Ne(α,n)25 Mg. We vary the mass width of a partially mixed zone (PMZ), which is responsible for
the formation of a 13 C pocket and is the site of the 13 C(α,n)16 O neutron source. We test PMZ masses from zero up
to an extreme upper limit of the entire He-intershell mass at 10−2 M⊙ . We find that the alternative reaction rates
and variations to the partially mixed zone have almost no effect on surface sulphur abundances and do not reproduce
the anomaly. To understand the effect of initial mass on our conclusions, 1.8 M⊙ and 6 M⊙ evolutionary sequences
are also tested with similar results for sulphur abundances. We are able to set a constraint on the size of the PMZ, as
PMZ sizes that are greater than half of the He-intershell mass (in the 3 M⊙ model) are excluded by comparison with
neon abundances in planetary nebulæ. We compare the 1.8 M⊙ model’s intershell abundances with observations of
PG 1159−035, whose surface abundances are thought to reflect the intershell composition of a progenitor AGB star.
We find general agreement between the patterns of F, Ne, Si, P, and Fe abundances and a very large discrepancy for
sulphur where our model predicts abundances that are 30–40 times higher than is observed in the star.
Accepted for publication in MNRAS
Available from arXiv:1302.6758

NGC 7419 as a template for red supergiant clusters
Amparo Marco1 and Ignacio Negueruela1
1 Departamento

de Fı́sica, Ingenierı́a de Sistemas y Teorı́a de la Señal, Escuela Politécnica Superior, University of Alicante, Apdo. 99
E-03080, Alicante, Spain

The open cluster NGC 7419 is known to contain five red supergiants and a very high number of Be stars. However,
there are conflicting reports about its age and distance that prevent a useful comparison with other clusters. We
intend to obtain more accurate parameters for NGC 7419, using techniques different from those of previous authors, so
that it may be used as a calibrator for more obscured clusters. We obtained Strömgren photometry of the open cluster
NGC 7419, as well as classification spectroscopy of ∼ 20 stars in the area. We then applied standard analysis and
classification techniques. We find a distance of 4 ± 0.4 kpc and an age of 14 ± 2 Myr for NGC 7419. The main-sequence
turn-off is found at spectral type B1, in excellent agreement. We identify 179 B-type members, implying that there
are more than 1200 M⊙ in B stars at present. Extrapolating this to lower masses indicates an initial cluster mass
of between 7000 and 10,000 M⊙ , depending on the shape of the initial mass function. We find a very high fraction
(∼ 40%) of Be stars around the turn-off, but very few Be stars at lower masses. We also report for the first time a
strong variability in the emission characteristics of Be stars. We verified that the parameters of the red supergiant
members can be used to obtain accurate cluster parameters. NGC 7419 is sufficiently massive to serve as a testbed
for theoretical predictions and as a template to compare more obscured clusters. The distribution of stars above the
main-sequence turn-off is difficult to accommodate with current evolutionary tracks. Though the presence of five red
supergiants is marginally consistent with theoretical expectations, the high number of Be stars and very low number
of luminous evolved B stars hint at some unknown physical factor that is not considered in current synthesis models.
Accepted for publication in Astronomy and Astrophysics
Available from arXiv:1302.5649
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Water maser survey on AKARI and IRAS sources: A search for
“low-velocity” water fountains
Bosco H.K. Yung1 , Jun-ichi Nakashima1 , Hiroshi Imai2 , Shuji Deguchi3 , Christian Henkel4,5 and Sun Kwok1
1 Department
2 Graduate

of Physics, The University of Hong Kong, Hong Kong, China
School of Science and Engineering, Kagoshima University, Japan

3 Nobeyama

Radio Observatory, National Astronomical Observatory of Japan, Japan
für Radioastronomie, Germany
5 Department of Astronomy, King Abdulaziz University, Saudi Arabia
4 Max-Planck-Institut

We present the results of a 22-GHz H2 O maser survey toward a new sample of AGB and post-AGB star candidates.
Most of the objects are selected for the first time based on the AKARI data, which have high flux sensitivity in the
mid-infrared ranges. We aim at finding H2 O maser sources in the transient phase between the AGB and post-AGB
stage of evolution, where the envelopes start to develop large deviations from spherical symmetry. The observations
were carried out with the Effelsberg 100-m radio telescope. Among 204 observed objects, 63 detections (36 new)
were obtained. We found 4 objects which may be “water fountain” sources (IRAS 15193+3132, IRAS 18056−1514,
OH 16.3−3.0, and IRAS 18455+0448). They possess an H2 O maser velocity coverage much smaller than those in other
known water fountains. However, the coverage is still larger than that of the 1612-MHz OH maser. It implies that
there is an outflow with a higher velocity than the envelope expansion velocity (typically ≤ 25 km s−1 ), meeting the
criterion of the water fountain class. We suggest that these candidates are possibly oxygen-rich late AGB or early
post-AGB stars in a stage of evolution immediately after the spherically symmetric AGB mass-loss has ceased.
Accepted for publication in ApJ
Available from arXiv:1303.2427

Non-aqueous formation of the calcium carbonate polymorph vaterite:
astrophysical implications
Sarah J. Day1 , Stephen P. Thompson2 , Julia E. Parker2 and Aneurin Evans1
1 Astrophysics
2 Diamond

Group, Keele University, UK
Light Source, UK

We study the formation of calcium carbonate, through the solid-gas interaction of amorphous Ca-silicate with gaseous
CO2 , at elevated pressures, and link this to the possible presence of calcium carbonate in a number of circumstellar
and planetary environments. We use in-situ synchrotron X-Ray powder diffraction to obtain detailed structural data
pertaining to the formation of the crystalline calcium carbonate phase vaterite and its evolution with temperature. We
found that the metastable calcium carbonate phase vaterite was formed alongside calcite, at elevated CO2 pressure,
at room temperature and subsequently remained stable over a large range of temperature and pressure. We report
the formation of the calcium carbonate mineral vaterite whilst attempting to simulate carbonate dust grain formation
in astrophysical environments. This suggests that vaterite could be a mineral component of carbonate dust and also
presents a possible method of formation for vaterite and its polymorphs on planetary surfaces.
Accepted for publication in Astronomy & Astrophysics
Available from arXiv:1303.3753
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e-MERLIN resolves Betelgeuse at wavelength 5 cm
A.M.S. Richards1 , R.J. Davis1 , L. Decin2 , S. Etoka1,3 , S.T. Garrington1 , M.D. Gray1 , G.M. Harper4 , J.J. Lim5,6 ,
I. McDonald1 , E. O’Gorman4 and M. Wittkowski7
1 JBCA,

Dept. Physics and Astronomy, University of Manchester, UK

2 Instituut

voor Sterrenkunde, Katholieke Universiteit Leuven, Belgium
Sternwarte, Germany
4 School of Physics, Trinity College, Dublin, Ireland
3 Hamburger

5 Department
6 Institute
7 ESO,

of Physics, University of Hong Kong, China
of Astronomy and Astrophysics, Academia Sinica, Taipei, Taiwan

Garching bei München, Germany

Convection, pulsation and magnetic fields have all been suggested as mechanisms for the transport of mass and energy
from the optical photosphere of red supergiants, out to the region where the stellar wind is launched. We imaged the
red supergiant Betelgeuse at 0.′′ 06–0.′′ 18 resolution, using e-MERLIN at 5.5–6.0 GHz, with a sensitivity of ∼ 0.01 mJy
beam−1 . Most of the radio emission comes from within an ellipse 0.235 × 0.218 arcsec2 (∼ 5× the optical radius),
with a flux density of 1.62 mJy, giving an average brightness temperature ∼ 1250 K. This radio photosphere contains
two hotspots of 0.53 and 0.79 mJy beam−1 , separated by 90 milli-arcsec, with brightness temperatures 5400 ± 600 K
and 3800 ± 500 K. Similar hotspots, at more than double the distance from the photosphere of those seen in any other
regime, were detected by the less-sensitive ‘old’ MERLIN in 1992, 1995 and 1996 and many exceed the photospheric
temperature of 3600 K. Such brightness temperatures are high enough to emanate from pockets of chromospheric
plasma. Other possibilities include local shock heating, the convective dredge-up of hot material or exceptionally cool,
low density regions, transparent down to the hottest layer at ∼ 40 milliarcsec radius. We also detect an arc 0.′′ 2–0.′′ 3
to the SW, brightness temperature ∼ 150 K, in a similar direction to extensions seen on both smaller and larger scales
in the infra-red and in CO at mm wavelengths. These preliminary results will be followed by further e-MERLIN, VLA
and ALMA observations to help resolve the problem of mass elevation from 1 to 10 R⋆ in red supergiants.
Accepted for publication in MNRAS
Available from arXiv:1303.2864

Transition of the stellar initial mass function explored with binary
population synthesis
Takuma Suda1 , Yutaka Komiya1 , Shimako Yamada2 , Yutaka Katsuta2 , Wako Aoki1 , Pilar Gil-Pons3 , Carolyn L.
Doherty4 , Simon W. Campbell4 , Peter R. Wood5 and Masayuki Y. Fujimoto6,7
1 National

Astronomical Observatory of Japan, Japan
of Cosmoscience, Hokkaido University, Japan

2 Department
3 Universitat

Politecnica de Catalunya, Spain
Centre for Astrophysics (MoCA), Monash University, Australia
5 Australian National University, Australia
4 Monash

6 Nuclear
7 Faculty

Data Center, Hokkaido University, Japan
of Engineering, Hokkaigakuen University, Japan

The stellar initial mass function (IMF) plays a crucial rôle in determining the number of surviving stars in galaxies,
the chemical composition of the interstellar medium, and the distribution of light in galaxies. A key unsolved question
is whether the IMF is universal in time and space. Here we use state-of-the-art results of stellar evolution to show
that the IMF of our Galaxy made a transition from an IMF dominated by massive stars to the present-day IMF at
an early phase of the Galaxy formation. Updated results from stellar evolution in a wide range of metallicities have
been implemented in a binary population synthesis code, and compared with the observations of carbon-enhanced
metal-poor (CEMP) stars in our Galaxy. We find that applying the present-day IMF to Galactic halo stars causes
serious contradictions with four observable quantities connected with the evolution of AGB stars. Furthermore, a
comparison between our calculations and the observations of CEMP stars may help us to constrain the transition
metallicity for the IMF which we tentatively set at [Fe/H] = −2. A novelty of the current study is the inclusion of
mass loss suppression in intermediate-mass AGB stars at low-metallicity. This significantly reduces the overproduction
of nitrogen-enhanced stars that was a major problem in using the high-mass star dominated IMF in previous studies.
5

Our results also demonstrate that the use of the present day IMF for all time in chemical evolution models results in
the overproduction of Type I.5 supernovæ. More data on stellar abundances will help to understand how the IMF has
changed and what caused such a transition.
Accepted for publication in MNRAS Letters
Available from arXiv:1303.2158

Analysis of far-UV data of central stars of planetary nebulæ:
Occurrence and variability of stellar winds
Martin A. Guerrero1,2 and Orsola De Marco2
1 Instituto

de Astrofı́sica de Andalucı́a, IAA–CSIC, Spain
of Physics, Macquarie University, Australia

2 Department

The occurrence of stellar wind in the central star of a planetary nebula (CSPN) can be revealed by the presence of
P-Cygni profiles of high-excitation lines overimposed on its stellar continuum. We examined the entire Far-Ultraviolet
Spectroscopic Explorer FUSE archive and merged all useful spectroscopic observations of CSPNe to produce the
highest quality spectra that can be used to assess the frequency of stellar winds. Furthermore, the individual spectra
of each CSPN were compared to search for variability in the P-Cygni profile. P-Cygni profiles of high-excitation lines
have been found in 44 CSPNe, with a clear correlation between the ionization potential of the lines and the effective
temperature of the star. We introduce a prescription to derive the terminal wind velocity (v∞ ) from saturated
and unsaturated P-Cygni profiles and provide new values of v∞ for these stars. Another 23 CSPNe do not show
P-Cygni profiles, or else their data in the FUSE archive are not conclusive enough to determine the occurrence of
P-Cygni profiles. Variability in the P-Cygni profile of high-excitation, far-UV lines is found for the first time in six
CSPNe, namely Hen 2-131, NGC 40, NGC 1535, NGC 2392, Sp 3, and SwSt 1. This increases up to 13 the number of
CSPNe with variable P-Cygni profiles in the UV, including those previously reported using IUE or FUSE observations.
Variability is seen primarily in the unsaturated P v and Si iv lines, but also in saturated C iii and O vi lines. The
CSPNe with variable P-Cygni profiles have similar stellar properties (relatively low log g and Teff ) that suggest they
are less evolved CSPNe. Some of the CSPNe with variable P-Cygni profiles show O vi lines, while their effective
temperature is insufficient to produce this ion. We suggest that this ion is produced by Auger ionization from X-rays
associated to shocks in their stellar winds, as is the case in massive OB stars of high ionization potential ions that
cannot be abundantly produced by photo-ionizations.
Accepted for publication in A&A
Available from arXiv:1303.1530

Populations of rotating stars. I. Models from 1.7 M⊙ to 15 M⊙ at
Z = 0.014, 0.006, and 0.002 with Ω/Ωcrit between 0 and 1
Cyril Georgy1,2 , Sylvia Ekström3 , Anahá Granada3 , Georges Meynet3 , Nami Mowlavi3 , Patrick Eggenberger3 and
André Mæder3
1 Astrophysics

Group, EPSAM, Keele University, UK

2 CRAL,

ENS Lyon, France
3 Geneva Observatory, Geneva University, Switzerland

Context: B-type stars are known to rotate at various velocities, including very fast rotators near the critical velocity
as the Be stars.
Aims: In this paper, we provide stellar models covering the mass range between 1.7 to 15 M⊙ , which includes the
typical mass of known Be stars, at Z = 0.014, 0.006, and 0.002 and for an extended range of initial velocities on the
zero-age main sequence.
Methods: We used the Geneva stellar-evolution code, including the effects of shellular rotation, with a numerical
treatment that has been improved so the code can precisely track the variation in the angular momentum content of
the star as it changes under the influence of radiative winds and/or mechanical mass loss.
Results: We discuss the impact of the initial rotation rate on the tracks in the Hertzsprung–Russell diagram, the
6

main-sequence (MS) lifetimes, the evolution of the surface rotation and abundances, as well as on the ejected masses
of various isotopes. Among the new results obtained from the present grid we find that 1) fast-rotating stars with
initial masses around 1.7 M⊙ present at the beginning of the core hydrogen-burning phase quite small convective cores
with respect to their slowly rotating counterparts. This fact may be interesting to keep in mind in the framework of the
asteroseismic studies of such stars. 2) The contrast between the core and surface angular velocity is higher in slower
rotating stars. Our results are in agreement with the very few values obtained for B-type stars from asteroseismology.
3) At Z = 0.002, the stars in the mass range of 1.7 to 3 M⊙ with a mean velocity on the MS of the order of 150 km
s−1 show N/H enhancement superior to 0.2 dex at mid-MS, and superior to 0.4 dex at the end of the MS phase. At
solar metallicity the corresponding values are below 0.2 dex at any time in the MS.
Conclusions: An extended database of stellar models containing 270 evolutionary tracks is provided to the community.
Accepted for publication in Astronomy and Astrophysics
Available from arXiv:1303.2393

What determines the grain size distribution in galaxies?
Ryosuke S. Asano1 , Tsutomu T. Takeuchi1 , Hiroyuki Hirashita2 and Takaya Nozawa3
1 Nagoya

University, Japan

2 ASIAA,
3 Kavli

Taiwan
IPMU, Japan

We construct a dust evolution model taking into account the grain size distribution, and investigate what kind of dust
processes determine the grain size distribution at each stage of galaxy evolution. In addition to the dust production
by type II supernovæ (SNeII) and asymptotic giant branch (AGB) stars, we consider three processes in the ISM: (i)
dust destruction by SN shocks, (ii) metal accretion onto the surface of preexisting grains in the cold neutral medium
(CNM) (called grain growth), and (iii) grain–grain collisions (shattering and coagulation) in the warm neutral medium
(WNM) and CNM. We found that the grain size distribution in galaxies is controlled by stellar sources in the early
stage of galaxy evolution, and that afterwards the main processes that govern the size distribution changes to those
in the ISM. Since shattering produces a large abundance of small grains (consequently, the surface-to-volume ratio of
grains increases), it enhances the efficiency of grain growth, contributing to the significant increase of the total dust
mass. Grain growth creates a large bump in the grain size distribution around a ∼ 0.01 µm. Coagulation occurs
effectively after the number of small grains is enhanced by shattering, and the grain size distribution is deformed to
have a bump at a ∼ 0.03–0.05 µm at t ∼ 10 Gyr. We conclude that the evolutions of the total dust mass and the
grain size distribution in galaxies are closely related to each other, and the grain size distribution changes considerably
through the galaxy evolution because the dominant dust processes which regulate the grain size distribution change.
Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from arXiv:1303.5528

The outer halo of the nearest giant elliptical: A VLT/VIMOS survey of
the resolved stellar populations in Centaurus A to 85 kpc
D. Crnojević1 , A.M.N. Ferguson1 , M.J. Irwin2 , E.J. Bernard1 , N. Arimoto3,4 , P. Jablonka5,6 and C. Kobayashi7,8
1 Institute
2 Institute

for Astronomy, University of Edinburgh, Royal Observatory, Blackford Hill, EH9 3HJ Edinburgh, UK
of Astronomy, Madingley Road, CB3 0HA Cambridge, UK

3 Subaru

Telescope, National Astronomical Observatory of Japan, 650 North A’ohoku Place, Hilo, Hawai’i 96720, USA
of Astronomical Science, Graduate University for Advanced Studies, Mitaka, Tokyo 181-8588, Japan
5 Laboratoire d’Astrophysique, École Polytechnique Fédérale de Lausanne, Observatoire, CH-1290 Sauverny, Switzerland
4 Department

6 GEPI,

Observatoire de Paris, CNRS UMR 8111, Université Paris Diderot, F-92125 Meudon Cedex, France
of Physics, Astronomy and Mathematics, University of Hertfordshire, AL10 9AB Hatfield, UK
8 Research School of Astronomy and Astrophysics, The Australian National University, Cotter Road, Weston, ACT 2611, Australia
7 School

We present the first survey of resolved stellar populations in the remote outer halo of our nearest giant elliptical (gE),
Centaurus A (d = 3.8 Mpc). Using the VIMOS/VLT optical camera, we obtained deep photometry for four fields
7

along the major and minor axes at projected elliptical radii of ∼ 30–85 kpc (corresponding to ∼ 5–14 Reff ). We
use resolved star counts to map the spatial and colour distribution of red giant branch (RGB) stars down to ∼ 2
magnitudes below the RGB tip. We detect an extended halo out to the furthermost elliptical radius probed (∼ 85 kpc
or ∼ 14 Reff ), demonstrating the vast extent of this system. We detect localised substructure in these parts, visible in
both (old) RGB and (intermediate-age) luminous asymptotic giant branch stars, and there is some evidence that the
outer halo becomes more elliptical and has a shallower surface brightness profile. We derive photometric metallicity
distribution functions for halo RGB stars and find relatively high median metallicity values (h[Fe/H]imed ∼ −0.9 to
−1.0 dex) that change very little with radius over the extent of our survey. Radial metallicity gradients are measured
to be ≈ −0.002–0.004 dex kpc−1 and the fraction of metal-poor stars (defined as [Fe/H] < −1.0) is ≈ 40–50% at all
radii. We discuss these findings in the context of galaxy formation models for the build-up of gE haloes.
Accepted for publication in MNRAS
Available from arXiv:1303.4736
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He: Does the problem persist?

L. Guzman-Ramirez1 , J. E. Pineda1 , A. A. Zijlstra1 , R. Stancliffe2 and A. Karakas3
1 Jodrell

Bank Centre for Astrophysics, School of Physics and Astronomy, University of Manchester, Manchester, M13 9PL, UK
für Astronomie, Auf dem Hügel 71, D-53121 Bonn, Germany

2 Argelander-Institut
3 Research

School of Astronomy & Astrophysics, Mt. Stromlo Observatory, Canberra, Australia

To understand the chemical evolution of the Galaxy, we need to understand the contribution of PNe in the 3 He
abundance. 3 He abundances have been detected only in a couple of PNe, their abundances are consistent with the
standard models, in which 3 He is produced in significant quantities by stars of 1–2 M⊙ . However, for all the other
PNe observed to date there have been no detections, therefore only upper limits in their abundance can be calculated.
Observations of the 3 He+ emission line using the VLA towards the PNe IC 418, NGC 6572 and NGC 7009 were used
to obtain upper limits for their 3 He abundance. Because the abundance of 3 He in H ii regions, the ISM and the
proto-solar system is much lower than what is predicted, new chemical models were proposed. The resulting evolution
of 3 He, based on stellar evolution models, can be consistent with the values determined in pre-solar material and the
ISM if 96% of the population of stars with mass below ∼ 2.5 M⊙ has undergone enhanced 3 He depletion. This implies
that unless the combined sample of PNe that has been observed so far is very atypical, the solution to the ”The 3 He
Problem” lies elsewhere. However, the results presented here suggest that more observations are needed in order to
make a strong conclusion about the stellar evolution models.
Accepted for publication in MNRAS
Available from arXiv:1303.5607

Red giants in eclipsing binary and multiple-star systems: modeling and
asteroseismic analysis of 70 candidates from Kepler data
Patrick Gaulme1 , Jean McKeever1 , Meredith L Rawls1 , Jason Jackiewicz1 , Benoit Mosser2 and Joyce Guzik3
1 Department

of Astronomy, New Mexico State University, P.O. Box 30001, MSC 4500, Las Cruces, NM 88003-8001, USA

2 LESIA,

CNRS, Université Pierre et Marie Curie, Université Denis Diderot, Observatoire de Paris, 92195 Meudon cedex, France
3 Los Alamos National Laboratory, XTD-2, MS T-086, Los Alamos, NM 87545-2345, USA

Red-giant stars are proving to be an incredible source of information for testing models of stellar evolution, as asteroseismology has opened up a window into their interiors. Such insights are a direct result of the unprecedented data
from space missions CoRoT and Kepler as well as recent theoretical advances. Eclipsing binaries are also fundamental
astrophysical objects, and when coupled with asteroseismology, binaries provide two independent methods to obtain
masses and radii and exciting opportunities to develop highly constrained stellar models. The possibility of discovering
pulsating red giants in eclipsing binary systems is therefore an important goal that could potentially offer very robust
8

characterization of these systems. Until recently, only one case has been discovered with Kepler. We cross-correlate
the detected red-giant and eclipsing-binary catalogs from Kepler data to find possible candidate systems. Light-curve
modeling and mean properties measured from asteroseismology are combined to yield specific measurements of periods, masses, radii, temperatures, eclipse timing variations, core rotation rates, and red-giant evolutionary state.
After using three different techniques to eliminate false positives, out of the 70 systems common to the red-giant and
eclipsing-binary catalogs we find 13 strong candidates (12 previously unknown) to be eclipsing binaries, one to be
an non-eclipsing binary with tidally induced oscillations, and 10 more to be hierarchical triple systems, all of which
include a pulsating red giant. The systems span a range of orbital eccentricities, periods, and spectral types F, G, K,
and M for the companion of the red giant. One case even suggests an eclipsing binary composed of two red-giant stars
and another of a red giant with a δ-Scuti star. The discovery of multiple pulsating red giants in eclipsing binaries
provides an exciting test bed for precise astrophysical modeling, and follow-up spectroscopic observations of many of
the candidate systems are encouraged. The resulting highly constrained stellar parameters will allow, for example,
the exploration of how binary tidal interactions affect pulsations when compared to the single-star case.
Accepted for publication in Astrophysical Journal
Available from arXiv:1303.1197

R Coronæ Borealis stars in M 31 from the Palomar Transient Factory
Sumin Tang1,2 , Yi Cao2 , Lars Bildsten1 , Peter Nugent, Eric Bellm, Shrinivas R. Kulkarni, Russ Laher, David
Levitan, Frank Masci, Eran O. Ofek, Thomas A. Prince, Branimir Sesar and Jason Surace
1 Kavli

Institute for Theoretical Physics, University of California, Santa Barbara, CA 93106, USA

2 Division

of Physics, Mathematics, & Astronomy, California Institute of Technology, Pasadena, CA 91125, USA

We report the discovery of R Coronæ Borealis (RCB) stars in the Andromeda galaxy (M 31) using the Palomar Transient Factory (PTF). RCB stars are rare hydrogen-deficient, carbon-rich supergiant variables, most likely the merger
products of two white dwarfs. These new RCBs, including two confirmed ones and two candidates, are the first to be
found beyond the Milky Way and the Magellanic Clouds. All of M 31 RCBs showed > 1.5 mag irregular declines over
timescales of weeks to months. Due to the limiting magnitude of our data (R ∼ 21–22 mag), these RCB stars have
R ∼ 19.5 to 20.5 mag at maximum light, corresponding to MR = −4 to −5, making them some of the most luminous
RCBs known. Spectra of two objects show that they are warm RCBs, similar to the Milky Way RCBs RY Sgr and
V854 Cen. We consider these results, derived from a pilot study of M 31 variables, as an important proof-of-concept
for the study of rare bright variables in nearby galaxies with the PTF or other synoptic surveys.
Accepted for publication in ApJ Letters
Available from arXiv:1303.1820

Evolution of planetary systems with time dependent stellar mass loss
Fred C. Adams1,2 , Kassandra R. Anderson1 and Anthony M. Bloch3
1 Physics

Department, University of Michigan, Ann Arbor, MI 48109, USA
Department, University of Michigan, Ann Arbor, MI 48109, USA
3 Mathematics Department, University of Michigan, Ann Arbor, MI 48109, USA

2 Astronomy

Observations indicate that intermediate-mass stars, binary stars, and stellar remnants often host planets; a complete
explanation of these systems requires an understanding of how planetary orbits evolve as their central stars lose mass.
Motivated by these dynamical systems, this paper generalizes in two directions previous studies of orbital evolution
in planetary systems with stellar mass-loss: [1] Many previous treatments focus on constant mass-loss rates and much
of this work is carried out numerically. Here we study a class of single planet systems where the stellar mass-loss
rate is time dependent. The mass-loss rate can be increasing or decreasing, but the stellar mass always decreases
monotonically. For this class of models, we develop analytic approximations to specify the final orbital elements for
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planets that remain bound after the epoch of mass loss, and find the conditions required for the planets to become
unbound. We also show that for some mass-loss functions, planets become unbound only in the asymptotic limit where
the stellar mass vanishes. [2] We consider the chaotic evolution for two planet systems with stellar mass-loss. Here
we focus on a model consisting of analogs of Jupiter, Saturn, and the Sun. By monitoring the divergence of initially
similar trajectories through time, we calculate the Lyapunov exponents of the system. This analog solar system is
chaotic in the absence of mass loss with Lyapunov time in the range 5–10 Myr; we find that the Lyapunov time
decreases with increasing stellar mass-loss rate, with a nearly linear relationship between the two time scales. Taken
together, the results of this paper help provide an explanation for a wide range of dynamical evolution that occurs in
solar systems with stellar mass-loss.
Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from arXiv:1303.3841

The color dependent morphology of the post-AGB star HD 161796
M. Min1,2 , S.V. Jeffers3,2 , H. Canovas4 , M. Rodenhuis2 , C.U. Keller2 and L.B.F.M. Waters1,5
1 Astronomical
2 Leiden

Institute ‘Anton Pannekoek’, University of Amsterdam, The Netherlands
Observatory, Leiden University, The Netherlands

3 Institut

für Astrophysik, Georg-August-Universität, Göttingen, Germany
de Fı́sica y Astronomı́a, Facultad de Ciencias, Universidad de Valparaı́so, Chile
5 SRON Netherlands Institute for Space Research, The Netherlands
4 Departamento

Context: Many proto-planetary nebulæ show strong asymmetries in their surrounding shells, pointing to asymmetries
during the mass-loss phase. Questions concerning the origin and the onset of deviations from spherical symmetry are
important for our understanding of the evolution of these objects. Here we focus on the circumstellar shell of the
post-AGB star HD 161796.
Aims: We aim to detect signatures of an aspherical outflow, and to derive its properties. Methods: We used the
imaging polarimeter ExPo (the Extreme Polarimeter), a visitor instrument at the William Herschel Telescope, to
accurately image the dust shell surrounding HD 161796 in various wavelength filters. Imaging polarimetry allows us
to separate the faint, polarized, light that comes from circumstellar material from the bright, unpolarized, light from
the central star.
Results: The shell around HD 161796 is highly aspherical. A clear signature of an equatorial density enhancement can
be seen. This structure is optically thick at short wavelengths and changes its appearance to optically thin at longer
wavelengths. In the classification of the two different appearances of planetary nebulae from HST images it changes
from being classified as DUst-Prominent Longitudinally-EXtended (DUPLEX) at short wavelengths to Star-Obvious
Low-level-Elongated (SOLE) at longer wavelengths. This strengthens the interpretation that these two appearances are
manifestations of the same physical structure. Furthermore, we find that the central star is hotter than often assumed
and the relatively high observed reddening is a consequence of circumstellar rather than interstellar extinction.
Accepted for publication in Astronomy and Astrophysics
Available from arXiv:1303.1704

Nitrogen isotopes in AGB carbon stars and pre-solar SiC grains: a
challenge for stellar nucleosynthesis
Ruben Hedrosa1 , C. Abia1 , M. Busso2 , S. Cristallo3 , I. Domı́nguez1 , S. Palmerini1 , B. Plez4 and O. Straniero3
1 Dpto.

Fı́sica Teórica y del Cosmos, Universidad de Granada, Spain
Fisica Generale, Universita di Perugia, INFN, Perugia, Italy
3 Osservatorio di Collurania, INAF, Teramo, Italy
2 Dpt.

4 Université

Montpellier II, Montpellier, France

Isotopic ratios of C, N, Si, and trace heavy elements in presolar SiC grains from meteorites provide crucial constraints
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to nucleo-synthesis. A long-debated issue is the origin of the so-called A+B grains, as for them no stellar progenitor
has so far been clearly identified on observational grounds. We report the first spectroscopic measurements of 14 N/15 N
ratios in Galactic carbon stars of different spectral types and show that J- and some SC-type stars might produce A+B
grains, even for 15 N enrichments previously attributed to novæ. We also show that most mainstream (MS) grains are
compatible with the composition of N-type stars, but might also descend, in some cases, from SC stars. From the
theoretical point of view, no astrophysical scenario can explain the C and N isotopic ratios of SC, J and N-type carbon
stars together, as well as those of many grains produced by them. This poses urgent questions to stellar physics.
Accepted for publication in The Astrophysical Journal Letters

A new extensive library of phoenix stellar atmospheres and synthetic
spectra
Tim-Oliver Husser1 , Sebastian Wende-von Berg1 , Stefan Dreizler1 , Derek Homeier1,2 , Ansgar Reiners1 , Travis
Barman3 and Peter H. Hauschild4
1 Institut

für Astrophysik, Georg-August-Universität Göttingen, Friedrich-Hund-Platz 1, 37077 Göttingen, Germany

2 CRAL,

UMR 5574, CNRS, Université de Lyon, École Normale Supérieure de Lyon, 46 Allée d’Italie, F-69364 Lyon Cedex 07, France
3 Lowell Observatory, 1400 West Mars Hill Road, Flagstaff , AZ, 86001, USA
4 Hamburger Sternwarte, Gojenbergsweg 112, 21029 Hamburg, Germany

We present a new library of high-resolution synthetic spectra based on the stellar atmosphere code phoenix that can
be used for a wide range of applications of spectral analysis and stellar parameter synthesis. The spherical mode of
phoenix was used to create model atmospheres and to derive detailed synthetic stellar spectra from them. We present
a new self-consistent way of describing micro-turbulence for our model atmospheres. The synthetic spectra cover the
wavelength range from 500 Å to 50 000 Å with resolutions of R = 500 000 in the optical and near IR, R = 100 000 in
the IR and a step size of 0.1 Å in the UV. The parameter space covers 2 300 K ≤ Teff ≤ 12 000 K, 0.0 ≤ log g ≤ +6.0,
−4.0 ≤ [Fe/H] ≤ +1.0, and −0.2 ≤ [α/Fe] ≤ +1.2. The library is a work in progress and we expect to extend it up to
Teff = 25 000 K.
Accepted for publication in A&A
Available from arXiv:1303.5632

A comparison of the velocity parameters of SiO v = 1, J = 1–0 and
J = 2–1 maser emission in long period variables
Gordon McIntosh1 and Balthasar Indermuehle2
1 University
2 CSIRO

of Minnesota, Morris, USA

Astronomy and Space Science, Australia

We present an analysis of velocity parameters derived from multi-epoch observations of the SiO maser spectra of 47
long period variables (LPVs). The velocity parameters are important to inform and constrain theoretical models of
SiO maser emission and to extract information on binary orbits. Mira and R Aquarii (R Aqr) are two known binaries
included in the program. The 47 LPVs are among 121 sources of the Australia Telescope National Facility (ATNF)
Mopra telescope’s monitoring program. Observations were carried out several times a year between 2008 and 2012
and are continuing. The SiO spectra are from the v = 1, J = 1–0 (43.122 GHz; hereafter J10) and the v = 1, J = 2–1
(86.2434 GHz; hereafter J21) transitions. For 41 of the 47 LPVs we observed both transitions nearly simultaneously
in 457 observations. We have determined and compared the velocity centroids (VCs) and velocity ranges of emission
(VRs) suffixed as above (10 and 21) for the two transitions – VC10, VC21, VR10, and VR21. The VCs of the two
transitions are, on average, within 0.13 km s−1 of each other but are sometimes separated by a few km s−1 . The
VC10s are, on average, slightly more positive than the VC21s. The values of the VCs in the two transitions have been
compared to justify using both of these transitions to extract binary star orbital parameters. The arithmetic mean
VR10 derived from 635 observations of 47 sources is 6.4 km s−1 with a standard deviation of 3.4 km s−1 while the
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mean VR21 derived from 485 observations of 41 sources is 4.2 km s−1 with a standard deviation of 2.8 km s−1 . The
number of occurrences of VR10 and VR21versus velocity range have different distributions. The differences in the VRs
indicate that the J21 and J10 emissions arise from dynamically different regions of the circumstellar environment.
Accepted for publication in Astronomical Journal
Available from arXiv:1303.2397

A massive parsec-scale dust ring nebula around the yellow hypergiant
Hen 3-1379
D. Hutsemékers1 , N.L.J. Cox2 and C. Vamvatira-Nakou1
1 Institut

d’astrophysique, University of Liège, Belgium
voor Sterrenkunde, KU Leuven, Belgium

2 Instituut

On the basis of far-infrared images obtained by the Herschel Space Observatory, we report the discovery of a large and
massive dust shell around the yellow hypergiant Hen 3-1379 . The nebula appears as a detached ring of 1 pc diameter
which contains 0.17 M⊙ of dust. We estimate the total gas mass to be 7 M⊙ , ejected some 16 000 years ago. The
ring nebula is very similar to nebulæ found around luminous blue variables (LBVs) except it is not photo-ionized. We
argued that Hen 3-1379 is in a pre-LBV stage, providing direct evidence that massive LBV ring nebulæ can be ejected
during the red supergiant phase.
Accepted for publication in A&A
Available from arXiv:1303.4292

Spatially resolved, high-spectral resolution observation of the K giant
Aldebaran in the CO first overtone lines with VLTI/AMBER
Kei’ichi Ohnaka1
1 Max-Planck-Institut

für Radioastronomie, Bonn, Germany

Aims: We present a high-spatial and high-spectral resolution observation of the well-studied K giant Aldebaran with
AMBER at the Very Large Telescope Interferometer (VLTI). Our aim is to spatially resolve the outer atmosphere
(so-called MOLsphere) in individual CO first overtone lines and derive its physical properties, which are important
for understanding the mass-loss mechanism in normal (i.e., non-Mira) K–M giants.
Methods: Aldebaran was observed between 2.28 and 2.31 µm with a projected baseline length of 10.4 m and a spectral
resolution of 12 000.
Results: The uniform-disk diameter observed in the CO first overtone lines is 20–35% larger than is measured in
the continuum. We have also detected a signature of inhomogeneities in the CO-line-forming region on a spatial
scale of ∼ 45 mas, which is more than twice as large as the angular diameter of the star itself. While the marcs
photospheric model reproduces the observed spectrum well, the angular size in the CO lines predicted by the marcs
model is significantly smaller than observed. This is because the marcs model with the parameters of Aldebaran has
a geometrical extension of only ∼ 2% (with respect to the stellar radius). The observed spectrum and interferometric
data in the CO lines can be simultaneously reproduced by placing an additional CO layer above the marcs photosphere.
This CO layer is extended to 2.5 ± 0.3 R⋆ with CO column densities of 5 × 1019 –2 × 1020 cm−2 and a temperature of
1500 ± 200 K.
Conclusions: The high spectral resolution of AMBER has enabled us to spatially resolve the inhomogeneous, extended
outer atmosphere (MOLsphere) in the individual CO lines for the first time in a K giant. Our modeling of the
MOLsphere of Aldebaran suggests a rather small gradient in the temperature distribution above the photosphere up
to 2–3 R⋆ .
Accepted for publication in Astronomy and Astrophysics
Available from arXiv:1303.4763
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Individual α elements, C, N, and Ba in early-type galaxies
Guy Worthey1 , Baitian Tang1 and Jedidiah Serven2
1 Washington
2 Bellevue

State University, USA

College, USA

Spectral data on early-type galaxies is analyzed for chemical abundance with an emphasis on obtaining detailed
abundances for the elements O and Si in addition to C, N, Na, Mg, Ca, Fe, and Ba. The abundance trends with
velocity dispersion fit preconceptions based upon previous Mg conclusions, namely that larger galaxies have a higher
α element to iron peak ratio indicative of a higher ratio of Type II to Type Ia supernova products. The heaviest α
elements, Ca and Ti, do not participate in this trend, although this fact does not necessarily alter the basic picture
given the uncertainties in nucleosynthetic yields. Elements that likely have significant contributions from intermediatemass stars, namely C, N, and Ba, also gain ground relative to Fe in massive galaxies at a modest level, with the Ba
conclusion uncertain from our data alone.
Submitted to Astrophysical Journal
Available from arXiv:1303.2603

Studies of variability in proto-planetary nebulæ: II. Light and velocity
curve analyses of IRAS 22272+5435 and 22223+4327
Bruce J. Hrivnak1 , Wenxian Lu1 , Julius Sperauskas2 , Hans Van Winckel3 , David Bohlender4 and Laimons Zacs2,5
1 Department
2 Vilnius

of Physics and Astronomy, Valparaiso University, Valparaiso, IN 46383, USA
University Observatory, Ciurlionio 29 Vilnius 2009, Lithuania

3 Instituut

voor Sterrenkunde, K.U. Leuven University, 3001 Leuven (Heverlee) Belgium
Astrophysical Observatory, Herzberg Institute of Astrophysics, National Research Council of Canada, 5071 West Saanich Road,
Victoria, BC V9E 2E7, Canada
4 Dominion

5 Faculty

of Physics and Mathematics, University of Latvia, Raina bulvaris 19, LV-1586 Riga, Latvia

We have carried out a detailed observational study of the light, color, and velocity variations of two bright, carbon-rich
proto-planetary nebulæ, IRAS 22223+4327 and 22272+5435. The light curves are based upon our observations from
1994 to 2011, together with published data by Arkhipova and collaborators. They each display four significant periods,
with primary periods for IRAS 22223+4327 and 22272+5435 being 90 and 132 days, respectively. For each of them,
the ratio of secondary to primary period is 0.95, a value much different from that found in Cepheids, but which may be
characteristic of post-AGB stars. Fewer significant periods are found in the smaller radial velocity data sets, but they
agree with those of the light curves. The color curves generally mimic the light curves, with the objects reddest when
faintest. A comparison in seasons when there exist contemporaneous light, color, and velocity curves reveals that the
light and color curves are in phase, while the radial velocity curves are ∼ 0.25P out of phase with the light curves.
Thus they differ from what is seen in Cepheids, in which the radial velocity curve is 0.50P out of phase with the
light curve. Comparison of the observed periods and amplitudes with those of post-AGB pulsation models shows poor
agreement, especially for the periods, which are much longer than predicted. These observational data, particularly
the contemporaneous light, color, and velocity curves, provide an excellent benchmark for new pulsation models of
cool stars in the post-AGB, proto-planetary nebula phase.
Published in Astrophys. J., 766, 116 (2013)

A lithium-rich red giant below the clump in the Kepler cluster,
NGC 6819
Barbara J. Anthony-Twarog1 , Constantine P. Deliyannis2 , Evan Rich1 and Bruce A. Twarog1
1 University
2 Indiana

of Kansas, USA
University, USA

WIYN/HYDRA spectra in the Li 6708 Å region have been obtained for 332 probable members of the old open cluster,
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NGC 6819. Preliminary analysis shows a pattern of Li depletion from the top of the turn-off to the base of the giant
branch. Starting one magnitude below the level of the clump, all brighter giants have A(Li) < 1.0, with most having
upper limits below 0.5. Star W007017, located below the first-ascent red giant bump is Li-rich with A(Li) = 2.3. As
a highly probable single-star astrometric and radial-velocity cluster member, its discrepant asteroseismic membership
could be a by-product of the processes that triggered Li-enhancement. Its color–magnitude diagram location is
consistent with only one proposed enhanced mixing process among first-ascent red giants.
Accepted for publication in Astrophysical Journal Letters
Available from arXiv:1303.2984

Conference Papers
Dust-forming molecules in VY Canis Majoris (and Betelgeuse)
T. Kamiński1 , C.A. Gottlieb2 , M.R. Schmidt3 , N.A. Patel2 , K.H. Young2 , K.M. Menten1 , S. Brunken4 , H.S.P.
Muller4 , J.M. Winters5 and M.C. McCarthy2
1 MPIfR

Bonn, Germany

2 CfA,

USA
3 NCAC Toruń, Poland
4 Cologne Univ., Germany
5 IRAM,

France

The formation of inorganic dust in circumstellar environments of evolved stars is poorly understood. Spectra of
molecules thought to be most important for the nucleation, i.e. AlO, TiO, and TiO2 , have been recently detected in
the red supergiant VY CMa. These molecules are effectively formed in VY CMa and the observations suggest that
non-equilibrium chemistry must be involved in their formation and nucleation into dust. In addition to exploring
the recent observations of VY CMa, we briefly discuss the possibility of detecting these molecules in the dust-poor
circumstellar environment of Betelgeuse.
Oral contribution, published in proceedings of the Betelgeuse Workshop 2012: The physics of Red
Supergiants: recent advances and open questions, 2012 Paris
Available from arXiv:1302.6922

Numerical models for the circumstellar medium around Betelgeuse
Jonathan Mackey1 , Shazrene Mohamed2 , Hilding R. Neilson3 , Norbert Langer1 and Dominique M.-A. Meyer1
1 AIfA,

Bonn, Germany
Cape Town, South Africa

2 SAAO,
3 ETSU,

Tennessee, USA

The nearby red supergiant (RSG) Betelgeuse has a complex circumstellar medium out to at least 0.5 parsecs from
its surface, shaped by its mass-loss history within the past 0.1 Myr, its environment, and its motion through the
interstellar medium (ISM). In principle its mass-loss history can be constrained by comparing hydrodynamic models
with observations. Observations and numerical simulations indicate that Betelgeuse has a very young bow shock,
hence the star may have only recently become a RSG. To test this possibility we calculated a stellar evolution model
for a single star with properties consistent with Betelgeuse. We incorporated the resulting evolving stellar wind into
2D hydrodynamic simulations to model a runaway blue supergiant (BSG) undergoing the transition to a RSG near
the end of its life. The collapsing BSG wind bubble induces a bow shock-shaped inner shell which at least superficially
14

resembles Betelgeuse’s bow shock, and has a similar mass. Surrounding this is the larger-scale retreating bow shock
generated by the now defunct BSG wind’s interaction with the ISM. We investigate whether this outer shell could
explain the bar feature located (at least in projection) just in front of Betelgeuse’s bow shock.
Oral contribution, published in proceedings of the Betelgeuse 2012 Workshop, Paris, Nov. 2012, eds.
P. Kervella, T. Le Bertre & G. Perrin
Available from arXiv:1303.2064

3D smoothed particle hydrodynamics models of Betelgeuse’s bow shock
Shazrene Mohamed1 , Jonathan Mackey
1 South

2

and Norbert Langer2

African Astronomical Observatory, P.O. Box 9, 7935 Observatory, South Africa
Institut für Astronomie, Auf dem Hügel 71, Bonn D-53121, Germany

2 Argelander

Betelgeuse, the bright red supergiant (RSG) in Orion, is a runaway star. Its supersonic motion through the interstellar
medium has resulted in the formation of a bow shock, a cometary structure pointing in the direction of motion. We
present the first 3D hydrodynamic simulations of the formation and evolution of Betelgeuse’s bow shock. We show
that the bow shock morphology depends substantially on the growth timescale for Rayleigh–Taylor versus Kelvin–
Helmholtz instabilities. We discuss our models in light of the recent Herschel, GALEX and VLA observations. If the
mass in the bow shock shell is low (∼few ×0.001 M⊙ ), as seems to be implied by the AKARI and Herschel observations, then Betelgeuse’s bow shock is very young and is unlikely to have reached a steady state. The circular, smooth
bow shock shell is consistent with this conclusion. We further discuss the implications of our results, in particular, the
possibility that Betelgeuse may have only recently entered the RSG phase.
Oral contribution, published in proceedings of the Betelgeuse workshop, November 2012, Paris, European Astronomical Society Publications Series, eds. Pierre Kervella, Thibaut Le Bertre & Guy Perrin
Available from arXiv:1303.4200

The population of M-type supergiants in the starburst cluster
Stephenson 2
Ignacio Negueruela1 , Carlos González-Fernández1 , Ricardo Dorda1 , Amparo Marco1 and J. Simon Clark2
1 DFISTS,

Universidad de Alicante, Spain
of Physics and Astronomy, The Open University, UK

2 Department

The open cluster Stephenson 2 contains the largest collection of red supergiants known in the Galaxy, and at present
is the second most massive young cluster known in the MilkyWay. We have obtained multi-epoch, intermediateresolution spectra around the Ca ii triplet for more than 30 red supergiants in Stephenson 2 and its surroundings. We
find a clear separation between a majority of RSGs having spectral types M0–M2 and the brightest members in the
NIR, which have very late spectral types and show strong evidence for heavy mass loss. The distribution of spectral
types is similar to that of RSGs in other clusters, such as NGC 7419, or associations, like Per OB1. The cluster data
strongly support the idea that heavy mass loss and maser emission is preferentially associated with late-M spectral
types, suggesting that they represent an evolutionary phase.
Oral contribution, published in proceedings of the Betelgeuse Workshop, November 2012, Paris, European Astronomical Society Publications Series, eds. Pierre Kervella, Thibaut Le Bertre & Guy Perrin
Available from arXiv:1303.1837
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Review Papers
Betelgeuse and the red supergiants
Jacco Th. van Loon1
1 Lennard-Jones

Laboratories, Keele University, ST5 5BG, United Kingdom

Betelgeuse is one of the most magnificent stars in the sky, and one of the nearest red supergiants. Astronomers
gathered in Paris in the Autumn of 2012 to decide what we know about its structure, behaviour, and past and future
evolution, and how to place this in the general context of the class of red supergiants. Here I reflect on the discussions
and propose a synthesis of the presented evidence. I believe that, in those four days, we have achieved to solve a few
riddles.
Published in proceedings of the Betelgeuse workshop, November 2012, Paris. European Astronomical
Society Publications Series, editors: Pierre Kervella, Thibaut Le Bertre & Guy Perrin
Available from arXiv:1303.0321

Asteroseismology of solar-type and red-giant stars
William Chaplin1 and Andrea Miglio1
1 University

of Birmingham, UK

We are entering a golden era for stellar physics driven by satellite and telescope observations of unprecedented quality
and scope. New insights on stellar evolution and stellar interiors physics are being made possible by asteroseismology,
the study of stars by the observation of natural, resonant oscillations. Asteroseismology is proving to be particularly
significant for the study of solar-type and red-giant stars. These stars show rich spectra of solar-like oscillations, which
are excited and intrinsically damped by turbulence in the outermost layers of the convective envelopes. In this review
we discuss the current state of the field, with a particular emphasis on recent advances provided by the Kepler and
CoRoT space missions and the wider significance to astronomy of the results from asteroseismology, such as stellar
populations studies and exoplanet studies.
Published in Annual Reviews of Astronomy and Astrophysics (2013)
Available from arXiv:1303.1957

Job Advert
Department of Physics and Astronomy, Uppsala University, Sweden
PhD student positions in Astrophysics or Space Physics
The Division of Astronomy and Space Physics invites applications for PhD student positions financed by Uppsala
University. A successful applicant has the opportunity to choose and define one or more research projects within
Astronomy and Space Physics. To be eligible for a PhD student position you should have a basic university degree in
physics, astronomy or astrophysics (at the MSc level). For more detailed information please follow the link given below.
Contact: Susanne Höfner
email: Susanne.Hoefner@physics.uu.se
Application deadline: May 15, 2013
Reference number: UFV-PA 2013/877
See also http://www.uu.se/jobb/phd-students/annonsvisning?tarContentId=239016
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Announcement
Asymmetrical Planetary Nebulæ VI
We are happy to announce the 6th edition of ”Asymmetrical Planetary Nebulæ”. Most – if not all – planetary nebulæ
exhibit a complex structure, far from the spherical shape. The reasons for this dramatic change in symmetry, that
occurs in early stage of the development of the nebula, remain controversial. The same physics operates in a variety
of stars, from young (winds from young stars and/or high mass stars) to old (novæ, symbiotic stars). The aim of the
APN series of conferences has been to offer the opportunity to anyone involved in the study of asymmetric planetary
nebulæ (and related objects) to discuss the latest results obtained in this field.
The conference scheduled for 4–8 November 2013, will be held in an all-inclusive hotel, close to Playa del Carmen
(Riviera Maya, Quintana Roo, México), 50 km south Cancun International Airport.
Conference topics
• Asymmetry:
Planetary nebula phase
Pre-PN phase
On the AGB
• Shaping mechanisms:
Magnetic fields
Binarity of the central star
Jets and accretion disks
What else
• Related objects:
Novæ and cataclysmic variables
Symbiotic stars
Nebulæ around massive stars
Important Deadlines
Pre-registration: 1 August
Submission of abstract: 15 August
SOC results on talks/posters distribution: 25 August
Fees early payment: US$ 250 until 30 August, US$ 300 later
Hotel group price: through the conference code (to be announced later) until 20 September
On behalf of the Scientific Organizing Committee
Miriam Peña
Contact: http://www.astroscu.unam.mx/apn6/
apn6@astro.unam.mx
See also http://www.astroscu.unam.mx/apn6/
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