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Editorial

Dear Colleagues,

It is my pleasure to present you the 135th issue of the Magellanic Clouds Newsletter. From magnetism and galactic
structure and interaction, to variable, massive, (post-)AGB and exploding stars, and more on star cluster content –
there’s something for everyone.

Hope to see you at the IAU General Assembly in August, or in Baltimore in October!

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

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

Photometric identification of the periods of the first candidate
extragalactic magnetic stars

Yaël Nazé1, Nolan R Walborn2, Nidia Morrell3, Gregg A Wade4 and MichaÃl K. Szymański5

1University of LIège, Belgium
2STScI, USA
3Las Campanas Observatory, Chile
4Royal Military College, USA
5Warsaw University, Poland

Galactic stars belonging to the Of?p category are all strongly magnetic objects exhibiting rotationally modulated
spectral and photometric changes on timescales of weeks to years. Five candidate Of?p stars in the Magellanic Clouds
have been discovered, notably in the context of ongoing surveys of their massive star populations. Here we describe
an investigation of their photometric behaviour, revealing significant variability in all studied objects on timescales of
one week to more than four years, including clearly periodic variations for three of them. Their spectral characteristics
along with these photometric changes provide further support for the hypothesis that these are strongly magnetized
O stars, analogous to the Of?p stars in the Galaxy.

Accepted for publication in A&A
Available from arXiv:1503.07654

On the interpretation of sub-giant branch morphologies of
intermediate-age star clusters with extended main sequence turnoffs
Paul Goudfrooij1, Léo Girardi2, Philip Rosenfield3, Alessandro Bressan4, Paola Marigo3, Matteo Correnti1 and

Thomas H. Puzia5

1Space Telescope Science Institute, USA
2INAF/Padova Observatory, Italy
3Università di Padova, Italy
4SISSA, Italy
5Institute of Astronomy, P. Univ. Católica de Chile, Chile

Recent high-quality photometry of many star clusters in the Magellanic Clouds with ages of 1–2 Gyr revealed main
sequence turnoffs (MSTOs) that are significantly wider than can be accounted for by a simple stellar population (SSP).
Such extended MSTOs (eMSTOs) are often interpreted in terms of an age spread of several 108 yr, challenging the
traditional view of star clusters as being formed in a single star formation episode. Li et al. and Bastian & Niederhofer
recently investigated the sub-giant branches (SGBs) of NGC 1651, NGC 1806, and NGC 1846, three star clusters in
the Large Magellanic Cloud (LMC) that exhibit an eMSTO. They argued that the SGB of these star clusters can be
explained only by a SSP. We study these and two other similar star clusters in the LMC, using extensive simulations of
SSPs including unresolved binaries. We find that the shapes of the cross-SGB profiles of all star clusters in our sample
are in fact consistent with their cross-MSTO profiles when the latter are interpreted as age distributions. Conversely,
SGB morphologies of star clusters with eMSTOs are found to be inconsistent with those of simulated SSPs. Finally,
we create parsec isochrones from tracks featuring a grid of convective overshoot levels and a very fine grid of stellar
masses. A comparison of the observed photometry with these isochrones shows that the morphology of the red clump
(RC) of such star clusters is also consistent with that implied by their MSTO in the age spread scenario. We conclude
that the SGB and RC morphologies of star clusters featuring eMSTOs are consistent with the scenario in which the
eMSTOs are caused by a distribution of stellar ages.

Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from arXiv:1503.07862
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Optical multi-channel intensity interferometry – or: How to resolve O
stars in the Magellanic Clouds

Sascha Trippe1, Jae-Young Kim1, Bangwon Lee1, Changsu Choi1, Junghwan Oh1, Taeseok Lee1, Sung-Chul Yoon1,

Myungshin Im1 and Yong-Sun Park1

1Department of Physics and Astronomy, Seoul National University, Seoul 151-742, South Korea

Intensity interferometry, based on the Hanbury Brown–Twiss effect, is a simple and inexpensive method for optical
interferometry at microarcsecond angular resolutions; its use in astronomy was abandoned in the 1970s because of
low sensitivity. Motivated by recent technical developments, we argue that the sensitivity of large modern intensity
interferometers can be improved by factors up to approximately 25 000, corresponding to 11 photometric magnitudes,
compared to the pioneering Narrabri Stellar Interferometer. This is made possible by (i) using avalanche photodiodes
(APD) as light detectors, (ii) distributing the light received from the source over multiple independent spectral
channels, and (iii) use of arrays composed of multiple large light collectors. Our approach permits the construction
of large (with baselines ranging from few kilometers to intercontinental distances) optical interferometers at the cost
of (very) long-baseline radio interferometers. Realistic intensity interferometer designs are able to achieve limiting
R-band magnitudes as good as mR ≈ 14, sufficient for spatially resolved observations of main-sequence O-type stars in
the Magellanic Clouds. Multi-channel intensity interferometers can address a wide variety of science cases: (i) linear
radii, effective temperatures, and luminosities of stars, via direct measurements of stellar angular sizes; (ii) mass–
radius relationships of compact stellar remnants, via direct measurements of the angular sizes of white dwarfs; (iii)
stellar rotation, via observations of rotation flattening and surface gravity darkening; (iv) stellar convection and the
interaction of stellar photospheres and magnetic fields, via observations of dark and bright starspots; (v) the structure
and evolution of multiple stars, via mapping of the companion stars and of accretion flows in interacting binaries;
(vi) direct measurements of interstellar distances, derived from angular diameters of stars or via the interferometric
Baade–Wesselink method; (vii) the physics of gas accretion onto supermassive black holes, via resolved observations of
the central engines of luminous active galactic nuclei; and (viii) calibration of amplitude interferometers by providing
a sample of calibrator stars.

Published in Journal of the Korean Astronomical Society
Available from arXiv:1410.7432
and from http://jkas.kas.org/journals/2014v47n6/v47n6p235 trippe.pdf

Clustering of Local Group distances: publication bias or correlated
measurements? III. The Small Magellanic Cloud

Richard de Grijs1,2 and Giuseppe Bono3,4

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
3Dipartimento di Fisica, Università di Roma Tor Vergata, via Della Ricerca Scientifica 1, 00133, Roma, Italy
4INAF, Rome Astronomical Observatory, via Frascati 33, 00040, Monte Porzio Catone, Italy

Aiming at providing a firm mean distance estimate to the Small Magellanic Cloud (SMC), and thus to place it within the
internally consistent Local Group distance framework we recently established, we compiled the current-largest database
of published distance estimates to the galaxy. Based on careful statistical analysis, we derive mean distance estimates
to the SMC using eclipsing binary systems, variable stars, stellar population tracers, and star cluster properties. Their
weighted mean leads to a final recommendation for the mean SMC distance of (m − M)SMC

0 = 18.96 ± 0.02 mag,
where the uncertainty represents the formal error. Systematic effects related to lingering uncertainties in extinction
corrections, our physical understanding of the stellar tracers used, and the SMC’s complex geometry – including its
significant line-of-sight depth, its irregular appearance which renders definition of the galaxy’s center uncertain, as
well as its high inclination and possibly warped disk – may contribute additional uncertainties possibly exceeding
0.15–0.20 mag.

Accepted for publication in Astronomical Journal
Available from arXiv:1504.00417
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A new optical polarization catalog for the Small Magellanic Cloud: The
magnetic field structure

Aiara Lobo Gomes1, António Mário Magalhães2, Antonio Pereyra3 and Cláudia Vilega Rodrigues4

1Max-Planck-Institut für Astronomie, Germany
2Instituto de Astronomia, Geof́ısica e Ciências Atmosféricas / Universidade de São Paulo, Brazil
3Instituto Geof́ısico del Perú, Área Astronomı́a
4Instituto Nacional de Pesquisas Espaciais, Brazil

We present a new optical polarimetric catalog for the Small Magellanic Cloud (SMC). It contains a total of 7207
stars, located in the Northeast (NE) and Wing sections of the SMC and part of the Magellanic Bridge. This new
catalog is a significant improvement compared to previous polarimetric catalogs for the SMC. We used it to study the
sky-projected interstellar magnetic field structure of the SMC. Three trends were observed for the ordered magnetic
field direction at position angles of 65◦ ± 10◦, 115◦ ± 10◦, and 150◦ ± 10◦. Our results suggest the existence of an
ordered magnetic field aligned with the Magellanic Bridge direction and SMC’s Bar in the NE region, which have
position angles roughly at 115.◦4 and 45◦, respectively. However, the overall magnetic field structure is fairly complex.
The trends at 115◦ and 150◦ may be correlated with the SMC’s bimodal structure, observed in Cepheids’ distances
and H i velocities. We derived a value of Bsky = (0.947 ± 0.079) µG for the ordered sky-projected magnetic field, and
δB = (1.465 ± 0.069) µG for the turbulent magnetic field. This estimate of Bsky is significantly larger (by a factor of
∼ 10) than the line-of-sight field derived from Faraday rotation observations, suggesting that most of the ordered field
component is on the plane of the sky. A turbulent magnetic field stronger than the ordered field agrees with observed
estimates for other irregular and spiral galaxies. For the SMC the Bsky/δB ratio is closer to what is observed for our
Galaxy than other irregular dwarf galaxies.

Accepted for publication in Astrophysical Journal
Available from arXiv:1504.02104

Variability in proto-planetary nebulæ: III. Light curve studies of
Magellanic Cloud carbon-rich objects

Bruce J. Hrivnak1, Wenxian Lu1, Kevin Volk2, Ryszard Szczerba3, Igor Soszyński4 and Marcin Hajduk3

1Department of Physics and Astronomy, Valparaiso University, Valparaiso, IN 46383, USA
2Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, Maryland, 21218, USA
3N. Copernicus Astronomy Center, Rabianska 8, 87-100 Toruń, Poland
4Warsaw University Observatory, Al. Ujazdowskie 4, 00-478 Warsaw, Poland

We have investigated the light variability in a sample of 22 carbon-rich post-AGB stars in the Large Magellanic Cloud
(LMC) and Small Magellanic Cloud (SMC), based primarily on photometric data from the OGLE survey. All are
found to vary. Dominant periods are found in eight of them; these periods range from 49 to 157 days, and most of
these stars have F spectral types. These eight are found to be similar to the Milky Way Galaxy (MWG) carbon-rich
proto-planetary nebulæ (PPNs) in several ways: (a) they are in the same period range of ∼ 38 to ∼ 160 days, (b)
they have similar spectral types, (c) they are (all but one) redder when fainter, (d) they have multiple periods, closely
spaced in time, with a average ratio of secondary to primary period of ∼ 1.0, and as an ensemble, (e) they show a trend
of decreasing period with increasing temperature, and (f) they show a trend of decreasing amplitude with decreasing
period. However, they possibly differ in that the decreasing trend of period with temperature may be slightly offset
from that of the MWG. These eight are classified as PPNs. The other 14 all show evidence of variability on shorter
timescales. They are likely hotter PPNs or young planetary nebulæ. However, in the MWG the numbers of PPNs
peak in the F–G spectral types, while it appears that in the LMC they peak at a hotter B spectral type. One of the
periodic ones shows a small, RCoronæ Borealis-type light curve drop.

Accepted for publication in The Astrophysical Journal
Available from arXiv:1503.08905
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The Large Magellanic Cloud as a laboratory for Hot Bottom Burning in
massive Asymptotic Giant Branch stars

P. Ventura1, A.I. Karakas2, F. Dell’Agli1,3, M.L. Boyer4,5, D.A. Garćıa-Hernández6,7, M. Di Criscienzo1 and R.

Schneider1

1INAF – Osservatorio Astronomico di Roma, Via Frascati 33, 00040, Monte Porzio Catone (RM), Italy
2Research School of Astronomy and Astrophysics, Australian National University, Canberra, ACT 2611, Australia
3Dipartimento di Fisica, Università di Roma ”La Sapienza”, P.le Aldo Moro 5, 00143, Roma, Italy
4Observational Cosmology Lab, Code 665, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA
5Oak Ridge Associated Universities (ORAU), Oak Ridge, TN 37831, USA
6Instituto de Astrof́ısica de Canarias, E-38200 La Laguna, Tenerife, Spain
7Departamento de Astrof́ısica, Universidad de La Laguna (ULL), E-38206 La Laguna, Tenerife, Spain

We use Spitzer observations of the rich population of Asymptotic Giant Branch stars in the Large Magellanic Cloud
(LMC) to test models describing the internal structure and nucleosynthesis of the most massive of these stars, i.e.
those with initial mass above ∼ 4 M⊙. To this aim, we compare Spitzer observations of LMC stars with the theoretical
tracks of Asymptotic Giant Branch models, calculated with two of the most popular evolution codes, that are known
to differ in particular for the treatment of convection.
Although the physical evolution of the two models are significantly different, the properties of dust formed in their
winds are surprisingly similar, as is their position in the colour–colour (CCD) and colour–magnitude (CMD) diagrams
obtained with the Spitzer bands. This model independent result allows us to select a well defined region in the
([3.6] − [4.5], [5.8] − [8.0]) plane, populated by AGB stars experiencing Hot Bottom Burning, the progeny of stars
with mass M ∼ 5.5 M⊙. This result opens up an important test of the strength hot bottom burning using detailed
near-IR (H and K bands) spectroscopic analysis of the oxygen-rich, high luminosity candidates found in the well
defined region of the colour–colour plane. This test is possible because the two stellar evolution codes we use predict
very different results for the surface chemistry, and the C/O ratio in particular, owing to their treatment of convection
in the envelope and of convective boundaries during third dredge-up. The differences in surface chemistry are most
apparent when the model stars reach the phase with the largest infrared emission.

Accepted for publication in MNRAS
Available from arXiv:1504.06098

Multiple stellar populations in Magellanic Cloud clusters. III. The first
evidence of an extended main sequence turn-off in a young cluster:

NGC1856
A.P. Milone1, L.R. Bedin2, G. Piotto3,2, A.F. Marino1, S. Cassisi4, A. Bellini5, H. Jerjen1, A. Pietrinferni4, A.

Aparicio6 and R. M. Rich7

1Australian National University, Australia
2INAF OAPD, Italy
3University of Padova, Italy
4INAF Teramo, Italy
5STScI, USA
6IAC, Spain
7University of California, USA

Recent studies have shown that the extended main-sequence turn off (eMSTO) is a common feature of intermediate-
age star clusters in the Magellanic Clouds (MCs). The most simple explanation is that these stellar systems harbor
multiple generations of stars with an age difference of a few hundred Myrs. However, while an eMSTO has been
detected in a large number of clusters with ages between ∼ 1–2 Gyrs, several studies of young clusters in both
MCs and in nearby galaxies do not find any evidence for a prolonged star-formation history, i.e. for multiple stellar
generations. These results have suggested alternative interpretation of the eMSTOs observed in intermediate-age star
clusters. The eMSTO could be due to stellar rotation mimicking an age spread or to interacting binaries. In these
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scenarios, intermediate-age MC clusters would be simple stellar populations, in close analogy with younger clusters.
Here we provide the first evidence for an eMSTO in a young stellar cluster. We exploit multi-band Hubble Space
Telescope photometry to study the ∼ 300-Myr old star cluster NGC1856 in the Large Magellanic Cloud and detected
a broadened MSTO that is consistent with a prolonged star-formation which had a duration of about 150 Myrs.
Below the turn-off, the MS of NGC 1856 is split into a red and blue component, hosting 33 ± 5% and 67 ± 5% of
the total number of MS stars, respectively. We discuss these findings in the context of multiple-stellar-generation,
stellar-rotation, and interacting-binary hypotheses.

Accepted for publication in MNRAS
Available from arXiv:1504.03252

Rotating stellar models can account for the extended main sequence
turnoffs in intermediate age clusters

Timothy D. Brandt1,3 and Chelsea X. Huang2

1Institute for Advanced Study, Princeton, NJ, USA
2Princeton University, Princeton, NJ, USA
3Carl Sagan Fellow

We show that the extended main sequence turnoffs seen in intermediate age Large Magellanic Cloud (LMC) clusters,
often attributed to age spreads of several hundred Myr, may be easily accounted for by variable stellar rotation in a
coeval population. We compute synthetic photometry for grids of rotating stellar evolution models and interpolate
them to produce isochrones at a variety of rotation rates and orientations. An extended main sequence turnoff
naturally appears in color–magnitude diagrams at ages just under 1 Gyr, peaks in extent between ∼ 1 and 1.5 Gyr,
and gradually disappears at around 2 Gyr in age. We then fit our interpolated isochrones by eye to four LMC clusters
with very extended main sequence turnoffs: NGC 1783, 1806, 1846, and 1987. In each case, stellar populations with a
single age and metallicity can comfortably account for the observed extent of the turnoff region.

Submitted to Astrophysical Journal
Available from arXiv:1504.04375

Molecular and ionized hydrogen in 30Doradus. I. Imaging observations
Sherry C.C. Yeh1,2, Ernest R. Seaquist2, Christopher D. Matzner2 and Eric W. Pellegrini3

1Subaru Telescope, USA/Japan
2University of Toronto, Canada
3University of Toledo, Canada

We present the first fully calibrated H2 1–0 S(1) image of the entire 30 Doradus nebula. The observations were
conducted using the NOAO Extremely Wide-Field Infrared Imager on the CTIO 4-meter Blanco Telescope. Together
with a NEWFIRM Brγ image of 30 Doradus, our data reveal the morphologies of the warm molecular gas and ionized
gas in 30 Doradus. The brightest H2-emitting area, which extends from the northeast to the southwest of R 136, is a
photodissociation region viewed face-on, while many clumps and pillar features located at the outer shells of 30 Doradus
are photodissociation regions viewed edge-on. Based on the morphologies of H2, Brγ, CO, and 8 µm emission, the
H2 to Brγ line ratio and Cloudy models, we find that the H2 emission is formed inside the photodissociation regions
of 30 Doradus, 2–3 pc to the ionization front of the H ii region, in a relatively low-density environment < 104 cm−3.
Comparisons with Brγ, 8 µm, and CO emission indicate that H2 emission is due to fluorescence, and provide no
evidence for shock excited emission of this line.

Accepted for publication in ApJ
Available from arXiv:1504.04951
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OGLE-IV: Fourth phase of the Optical Gravitational Lensing
Experiment

A. Udalski1, M.K. Szymański1 and G. Szymański2

1Warsaw University Observatory, Al. Ujazdowskie 4, 00-478 Warszawa, Poland
2Warsaw University of Technology, Institute of Micromechanics and Photonics, ul. św. A. Boboli 8, 02-525 Warszawa, Poland

We present both the technical overview and main science drivers of the fourth phase of the Optical Gravitational
Lensing Experiment (hereafter OGLE-IV). OGLE-IV is currently one of the largest sky variability surveys worldwide,
targeting the densest stellar regions of the sky. The survey covers over 3000 square degrees in the sky and monitors
regularly over a billion sources.
The main targets include the inner Galactic Bulge and the Magellanic System. Their photometry spans the range of
12 < I < 21 mag and 13 < I < 21.7 mag, respectively. Supplementary shallower Galaxy Variability Survey covers
the extended Galactic Bulge and 2/3 of the whole Galactic Disk within the magnitude range of 10 < I < 19 mag. All
OGLE-IV surveys provide photometry with milli-magnitude accuracy at the bright end. The cadence of observations
varies from 19–60 minutes in the inner Galactic Bulge to 1–3 days in the remaining Galactic Bulge fields, Magellanic
System and the Galactic Disk.
OGLE-IV provides the astronomical community with a number of real time services. The Early Warning System
(EWS) contains information on two thousand gravitational microlensing events being discovered in real time annually,
the OGLE Transient Detection System (OTDS) delivers over 200 supernovæ a year. We also provide the real time
photometry of unpredictable variables such as optical counterparts to the X-ray sources and RCoronæ Borealis stars.
Hundreds of thousands new variable stars have already been discovered and classified by the OGLE survey. The
number of new detections will be at least doubled during the current OGLE-IV phase. The survey was designed and
optimized primarily to conduct the second generation microlensing survey for exoplanets. It has already contributed
significantly to the increase of the discovery rate of microlensing exoplanets and free-floating planets.

Published in Acta Astronomica, 65, 1 (2015)
Available from arXiv:1504.05966

SAGE-Var: An infrared survey of variability in the Magellanic Clouds
D. Riebel1, M.L. Boyer2, S. Srinivasan3, P. Whitelock4,5, M. Meixner6,7, B. Babler8, M. Feast4,5, M.A.T.

Groenwegen9, Y. Ita10, M. Meade8, B. Shiao6 and B. Whitney8

1Department of Physics, United States Naval Academy, 572C Holloway Road, Annapolis, MD 21402, USA
2Observational Cosmology Laboratory, Code 665, NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA
3Academia Sinica, Institute of Astronomy and Astrophysics, P.O. Box 23-141, Taipei 10617, Taiwan
4Astrophysics, Cosmology and Gravity Centre, Astronomy Department, University of Cape Town, Rondebosch 7701, South Africa
5South African Astronomical Observatory, P.O. Box 9, Observatory 7935, South Africa
6Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
7Department of Physics and Astronomy, The Johns Hopkins University, 3400 N. Charles St. Baltimore, MD 21218, USA
8Department of Astronomy, University of Wisconsin-Madison, Madison, WI 53706, USA
9Royal Observatory of Belgium, Ringlaan 3, B-1180 Brussels, Belgium
10Astronomical Institute, Graduate School of Science, Tohoku University, 6-3 Aramaki Aoba, Aoba-ku, Sendai, Miyagi 980-8578, Japan

We present the first results from the SAGE-Var program, a follow on to the Spitzer legacy program ”Surveying the
Agents of Galaxy Evolution” (SAGE; Meixner et al. 2006). We obtained 4 epochs of photometry at 3.6 & 4.5 µm
covering the bar of the Large Magellanic Cloud (LMC) and the central region of the Small Magellanic Cloud (SMC) in
order to probe the variability of extremely red sources missed by variability surveys conducted at shorter wavelengths,
and to provide additional epochs of observation for known variables. Our 6 total epochs of observations allow us to
probe infrared variability on 15 different timescales ranging from ∼ 20 days to ∼ 5 years. Out of a full catalog of
1,717,554 (LMC) and 457,760 (SMC) objects, we find 10 (LMC) and 6 (SMC) large amplitude AGB variables without
optically measured variability owing to circumstellar dust obscuration. The catalog also contains multiple observations
of known AGB variables, type I and II Cepheids, eclipsing variables, RCrB stars and young stellar objects which will
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be discussed in following papers. Here we present infrared Period–Luminosity (PL) relations for classical Cepheids in
the Magellanic Clouds, as well as improved PL relationships for AGB stars pulsating in the fundamental mode using
mean magnitudes constructed from 6 epochs of observations.

Accepted for publication in The Astrophysical Journal
Available from arXiv:1505.00845

The Magellanic Stream: break up and accretion onto the hot Galactic
corona

Thor Tepper-Garćıa1, Joss Bland-Hawthorn1 and Ralph S. Sutherland2

1Sydney Institute for Astronomy, School of Physics, University of Sydney, NSW 2006, Australia
2Research School of Astronomy and Astrophysics, Australian National University, Cotter Road, Weston, ACT 2611, Australia

The Magellanic H sc i Stream (∼ 2 × 109 M⊙ [d/55 kpc]2) encircling the Galaxy at a distance d is arguably the
most important tracer of what happens to gas accreting onto a disk galaxy. Recent observations reveal that the
Stream’s mass is in fact dominated (3:1) by its ionized component. Here we revisit the origin of the mysterious Hα
(recombination) emission observed along much of its length that is overly bright (∼ 150–200 mR) for the known
Galactic UV background (∼ 20–40 mR [d/55 kpc]−2). In an earlier model, we proposed that a slow shock cascade
was operating along the Stream due to its interaction with the extended Galactic hot corona. But in view of updated
parameters for the corona and mounting evidence that most of the Stream must lie far beyond the Magellanic Clouds
(d > 55 kpc), we revisit the shock cascade model in detail. While slow shocks are important in sustaining the observed
levels of ionization, it now appears unlikely they can account for the bright Hα emission if the corona is smooth. The
H i gas is broken down by the shock cascade but mostly mixes with the hot corona without significant recombination.
We conclude that the corona can be substantially mass-loaded with recent gas debris but this material is very difficult
to observe directly.

Submitted to Astrophysical Journal
Available from arXiv:1505.01587

The age–metallicity relationship in the Small Magellanic Cloud
periphery

Andrés E. Piatti1

1Observatorio Astronómico, Universidad Nacional de Córdoba, Argentina

We present results from Washington CT1 photometry for eleven star fields located in the western outskirts of the
Small Magellanic Cloud (SMC), which cover angular distances to its centre from 2 up to 13 degrees (≈ 2.2–13.8 kpc).
The colour–magnitude diagrams, cleaned from the unavoidable Milky Way (MW) and background galaxy signatures,
reveal that the most distant dominant main sequence (MS) stellar populations from the SMC centre are located at
an angular distance of ∼ 5.◦7 (6.1 kpc); no sign of farther clear SMC MS is visible other than the residuals from
the MW/background field contamination. The derived ages and metallicities for the dominant stellar populations of
the western SMC periphery show a constant metallicity level ([Fe/H] = −1.0 dex) and an approximately constant
age value (≈ 7–8 Gyr). Their age–metallicity relationship (AMR) do not clearly differ from the most comprehensive
AMRs derived for almost the entire SMC main body. Finally, the range of ages of the dominant stellar populations
in the western SMC periphery confirms that the major stellar mass formation activity at the very early galaxy epoch
peaked ∼ 7–8 Gyr ago.

Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from arXiv:1505.05376
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A new survey of cool supergiants in the Magellanic Clouds
Carlos González-Fernández1, Ricardo Dorda2, Ignacio Negueruela2 and Amparo Marco2

1Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 0HA, UK
2Departamento de F́ısica, Ingenieŕıa de Sistemas y Teoŕıa de la Señal, Universidad de Alicante, Apdo. 99, 03080 Alicante, Spain

In this study, we conduct a pilot program aimed at the red supergiant population of the Magellanic Clouds. We
intend to extend the current known sample to the unexplored low end of the brightness distribution of these stars,
building a more representative dataset with which to extrapolate their behaviour to other Galactic and extra-galactic
environments. We select candidates using only near infrared photometry, and with medium resolution multi-object
spectroscopy, we perform spectral classification and derive their line-of-sight velocities, confirming the nature of the
candidates and their membership to the clouds. Around two hundred new RSGs have been detected, hinting at a
yet to be observed large population. Using near and mid infrared photometry we study the brightness distribution
of these stars, the onset of mass-loss and the effect of dust in their atmospheres. Based on this sample, new a priori
classification criteria are investigated, combining mid and near infrared photometry to improve the observational
efficiency of similar programs as this.

Published in A&A
Available from arXiv:1504.00003
and from http://www.aanda.org/articles/aa/abs/2015/06/aa25362-14/aa25362-14.html

Spitzer Infrared Spectrograph point source classification in the Small
Magellanic Cloud

Paul M.E. Ruffle1,2, F. Kemper2, O.C. Jones1,3, G.C. Sloan4, K.E. Kraemer5, Paul M. Woods6, M.L. Boyer7, S.

Srinivasan2, V. Antoniou8, E. Lagadec9, M. Matsuura10,11, I. McDonald1, J.M. Oliveira12, B.A. Sargent13, M.

SewiÃlo14,15, R. Szczerba16, J.Th. van Loon12, K. Volk3 and A.A. Zijlstra1

1Jodrell Bank Centre for Astrophysics, Manchester, UK
2Academia Sinica, Institute of Astronomy and Astrophysics, Taipei, Taiwan
3Space Telescope Science Institute, Baltimore, MD, USA
4Cornell University, Ithaca, NY, USA
5Institute for Scientific Research, Boston College, Chestnuthill, MA, USA
6Queen’s University Belfast, UK
7NASA Goddard Space Flight Center, Greenbelt, MD, USA
8Harvard-Smithsonian Center for Astrophysics, Cambridge, MA, USA
9Université de Nice, France
10Cardiff University, UK
11University College London, UK
12Keele University, UK
13Rochester Institute of Technology, NY, USA
14Space Science Institute, Boulder, CO, USA
15Johns Hopkins University, Baltimore, MD, USA
16N. Copernicus Astronomical Center, Toruń, Poland

The Magellanic clouds are uniquely placed to study the stellar contribution to dust emission. Individual stars can
be resolved in these systems even in the mid-infrared, and they are close enough to allow detection of infrared excess
caused by dust. We have searched the Spitzer Space Telescope data archive for all Infrared Spectrograph (IRS) staring-
mode observations of the Small Magellanic Cloud (SMC) and found that 209 Infrared Array Camera (IRAC) point
sources within the footprint of the Surveying the Agents of Galaxy Evolution in the Small Magellanic Cloud (SAGE-
SMC) Spitzer Legacy programme were targeted, within a total of 311 staring mode observations. We classify these
point sources using a decision tree method of object classification, based on infrared spectral features, continuum and
spectral energy distribution shape, bolometric luminosity, cluster membership and variability information. We find
58 asymptotic giant branch (AGB) stars, 51 young stellar objects (YSOs), 4 post-AGB objects, 22 Red Supergiants
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(RSGs), 27 stars (of which 23 are dusty OB stars), 24 planetary nebulæ (PNe), 10 Wolf–Rayet (WR) stars, 3 H ii

regions, 3 RCoronæ Borealis (R CrB) stars, 1 Blue Supergiant and 6 other objects, including 2 foreground AGB stars.
We use these classifications to evaluate the success of photometric classification methods reported in the literature.

Accepted for publication in MNRAS
Available from arXiv:1505.04499

XMM–Newton observation of SNR J0533−7202 in the Large Magellanic
Cloud
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Aims: We present an X-ray study of the supernova remnant SNR J0533−7202 in the Large Magellanic Cloud (LMC)
and determine its physical characteristics based on its X-ray emission. Methods. We observed SNR J0533−7202 with
XMM–Newton (flare-filtered exposure times of 18 ks EPIC-pn and 31 ks EPIC-MOS1/MOS2). We produced X-ray
images of the SNR, performed an X-ray spectral analysis, and compared the results to multi-wavelength studies.
Results: The distribution of X-ray emission is highly non-uniform, with the south-west region brighter than the north-
east. The X-ray emission is correlated with the radio emission from the remnant. We determine that this morphology
is likely due to the SNR expanding into a non-uniform ambient medium and not an absorption effect. We estimate the
size to be 53.9(±3.4)×43.6(±3.4) pc, with the major axis rotated ∼ 64◦ east of north. We find no spectral signatures of
ejecta and infer that the X-ray plasma is dominated by swept-up interstellar medium. Using the spectral fit results and
the Sedov self-similar solution, we estimate an age of ∼ 17–27 kyr, with an initial explosion energy of (0.09–0.83)×1051

erg. We detected an X-ray source located near the centre of the remnant, namely XMMUJ053348.2−720233. The
source type could not be conclusively determined due to the lack of a multi-wavelength counterpart and low X-ray
counts. We find that it is likely either a background active galactic nucleus or a low-mass X-ray binary in the LMC.
Conclusions: We detected bright thermal X-ray emission from SNR J0533−7202 and determined that the remnant is
in the Sedov phase of its evolution. The lack of ejecta emission prohibits us from typing the remnant with the X-ray
data. Therefore, the likely Type Ia classification based on the local stellar population and star formation history
reported in the literature cannot be improved upon.

Accepted for publication in Astronomy & Astrophysics
Available from arXiv:1505.06458

A modern search for Wolf–Rayet stars in the Magellanic Clouds. II. A
second year of discoveries

Philip Massey1, Kathryn F. Neugent1 and Nidia Morrell2

1Lowell Observatory, USA
2Las Campanas Observatory, Chile

The numbers and types of evolved massive stars found in nearby galaxies provide an exacting test of stellar evolution
models. Because of their proximity and rich massive star populations, the Magellanic Clouds have long served as
the linchpins for such studies. Yet the continued accidental discoveries of Wolf–Rayet (WR) stars in these systems
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demonstrate that our knowledge is not as complete as usually assumed. Therefore, we undertook a multi-year survey
for WRs in the Magellanic Clouds. Our results from our first year (reported previously) confirmed nine new LMC
WRs. Of these, six were of a type never before recognized, with WN3-type emission combined with O3-type absorption
features. Yet these stars are 2–3 magnitudes too faint to be WN3+O3 V binaries. Here we report on the second year
of our survey, including the discovery of four more WRs, two of which are also WN3/O3s, plus two “slash” WRs.
This brings the total of LMC WRs known to 152, 13 (8.2%) of which were found by our survey, which is now ∼ 60%
complete. We find that the spatial distribution of the WN3/O3s is similar to that of other WRs in the LMC, suggesting
that they are descended from the same progenitors. We call attention to the fact that five of the 12 known SMC WRs
may in fact be similar WN3/O3s rather than the binaries they have often been assumed to be. We also discuss
our other discoveries: a newly found Onfp-type star, and a peculiar emission-line object. Finally, we consider the
completeness limits of our survey.

Accepted for publication in Astrophysical Journal
Available from arXiv:1505.06265

New near-infrared period–luminosity–metallicity relations for RRLyræ
stars and the outlook for Gaia
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4Leibniz-Institut für Astrophysik Potsdam, An der Sternwarte 16, 14482 Potsdam, Germany
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We present results of the analysis of 70 RRLyræ stars located in the bar of the Large Magellanic Cloud (LMC).
Combining spectroscopically determined metallicity of these stars from the literature with precise periods from the
OGLE III catalogue and multi-epoch Ks photometry from the ”VISTA survey of the Magellanic Clouds system”
(VMC), we derive a new near-infrared period–luminosity–metallicity (PLKsZ) relation for RR Lyræ variables. In
order to fit the relation we use a fitting method developed specifically for this study. The zero-point of the relation
is estimated in two different ways: by assuming the value of the distance to the LMC and by using Hubble Space
Telescope (HST) parallaxes of five RRLyræ stars in the Milky Way (MW). The difference in distance moduli derived
by applying these two approaches is ∼ 0.2 mag. To investigate this point further we derive the PLKsZ relation based
on 23 MW RRLyræ stars which had been analysed in Baade–Wesselink studies. We compared the derived PLKsZ
relations for RRLyræ stars in the MW and LMC. Slopes and zero-points are different, but still consistent within the
errors. The shallow slope of the metallicity term is confirmed by both LMC and MW variables.
The astrometric space mission Gaia is expected to provide a huge contribution to the determination of the RRLyræ
PLKsZ relation, however, calculating an absolute magnitude from the trigonometric parallax of each star and fitting
a PLKsZ relation directly to period and absolute magnitude leads to biased results. We present a tool to achieve an
unbiased solution by modelling the data and inferring the slope and zero-point of the relation via statistical methods.

Accepted for publication in Astrophysical Journal
Available from arXiv:1505.06001
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Constraints on explosive silicon burning in core-collapse supernovæ
from measured Ni/Fe ratios

A. Jerkstrand1, F.X. Timmes2,3, G. Magkotsios3, S.A. Sim1, C. Fransson4, J. Spyromilio5, A. Heger6, B.
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4The Oskar Klein Centre, Department of Astronomy, Stock- holm University, Albanova, 10691 Stockholm, Sweden
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Measurements of explosive nucleosynthesis yields in core-collapse supernovæ provide tests for explosion models. We
investigate constraints on explosive conditions derivable from measured amounts of nickel and iron after radioactive
decays using nucleosynthesis networks with parameterized thermodynamic trajectories. The Ni/Fe ratio is for most
regimes dominated by the production ratio of 58Ni/(54Fe + 56Ni), which tends to grow with higher neutron excess
and with higher entropy. For SN 2012ec, a supernova that produced a Ni/Fe ratio of 3.4±1.2 times solar, we find that
burning of a fuel with neutron excess η ≈ 6× 10−3 is required. Unless the progenitor metallicity is over 5 times solar,
the only layer in the progenitor with such a neutron excess is the silicon shell. Supernovæ producing large amounts
of stable nickel thus suggest that this deep-lying layer can be, at least partially, ejected in the explosion. We find that
common spherically symmetric models of MZAMS

<
∼13 M⊙ stars exploding with a delay time of less than one second

(Mcut < 1.5 M⊙) are able to achieve such silicon-shell ejection. Supernovæ that produce solar or sub-solar Ni/Fe
ratios, such as SN 1987A, must instead have burnt and ejected only oxygen-shell material, which allows a lower limit
to the mass cut to be set. Finally, we find that the extreme Ni/Fe value of 60–75 times solar derived for the Crab
cannot be reproduced by any realistic-entropy burning outside the iron core, and neutrino-neutronization obtained in
electron-capture models remain the only viable explanation.

Accepted for publication in ApJ
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