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Editorial

Dear Colleagues,

It is my pleasure to present you the 133rd issue of the Magellanic Clouds Newsletter. A good number of papers discuss
variable stars and/or binary star populations as well as interesting individual (X-ray) binaries; SN 1987A features in
three papers, and rather coincidentally two independent analyses suggest there is no age spread within intermediate-
age clusters.

Monash University in Melbourne, Australia are seeking to appoint a lecturer in Astrophysics.

I you like (or hate) supernovæ, there’s an exciting meeting planned for you in North Carolina, USA.

The next issue is planned to be distributed on the 1st of April.

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

Apsidal motion and light a curve solution for eighteen SMC eccentric
eclipsing binaries

P. Zasche1, M. Wolf1, J. Vraštil1, J. Lǐska2, M. Skarka2 and M. Zejda2

1Astronomical Institute, Charles University in Prague, Faculty of Mathematics and Physics, CZ-180 00 Praha 8, V Holešovičkách 2, Czech

Republic
2Department of Theoretical Physics and Astrophysics, Masaryk University, Kotlářská 2, 611 37 Brno, Czech Republic

Aims: The Danish 1.54-meter telescope at the La Silla observatory was used for photometric monitoring of selected
eccentric eclipsing binaries located in the Small Magellanic Cloud. The new times of minima were derived for these
systems, which are needed for accurate determination of the apsidal motion. Moreover, many new times of minima were
derived from the photometric databases OGLE and MACHO. Eighteen early-type eccentric-orbit eclipsing binaries
were studied.
Methods: Their O–C diagrams of minima timings were analysed and the parameters of the apsidal motion were
obtained. The light curves of these eighteen binaries were analysed using the program phoebe, giving the light curve
parameters. For several systems the additional third light also was detected.
Results: We derived for the first time and significantly improved the relatively short periods of apsidal motion from
19 to 142 years for these systems. The relativistic effects are weak, up to 10% of the total apsidal motion rate. For
one system (OGLE-SMC-ECL-0888), the third-body hypothesis was also presented, which agrees with high value of
the third light for this system detected during the light curve solution.

Published in Astronomy & Astrophysics
Available from arXiv:1412.0905
and from http://adsabs.harvard.edu/abs/2014A

Dust and gas in the Magellanic Clouds from the HERITAGE Herschel
key project. II. Gas-to-dust ratio variations across interstellar medium

phases
Julia Roman-Duval1, Karl Gordon1, Margaret Meixner1 and et al.

1Space Telescope Science Institute, USA

The spatial variations of the gas-to-dust ratio (GDR) provide constraints on the chemical evolution and lifecycle
of dust in galaxies. We examine the relation between dust and gas at 10–50 pc resolution in the Large and Small
Magellanic Clouds (LMC and SMC) based on Herschel far-infrared (FIR), H i 21 cm, CO, and Hα observations. In
the diffuse atomic interstellar medium (ISM), we derive the GDR as the slope of the dust:gas relation and find GDRs
of 380+250

−130±3 in the LMC, and 1200+1600
−420 ±120 in the SMC, not including helium. The atomic-to-molecular transition

is located at dust surface densities of 0.05 M⊙ pc−2 in the LMC and 0.03 M⊙ pc−2 in the SMC, corresponding to
AV ∼ 0.4 and 0.2 mag, respectively. We investigate the range of CO-to-H2 conversion factor to best account for all
the molecular gas in the beam of the observations, and find upper limits on XCO to be 6 × 1020 cm−2 K−1 km−1 s
in the LMC (Z = 0.5 Z⊙) at 15 pc resolution, and 4 × 1021 cm−2 K−1 km−1 s in the SMC (Z = 0.2 Z⊙) at 45 pc
resolution. In the LMC, the slope of the dust:gas relation in the dense ISM is lower than in the diffuse ISM by a factor
∼ 2, even after accounting for the effects of CO-dark H2 in the translucent envelopes of molecular clouds. Coagulation
of dust grains and the subsequent dust emissivity increase in molecular clouds, and/or accretion of gas-phase metals
onto dust grains, and the subsequent dust abundance (dust-to-gas ratio) increase in molecular clouds could explain the
observations. In the SMC, variations in the dust:gas slope caused by coagulation or accretion are degenerate with the
effects of CO-dark H2. Within the expected 5–20 times Galactic XCO range, the dust:gas slope can be either constant
or decrease by a factor of several across ISM phases. Further modeling and observations are required to break the
degeneracy between dust grain coagulation, accretion, and CO-dark H2. Our analysis demonstrates that obtaining
robust ISM masses remains a non-trivial endeavor even in the local Universe using state-of-the-art maps of thermal
dust emission.

Published in ApJ
Available from arXiv:1411.4552
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A stubbornly large mass of cold dust in the ejecta of Supernova 1987A
Mikako Matsuura1, E. Dwek2, M.J. Barlow1, B. Babler3, M. Baes4, M. Meixner5, José Cernicharo6, Geoff C.

Clayton7, L. Dunne8,9, C. Fransson10, Jacopo Fritz4, Walter Gear11, H.L. Gomez11, M.A.T. Groenewegen12, R.

Indebetouw13,14, R.J. Ivison9,15, A. Jerkstrand16, V. Lebouteiller17, T.L. Lim18, P. Lundqvist10, C.P. Pearson18, J.

Roman-Duval5, P. Royer19, Lister Staveley-Smith20, B.M. Swinyard1,18, P.A.M. van Hoof 12, J.Th. van Loon22,

Joris Verstappen4,23, Roger Wesson24, Giovanna Zanardo20, Joris A.D.L. Blommaert19,25, Leen Decin19, W.T.

Reach26, George Sonneborn2, Griet C. Van de Steene12 and Jeremy A. Yates1

1University College London, England
2NASA Goddard Space Flight Center, USA
3University of Wisconsin, USA
4Universiteit Gent, Belgium
5Space Telescope Science Institute, USA
6CSIC–INTA, Spain
7Louisiana State University, USA
8University of Canterbury, New Zealand
9Institute for Astronomy, University of Edinburgh, Scotland
10Stockholm University, Sweden
11Cardiff University, Wales
12Koninklijke Sterrenwacht van België, Belgium
13University of Virginia, USA
14National Radio Astronomy Observatory, USA
15ESO Garching bei München, Germany
16Queen’s University Belfast, Northern Ireland
17Saclay, France
18Rutherford Appleton Laboratory, England
19Katholieke Universiteit Leuven, Belgium
20University of Western Australia, Australia
21CAASTRO, Australia
22Keele University, England
23Kapteyn Astronomical Institute, The Netherlands
24European Southern Observatory, Santiago de Chile, Chile
25Vrije Universiteit Brussel, Belgium
26ASA/Ames Research Center, USA

We present new Herschel photometric and spectroscopic observations of Supernova 1987A, carried out in 2012. Our
dedicated photometric measurements provide new 70 µm data and improved imaging quality at 100 and 160 µm
compared to previous observations in 2010. Our Herschel spectra show only weak CO line emission, and provide an
upper limit for the 63 µm [O i] line flux, eliminating the possibility that line contaminations distort the previously
estimated dust mass. The far-infrared spectral energy distribution (SED) is well fitted by thermal emission from cold
dust. The newly measured 70 µm flux constrains the dust temperature, limiting it to nearly a single temperature. The
far-infrared emission can be fitted by 0.5±0.1 M⊙ of amorphous carbon, about a factor of two larger than the current
nucleosynthetic mass prediction for carbon. The observation of SiO molecules at early and late phases suggests that
silicates may also have formed and we could fit the SED with a combination of 0.3 M⊙ of amorphous carbon and 0.5
M⊙ of silicates, totalling 0.8 M⊙ of dust. Our analysis thus supports the presence of a large dust reservoir in the ejecta
of SN 1987A. The inferred dust mass suggests that supernovæ can be an important source of dust in the interstellar
medium, from local to high-redshift galaxies.

Accepted for publication in ApJ
Available from arXiv:1411.7381
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Pre-main sequence accretion in the low metallicity Galactic
star-forming region Sh 2-284

V.M. Kalari1 and J.S. Vink1

1Armagh Observatory, College Hill, Armagh, BT61 9DG, Northern Ireland

We present optical spectra of pre-main sequence (PMS) candidates around the Hα region taken with the Southern
African Large Telescope, SALT, in the low metallicity (Z) Galactic region Sh 2-284, which includes the open cluster
Dolidze 25 with an atypical low metallicity of Z ∼ 1/5 Z⊙. It has been suggested on the basis of both theory and
observations that PMS mass-accretion rates, Ṁacc, are a function of Z. We present the first sample of spectroscopic
estimates of mass-accretion rates for PMS stars in any low-Z star-forming region. Our data-set was enlarged with
literature data of Hα emission in intermediate-resolution R-band spectroscopy. Our total sample includes 24 objects
spanning a mass range between 1–2 M⊙ and with a median age of approximately 3.5 Myr. The vast majority (21 out
of 24) show evidence for a circumstellar disk on the basis of 2MASS and Spitzer infrared photometry. We find Ṁacc in
the 1–2 M⊙ interval to depend quasi-quadratically on stellar mass, with Ṁacc ∝ M2.4±0.35

⋆ , and inversely with stellar
age Ṁacc ∝ t−0.7±0.4

⋆ . Furthermore, we compare our spectroscopic Ṁacc measurements with solar Z Galactic PMS
stars in the same mass range, but, surprisingly find no evidence for a systematic change in Ṁacc with Z. We show
that literature accretion-rate studies are influenced by detection limits, and we suggest that Ṁacc may be controlled
by factors other than Z⋆, M⋆, and age.

Accepted for publication in Astrophysical Journal
Available from arXiv:1412.2014

On the variation of Fourier parameters for Galactic and LMC Cepheids
at optical, near-Infrared and mid-infrared wavelengths

Anupam Bhardwaj1, Shashi M. Kanbur2, Harinder P. Singh1, Lucas Macri3 and Chow-Choong Ngeow4

1University of Delhi, India
2State University of New York, Oswego, USA
3Texas A&M University, USA
4Taiwan National University, Taiwan, China

We present a light curve analysis of fundamental-mode Galactic and Large Magellanic Cloud (LMC) Cepheids based
on the Fourier decomposition technique. We have compiled light curve data for Galactic and LMC Cepheids in
optical (VI), near-infrared (JHKs) and mid-infrared (3.6- & 4.5-µm) bands from the literature and determined the
variation of their Fourier parameters as a function of period and wavelength. We observed a decrease in Fourier
amplitude parameters and an increase in Fourier phase parameters with increasing wavelengths at a given period. We
also found a decrease in the skewness and acuteness parameters as a function of wavelength at a fixed period. We
applied a binning method to analyze the progression of the mean Fourier parameters with period and wavelength. We
found that for periods longer than about 20 days, the values of the Fourier amplitude parameters increase sharply
for shorter wavelengths as compared to wavelengths longer than the J-band. We observed the variation of the
Hertzsprung progression with wavelength. The central period of the Hertzsprung progression was found to increase
with wavelength in the case of the Fourier amplitude parameters and decrease with increasing wavelength in the case
of phase parameters. We also observed a small variation of the central period of the progression between the Galaxy
and LMC, presumably related to metallicity effects. These results will provide useful constraints for stellar pulsation
codes that incorporate stellar atmosphere models to produce Cepheid light curves in various bands.

Accepted for publication in Monthly Notices of Royal Astronomical Society
Available from arXiv:1412.4891
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SXP 5.05 = IGRJ00569−7226 : using X-rays to explore the structure of
a Be star’s circumstellar disk

M.J. Coe1, E.S. Bartlett2, A.J. Bird1, F. Haberl3, J.A. Kennea4, V.A. McBride2, L.J. Townsend2 and A. Udalski5

1Southampton University, England
2University of Cape Town, South Africa
3MPE, Germany
4PSU, USA
5Warsaw, Poland

On MJD 56590–1 (2013 Oct 25–26) observations of the Magellanic Clouds by the INTErnational Gamma-Ray Astro-
physics Laboratory (INTEGRAL) observatory discovered a previously-unreported bright, flaring X-ray source. This
source was initially given the identification IGRJ00569−7226. Subsequent multi-wavelength observations identified
the system as new Be/X-ray binary system in the Small Magellanic Cloud. Follow-up X-ray observations by Swift
and XMM–Newton revealed an X-ray pulse period of 5.05 s and that the system underwent regular occulation/eclipse
behaviour every 17 d. This is the first reported eclipsing Be/X-ray binary system in the SMC, and only the second
such system known to date. Furthermore, the nature of the occultation makes it possible to use the neutron star to
”X-ray” the circumstellar disk, thereby, for the first time, revealing direct observational evidence for its size and clumpy
structure. Swift timing measurements allowed for the binary solution to be calculated from the Doppler shifted X-ray
pulsations. This solution suggests this is a low eccentricity binary relative to others measured in the SMC. Finally it is
interesting to note that the mass determined from this dynamical method for the Be star (∼ 13.0 M⊙) is significantly
different from that inferred from the spectroscopic classification of B0.2 Ve (∼ 16.0 M⊙) – an effect that has been
noted for some other high mass X-ray binary (HMXB) systems.

Accepted for publication in MNRAS
Available from arXiv:1412.3270

Swift J0513.4−6547 = LXP 27.2 : a new Be/X-ray binary system in the
Large Magellanic Cloud

M.J. Coe1, M. Finger2, E.S. Bartlett3 and A. Udalski4

1University of Southampton, England
2USRA, Huntsville, USA
3University of Cape Town, South Africa
4Warsaw University, Poland

An exceptionally bright new X-ray source in the Large Magellanic Cloud was discovered by the Swift/BAT telescope
on MJD 54923 (2 April 2009), and shown to have a pulse period of 27 s using follow-up observations by RXTE/PCA
(Krimm et al. 2009). We report here on detailed timing observations taken over the following weeks using Fermi/GBM
which reveal an excellent orbital solution and indicate that the source flux peaked at ∼ 1038 erg s−1. In addition,
we report on follow-up optical observations (spectroscopic and photometric) which permit a classification of the mass
donor star as B1 Ve, and furthermore reveal a strong optical modulation at a period consistent with the binary period
found from the Fermi/GBM data – 27.4 d. The dynamical mass estimate for the Be star is not in agreement with
that expected for a B1 V star – a mismatch similar to this has been previously reported for the few other Magellanic
Cloud stars that also have dynamical mass estimates. In addition, the neutron star magnetic field determination from
the X-ray data (∼ 1013 G) adds further evidence to the possibility that many such stars in High Mass X-ray Binary
systems may have magnetic fields greater than previously expected (∼ 1012 G).

Accepted for publication in MNRAS
Available from arXiv:1412.1681

5



Large Magellanic Cloud Near-Infrared Synoptic Survey. I. Cepheid
variables and the calibration of the Leavitt Law

Lucas Macri1, Chow-Choong Ngeow2, Shashi Kanbur3, Salma Mahzooni1 and Michael Smitka1

1Texas A&M University, USA
2National Central University, Taiwan
3The State University of New York at Oswego, USA

We present observational details and first results of a near-infrared (JHKs) synoptic survey of the central region of
the Large Magellanic Cloud using the CPAPIR camera at the CTIO 1.5-m telescope. We covered 18 square degrees
to a depth of Ks ∼ 16.5 mag and obtained an average of 16 epochs in each band at any given location. Our catalog
contains more than 3.5 × 106 sources, including 1417 Cepheid variables previously studied at optical wavelengths
by the OGLE survey. Our sample of fundamental-mode pulsators represents a 9-fold increase in the number of these
variables with time-resolved, multi-band near-infrared photometry. We combine our large Cepheid sample and a recent
precise determination of the distance to the LMC to derive a robust absolute calibration of the near-infrared Leavitt
Law for fundamental-mode and first-overtone Cepheids with 10× better constraints on the slopes relative to previous
work. We also obtain calibrations for the Tip of the Red Giant Branch and the Red Clump based on our ensemble
photometry which are in good agreement with previous determinations.

Accepted for publication in Astronomical Journal
Available from arXiv:1412.1511
and from http://people.physics.tamu.edu/lmacri/LMCNISS/

Examining the infrared variable star population discovered in the Small
Magellanic Cloud using the SAGE-SMC survey

Elizabeth Polsdofer1,2, Jonathan Seale3, Marta SewiÃlo4,3, Uma Vijh5, Margaret Meixner2,3, Massimo Marengo1 and

Maverick Terrazas5,6

1Iowa State University, Department of Physics and Astronomy, 12 Physics Hall, Ames, Iowa 50011, USA
2Space Telescope Science Institute, 3700 San Martin Dr., Baltimore, MD 21218, USA
3The Johns Hopkins University, Department of Physics and Astronomy, 366 Bloomberg Center, 3400 N. Charles Street, Baltimore, MD

21218, USA
4Space Science Institute, 4750 Walnut Street, Suite 205, Boulder, CO 80301, USA
5Ritter Astrophysical Research Center, University of Toledo, Toledo, OH 43606, USA
6Washington State University, Department of Physics and Astronomy, Pullman, WA 99164, USA

We use the data from the Spitzer Space Telescope Legacy Program ”Surveying the Agents of Galaxy Evolution in
the Tidally Stripped, Low Metallicity Small Magellanic Cloud” (SAGE-SMC) and the ”Spitzer Survey of the Small
Magellanic Cloud” (S3MC) survey, over three different epochs, separated by several months to three years. Variability
in the thermal infrared is identified using a combination of Spitzer’s IRAC 3.6-, 4.5-, 5.8- and 8.0-µm bands, and the
MIPS 24-µm band. An error-weighted flux difference between each pair of three epochs (”variability index”) is used to
assess the variability of each source. A visual source inspection is used to validate the photometry and image quality.
Out of ∼ 2 million sources in the SAGE-SMC catalog, 814 meet our variability criteria. We matched the list of variable
star candidates to the catalogs of SMC sources classified with other methods, available in the literature. Carbon-rich
Asymptotic Giant Branch (AGB) stars make up the majority (61%) of our variable sources, with about a third of all
of our sources being classified as extreme AGB stars. We find a small, but significant population of oxygen-rich AGB
(8.6%), Red Supergiant (2.8%), and Red Giant Branch (< 1%) stars. Other matches to the literature include Cepheid
variable stars (8.6%), early-type stars (2.8%), young-stellar objects (5.8%), and background galaxies (1.2%). We found
a candidate OH maser star, SSTISAGE1C J005212.88−730852.8, which is a variable O-rich AGB star, and would be
the first OH/IR star in the SMC, if confirmed. We measured the infrared variability of a rare RVTau variable (a
post-AGB star) that has recently left the AGB phase. Fifty nine variable stars from our list remain unclassified.

Accepted for publication in Astronomical Journal
Available from arXiv:1501.01591
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The exclusion of a significant range of ages in a massive star cluster
Chengyuan Li1,2,3, Richard de Grijs1,2 and Licai Deng3

1Kavli Institute for Astronomy and Astrophysics, Peking University, Yi He Yuan Lu 5, Hai Dian District, Beijing 100871, China
2Department of Astronomy, Peking University, Yi He Yuan Lu 5, Hai Dian District, Beijing 100871, China
3Key Laboratory for Optical Astronomy, National Astronomical Observatories, Chinese Academy of Sciences, 20A Datun Road, Chaoyang

District, Beijing 100012, China

Stars spend most of their lifetimes on the main sequence in the Hertzsprung–Russell diagram. The extended main-
sequence turn-off regions – containing stars leaving the main sequence after having spent all of the hydrogen in their
cores – found in massive (more than a few tens of thousands of solar masses), intermediate-age (about one to three
billion years old) star clusters are usually interpreted as evidence of internal age spreads of more than 300 million years,
although young clusters are thought to quickly lose any remaining star-forming fuel following a period of rapid gas
expulsion on timescales of order 107 years. Here we report, on the basis of a combination of high-resolution imaging
observations and theoretical modelling, that the stars beyond the main sequence in the two-billion-year-old cluster
NGC 1651, characterized by a mass of ∼ 1.7×105 solar masses, can be explained only by a single-age stellar population,
even though the cluster has a clearly extended main-sequence turn-off region. The most plausible explanation for the
existence of such extended regions invokes a population of rapidly rotating stars, although the secondary effects of
the prolonged stellar lifetimes associated with such a stellar population mixture are as yet poorly understood. From
preliminary analysis of previously obtained data, we find that similar morphologies are apparent in the Hertzsprung–
Russell diagrams of at least five additional intermediate- age star clusters, suggesting that an extended main-sequence
turn-off region does not necessarily imply the presence of a significant internal age dispersion.

Published in Nature
Available from arXiv:1412.5368
and from nature.com/nature/journal/v516/n7531/full/nature13969.html

A Spitzer/IRAC characterization of Galactic AGB and RSG stars
Megan Reiter1, Massimo Marengo2, Joseph L. Hora3 and Giovanni G. Fazio3

1Department of Astronomy, University of Arizona, USA
2Department of Physics and Astronomy, Iowa State University, USA
3Harvard–Smithsonian Center for Astrophysics, USA

We present new Spitzer/IRAC observations of 55 dusty Long Period Variables (LPVs, 48 AGB and 6 RSG stars) in the
Galaxy that have different chemistry, variability type, and mass-loss rate. O-rich AGB stars (including intrinsic S-type)
tend to have redder [3.6]–[8.0] colors than carbon stars for a given [3.6]–[4.5] color due to silicate features increasing the
flux in the 8.0-µm IRAC band. For colors including the 5.8-µm band, carbon stars separate into two distinct sequences,
likely due to a variable photospheric C3 feature that is only visible in relatively unobscured, low mass-loss rate sources.
Semi-regular variables tend to have smaller IR excess in [3.6]–[8.0] color than Miras, consistent with the hypothesis
that semiregular variables lose mass discontinuously. Miras have redder colors for longer periods while semi-regular
variables do not. Galactic AGB stars follow the period–luminosity sequences found for the Magellanic Clouds. Mira
variables fall along the fundamental pulsation sequence, while semi-regular variables are mostly on overtone sequences.
We also derive a relationship between mass-loss rate and [3.6]–[8.0] color. The fits are similar in shape to those found
by other authors for AGBs in the LMC, but discrepant in overall normalization, likely due to different assumptions
in the models used to derive mass-loss rates. We find that IR colors are not unique discriminators of chemical type,
suggesting caution when using color selection techniques to infer the chemical composition of AGB dust returned to
the ISM.

Accepted for publication in MNRAS
Available from arXiv:1501.02749
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Star-formation rates from young-star counts and the structure of the
ISM across the NGC346/N66 complex in the SMC

S. Hony1, D.A. Gouliermis1,2, F. Galliano3, M. Galametz4, D. Cormier1, C.-H.R. Chen5, S. Dib6,7, A. Hughes8,9,2,

R.S. Klessen1,10,11, J. Roman-Duval12, L. Smith13, J.-P. Bernard8,9, C. Bot14, L. Carlson15, K. Gordon12,16, R.

Indebetouw15,17, V. Lebouteiller3, M.-Y. Lee3, S.C. Madden3, M. Meixner12,18, J. Oliveira19, M. Rubio20, M.

Sauvage3 and R. Wu21

1Universität Heidelberg, Zentrum für Astronomie, Institut für Theoretische Astrophysik, Germany
2Max Planck Institute for Astronomy, Germany
3Laboratoire AIM, CEA/IRFU/Service d’Astrophysique, Universite Paris Diderot, France
4European Southern Observatory, Germany
5Max-Planck-Institut für Radioastronomie, Germany
6Niels Bohr International Academy, Niels Bohr Institute, Denmark
7Centre for Star and Planet Formation, University of Copenhagen, Denmark
8CNRS, IRAP, France
9Université de Toulouse, UPS–OMP, IRAP, France
10Department of Astronomy and Astrophysics, University of California, USA
11Kavli Institute for Particle Astrophysics and Cosmology, Stanford University, USA
12Space Telescope Science Institute, USA
13Space Telescope Science Institute and European Space Agency, USA
14Observatoire astronomique de Strasbourg, Université de Strasbourg, CNRS, UMR 7550, France
15Department of Astronomy, University of Virginia, USA
16Sterrenkundig Observatorium, Universiteit Gent, Belgium
17National Radio Astronomical Observatory, USA
18The Johns Hopkins University, Department of Physics and Astronomy, USA
19School of Physical & Geographical Sciences, Lennard-Jones Laboratories, Keele University, UK
20Departamento de Astronomı́a, Universidad de Chile, Chile
21Department of Astronomy, Graduate School of Science, The University of Tokyo, Japan

The rate at which interstellar gas is converted into stars, and its dependence on environment, is one of the pillars on
which our understanding of the visible Universe is build. We present a comparison of the surface density of young
stars (Σ⋆) and dust surface density (Σd) across NGC 346 (N 66) in 115 independent pixels of 6 × 6 pc2. We find a
correlation between Σ⋆ and Σd with a considerable scatter. A power law fit to the data yields a steep relation with an
exponent of 2.6±0.2. We convert Σd to gas surface density (Σg) and Σ⋆ to star formation rate (SFR) surface densities
(ΣSFR), using simple assumptions for the gas-to-dust mass ratio and the duration of star formation. The derived total
SFR (4 ± 1 × 10−3 M⊙ yr−1) is consistent with SFR estimated from the Hα emission integrated over the Hα nebula.
On small scales the ΣSFR derived using Hα systematically underestimates the count-based ΣSFR, by up to a factor of
10. This is due to ionizing photons escaping the area, where the stars are counted. We find that individual 36 pc2

pixels fall systematically above integrated disc-galaxies in the Schmidt–Kennicutt diagram by on average a factor of
∼ 7. The NGC 346 average SFR over a larger area (90-pc radius) lies closer to the relation but remains high by a
factor of ∼ 3. The fraction of the total mass (gas plus young stars) locked in young stars is systematically high (∼ 10
per cent) within the central 15 pc and systematically lower outside (2 per cent), which we interpret as variations in
star formation efficiency. The inner 15 pc is dominated by young stars belonging to a centrally condensed cluster,
while the outer parts are dominated by a dispersed population. Therefore, the observed trend could reflect a change
of star formation efficiency between clustered and non-clustered star-formation.

Accepted for publication in MNRAS
Available from arXiv:1501.03634
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Period–luminosity relations for ellipsoidal binary stars in the OGLE-III
fields of the Large Magellanic Cloud

M. Pawlak1, I. Soszyński1, P. Pietrukowicz1, J. Skowron1, R. Poleski1,2, A. Udalski1, M.K. Szymański1, M.

Kubiak1, G. Pietrzyński1,3, ÃL. Wyrzykowski1,4, K. Ulaczyk1, S. KozÃlowski1 and D.M. Skowron1

1Warsaw University Observatory, Al. Ujazdowskie 4, 00-478 Warszawa, Poland
2Department of Astronomy, The Ohio State University, 140 West 18th Avenue, Columbus, OH 43210, USA
3Departamento de Astronomı́a, Universidad de Concepción, Casilla 160-C, Chile
4Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 0HA, UK

We report the discovery of two distinct types of ellipsoidal binary systems occupying, so called, sequence E on the
period–luminosity (P–L) diagram. We propose that the steeper P–L relation is composed of giant–dwarf binaries,
while the other consists of giant–giant binary systems. Analysis is based on a sample of 5334 objects, which we select
from the OGLE-III survey data toward the Large Magellanic Cloud.
We show that one of the components of ellipsoidal binaries is typically either a Red Clump or a Red Giant Branch
star, which leads to clear separation split of the sequence E at P = 40 d. In its short-period part, we identify two
sub-sequences corresponding to the two types of binary systems (E2 and E3), while in the longer-period part the two
groups merge forming a single sub-sequence E1.
We extract a group of 271 ellipsoidal systems with eccentric orbits, from our sample. We present the period–luminosity
relation they follow.

Published in Acta Astronomica
Available from arXiv:1412.2506
and from http://acta.astrouw.edu.pl/Vol64/n4/

A new class of nascent eclipsing binaries with extreme mass ratios
Maxwell Moe1 and Rosanne Di Stefano1

1Harvard–Smithsonian Center for Astrophysics, USA

Early B-type main-sequence (MS) stars (M1 ≈ 5–16 M⊙) with closely orbiting low-mass stellar companions (q =
M2/M1 < 0.25) can evolve to produce Type Ia supernovæ, low-mass X-ray binaries, and millisecond pulsars. How-
ever, the formation mechanism and intrinsic frequency of such close extreme mass-ratio binaries have been debated,
especially considering none have hitherto been detected. Utilizing observations of the Large Magellanic Cloud galaxy
conducted by the Optical Gravitational Lensing Experiment, we have discovered a new class of eclipsing binaries in
which a luminous B-type MS star irradiates a closely orbiting low-mass pre-MS companion that has not yet fully
formed. The primordial pre-MS companions have large radii and discernibly reflect much of the light they intercept
from the B-type MS primaries (∆Irefl ≈ 0.02–0.14 mag). For the 18 definitive MS + pre-MS eclipsing binaries in our
sample with good model fits to the observed light curves, we measure short orbital periods P = 3.0–8.5 days, young
ages τ ≈ 0.6–8 Myr, and small secondary masses M2 ≈ 0.8–2.4 M⊙ (q ≈ 0.07–0.36). The majority of these nascent
eclipsing binaries are still associated with stellar nurseries, e.g., the system with the deepest eclipse ∆I1 = 2.8 mag
and youngest age τ = 0.6 ± 0.4 Myr is embedded in the bright H ii region 30 Doradus. After correcting for selection
effects, we find that (2.0 ± 0.6)% of B-type MS stars have companions with short orbital periods P = 3.0–8.5 days
and extreme mass ratios q ≈ 0.06–0.25. This is ≈ 10 times greater than that observed for solar-type MS primaries.
We discuss how these new eclipsing binaries provide invaluable insights, diagnostics, and challenges for the formation
and evolution of stars, binaries, and H ii regions.

Accepted for publication in Astrophysical Journal
Available from arXiv:1410.8138
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The morphology of the sub-giant branch and red clump reveal no sign
of age spreads in intermediate age clusters

Nate Bastian1 and Florian Niederhofer2,3

1LJMU, UK
2ESO-Garching, Germany
3USM/Excellence Cluster, Germany

A recent surprise in stellar cluster research, made possible through the precision of Hubble Space Telescope photometry,
was that some intermediate age (1–2 Gyr) clusters in the Large and Small Magellanic Clouds have main sequence
turn-off (MSTO) widths that are significantly broader than would be expected for a simple stellar population (SSP).
One interpretation of these extended MSTOs (eMSTOs) is that age spreads of the order of ∼ 500 Myr exist within
the clusters, radically redefining our view of stellar clusters, which are traditionally thought of as single age, single
metallicity stellar populations. Here we test this interpretation by studying other regions of the CMD that should
also be affected by such large age spreads, namely the width of the sub-giant branch (SGB) and the red clump
(RC). We study two massive clusters in the LMC that display the eMSTO phenomenon (NGC 1806 & NGC 1846)
and show that both have SGB and RC morphologies that are in conflict with expectations if large age spreads exist
within the clusters. We conclude that the SGB and RC widths are inconsistent with extended star-formation histories
within these clusters, hence age spreads are not likely to be the cause of the eMSTO phenomenon. Our results are in
agreement with recent studies that also have cast doubt on whether large age spreads can exist in massive clusters;
namely the failure to find age spreads in young massive clusters, a lack of gas/dust detected within massive clusters,
and homogeneous abundances within clusters that exhibit the eMSTO phenomenon.

Accepted for publication in MNRAS
Available from arXiv:1501.03835

The VLT–FLAMES Tarantula Survey. XVIII. Classifications and radial
velocities of the B-type stars

C.J. Evans1, M.B. Kennedy, P.L. Dufton, I.D. Howarth, N.R. Walborn, N. Markova, J.S. Clark, S.E. de Mink, A.

de Koter, P.R. Dunstall, V. Hénault-Brunet, J. Máız Apellániz , C.M. McEvoy, H. Sana, S. Simón-Dı́az and W. D.

Taylor

1UK Astronomy Technology Centre, Edinburgh, Scotland

We present spectral classifications for 438 B-type stars observed as part of the VLT–FLAMES Tarantula Survey
(VFTS) in the 30 Doradus region of the Large Magellanic Cloud. Radial velocities are provided for 307 apparently
single stars, and for 99 targets with radial-velocity variations which are consistent with them being spectroscopic
binaries. We investigate the spatial distribution of the radial velocities across the 30 Dor region, and use the results
to identify candidate runaway stars. Excluding potential runaways and members of two older clusters in the survey
region (SL 639 and Hodge 301), we determine a systemic velocity for 30 Dor of 271.6±12.2 km s−1 from 273 presumed
single stars. Employing a 3-σ criterion we identify nine candidate runaway stars (2.9% of the single stars with
radial-velocity estimates). The projected rotational velocities of the candidate runaways appear to be significantly
different to those of the full B-type sample, with a strong preference for either large (≥ 345 km s−1) or small (≤ 65
km s−1) rotational velocities. Of the candidate runaways, VFTS 358 (classified B0.5: V) has the largest differential
radial velocity (−106.9± 16.2 km s−1), and a preliminary atmospheric analysis finds a significantly enriched nitrogen
abundance of 12 + log(N/H)>∼8.5. Combined with a large rotational velocity (v sin i = 345 ± 22 km s−1), this is
suggestive of past binary interaction for this star.

Published in A&A, 574, A13 (2015)
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pushing core-collapse supernovæ to explosions in spherical symmetry I:
The model and the case of SN1987A

A. Perego1, M. Hempel2, C. Fröhlich3,4, K. Ebinger2, M. Eichler2, M. Liebendörfer2 and F.-K. Thielemann2

1Technische Universität Darmstadt, D-64289 Darmstadt, Germany
2Universität Basel, CH-4056 Basel, Switzerland
3North Carolina State University, Raleigh NC 27695, USA
4corresponding author (cfrohli@ncsu.edu)

We report on a method, push, for triggering core-collapse supernova explosions of massive stars in spherical symmetry.
We explore basic explosion properties and calibrate push such that the observables of SN 1987A are reproduced. Our
simulations are based on the general relativistic hydrodynamics code agile combined with the detailed neutrino
transport scheme idsa for electron neutrinos and als for the muon and tau neutrinos. To trigger explosions in the
otherwise non-exploding simulations, we rely on the neutrino-driven mechanism. The push method locally increases
the energy deposition in the gain region through energy deposition by the heavy neutrino flavors. Our setup allows us
to model the explosion for several seconds after core bounce. We explore the progenitor range 18–21 M⊙. Our studies
reveal a distinction between high compactness (HC) (compactness parameter ξ1.75 > 0.45) and low compactness (LC)
(ξ1.75 < 0.45) progenitor models, where LC models tend to explode earlier, with a lower explosion energy, and with a
lower remnant mass. HC models are needed to obtain explosion energies around 1 Bethe, as observed for SN 1987A.
However, all the models with sufficiently high explosion energy overproduce 56Ni. We conclude that fallback is needed
to reproduce the observed nucleosynthesis yields. The nucleosynthesis yields of 57−58Ni depend sensitively on the
electron fraction and on the location of the mass cut with respect to the initial shell structure of the progenitor star.
We identify a progenitor and a suitable set of push parameters that fit the explosion properties of SN 1987A when
assuming 0.1 M⊙ of fallback. We predict a neutron star with a gravitational mass of 1.50 M⊙. We find correlations
between explosion properties and the compactness of the progenitor model in the explored progenitor range of 18–21
M⊙. However, a more complete analysis will require the exploration of a larger set of progenitors with the push

method.

Submitted to Astrophysical Journal
Available from arXiv:1501.02845

The exceptionally powerful TeV γ-ray emitters in the Large Magellanic
Cloud

H.E.S.S. Collaboration1

1see http://www.mpi-hd.mpg.de/hfm/HESS/pages/collaboration/

The Large Magellanic Cloud, a satellite galaxy of the Milky Way, has been observed with the High Energy Stereoscopic
System (H.E.S.S.) above an energy of 100 billion electron volts for a deep exposure of 210 hours. Three sources of
different types were detected: the pulsar wind nebula of the most energetic pulsar known, N 157B; the radio-loud
supernova remnant N 132D; and the largest nonthermal X-ray shell, the super-bubble 30Dor C. The unique object
SN 1987A is, unexpectedly, not detected, which constrains the theoretical framework of particle acceleration in very
young supernova remnants. These detections reveal the most energetic tip of a γ-ray source population in an external
galaxy and provide via 30 Dor C the unambiguous detection of γ-ray emission from a super-bubble.

Published in Science, Vol. 347, no. 6220, p406 (2015)
Available from arXiv:1501.06578
and from http://www.sciencemag.org/content/347/6220/406.abstract?sid=a92b40ab-6409-47bc-b329-0c99ee4c831f
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The VLT–FLAMES Tarantula Survey XIX. B-type Supergiants:
Atmospheric parameters and nitrogen abundances to investigate the

role of binarity and the width of the main sequence
C.M. McEvoy1, P.L. Dufton1, C.J. Evans2, V.M. Kalari3,1, N. Markova4, S. Simón-Dı́az5,6, J.S. Vink3, N.R.

Walborn7, P.A. Crowther8, A. de Koter9,10, S.E. de Mink11,12,13, P.R. Dunstall1, V. Hénault-Brunet14, A.

Herrero5,6, N. Langer15, D.J. Lennon16, J. Máız Apellániz17, F. Najarro18, J. Puls19, H. Sana20, F.R.N.

Schneider15 and W.D. Taylor2

1Astrophysics Research Centre, School of Mathematics and Physics, Queen’s University Belfast, Belfast BT7 1NN, UK
2UK Astronomy Technology Centre, Royal Observatory Edinburgh, Blackford Hill, Edinburgh, EH9 3HJ, UK
3Armagh Observatory, College Hill, Armagh, BT61 9DG, Northern Ireland, UK
4Institute of Astronomy with NAO, Bulgarian Academy of Sciences, P.O. Box 136, 4700 Smoljan, Bulgaria
5Instituto de Astrof́ısica de Canarias, E-38200 La Laguna, Tenerife, Spain
6Departamento de Astrof́ısica, Universidad de La Laguna, E-38205 La Laguna, Tenerife, Spain
7Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
8Dept. of Physics & Astronomy, Hounsfield Road, University of Sheffield, S3 7RH, UK
9Astronomical Institute Anton Pannekoek, Amsterdam University, Science Park 904, 1098 XH, Amsterdam, The Netherlands
10Instituut voor Sterrenkunde, Universiteit Leuven, Celestijnenlaan 200 D, 3001, Leuven, Belgium
11Astronomical Institute Anton Pannekoek, Amsterdam University, Science Park 904, 1098 XH, Amsterdam, The Netherlands
12Carnegie Institution for Science: The Observatories, 813 Santa Barbara St., Pasadena, CA 91101, USA
13TAPIR institute, California Institute of Technology, Pasadena, CA 91125, USA
14Department of Physics, Faculty of Engineering and Physical Sciences, University of Surrey, Guildford, GU2 7XH, UK
15Argelander-Institut für Astronomie der Universität Bonn, Auf dem Hügel 71, 53121 Bonn, Germany
16European Space Astronomy Centre (ESAC), Camino bajo del Castillo, s/n Urbanizacion Villafranca del Castillo, Villanueva de la Cañada,

E-28692 Madrid, Spain
17Instituto de Astrof́ısica de Andalućıa–CSIC, Glorieta de la Astronomı́a s/n, E-18008 Granada, Spain
18Centro de Astrobioloǵıa (CSIC–INTA), Ctra. de Torrejón a Ajalvir km-4, E-28850 Torrejón de Ardoz, Madrid, Spain
19Universitäts-Sternwarte, Scheinerstraße 1, 81679 München, Germany
20ESA/STScI, 3700 San Martin Drive, Baltimore, MD 21218, USA

Context: Model atmosphere analyses have been previously undertaken for both Galactic and extra-galactic B-type
supergiants. By contrast, little attention has been given to a comparison of the properties of single supergiants and
those that are members of multiple systems.
Aims: Atmospheric parameters and nitrogen abundances have been estimated for all the B-type supergiants identified
in the VLT–FLAMES Tarantula survey. These include both single targets and binary candidates. The results have
been analysed to investigate the role of binarity in the evolutionary history of supergiants.
Methods: tlusty non-LTE (local thermodynamic equilibrium) model atmosphere calculations have been used to
determine atmospheric parameters and nitrogen abundances for 34 single and 18 binary supergiants. Effective tem-
peratures were deduced using the silicon balance technique, complemented by the helium ionisation in the hotter
spectra. Surface gravities were estimated using Balmer line profiles and micro-turbulent velocities deduced using the
silicon spectrum. Nitrogen abundances or upper limits were estimated from the N ii spectrum. The effects of a flux
contribution from an unseen secondary were considered for the binary sample.
Results: We present the first systematic study of the incidence of binarity for a sample of B-type supergiants across
the theoretical terminal-age main sequence (TAMS). To account for the distribution of effective temperatures of the
B-type supergiants it may be necessary to extend the TAMS to lower temperatures. This is also consistent with
the derived distribution of mass discrepancies, projected rotational velocities and nitrogen abundances, provided that
stars cooler than this temperature are post-red supergiant objects. For all the supergiants in the Tarantula and in a
previous FLAMES survey, the majority have small projected rotational velocities. The distribution peaks at about
50 km s−1 with 65% in the range 30 km s−1 ≤ ve sin i ≤ 60 km s−1. About ten per cent have larger ve sin i (≥ 100
km s−1), but surprisingly these show little or no nitrogen enhancement. All the cooler supergiants have low projected
rotational velocities of ≤ 70 km s−1 and high nitrogen abundance estimates, implying that either bi-stability braking
or evolution on a blue loop may be important. Additionally, there are a lack of cooler binaries, possibly reflecting
the small sample sizes. Single-star evolutionary models, which include rotation, can account for all of the nitrogen
enhancement in both the single and binary samples. The detailed distribution of nitrogen abundances in the single
and binary samples may be different, possibly reflecting differences in their evolutionary history.
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Conclusions: The first comparative study of single and binary B-type supergiants has revealed that the main sequence
may be significantly wider than previously assumed, extending to Teff = 20 000 K. Some marginal differences in single
and binary atmospheric parameters and abundances have been identified, possibly implying non-standard evolution
for some of the sample. This sample as a whole has implications for several aspects of our understanding of the
evolutionary status of blue supergiants.

Accepted for publication in A&A
Available from arXiv:1412.2705

Conference Papers

Mass loss and variability in evolved stars
Massimo Marengo1

1Iowa State University, Ames, IA, USA

Mass loss and variability are two linked, fundamental properties of evolved stars. In this paper I review our current
understanding of these processes, with a particular focus on how observations and models are used to constrain reliable
mass loss prescriptions for stellar evolution and population synthesis models.

Oral contribution, published in ”Why Galaxies Care about AGB stars III”, Vienna, July 28, 2014
(invited review)
Available from arXiv:1412.0803

Dust production from sub-solar to super-solar metallicity in Thermally
Pulsing Asymptotic Giant Branch stars

Ambra Nanni1, Alessandro Bressan2, Paola Marigo2, Léo Girardi3, Atefeh Javadi4 and Jacco van Loon5

1Dipartimento di Fisica e Astronomia Galileo Galilei, Università di Padova, Vicolo dell’Osservatorio 3, I-35122 Padova, Italy
2SISSA, Via Bonomea 265, I-34136 Trieste, Italy
3Osservatorio Astronomico di Padova, Vicolo dell’Osservatorio 5, I-35122 Padova, Italy
4School of Astronomy, Institute for Research in Fundamental Sciences (IPM), 19395-5531 Tehran, Iran
5Keele University, Keele, Staffordshire ST5 5BG, United Kingdom

We discuss the dust chemistry and growth in the circumstellar envelopes (CSEs) of Thermally Pulsing Asymptotic
Giant Branch (TP-AGB) star models computed with the colibri code, at varying initial mass and metallicity (Z =
0.001, 0.008, 0.02, 0.04, 0.06).
A relevant result of our analysis deals with the silicate production in M-stars. We show that, in order to reproduce the
observed trend between terminal velocities and mass-loss rates in Galactic M-giants, one has to significantly reduce the
efficiency of chemi-sputtering by H2 molecules, usually considered as the most effective dust destruction mechanism.
This indication is also in agreement with the most recent laboratory results, which show that silicates may condense
already at Tcond ∼ 1400 K, instead of at Tcond ∼ 1000 K, as obtained by models that include chemi-sputtering.
From the analysis of the total dust ejecta, we find that the total dust-to-gas ejecta of intermediate-mass stars are
much less dependent on metallicity than usually assumed. In a broader context, our results are suitable to study the
dust enrichment of the interstellar medium provided by TP-AGB stars in both nearby and high redshift galaxies.

Oral contribution, published in ASP Conference Series
Available from arXiv:1411.3314
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Photometric properties of carbon stars in the Small Magellanic Cloud
G.C. Sloan1, E. Lagadec2, K.E. Kraemer3, M.L. Boyer4, S. Srinivasan5, I. McDonald6 and A.A. Zijlstra6

1Cornell University, USA
2Observatoire de la Côte d’Azur, Nice, France
3Boston College, USA
4NASA Goddard Space Flight Center, USA
5Academia Sinica Institute of Astronomy and Astrophysics, Taiwan
6Jodrell Bank Centre for Astrophysics, Manchester, UK

The Optical Gravitational Lensing Experiment identified over 1,800 carbon-rich Mira and semi-regular variables in the
Small Magellanic Cloud. Multi-epoch infrared photometry reveals that the semi-regulars and Miras follow different
sequences in color–color space when using colors sensitive to molecular absorption bands. The dustiest Miras have
the strongest pulsation amplitudes and longest periods. Efforts to determine bolometric magnitudes reveal possible
systematic errors with published bolometric corrections.

Oral contribution, published in ”Why Galaxies Care About AGB Stars III”
Available from arXiv:1412.1845
and from http://isc.astro.cornell.edu/∼sloan/library/2015/smcphot

Job Advert

Lecturer in Astrophysics
Monash Centre for Astrophysics, Monash University, Australia

The newly formed School of Physics and Astronomy seeks to appoint an outstanding Lecturer/Senior Lecturer (Level
B/C) in astronomy/astrophysics. This is a unique opportunity to join a dynamic, successful and growing School of
Physics and Astronomy, which encompasses one of the most diverse astrophysics research groups in Australia. The
role demands a commitment to excellence, innovation and creativity in research. Applicants will be considered in any
of the school’s current research areas in astronomy/astrophysics. However, exceptional applicants in other areas of
astronomy and astrophysics are also encouraged to apply.

Job No. 528830

Faculty of Science
School of Physics and Astronomy
Location: Clayton campus
Employment Type: Full-time
Duration: Tenure Track
Remuneration:
$101,051 – $120,001 pa Level B /
$123,787 – $142,735 pa Level C
(includes 17% employer superannuation)

Enquiries: john.lattanzio@Monash.edu or alexander.heger@monash.edu

See also http://jobs.monash.edu.au/jobDetails.asp?sJobIDs=528830&lWorkTypeID=&lLocationID=&sJobNo=
astronomy&sKeywords=astronomy&lCategoryID=&lBrandID=&stp=AW&sLanguage=en
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Announcement

Fifty-One Erg – International Supernova Conference (1–5 June 2015)

F.O.E. Fifty-One Erg
International conference on the physics and observations of supernovæ and supernova remnants

http://www.physics.ncsu.edu/FOE2015/
1–5 June 2015

North Carolina State University, Raleigh, NC, USA

We are happy to announce the second edition of the successful F.O.E. conference on the physics and observations of
supernovæ and supernova remnants. The conference will take place at North Carolina State University, in Raleigh
NC, USA from June 1st to June 5th, 2015.

The conference will cover topic related to supernovæ and supernova remnants, broadly addressing the three main
questions:

• Where do supernovæ come from?

• How do they explode?

• What do they leave behind?

There will be invited talks that will give a broader overview on a topic. In addition, we will have contributed talks and
poster presentations. We plan to have a grand debate and a panel discussion. We strongly encourage young researchers
to attend. We shall try to accommodate as many contributed talks as possible but cannot guarantee speaking slots.

Registration is now open on the website: http://www.physics.ncsu.edu/FOE2015/
Deadline for abstract submission is 15 April 2015

A preliminary schedule will appear around the end of April/beginning of May.

Registration deadline is 30 April 2015.

Conference info together with the important dates and housing information can be found on the website:
http://www.physics.ncsu.edu/FOE2015/

See you in Raleigh in June

The FOE Organizers

See also http://www.physics.ncsu.edu/FOE2015/
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