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Figure 1: A composite of the 30 Doradus Nebula in two Spitzer and a VISTA/VMC bands. North is up and east to the
left. The top ten IR sources are labeled in yellow (S), while bright, isolated WN stars are in white (R for Radcliffe, V
for VFTS). R 136 is the bright blue object below center, while the older cluster Hodge 301 with late-type supergiants
(green) is labeled. Walborn, Barbá & SewiÃlo, AJ, 145, 98 (2013)
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Editorial

Dear Colleagues,

It is my pleasure to present you the 122nd issue of the Magellanic Clouds Newsletter. This time, several works concern
the multiple populations in populous star clusters, the structure and history of the Magellanic Clouds, supernova
remnants, stellar astrophysics, the interstellar medium...

See also the reminder of the massive stars conference in Greece, and the announcement of the 50th anniversary party of
Cerro Tololo celebrated by way of a meeting in La Serena on stellar populations in the Galactic Bulge and Magellanic
Clouds – Happy Birthday Cerro Tololo!

The next issue is planned to be distributed on the 1st of June, 2013.

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

XMM–Newton observations of SNR 1987A. II. The still increasing X-ray
light curve and the properties of Fe K lines

P. Maggi1, F. Haberl1, R. Sturm1 and D. Dewey2

1Max-Planck-Institut für extraterrestrische Physik, Postfach 1312, Gießenbachstr., 85741 Garching bei München, Germany
2MIT Kavli Institute, Cambridge, MA 02139, USA

Aims: We report on the recent observations of the supernova remnant SNR1987A in the Large Magellanic Cloud
with XMM–Newton. Carefully monitoring the evolution of the X-ray light curve allows us to probe the complex
circumstellar medium structure observed around the supernova progenitor star.
Methods: We analysed all XMM–Newton observations of SNR1987A from January 2007 to December 2011, using data
from the EPIC-pn camera. Spectra from all epochs were extracted and analysed in a homogeneous way. Using a
multi-shock model to fit the spectra across the 0.2–10 keV band we measured soft and hard X-ray fluxes with high
accuracy. In the hard X-ray band we examined the presence and properties of Fe K lines. Our findings have been
interpreted in the framework of a hydrodynamics-based model.
Results: The soft X-ray flux of SNR1987A has continuously increased in recent years. Although the light curve shows
a mild flattening, there is no sudden break as reported in an earlier work, a picture echoed by a revision of the Chandra

light curve. We therefore conclude that material in the equatorial ring and out-of-plane H ii regions are still being
swept up. We estimate the thickness of the equatorial ring to be at least 4.5 × 1016 cm (0.0146 pc). This lower limit
will increase as long as the soft X-ray flux has not reached a turn-over. We detect a broad Fe K line in all spectra
from 2007 to 2011. The widths and centroid energies of the lines indicate there is a collection of iron ionisation stages.
Thermal emission from the hydrodynamic model does not reproduce the low-energy part of the line (6.4–6.5 keV),
suggesting that fluorescence from neutral and/or low ionisation Fe might be present.

Published in Astronomy and Astrophysics
Available from arXiv:1211.1220

Evolution and the period–luminosity relation for red supergiants in the
Magellanic Clouds

Yuri A. Fadeyev1

1Institute of Astronomy of the Russian Academy of Sciences, Russia

Excitation of radial pulsations in red supergiants of Magellanic Clouds is investigated using the stellar evolution
calculations and the self-consistent solution of the equations of radiation hydrodynamics and turbulent convection. The
stars with initial masses 6 M⊙ ≤ MZAMS ≤ 28 M⊙ and the initial chemical composition X = 0.7, 0.004 ≤ Z ≤ 0.008
are shown to be unstable against fundamental mode oscillations with periods from 17 to 1200 days as they become
helium burning red supergiants. The period–luminosity relation slightly depends on the mass loss rate varying with a
factor of three, whereas its dependence on the metal abundance is ∆Mbol = 0.89∆ log Z. In comparison with Galactic
red supergiants (Z = 0.02) the low metal abundances in red supergiants of Magellanic Clouds are responsible for their
higher effective temperatures and substantially narrower ranges of evolutionary stellar radius change during helium
burning. Therefore on the period–mass diagram the red supergiants of Magellanic Clouds are located within the
strip with width of ∆ log M = 0.09, so that the uncertainty of mass evaluation of the red supergiant with the known
pulsational period is nearly 25%.

Accepted for publication in Astronomy Letters
Available from arXiv:1302.0392
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Comparing the ancient star formation histories of the Magellanic Clouds
Daniel R. Weisz1, Andrew E. Dolphin2, Evan D. Skillman3, Jon Holtzman4, Julianne J. Dalcanton1, Andrew A.

Cole5 and Kyle Neary3

1University of Washington, USA
2Raytheon Corporation, USA
3University of Minnesota, USA
4New Mexico State University, USA
5University of Tasmania, Australia

We present preliminary results from a new Hubble Space Telescope (HST) archival program aimed at tightly con-
straining the ancient (> 4 Gyr ago) star formation histories (SFHs) of the field populations of the SMC and LMC. We
demonstrate the quality of the archival data by constructing HST/WFPC2-based color–magnitude diagrams (CMDs;
MF555W ∼ +8) for 7 spatially diverse fields in the SMC and 8 fields in the LMC. The HST-based CMDs are > 2
magnitudes deeper than any from ground based observations, and are particularly superior in high surface bright-
ness regions, e.g., the LMC bar, which contain a significant fraction of star formation and are crowding limited from
ground based observations. To minimize systematic uncertainties, we derive the SFH of each field using an identical
maximum likelihood CMD fitting technique. We then compute an approximate mass weighted average SFH for each
galaxy. From the average SFHs, we find that both galaxies lack a dominant burst of early star formation, which
suggests either a suppression or an under-fueling of ancient star formation in the MCs. From 10–12 Gyr ago, we find
that the LMC experienced a period of enhanced stellar mass growth relative to the SMC. Similar to some previous
studies, we find two notable peaks in the SFH of the SMC at ∼ 4.5 and 9 Gyr ago, which could be due to repeated
close passages with the LMC, implying an interaction history that has persisted for at least 9 Gyr. We find little
evidence for strong periodic behavior in the lifetime SFHs of both MCs, suggesting that repeated encounters with the
Milky Way are unlikely. Beginning ∼ 3.5 Gyr ago, both galaxies show sharp increases in their SFHs, in agreement with
previous studies. Subsequently, the SFHs track each other remarkably well. Spatial variations in the SFH of the SMC
are consistent with a picture where gas was driven into the center of the SMC ∼ 3.5 Gyr ago, which simultaneously
shut down SF in the outer regions while dramatically increasing the star formation rate in the center. In contrast,
the LMC shows little spatial variation in its ancient SFH. The planned additional analysis of HST pointings at larger
galacocentric radii will allow us to make more confident statements about spatial variations in the ancient SFHs of
the SMC and LMC.

Accepted for publication in MNRAS
Available from arXiv:1301.7422

Cr-K emission line as a constraint on the progenitor properties of
supernova remnants

X.J. Yang1,2, H. Tsunemi3, F.J. Lu4, Aigen Li2, F.Y. Xiang1,2, H.P. Xiao1 and J.X. Zhong1

1Physics Department, Xiangtan Unversity, China
2Physics and Astronomy Department, University of Missouri, USA
3Osaka University, Japan
4Institute of High Energy Physics, Chinese Academy of Science, China

We perform a survey of the Cr, Mn and Fe-K emission lines in young supernova remnants (SNRs) with the Japanese
X-ray astronomy satellite Suzaku. The Cr and/or Mn emission lines are detected in 3C 397 and 0519−69.0 for the first
time. We also confirm the detection of these lines in Kepler, W49B, N 103B and Cas A. We derive the line parameters
(i.e., the line centroid energy, flux and equivalent width [EW]) for these six sources and perform a correlation analysis for
the line center energies of Cr, Mn and Fe. Also included in the correlation analysis are Tycho and G 344.7−0.1 for which
the Cr, Mn and Fe-K line parameters were available in the literature through Suzaku observations. We find that the
line center energies of Cr correlates very well with that of Fe and that of Mn. This confirms our previous findings that
the Cr, Mn and Fe are spatially co-located, share a similar ionization state, and have a common origin in the supernova
nucleo-synthesis. We find that the ratio of the EW of the Cr emission line to that of Fe (γCr/Fe ≡ EW (Cr)/EW (Fe))
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provides useful constraints on the SNR progenitors and on the SN explosion mechanisms: for SNRs with γCr/Fe > 2%,
a type Ia origin is favored (e.g., N 103B, G 344.7−0.1, 3C 397 and 0519−69.0); for SNRs with γCr/Fe < 2%, they could
be of either core-collapse origin or carbon-deflagration Ia origin.

Accepted for publication in Astrophysical Journal
Available from arXiv:1302.0054

Combined effects of binaries and stellar rotation on the
color–magnitude diagrams of intermediate-age star clusters

Zhongmu Li1, Caiyan Mao1, Li Chen1 and Qian Zhang1

1Dali University, National Astronomical Observatories, China

About 70% of intermediate-age star clusters in the Large Magellanic Clouds have been confirmed to have broad main
sequence, multiple or extended turn-offs, and dual red giant clumps. The observed result seems to be at odds with the
classical idea that such clusters are simple stellar populations. Although many models have been used to explain the
results via factors such as prolonged star formation history, metallicity spread, differential reddening, selection effect,
observational uncertainty, stellar rotation, and binary interaction, the reason for the special color–magnitude diagrams
is still uncertain. We revisit this question via the combination of stellar rotation and binary effects. As a result, it
shows ”golf club” color–magnitude diagrams with broad or multiple turn-offs, dual red clumps, blue stragglers, red
stragglers, and extended main sequences. Because both binaries and massive rotators are common, our result suggests
that most color–magnitude diagrams, including extended turn-off or multiple turn-offs, can be explained using simple
stellar populations including both binary and stellar rotation effects, or composite populations with two components.

Published in ApJ, 761, L22 (2012)
Available from arXiv:1302.0099

Constraints on possible age spreads within young massive clusters in
the Large Magellanic Cloud

Nate Bastian1 and Esteban Silva-Villa2

1Liverpool John Moores University, UK
2CRAQ, Laval, Canada

Recent studies have shown that the observed main-sequence turn-off (MSTO) in colour–magnitude diagrams of in-
termediate age (1–2 Gyr) clusters in the LMC are broader than would be nominally expected for a simple stellar
population. This has led to the suggestion that such clusters may host multiple stellar populations, with age spreads
of 100–500 Myr. However, at intermediate ages, spreads of this magnitude are difficult to discern and alternative
explanations have been put forward (e.g., stellar rotation, interacting binaries). A prediction of the age-spread sce-
nario is that younger clusters in the LMC, with similar masses and radii, should also show significant age spreads.
In younger clusters (i.e., 40–300 Myr) such large age spreads should be readily apparent. We present an analysis of
the colour–magnitude diagrams of two massive young clusters in the LMC (NGC1856 and NGC1866) and show that
neither have such large age spreads, in fact, both are consistent with a single burst of star-formation (σ(age) < 35
Myr). This leads us to conclude that either the intermediate age clusters in the LMC are somehow special or that the
broadened MSTOs are not due to an age spread within the clusters.

Accepted for publication in MNRAS letters
Available from arXiv:1302.3376
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The thermal dust emission in the N158–N159–N160 star forming
complex mapped by Spitzer, Herschel and LABOCA

M. Galametz1, S. Hony2, F. Galliano2, S.C. Madden2, M. Albrecht3, C. Bot4, D. Cormier2, C. Engelbracht5,6, Y.

Fukui7, F.P. Israel8, A. Kawamura9, V. Lebouteiller2, M. Meixner10,11, K. Misselt5, E. Montiel5, K. Okumura2, P.

Panuzzo2, J. Roman-Duval10, M. Sauvage2, J.P. Seale10 and J.Th. van Loon13

1Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 0HA, UK
2Laboratoire AIM, CEA, Université Paris Diderot, IRFU/Service d’Astrophysique, Bat. 709, 91191 Gif-sur-Yvette, France
3Argelander-Institut für Astronomie, Auf dem Hügel 71, D-53121 Bonn, Germany
4CNRS, Observatoire Astronomique de Strasbourg, UMR7550, F-67000 Strasbourg, France
5Steward Observatory, University of Arizona, Tucson, AZ 85721, USA
6Raytheon Company, 1151 East Hermans Road, Tucson, AZ 85756, USA
7Department of Astrophysics, Nagoya University, Chikusa-ku, Nagoya 464-8602, Japan
8Sterrewacht Leiden, Leiden University, P.O. Box 9513, NL-2300 RA Leiden, The Netherlands
9National Astronomical Observatory of Japan, 2-21-1, Osawa, Mitaka, Tokyo, 181-8588, Japan
10Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
11Johns Hopkins University, Department of Physics and Astronomy, Homewood Campus, Baltimore, MD 21218, USA
12CEA, Laboratoire AIM, Irfu/SAp, Orme des Merisiers, F-91191 Gif-sur-Yvette, France
13School of Physical & Geographical Sciences, Lennard-Jones Laboratories, Keele University, Staffordshire ST5 5BG, UK

Low-metallicity galaxies usually exhibit different properties of the interstellar medium (ISM) compared to normal
spiral galaxies of the nearby Universe. Obtaining a resolved inventory of the various gas and dust components of both
massive star forming regions and diffuse ISM in low-metallicity environments is necessary to understand how those
differences are driven. In this paper, we present a broad study of the IR/submm emission of the massive star forming
complex N158/N 159/N 160 located in the Large Magellanic Cloud. Combining observations from the Spitzer Space
Telescope with data from the Herschel Space Observatory and from LABOCA on APEX at 870 µm allows us to work
at the best possible angular resolution for an extragalactic source. The proximity of the LMC indeed enables us to
resolve structures of up to a few parsecs. We observe a remarkably good correlation between far-infrared and submm
emission with LABOCA, resolving the diffuse emission at low surface brightnesses as well. We use the Spitzer and
Herschel data to perform a resolved Spectral Energy Distribution (SED) modelling of the complex. Using modified
blackbodies, we derive an average ”effective” emissivity index of the cold dust component βc of 1.54 across the complex.
If βc is fixed to 1.5, we find an average temperature of 26.4 K, with a maximum of 31 K in N160. We also apply
the Galliano et al. (2011) SED modelling technique (using amorphous carbon to model carbon dust) on our resolved
ISM elements in order to derive maps of the star formation rate, the grain temperature, the mean starlight intensity,
the fraction of Polycyclic Aromatic Hydrocarbons (PAH) or the dust mass surface density of the region. We observe
that the PAH fraction strongly decreases in our H ii regions. This decrease coincides with peaks in the mean radiation
field intensity map. The dust surface densities follow the FIR distribution, with a total dust mass of 2.5 × 104 M⊙

(2.8 times less dust than if carbon dust was modelled by standard graphite grains) in the resolved elements we model.
We also find a non negligible amount of dust in the region called ”N 159 South”, a molecular cloud that does not
show on-going star formation. We also investigate the drivers of the Herschel/PACS and SPIRE submm colours and
find that the submm ratios correlate strongly with the radiation field intensity and equally well with the near and
mid-IR surface brightnesses. Comparing our infrared/submm data to H i and CO observations in the N159 region, we
moreover investigate variations in the dust-to-gas mass ratio and the CO-to-H2 conversion factor. We finally select et
model individual regions to analyse variations in the SED shape across the complex and the 870 µm emission in more
details. No measurable submm excess emission at 870 µm seems to be detected in the regions we select.

Accepted for publication in MNRAS
Available from arXiv:1302.2825
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Multiple stellar populations in Magellanic Cloud clusters. II. Evidence
also in the young NGC1844?

A.P. Milone1,2,3, L.R. Bedin4, S. Cassisi5, G. Piotto4,6, J. Anderson7, A. Pietrinferni5 and R. Buonanno5

1Research School of Astronomy and Astrophysics, The Australian National University, Cotter Road, Weston, ACT, 2611, Australia
2Instituto de Astrof̀ısica de Canarias, E-38200 La Laguna, Tenerife, Canary Islands, Spain
3Department of Astrophysics, University of La Laguna, E38200 La Laguna, Tenerife, Canary Islands, Spain
4INAF–Osservatorio Astronomico di Padova, Vicolo dell’Osservatorio 5, Padova I-35122, Italy
5INAF–Osservatorio Astronomico di Collurania, via Mentore Maggini, 64100 Teramo, Italy
6Dipartimento di Fisica e Astronomia ‘Galileo Galilei’, Università di Padova, Vicolo dell’Osservatorio 3, Padova, I-35122, Padova, Italy
7Space Telescope Science Institute, 3800 San Martin Drive, Baltimore, MD 21218, USA

We use HST observations to study the LMC’s young cluster NGC 1844. We estimate the fraction and the mass-ratio
distribution of photometric binaries and report that the main sequence presents an intrinsic breadth which can not
be explained in terms of photometric errors only, and is unlikely due to differential reddening. We attempt some
interpretation of this feature, including stellar rotation, binary stars, and the presence of multiple stellar populations
with different age, metallicity, helium, or C+N+O abundance. Although we exclude age, helium, and C+N+O
variations to be responsible of the main-sequence spread none of the other interpretations is conclusive.

Accepted for publication in Astronomy and Astrophysics
Available from arXiv:1302.1240

The properties of the Large Magellanic Cloud based on OGLE III
photometry of RRLyræ stars

Rachel Wagner-Kaiser1 and Ata Sarajedini1

1University of Florida, USA

We present results from a study of ab-type RRLyræ variables in the Large Magellanic Cloud using the extensive
dataset from phase III of the Optical Gravitational Lensing Experiment (OGLE). The metallicities of the RRLyræ,
determined from the periods and amplitudes of their light curves, reveal a statistically significant radial abundance
gradient that is approximately one-half of what is seen in the disks of the Milky Way and M33. The RRLyræ
abundance gradient agrees with that of the old and metal-poor LMC globular clusters. The reddenings of the OGLE
RR Lyræ have been calculated using their minimum light colors and reveal a mean value of E(V −I) = 0.12±0.05 mag,
where the quoted uncertainty represents the standard deviation of the mean. The distribution of RRLyræ extinctions
across the face of the LMC is well-correlated with the distribution and emission intensity of CO clouds based on
recent millimeter wave surveys. In addition, we find that the old LMC globulars tend to be located in regions of low
extinction. This underscores the need to survey the higher extinction regions with the specific aim of increasing the
sample of old LMC globular clusters. Finally, we examine the distance distribution of the RRLyræ in order to probe
the structure of the LMC and investigate the possibility that some of the RRLyræ may reside in a kinematically hot
halo population. In addition to calculating a mean LMC distance of (m−M)0 = 18.55± 0.10 mag, we conclude that
some fraction of the RRLyræ in our sample could be members of the LMC halo.

Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from arXiv:1302.2827
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Variable dust formation by the colliding-wind Wolf–Rayet system
HD 36402 in the Large Magellanic Cloud
P.M. Williams1, Y.-H. Chu2, R.A. Gruendl2 and M.A. Guerrero3

1Institute for Astronomy, University of Edinburgh, Royal Observatory, Edinburgh, Scotland
2Department of Astronomy, University of Illinois at Urbana-Champaign, USA
3Instituto de Astrof́ısica de Andalućıa, Granada, Spain

Infrared photometry of the probable triple WC4(+O?)+O8I: Wolf–Rayet system HD 36402 (= BAT 99-38) in the Large
Magellanic Cloud (LMC) shows emission characteristic of heated dust. The dust emission is variable on a time-scale of
years, with a period near 4.7 yr, possibly associated with orbital motion of the O8 supergiant and the inner P ≃ 3.03-d
WC4+O binary. The phase of maximum dust emission is close to that of the X-ray minimum, consistent with both
processes being tied to colliding wind effects in an elliptical binary orbit. It is evident that Wolf–Rayet dust formation
occurs also in metal-poor environments.

Accepted for publication in MNRAS
Available from arXiv:1302.2002

ATCA survey of H2O masers in the Large Magellanic Cloud
Hiroshi Imai1,2, Yuta Katayama1, Simon P. Ellingsen3 and Yoshiaki Hagiwara4

1Graduate School of Science and Engineering, Kagoshima University, Japan
2International Centre for Radio Astronomy Research, The University of Western Australia, Australia
3School of Mathematics and Physics, University of Tasmania, Australia
4National Astronomical Observatory of Japan, Japan

We have analysed archival data taken with the Australia Telescope Compact Array (ATCA) during 2001–2003 and
detected nine new interstellar and circumstellar H2O masers in the LMC. This takes the total number of star formation
H2O masers in the LMC to 23, spread over 14 different star forming regions and three evolved stars. Three H2O maser
sources (N 105a/MC 23, N 113/MC 24, N 157a/MC 74) have been detected in all the previous observations that targeted
these sites, although all show significant variability on timescales of decades. The total number of independent H2O
maser sources now known in the LMC means that through very long baseline interferometry astrometric measurements
it will be possible to construct a more precise model of the galactic rotation of the LMC and its orbital motion around
the Milky Way Galaxy.

Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from arXiv:1302.5160

The top 10 Spitzer young stellar objects in 30 Doradus
Nolan R. Walborn1, Rodolfo H. Barbá2 and Marta M. SewiÃlo3

1Space Telescope Science Institute, USA
2Universidad de La Serena, Chile
3Johns Hopkins University, USA

The most luminous Spitzer point sources in the 30 Doradus triggered second generation are investigated coherently
in the 3–8-µm region. Remarkable diversity and complexity in their natures are revealed. Some are also among the
brightest JHK sources, while others are not. Several of them are multiple when examined at higher angular resolutions
with HST NICMOS and WFPC2/WFC3 as available, or with VISTA/VMC otherwise. One is a dusty compact H ii

region near the far northwestern edge of the complex, containing a half dozen bright I-band sources. Three others
appear closely associated with luminous WN stars and causal connections are suggested. Some are in the heads of
dust pillars oriented toward R136, as previously discussed from the NICMOS data. One resides in a compact cluster
of much fainter sources, while another appears monolithic at the highest resolutions. Surprisingly, one is the brighter

8



of the two extended “mystery spots” associated with Knot 2 of Walborn et al. Masses are derived from YSO models
for unresolved sources and lie in the 10–30 M⊙ range. Further analysis of the IR sources in this unique region will
advance understanding of triggered massive star formation, perhaps in some unexpected and unprecedented ways.

Accepted for publication in Astronomical Journal
Available from arXiv:1302.3533

Supernovæ and other transients in the OGLE-IV Magellanic Bridge
data

Szymon KozÃlowski1, A. Udalski1, ÃL. Wyrzykowski1,2, R. Poleski1,3, J. Skowron1, P. Pietrukowicz1, M. K.

Szymański1, M. Kubiak1, G. Pietrzyński1,4, I. Soszyński1, K. Ulaczyk1 and J. Skowron1

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

We analyze two years (mid-2010 to mid-2012) of OGLE-IV data covering ∼ 65 sq. deg. of the Magellanic Bridge (the
area between the Magellanic Clouds) and find 130 transient events including 126 supernovæ (SNe), two foreground
dwarf novæ and another two SNe-like transients that turned out to be active galactic nuclei (AGNs). We show our
SNe detection efficiency as a function of SN peak magnitude based on available SNe rate estimates. It is 100% for
SNe peak magnitudes I < 18.8 mag and drops to 50% at I ∼ 19.7 mag. With our current observing area between
and around the Magellanic Clouds (∼ 600 sq. deg.), we expect to find 24 SNe peaking above I < 18 mag, 100 above
I < 19 mag, and 340 above I < 20 mag, annually. We briefly introduce our on-line near-real-time detection system
for SNe and other transients, the OGLE Transient Detection System.

Accepted for publication in Acta Astronomica
Available from arXiv:1301.3909
and from http://ogle.astrouw.edu.pl

The variety of solutions for dynamics in the Local Group
P.J.E. Peebles1

1Joseph Henry Laboratories, Princeton University, Princeton, NJ 08544, USA

This exploration of solutions for the orbits of Local Group galaxies under the cosmological initial condition of growing
peculiar velocities and fitted to measured distances, redshifts, and proper motions reveals a considerable variety of
histories allowed by present constraints. The solutions also point to computations and measurements at the current
level of precision that may lead to a more accurate picture of Local Group dynamics, or perhaps point to adjustments
of our simple picture of the arrangement of mass within the Local Group.

Available from arXiv:1302.6982

A study on the universality and linearity of the Leavitt law in the LMC
and SMC galaxies

Alejandro Garćıa-Varela1, Beatriz E. Sabogal1 and Maŕıa C. Ramı́rez-Tannus1

1Universidad de los Andes, Physics Department, Bogotá, Colombia

The universality and linearity of the Leavitt law are hypotheses commonly adopted in studies of galaxy distances using
Cepheid variables as standard candles. In order to test these hypotheses, we obtain slopes of the Leavitt law using
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linear regressions of fundamental-mode Cepheids observed by the Optical Gravitational Lensing Experiment project in
the Magellanic Clouds. We find that the slopes in VI bands and in the Wesenheit index behave exponentially, indicating
non-linearity. We also find that the slopes obtained using long-period Cepheids can be considered as universal in the
VI bands, but not in the Wesenheit index.

Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from arXiv:1303.080

The morphology of the ejecta in Supernova 1987A: a study over time
and wavelength

Josefin Larsson1, Clæs Fransson2, Karina Kjær3, Anders Jerkstrand4, Robert P. Kirshner5, Bruno Leibundgut3,

Peter Lundqvist2, Seppo Mattila6, Richard McCray7, Jesper Sollerman2, Jason Spyromilio3 and J. Craig Wheeler8

1KTH, Department of Physics, and the Oskar Klein Centre, AlbaNova, SE-106 91 Stockholm, Sweden
2Department of Astronomy and the Oskar Klein Centre, Stockholm University, AlbaNova, SE-106 91 Stockholm, Sweden
3ESO, Karl-Schwarzschild-Straße 2, 85748 Garching bei München, Germany
4Astrophysics Research Centre, School of Maths and Physics, Queens University Belfast, Belfast, UK
5Harvard-Smithsonian Center for Astrophysics, 60 Gar- den Street, MS-78, Cambridge, MA 02138, USA
6Finnish Centre for Astronomy with ESO (FINCA), University of Turku, Väisäläntie 20 FI-21500 Piikkiö, Finland
7JILA, University of Colorado, Boulder, CO 803090440, USA
8Department of Astronomy, University of Texas, Austin, TX 78712-0259, USA

We present a study of the morphology of the ejecta in Supernova 1987A based on images and spectra from the HST
as well as integral field spectroscopy from VLT/SINFONI. The HST observations were obtained between 1994–2011
and primarily probe the outer hydrogen-rich zones of the ejecta. The SINFONI observations were obtained in 2005
and 2011 and instead probe the [Si i]/[Fe ii] emission from the inner regions. We find a strong temporal evolution of
the morphology in the HST images, from a roughly elliptical shape before ∼ 5, 000 days, to a more irregular, edge-
brightened morphology thereafter. This transition is a natural consequence of the change in the dominant energy source
powering the ejecta, from radioactive decay before ∼ 5, 000 days to X-ray input from the circumstellar interaction
thereafter. The [Si i]/[Fe ii] images display a more uniform morphology, which may be due to a remaining significant
contribution from radioactivity in the inner ejecta. Both the Hα and the [Si i]/[Fe ii] line profiles show that the ejecta
are distributed fairly close to the plane of the inner circumstellar ring, which is assumed to define the rotational axis
of the progenitor. The Hα emission extends to higher velocities than [Si i]/[Fe ii] as expected. We further find that
ejecta emission is concentrated to clumps and that there is no clear symmetry axis for the emission. We compare
our results with explosion models and find some qualitative agreement, but note that the observations show a higher
degree of large-scale asymmetry.

Accepted for publication in ApJ
Available from arXiv:1212.5051

Photometric and spectroscopic properties of novæ in the Large
Magellanic Cloud

A.W. Shafter1

1Department of Astronomy, San Diego State University, USA

The photometric and spectroscopic properties of the 43 known LMC nova candidates are summarized and reviewed.
Of these, photometric data sufficient to establish decline rates are available for 29 novæ, while spectroscopic data
sufficient to establish the spectroscopic classes are available for 18 systems. Half of the 18 novæ belong to the Fe ii

class, with the remaining nine belonging to either the He/N or the Fe iib classes. As seen in previous nova studies
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of M31 and M33, the He/N and Fe iib novæ have on average faster photometric developments than do their Fe ii

counterparts. Overall, the available photometry confirms earlier studies, and shows conclusively that LMC novæ have
faster rates of decline than do novæ in the Galaxy and M31. It appears that the increased fraction of faster, He/N and
Fe iib novæ observed in the LMC compared with M31 is almost certainly the result of differences in the underlying
stellar population between the two galaxies. We propose that the younger population seen in the LMC compared
with M31’s bulge (where most of the novæ are found) produces progenitor binaries with higher average white dwarf
masses. The higher mean white dwarf mass not only produces a larger fraction of fast, He/N novæ compared with
M 31, but also results in a relatively large recurrent nova population.

Published in The Astronomical Journal, 145, 117 (2013)
Available from arXiv:1302.6285

A ”Bake-Off” between cmfgen and fastwind: Modeling the physical
properties of SMC and LMC O-type stars

Philip Massey1, Kathryn F. Neugent1, D. John Hillier2 and Joachim Puls3

1Lowell Observatory, USA
2Department of Physics and Astronomy, University of Pittsburgh, USA
3Universitäts sternwarte München, Germany

The model atmosphere programs fastwind and cmfgen are both elegantly designed to perform non-LTE analyses
of the spectra of hot massive stars, and include sphericity and mass loss. The two codes differ primarily in their
approach towards line blanketing, with cmfgen treating all of the lines in the co-moving frame and fastwind taking
an approximate approach which speeds up execution times considerably. Although both have been extensively used
to model the spectra of O-type stars, no studies have used the codes to independently model the same spectra of the
same stars and compare the derived physical properties. We perform this task on ten O-type stars in the Magellanic
Clouds. For the late-type O supergiants, both cmfgen and fastwind have trouble fitting some of the He i lines, and
we discuss causes and cures. We find that there is no difference in the average effective temperatures found by the
two codes for the stars in our sample, although the dispersion is large, due primarily to the various difficulties each
code has with He i. The surface gravities determined using fastwind are systematically lower by 0.12 dex compared
to cmfgen, a result we attribute to the better treatment of electron scattering by cmfgen. This has implications for
the interpretation of the origin of the so-called mass discrepancy, as the masses derived by fastwind are on average
lower than inferred from stellar evolutionary models, while those found by cmfgen are in better agreement.

Accepted for publication in ApJ
Available from arXiv:1303.5469

The MAGellanic Inter-Cloud project (MAGIC) I: Evidence for
intermediate-age stellar populations in between the Magellanic Clouds

N.E.D. Noël1,2,3, B.C. Conn3, R. Carrera4, J.I. Read1,2, H.-W. Rix3 and A. Dolphin5

1University of Surrey, Department of Physics, UK
2ETH Zürich, Switzerland
3MPIA, Heidelberg, Germany
4Instituto de Astrof́ısica de Canarias, Spain
5Raytheon Company, USA

The origin of the gas in between the Magellanic Clouds (MCs) – known as the ‘Magellanic Bridge’ (MB) – is puzzling.
Numerical simulations suggest that the MB formed from tidally stripped gas and stars in a recent interaction between
the MCs. However, the apparent lack of stripped intermediate- or old-age stars associated with the MB is at odds with
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this picture. In this paper, we present the first results from the MAGellanic Inter-Cloud program (MAGIC) aimed
at probing the stellar populations in the inter-cloud region. We present observations of the stellar populations in two
large fields located in between the Large and Small Magellanic Clouds (LMC/SMC), secured using the WFI camera
on the 2.2 m telescope in La Silla. Using a synthetic color–magnitude diagram (CMD) technique, we present the first
quantitative evidence for the presence of intermediate-age and old stars in the inter-Cloud region. The intermediate-
age stars – that make up ∼ 28% of all stars in the region – are not present in fields at a similar distance from the
SMC in a direction pointing away from the LMC. This provides potential evidence that these intermediate-age stars
could have been tidally stripped from the SMC. However, spectroscopic studies will be needed to confirm or rule out
the tidal origin for the inter-Cloud gas and stars.

Accepted for publication in Astrophysical Journal
Available from arXiv:1303.3014

Populations of rotating stars II. Rapid rotators and their link to
Be-type stars

A. Granada1, S. Ekström1, C. Georgy2,3, J. Krtička4, S. Owocki5, G. Meynet1 and A. Mæder1

1Geneva Observatory, University of Geneva, Maillettes 51, CH-1290 Sauverny, Switzerland
2Astrophysics group, EPSAM, Keele University, Lennard-Jones Labs, Keele, ST5 5BG, UK
3Centre de Recherche Astrophysique, École Normale Supérieure de Lyon, 46, Allée d’Italie, F-69384 Lyon cedex 07, France
4Masaryk University, Kotlářská 2, CZ-611 37 Brno, Czech Republic
5Bartol Research Institute, University of Delaware, Newark, DE 19716, USA

Even though it is broadly accepted that single Be stars are rapidly rotating stars surrounded by a flat rotating
circumstellar disk, there is still a debate about how fast these stars rotate and also about the mechanisms involved
in the angular-momentum and mass input in the disk. We study the properties of stars that rotate near their critical
rotation rate and investigate the properties of the disks formed by equatorial mass ejections. We used the most recent
Geneva stellar evolutionary tracks for rapidly rotating stars that reach the critical limit and used a simple model
for the disk structure. We obtain that for a 9 M⊙ star at solar metallicity, the minimum average velocity during
the Main Sequence phase to reach the critical velocity is around 330 km s−1, whereas it would be 390 km s−1 at
the metallicity of the Small Magellanic Cloud (SMC). Red giants or supergiants originating from very rapid rotators
rotate six times faster and show N/C ratios three times higher than those originating from slowly rotating stars. This
difference becomes stronger at lower metallicity. It might therefore be very interesting to study the red giants in
clusters that show a large number of Be stars on the MS band. On the basis of our single-star models, we show that
the observed Be-star fraction with cluster age is compatible with the existence of a temperature-dependent lower limit
in the velocity rate required for a star to become a Be star. The mass, extension, and diffusion time of the disks
produced when the star is losing mass at the critical velocity, obtained from simple parametrized expressions, are
estimated to be between 9.4 × 10−12 and 1.4 × 10−7 M⊙ (3 × 10−6 to 4.7 × 10−2 times the mass of the Earth), 2000
and 6500 R⊙, and 10 and 30 yr. These values are not too far from those estimated for disks around Be-type stars.
At a given metallicity, the mass and the extension of the disk increase with the initial mass and with age on the MS
phase. Denser disks are expected in low-metallicity regions.

Accepted for publication in Astronomy & Astrophysics
Available from arXiv:1303.2393
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An extended main sequence turn-off in the Small Magellanic Cloud star
cluster NGC 411

Léo Girardi1, Paul Goudfrooij2, Jason S. Kalirai2,3, Leandro Kerber4, Vera Kozhurina-Platais2, Stefano Rubele1,

Alessandro Bressan5, Rupali Chandar6, Paola Marigo7, Imants Platais8 and Thomas H. Puzia9

1Osservatorio Astronomico di Padova – INAF, Italy
2Space Telescope Science Institute, USA
3Center for Astrophysical Sciences, Johns Hopkins University, USA
4Universidade Estadual de Santa Cruz, Brazil
5SISSA, Italy
6Department of Physics and Astronomy, The University of Toledo, USA
7Dipartimento di Fisica e Astronomia Galileo Galilei, Università di Padova, Italy
8Department of Physics and Astronomy, Johns Hopkins University, USA
9Department of Astronomy and Astrophysics, Pontificia Universidad Católica de Chile, Chile

Based on new observations with the Wide Field Camera 3 onboard the Hubble Space Telescope, we report the discovery
of an extended main sequence turn-off (eMSTO) in the intermediate-age star cluster NGC 411. This is the second
case of an eMSTO being identified in a star cluster belonging to the Small Magellanic Cloud (SMC), after NGC419.
Despite the present masses of these two SMC clusters differ by a factor of ∼ 4, the comparison between their colour–
magnitude diagrams (CMD) shows striking similarities, especially regarding the shape of their eMSTOs. The loci
of main CMD features are so similar that they can be well described, in a first approximation, by the same mean
metallicity, distance and extinction. NGC 411, however, presents merely a trace of secondary red clump as opposed to
its prominent manifestation in NGC 419. This could be due either to the small number statistics in NGC411, or by
the star formation in NGC 419 having continued for ∼ 60 Myr longer than in NGC411. Under the assumption that
the eMSTOs are caused by different generations of stars at increasing age, both clusters are nearly coeval in their first
episodes of star formation. The initial period of star formation, however, is slightly more marked in NGC 419 than in
NGC 411. We discuss these findings in the context of possible scenarios for the origin of eMSTOs.

Accepted for publication in MNRAS
Available from arXiv:1303.1361

Age–metallicity relation in the Magellanic Clouds clusters
E. Livanou1, A. Dapergolas2, M. Kontizas1, B. Nordström3, E. Kontizas2, J. Andersen3,5, B. Dirsch4 and A.

Karampelas1

1Section of Astrophysics Astronomy & Mechanics, Department of Physics, University of Athens, GR-157 83 Athens, Greece
2Institute of Astronomy and Astrophysics, National Observatory of Athens, P.O. Box 20048, GR-118 10, Greece
3Niels Bohr Institute Copenhagen University, Astronomical Observatory, Juliane Maries Vej 30, DK 2100 Copenhagen
4Facultad de Ciencias Astronómicas y Geof́ısicas, Universidad Nacional de La Plata, Argentina
5Nordic Optical Telescope, Apartado 474, E-38700 Santa Cruz de La Palma, Spain

Aims: To investigate a possible dependence between age and metallicity in the Magellanic Clouds (MCs) from a study
of small open star clusters, using Strömgren photometry. Our goal is to trace evidence of an age–metallicity relation
(AMR) and correlate it with the mutual interactions of the two MCs. Our aim is also to correlate the AMR with the
spatial distribution of the clusters. In the Large Magellanic Cloud (LMC), the majority of the selected clusters are
young (up to 1 Gyr) and our aim is to search for an AMR at this epoch which has not been much studied.
Methods: We report on results for 15 LMC and 8 Small Magellanic Cloud (SMC) clusters, scattered all over the area
of these galaxies, to cover a wide spatial distribution and metallicity range. The selected LMC clusters were observed
with the 1.54m Danish Telescope in Chile, using the Danish Faint Object Spectrograph and Camera (DFOSC) with
a single 2k×2k CCD, whereas the SMC clusters were observed with the ESO 3.6m Telescope also in Chile with the
ESO Faint Object Spectrograph and Camera (EFOSC). The obtained frames were analysed with the conventional
daophot and Iraf software. We used Strömgren filters in order to achieve reliable metallicities from photometry.
Isochrone fitting was used in order to determine the ages and metallicities.
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Results: The AMR for the LMC displays a metallicity gradient, with higher metallicities for the younger ages. The
AMR for LMC/SMC star clusters shows a possible jump in metallicity and a considerable increase at about 6 × 108

yr. It is possible that this is connected to the latest LMC–SMC interaction. The AMR for the LMC also displays a
metallicity gradient with distance from the centre. The metallicities in SMC are lower, as expected for a metal poor
host galaxy.

Accepted for publication in A&A
Available from arXiv:1303.2538

Structure of the Large Magellanic Cloud from near infrared magnitudes
of red clump stars

Smitha Subramanian1 and Annapurni Subramaniam1

1Indian Institute of Astrophysics, Bangalore, India

The structural parameters of the disk of the Large Magellanic Cloud (LMC) are estimated.We used the JH photometric
data of red clump (RC) stars from the Magellanic Cloud Point Source Catalog (MCPSC) obtained from the InfraRed
Survey Facility (IRSF) to estimate the structural parameters of the LMC disk, such as the inclination, i, and the
position angle of the line of nodes (PAlon), φ. The observed LMC region is divided into several sub-regions, and stars
in each region are cross-identified with the optically identified RC stars to obtain the near infrared magnitudes. The
peak values of H magnitude and (J −H) colour of the observed RC distribution are obtained by fitting a profile to the
distributions and by taking the average value of magnitude and colour of the RC stars in the bin with largest number.
Then the dereddened peak H0 magnitude of the RC stars in each sub-region is obtained from the peak values of H
magnitude and (J − H) colour of the observed RC distribution. The Right Ascension (RA), Declination (Dec), and
relative distance from the centre of each sub-region are converted into x, y, and z Cartesian coordinates. A weighted
least square plane fitting method is applied to these x,y,z data to estimate the structural parameters of the LMC disk.
An intrinsic (J − H)0 colour of 0.40 ± 0.03 mag in the IRSF SIRIUS (Simultaneous three-colour InfraRed Imager for
Unbiased Survey) filter system is estimated for the RC stars in the LMC and a reddening map based on (J−H) colour
of the RC stars is presented. When the peaks of the RC distribution were identified by averaging, an inclination of
25.◦7 ± 1.◦6 and a PAlon = 141.◦5 ± 4.◦5 were obtained. We estimate a distance modulus, µ = 18.47 ± 0.1 mag to the
LMC. Extra-planar features which are both in front and behind the fitted plane are identified. They match with the
optically identified extra-planar features. The bar of the LMC is found to be part of the disk within 500 pc. The
estimates of the structural parameters are found to be independent of the photometric bands used for the analysis.
The radial variation of the structural parameters are also studied. We find that the inner disk, within ∼ 3.◦0, is less
inclined and has a larger value of PAlon when compared to the outer disk. Our estimates are compared with the
literature values and the possible reasons for the small discrepancies found are discussed.

Accepted for publication in Astronomy & Astrophysics
Available from arXiv:1301.7538

Conference Paper

Red supergiants in the Local Group
Emily M. Levesque1

1University of Colorado at Boulder, USA

Galaxies in the Local Group span a factor of 15 in metallicity, ranging from the super-solar M31 to the Wolf–
Lundmark–Melotte (WLM) galaxy, which is the lowest-metallicity (0.1 Z⊙) Local Group galaxy currently forming
stars. Studies of massive star populations across this broad range of environments have revealed important metallicity-
dependent evolutionary trends, allowing us to test the accuracy of stellar evolutionary tracks at these metallicities for
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the first time. The RSG population is particularly valuable as a key mass-losing phase of moderately massive stars and
a source of core-collapse supernova progenitors. By reviewing recent work on the RSG populations in the Local Group,
we are able to quantify limits on these stars’ effective temperatures and masses and probe the relationship between
RSG mass loss behaviors and host environments. Extragalactic surveys of RSGs have also revealed several unusual
RSGs that display signs of unusual spectral variability and dust production, traits that may potentially also correlate
with the stars’ host environments. I will present some of the latest work that has progressed our understanding of
RSGs in the Local Group, and consider the many new questions posed by our ever-evolving picture of these stars.

Oral contribution, published in proceedings of the Betelgeuse Workshop 2012
Available from arXiv:1302.0822

Announcements

Conference: ”Massive Stars: From α to Ω”
June 10–14, 2013, Rhodes, Greece

The ”Massive Stars” meetings have enjoyed more than 40 years of startling success since the first meeting in Argentina
in 1971. Held every 4 to 5 years, these meetings aim to encapsulate the current state-of-the-art of our understanding
of the physics of Massive Stars and their role in the Universe. For this 10th meeting in the Massive Stars series the
Institute of Astronomy, Astrophysics, Space Applications and Remote Sensing of the National Observatory of Athens,
with the encouragement of the IAU Working Group on Massive Stars, is hosting the meeting on the island of Rhodes.
This beautiful setting was also once home to one of the greatest astronomers of antiquity, Hipparchos, who is generally
acknowledged as the founder of trigonometry, discoverer of precession and publisher of the first modern star catalog
around 135 BC.

The conference will build on results from ongoing large-scale multi-wavelength surveys of massive stars which are being
coupled with new theoretical advances dealing with stellar evolution and the processes which effect that evolution:
mass-loss, rotation, convection, magnetic fields, multiplicity and environment. It will tackle important problems from
birth, through main sequence evolution and until core collapse.

This is an exciting time as observations have revealed large gaps in understanding of the formation and evolution of
massive stars. The huge impact that massive stars have on their immediate environment, parent galaxies, and through
the Universe, demands better understanding of massive star evolution from α to Ω.

The scientific topics that will be covered are:

• New observational & theoretical results from large-scale surveys (FLAMES, MiMeS, PanSTARRS, PTF), tech-
niques (astrometry) and computation;

• Consequences of zero-age conditions on stellar evolution;

• Massive star environments, massive clusters, dynamical evolution, runaway stars and mergers;

• The importance of binaries for populations of massive stars;

• The upper end of the IMF and the role of mergers;

• Massive-star magnetism and pulsation, evolutionary consequences;

• The rôle and evolution of stellar rotation across the H–R diagram;

• Mass-loss across the H–R diagram and episodic mass-loss from LBVs and other transients;

• Constraints from endpoints;

• Massive stars at very low metallicity.
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Note, the deadline for early registration is on April 20, 2013.

Looking forward to seeing you in Rhodes!

The LOC co-chairs,
Panos Boumis and Alceste Bonanos

See also http://a2omega-conference.net/

Resolved Stellar Populations in the Galactic Bulge and the Magellanic
Clouds

2nd announcement

May 6–9, 2013
La Serena, Chile

in occasion of CTIO’s 50th birthday
ON-LINE REGISTRATION OPEN!

Registration Fee = $200, includes conference dinner and conference proceedings

This is the second announcement for the 2013 CTIO Stellar Populations Conference. We are soliciting contributed
posters and talks for the workshop. You may submit an abstract at the time of registration, or later at your con-
venience. Conference Proceedings will follow, to be published in the Astronomical Society of the Pacific Conference
Series (ASPCS).

Confirmed Invited Speakers

• You-Hua Chu (U. Illinois, USA) – Young Stellar Objects in the Large Magellanic Cloud

• Maria Drout (CfA, USA) – The Yellow Supergiant Content of the Magellanic Clouds

• Doug Geisler (Universidad de Concepción, Chile) – Globular Clusters Toward the Galactic Bulge

• Mario Hamuy (Universidad de Chile, Chile) – The Acceleration of Universe in the Light of Supernovæ

• Jim Hesser (NRC/DAO. Canada) – The History of CTIO

• Armin Rest (STScI, USA) – Light Echos from Historical SNe in the Magellanic Clouds

• R. Michael Rich (UCLA, USA) – Stellar Populations of the Galactic Bulge

• Abhijit Saha (NOAO, USA) – Old Stellar Populations of the Magellanic Clouds

• Ortwin Gerhard (Max Planck Institute for Extragalactic Physics, Germany) – Formation Models of the Galactic
Bulge

• Giuseppe Bono (Osservatorio Astronomico di Roma, Italy) – The transition between the inner disk and the
Galactic Bulge

• Andrzej Udalski (Warsaw Uni. Obs., Poland) – Variable Stars toward the Magellanic Clouds and Galactic Bulge

• Manuela Zoccali (PUC, Chile) – Chemical Abundances in the Galactic Center

See also http://www.ctio.noao.edu/noao/conference/CTIO-50-years
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