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Figure 1: Interstellar extinction map (left) and inferred molecular cloud map (right) around the Tarantula Nebula
and Southern Molecular Ridge, based on VMC near-IR photometry of red clump stars – see Tatton et al. (2013) for
more details.
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Editorial

Dear Colleagues,

It is my pleasure to present you the 123rd issue of the Magellanic Clouds Newsletter. You have all been very busy.
There are a lot of papers on pulsar(system)s, the Tarantula region, the Magellanic Stream and Bridge, and an exciting
new proper motion study of the LMC.

There is a fantastic opportunity to work with Sally Oey in Michigan – don’t miss it!

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

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

The VMC survey VII. Reddening map of the 30Doradus field and the
structure of the cold interstellar medium

B.L. Tatton1, J.Th. van Loon1, M.-R. Cioni2,3, G. Clementini4, J.P. Emerson5, L. Girardi6, R. de Grijs7, M.A.T.

Groenewegen8, M. Gullieuszik8, V.D. Ivanov9, M.I. Moretti4, V. Ripepi10 and S. Rubele6

1Astrophysics Group, Lennard-Jones Laboratories, Keele University, ST5 5BG, United Kingdom
2University of Hertfordshire, Physics Astronomy and Mathematics, Hatfield AL10 9AB, United Kingdom
3University Observatory Munich, Scheinerstraße 1, D-81679 München, Germany
4INAF, Osservatorio Astronomico di Bologna, Via Ranzani 1, 40127 Bologna, Italy
5Astronomy Unit, School of Physics & Astronomy, Queen Mary University of London, Mile End Road, London E1 4NS, United Kingdom
6INAF, Osservatorio Astronomico di Padova, Vicolo dell’Osservatorio 5, 35122 Padova, Italy
7Kavli Institute for Astronomy and Astrophysics, Peking University, Yi He Yuan Lu 5, Hai Dian District, Beijing 100871, China
8Royal Observatory of Belgium, Ringlaan 3, 1180 Ukkel, Belgium
9European Southern Observatory, Santiago, Av. Alonso de Córdoba 3107, Casilla 19, Santiago, Chile
10INAF, Osservatorio Astronomico di Capodimonte, Via Moiariello 16, 80131, Naples, Italy

Context: The details of how galaxies have evolved over cosmological times are imprinted in their star formation history,
chemical enrichment and morpho-kinematic structure. Parameters behind these such as effective temperature and
metallicity can be measured by combining photometric techniques with modelling. However, there are uncertainties
with this indirect approach from the ambiguity of colour and magnitude and the effects of interstellar reddening.
Aims: In this paper we present a detailed reddening map of the central 30 Doradus region of the Large Magellanic
Cloud; for both community use and as a test of the methods used for future use on a wider area. The reddening, a
measurement of dust extinction, acts as a tracer of the interstellar medium (ISM).
Methods: Near infrared (NIR) photometry of the red clump stars is used to measure reddening as their fixed luminosity
and intermediate age make extinction the dominant cause of colour and magnitude variance. The star formation history
derived previously from these data is used to produce an intrinsic colour to act as a zero point in converting colour to
reddening values E(J − Ks) which are subsequently converted to visual extinction AV.
Results: Presented is a dust map for the 30 Doradus field in both AV and E(J − Ks). This map samples a region of
1◦×1.◦5, containing ∼ 1.5×105 red clump stars which probe reddening up to AV ≃ 6 mag. We compare our map with
maps from the literature, including optical extinction maps and radio, mid- and far-infrared maps of atomic hydrogen
and dust emission. Through estimation of column density we locate molecular clouds.
Conclusions: This new reddening map shows correlation with equivalent maps in the literature, validating the method
of red clump star selection. We make our reddening map available for community use. In terms of ISM the red clump
stars appear to be more affected by the cooler dust measured by 70-µm emission because there is stronger correlation
between increasing emission and extinction due to red clump stars not being located near hot stars that would heat
the dust. The transition from atomic hydrogen to molecular hydrogen occurs between densities of NH ≃ 4 × 1021

cm−2 and NH ≃ 6 × 1021 cm−2.

Accepted for publication in Astronomy and Astrophysics

Available from arXiv:1304.1153
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Multifrequency study of SNR J0533−7202, a new supernova remnant in
the LMC

L.M. Bozzetto1, M.D. Filipović1, E.J. Crawford1, M. Sasaki2, P. Maggi3, F. Haberl3, D. Urošević4,5, J.L. Payne1,

A.Y. De Horta1, M. Stupar6,7, R. Gruendl8 and J. Dickel9

1School of Computing and Mathematics, University of Western Sydney Locked Bag 1797, Penrith South DC, NSW 1797, Australia
2Institut für Astronomie und Astrophysik Tübingen, Sand 1, D-72076 Tübingen, Germany
3Max-Planck-Institut für extraterrestrische Physik, Gießenbachstraße, D-85748 Garching, Germany
4Department of Astronomy, Faculty of Mathematics, University of Belgrade, Studentski trg 16, 11000 Belgrade, Serbia
5Isaac Newton Institute of Chile, Yugoslavia Branch
6Department of Physics, Macquarie University, Sydney, NSW 2109, Australia
7Australian Astronomical Observatory, P.O. Box 296, Epping, NSW 1710, Australia
8Department of Astronomy, University of Illinois, 1002 West Green Street, Urbana, IL 61801, USA
9Physics and Astronomy Department, University of New Mexico, MSC 07-4220, Albuquerque, NM 87131, USA

We present a detailed study of Australia Telescope Compact Array (ATCA) observations of a newly discovered Large
Magellanic Cloud (LMC) supernova remnant (SNR), SNRJ0533−7202. This object follows a horseshoe morphology,
with a size 37 pc × 28 pc (1-pc uncertainty in each direction). It exhibits a radio spectrum with the intrinsic
synchrotron spectral index of α = −0.47 ± 0.06 between 73 and 6 cm. We report detections of regions showing
moderately high fractional polarisation at 6 cm, with a peak value of 36 ± 6% and a mean fractional polarisation of
12 ± 7%. We also estimate an average rotation measure across the remnant of −591 rad m−2. The current lack of
deep X-ray observation precludes any conclusion about high-energy emission from the remnant. The association with
an old stellar population favours a thermonuclear supernova origin of the remnant.

Accepted for publication in Monthly Notices of the Royal Astronomical Society

Available from arXiv:1304.0495

Single-star H ii regions as a probe of massive star spectral energy
distributions

Jordan Zastrow1, M.S. Oey1 and E.W. Pellegrini2

1U. Michigan, USA
2U. Toledo, USA

The shape of OB-star ionizing spectral energy distributions (SED) is a critical component in many diagnostics of galaxy
and ISM properties. To quantitatively examine the shape of the OB-star SED, we compare long slit observations of
single-star, LMC H ii regions to the predictions from cloudy photoionization simulations that use CoStar, tlusty,
and WM-basic stellar atmosphere models as the ionizing source. For each atmosphere model, we run grids of H ii

region simulations with the effective temperature (Teff) of the star as a free parameter. The best SEDs from each
atmosphere code are found by matching the predicted emission-line spectra with those observed from the nebulæ. By
assuming a clumpy gas distribution, all atmosphere codes are able to reproduce the observed emission lines, except
at the highest energy transitions >∼40 eV. Taking into account both low and high energy transitions, we find that
simulations using WM-basic produce the best agreement with the observed line ratios. The rates of ionizing photons
from different atmosphere models vary systematically with the relative hardness of the SEDs. However, in general the
rates produced by the model SEDs, for standard log g = 4.0 models, are consistent with the rates derived from the Hα
luminosities. We find that our effective temperatures inferred from the nebular ionization balance are consistent with
those predicted by conventional photospheric-based calibrations from the literature. We suggest that future spectral
type to Teff calibrations can be constructed from nebular data.

Accepted for publication in The Astrophysical Journal

Available from arXiv:1212.5487
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The eclipsing binary Cepheid OGLE-LMC-CEP-0227 in the Large
Magellanic Cloud: pulsation modelling of light and radial velocity

curves
M. Marconi1, R. Molinaro1, G. Bono2,3, G. Pietrzyński4,5, W. Gieren5, B. Pilecki4.5, R.F. Stellingwerf6, D.

Graczyk5, R. Smolec7, P. Konorski4, K. Suchomska4, M. Górski4 and P. Karczmarek4

1INAF–Osservatorio Astronomico di Capodimonte, Napoli, Italy
2Dipartimento di Fisica, Università di Roma Tor Vergata, Roma, Italy
3INAF–Osservatorio Astronomico di Roma, Italy
4Warsaw University Observatory, Poland
5Universidad de Concepción, Departamento de Astronomı́a, Chile
6Stellingwerf Consulting, Huntsville, AL, USA
7Nicolaus Copernicus Astronomical Centre, Warszawa, Poland

We performed a new and accurate fit of light and radial velocity curves of the Large Magellanic Cloud (LMC) Cepheid
– OGLE-LMC-CEP-0227 – belonging to a detached double-lined eclipsing binary system. We computed several
sets of nonlinear, convective models covering a broad range in stellar mass, effective temperature and in chemical
composition. The comparison between theory and observations indicates that current theoretical framework accounts
for luminosity – V and I band – and radial velocity variations over the entire pulsation cycle. Predicted pulsation
mass – M = 4.14±0.06 M⊙ – and mean effective temperature – Teff = 6100±50 K – do agree with observed estimates
with an accuracy better than 1 σ. The same outcome applies, on average, to the luminosity amplitudes and to the
mean radius. We find that the best fit solution requires a chemical composition that is more metal-poor than typical
LMC Cepheids (Z = 0.004 vs. 0.008) and slightly helium enhanced (Y = 0.27 vs. 0.25), but the sensitivity to He
abundance is quite limited. Finally, the best fit model reddening – E(V − I) = 0.171 ± 0.015 mag – and the true
distance modulus corrected for the barycenter of the LMC – µ0,LMC = 18.50±0.02±0.10(syst) mag – agree quite well
with similar estimates in the recent literature.

Accepted for publication in ApJ Letters

Available from arXiv:1304.0860

On the pulsation modes of OGLE small amplitude red giant variables in
the LMC

Masaki Takayama1, Hideyuki Saio1 and Yoshifusa Ita1

1Astronomical Institute, Tohoku University, Japan

We discuss the properties of pulsations in the OGLE Small Amplitude Red Giants (OSARGs) in the Large Magellanic
Cloud (LMC). We consider stars below the red-giant tip in this paper. They are multi-periodic and form three
sequences in the period–luminosity plane. Comparing the periods and period ratios with our theoretical models, we
have found that these sequences correspond to radial first to third overtones, and nonradial dipole p4 and quadrupole p2

modes. The red-giant branch stars of OSARGs consist of stars have initial masses of ∼ 0.9–1.4 M⊙ which corresponds
to a luminosity range of log L/L⊙ ≃ 2.8–3.4. With these parameters, the scaled optimal frequency νmax for solar-like
oscillations goes through roughly the middle of the three sequences in the period-luminosity plane, suggesting the
stochastic excitation is likely the cause of the pulsations in OSARGs.

Accepted for publication in MNRAS

Available from arXiv:1303.7059
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Millimeter dust emission compared with other mass estimates in N11
molecular clouds in the LMC

Cinthya N. Herrera1,2, Monica Rubio2, Alberto D. Bolatto3, François Boulanger1, Frank P. Israel4 and Fredrik T.

Rantakyrö5

1Institut d’Astrophysique Spatiale (IAS), UMR8617, Université Paris-Sud 11, Bâtiment 121, 91405 Orsay Cedex, France
2Departamento de Astronomı́a, Universidad de Chile, Casilla 36-D, Las Condes, Santiago Chile
3Department of Astronomy and Laboratory for Millimeter-Wave Astronomy, University of Maryland, College Park, MD 20742
4Sterrewacht Leiden, Leiden University, P.O. Box 9513, 2300 RA, Leiden, The Netherlands
5Gemini Observatory, Southern Operations Center, c/o AURA, Casilla 603, La Serena, Chile

CO and dust emission at millimeter wavelengths are independent tracers of cold interstellar matter, which have seldom
been compared on the scale of giant molecular clouds (GMCs) in other galaxies. In this study, and for the first time for
the Large Magellanic Cloud (LMC), we compute the molecular cloud masses from the millimeter emission of the dust
and compare them with the masses derived from their CO luminosity and virial theorem. We present CO (J = 1–0
and J = 2–1) and 1.2 mm continuum observations of the N 11 star forming region in the LMC obtained with the SEST
telescope and the SIMBA bolometer, respectively. We use the CO data to identify individual molecular clouds and
measure their physical properties (CO luminosity, size, line width, and virial masses). The correlations between the
properties of the N 11 clouds agree with those found in earlier studies in the LMC that sample a wider set of clouds
and a larger range of cloud masses. For the N11 molecular clouds, we compare the masses estimated from the CO
luminosity (XCOLCO), the virial theorem (Mvir) and the millimeter dust luminosity (L1.2mm(dust)). The measured
ratios LCO/Mvir and L1.2mm(dust)/Mvir constrain the XCO and Kdust (dust emissivity at 1.2 mm per unit gas mass)
parameters as a function of the virial parameter αvir. The comparison between the different mass estimates yields a
XCO-factor of 8.8 ± 3.5 × 1020 cm−2 (K km s−1)−1 α−1

vir and a Kdust parameter of 1.5 ± 0.5 × 10−3 cm2 g−1 αvir. We
compare our N 11 results with a similar analysis for molecular clouds in the Gould’s Belt in the solar neighborhood.
We do not find a large discrepancy in N11 between the dust millimeter and virial masses as reported in earlier studies
of molecular clouds in the Small Magellanic Cloud. The ratio between L1.2mm and Mvir in N 11 is half of what is
measured for Gould’s Belt clouds, which can be accounted for by a factor of two lower gas-to-dust mass ratio, as the
difference in gas metallicities. If the two samples have similar αvir values, this result implies that their dust far-IR
properties are also similar.

Accepted for publication in Astronomy & Astrophysics

Available from arXiv:1304.0453

R 144 revealed as a double-lined spectroscopic binary
H. Sana1, T. van Boeckel1, F. Tramper1, L.E. Ellerbroek1, A. de Koter1,2,3, L. Kaper1, A.F.J. Moffat4, O.

Schnurr5, F.R.N. Schneider6 and D.R. Gies7

1Astronomical Institute Anton Pannekoek, Amsterdam University, Science Park 904, 1098 XH, Amsterdam, The Netherlands
2Utrecht University, Princetonplein 5, 3584CC, Utrecht, The Netherlands
3Instituut voor Sterrenkunde, Universiteit Leuven, Celestijnenlaan 200 D, 3001, Leuven, Belgium
4Department de Physique, Université de Montréal l and Centre de Recherche en Astrophysique du Quebec, C.P. 6128, succ. centre-ville,

Montréal (Qc), Canada
5Leibniz Institut für Astrophysik Potsdam (AIP), An der Sternwarte 16, 14482 Potsdam, Germany
6Argelander-Institut für Astronomie, Universität Bonn, Auf dem Hügel 71, 53121 Bonn, Germany
7Center for High Angular Resolution Astronomy and Department of Physics and Astronomy, Georgia State University, P.O. Box 4106,

Atlanta, GA 30302-4106, USA

R 144 is a WN6h star in the 30 Doradus region. It is suspected to be a binary because of its high luminosity and
its strong X-ray flux, but no periodicity could be established so far. Here, we present new X-shooter multi-epoch
spectroscopy of R 144 obtained at the ESO Very Large Telescope (VLT). We detect variability in position and/or
shape of all the spectral lines. We measure radial velocity variations with an amplitude larger than 250 km s−1 in
N iv and Nv lines. Furthermore, the N iii and Nv line Doppler shifts are anti-correlated and the N iv lines show a
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double-peaked profile on six of our seven epochs. We thus conclude that R 144 is a double-lined spectroscopic binary.
Possible orbital periods range from 2 to 6 months, although a period up to one year is allowed if the orbit is highly
eccentric. We estimate the spectral types of the components to be WN5–6h and WN6–7h, respectively. The high
luminosity of the system (log Lbol/L⊙ ∼ 6.8) suggests a present-day total mass content in the range of about 200 to
300 M⊙, depending on the evolutionary stage of the components. This makes R 144 the most massive binary identified
so far, with a total mass content at birth possibly as large as 400 M⊙. We briefly discuss the presence of such a
massive object 60 pc away from the R 136 cluster core in the context of star formation and stellar dynamics.

Accepted for publication in MNRAS Letters

Available from arXiv:1304.4591
and from http://mnrasl.oxfordjournals.org/content/early/2013/03/27/mnrasl.slt029

Detection of a 522 s pulsation from the transient X-ray source
Suzaku J0102.8−7204 (SXP 523) in the Small Magellanic Cloud

Qazuya Wada1,2, Masahiro Tsujimoto1, Ken Ebisawa1,2 and Eric D. Miller3

1Japan Aerospace Exploration Agency, Institute of Space and Astronautical Science, Japan
2The University of Tokyo, Japan
3Massachusetts Institute of Technology, USA

During a routine calibration observation of 1E 0102.2−7219 in the Small Magellanic Cloud (SMC) carried out in
October 2012 for the Suzaku satellite, we detected a transient X-ray source at (RA, Dec) = (01h02m47s,−72◦04′54′′)
in the equinox J2000.0 with a positional uncertainty of ∼ 1.′′4. We conducted a temporal and spectral analysis of
the source and found a coherent pulse signal with a period of 522.3 ± 0.1 s, and a featureless spectrum described by
a single power-law model with a photon index of 1.0 ± 0.1 and a 0.5–10 keV luminosity of 8.8 × 1035 erg s−1 at an
assumed distance of 60 kpc. The Suzaku source is likely to be the counterpart of 2XMMJ010247.4−720449, which
has been observed several times, including during outburst by Swift. Based on the X-ray characteristics in our data,
as well as the transient record and optical and near-infrared features in the literature, we conclude that this source is
a high-mass X-ray binary pulsar with a Be star companion in the SMC, which is known to harbor an exceptionally
large (80) number of such sources in comparison to our Galaxy.

Accepted for publication in Publications of the Astronomical Society of Japan

Available from arXiv:1303.0119

The COS/UVES absorption survey of the Magellanic Stream: I.
One-tenth solar abundances along the body of the Stream

Andrew J. Fox1, Philipp Richter2, Bart P. Wakker3, Nicolas Lehner4, J. Christopher Howk4, Nadya Ben Behkti5,

Joss Bland Hawthorn6 and Stephen Lucas7

1STScI, USA
2Potsdam, Germany
3Wisconsin, USA
4Notre Dame, USA
5Bonn, Germany
6Sydney, Australia
7UCL, UK

The Magellanic Stream (MS) is a massive and extended tail of multi-phase gas stripped out of the Magellanic Clouds
and interacting with the Galactic Halo. In this first paper of an ongoing program to study the Stream in absorption, we
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present a chemical abundance analysis based on HST/COS and VLT/UVES spectra of four AGN (RBS 144, NGC 7714,
PHL 2525, and HE 0056−3622) lying behind the MS. Two of these sightlines yield good MS metallicity measurements:
toward RBS144 we measure a low MS metallicity of [S/H] = [S ii/H i] = −1.13 ± 0.16 while toward NGC 7714 we
measure [O/H] = [O i/H i] = −1.24±0.20. Taken together with the published MS metallicity toward NGC 7469, these
measurements indicate a uniform abundance of ∼ 0.1 solar along the main body of the Stream. This provides strong
support to a scenario in which most of the Stream was tidally stripped from the SMC ∼ 1.5–2.5 Gyr ago (a time at
which the SMC had a metallicity of ∼ 0.1 solar), as predicted by several N -body simulations. However, in Paper II of
this series (Richter et al. 2013), we report a much higher metallicity ([S/H] = 0.5 solar) in the inner Stream toward
Fairall 9, a direction sampling a filament of the MS that Nidever et al. (2008) claim can be traced kinematically to the
LMC, not the SMC. This shows that the bifurcation of the Stream is evident in its metal enrichment, as well as its
spatial extent and kinematics. Finally we measure a similar low metallicity [O/H] = [O i/H i] = −1.03 ± 0.18 in the
vLSR = 150 km s−1 cloud toward HE 0056−3622, which belongs to a population of anomalous velocity clouds near the
South Galactic Pole. This suggests these clouds are associated with the Stream or more distant structures (possibly
the Sculptor Group, which lies in this direction at the same velocity), rather than tracing foreground Galactic material.

Accepted for publication in ApJ

Available from arXiv:1304.4240

The COS/UVES Survey of the Magellanic Stream: II. Evidence for a
complex enrichment history of the Stream from the Fairall 9 sightline

Philipp Richter1, Andrew J. Fox2, Bart P. Wakker3, Nicolas Lehner4, J. Christopher Howk4, Joss Bland-Hawthorn5,

Nadya Ben Bekhti6 and Cora Fechner1

1Potsdam, Germany
2STScI, USA
3Wisconsin, USA
4Notre Dame, USA
5Sydney, Australia
6Bonn, Germany

We present a multi-wavelength study of the Magellanic Stream (MS), a massive gaseous structure in the Local Group
that is believed to represent material stripped from the Magellanic Clouds. We use ultraviolet, optical and radio data
obtained with HST/COS, VLT/UVES, FUSE and GASS to study metal abundances and physical conditions in the
Stream toward the quasar Fairall 9. Line absorption in the MS is detected from a large number of metal ions and from
molecular hydrogen. From the analysis of unsaturated S ii absorption, in combination with a detailed photoionization
model, we obtain a surprisingly high α abundance in the Stream toward Fairall 9 of [S/H] = −0.30 ± 0.04 (0.5 solar).
This value is 5 times higher than what is found along other MS sightlines based on similar COS/UVES data sets.
In contrast, the measured nitrogen abundance is found to be substantially lower ([N/H] = −1.15 ± 0.06), implying a
very low [α/N] ratio of −0.85 dex. The substantial differences in the chemical composition of the Magellanic Stream
toward Fairall 9 compared to other lines of sight, together with the presence of dust and molecular gas, point toward
a complex enrichment history of the Magellanic Stream. We favour a scenario, in which the gas was locally enriched
with α elements by massive stars in a star-forming region in the SMC or LMC and then was expelled and/or stripped
from the stellar disk before the delayed nitrogen enrichment from intermediate-mass stars could set in. (abridged)

Submitted to ApJ

Available from arXiv:1304.4242
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Hubble Tarantula Treasury Project: Unraveling Tarantula’s web. I.
Observational overview and first results

E. Sabbi1, J. Anderson1, D.J. Lennon2, R.P. van der Marel1, A. Aloisi1, M.L. Boyer3,4, M. Cignoni5,6, G. de

Marchi7, S.E. de Mink 1,8,9, C.J. Evans 10, J.S. Gallagher11, K. Gordon1, D.A. Gouliermis12, E.K. Grebel13, A.M.

Koekemoer1, S.S. Larsen14, N. Panagia1,15,16, J.E. Ryon11, L.J. Smith17, M. Tosi6 and D. Zaritsky18

1Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD, 21218, USA
2ESA – European Space Astronomy Center, Apdo. de Correo 78, 28691 Villanueva de la Canada, Madrid, Spain
3Observational Cosmology Lab, Code 665, NASA, Goddard Space Flight Center, Greenbelt, MD, 20771, USA
4Oak Ridge Associate Universities (ORAU), Oak Ridge, TN 37831, USA
5Dipartimento di Astronomia, Università degli Studi di Bologna, via Ranzani, I-40127 Bologna, Italy
6Istituto Nazionale di Astrofisica, Osservatorio Astronomico di Bologna, Via Ranzani 1, I-40127 Bologna, Italy
7Space Science Department, European Space Agency, Keplerlaan 1, 2200 AG Noordwijk, The Netherlands
8Johns Hopkins University, 3400 N. Charles St., Baltimore, MD, 21218, USA
9Hubble Fellow
10UK Astronomy Technology Center, Royal Observatory Edinburgh, Blackford Hill, Edinburgh, EH9 3HJ, UK
11Department of Astronomy, University of Wisconsin, 475 North Charter Street, Madison, WI 53706, USA
12Universität Heidelberg, Zentrum für Astronomie, Institut für Theoretische Astrophysik, Albert-Überle-Straße 2, 69120 Heidelberg, Ger-

many
13Universität Heidelberg, Zentrum für Astronomie, Astronomisches Rechen-Institut, Mönchhofstraße 12-14, 69120 Heidelberg, Germany
14Department of Astrophysics / IMAPP, Radboud University Nijmegen, P.O. Box 9010, 6500 GL Nijmegen, The Netherlands
15Istituto Nazionale di Astrofisica, Osservatorio Astrofisico di Catania, Via Santa Sofia 78, 95123 Catania, Italy
16Supernova Limited, OYV 131, Northsound Road, Virgin Gorda, British Virgin Islands
17ESA/STScI, 3700 San Martin Drive, Baltimore, MD, 21218, USA
18Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721, USA

The Hubble Tarantula Treasury Project (HTTP) is an ongoing panchromatic imaging survey of stellar populations in
the Tarantula Nebula in the Large Magellanic Cloud that reaches into the sub-solar mass regime (< 0.5 M⊙). HTTP
utilizes the capability of HST to operate the Advanced Camera for Surveys (ACS) and the Wide Field Camera 3
(WFC3) in parallel to study this remarkable region in the near-ultraviolet, optical, and near-infrared spectral regions,
including narrow band Hα images. The combination of all these bands provides a unique multi-band view. The
resulting maps of the stellar content of the Tarantula Nebula within its main body provide the basis for investigations
of star formation in an environment resembling the extreme conditions found in starburst galaxies and in the early
Universe. Access to detailed properties of individual stars allows us to begin to reconstruct the evolution of the stellar
skeleton of the Tarantula Nebula over space and time with parcsec-scale resolution. In this first paper we describe
the observing strategy, the photometric techniques, and the upcoming data products from this survey and present
preliminary results obtained from the analysis of the initial set of near-infrared observations.

Submitted to AJ

Available from arXiv:1304.6747

Eight new radio pulsars in the Large Magellanic Cloud
Joshua Ridley1, Fronefield Crawford2, Duncan Lorimer3,4,5, Suzannah Bailey6, John Madden2, Ryan Anella2 and

Jayanth Chennamangalam3

1Murray State University, USA
2Franklin & Marshall College, USA
3West Virginia University, USA
4National Radio Astronomy Observatory, USA
5University of Oxford, UK
6Syracuse University, USA

We present the discovery of eight new radio pulsars located in the Large Magellanic Cloud (LMC). Five of these pulsars
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were found from reprocessing the Parkes Multibeam Survey of the Magellanic Clouds, while the remaining three were
from an ongoing new survey at Parkes with a high resolution data acquisition system. It is possible that these pulsars
were missed in the earlier processing due to radio frequency interference, visual judgment, or the large number of
candidates that must be analysed. One of these new pulsars has a dispersion measure of 273 pc cm−3, almost twice
the highest previously known value, making it possibly the most distant LMC pulsar. In addition, we present the null
result of a radio pulse search of an X-ray point source located in SNRJ0047.2−7308 in the Small Magellanic Cloud
(SMC). Although no millisecond pulsars have been found, these discoveries have increased the known rotation powered
pulsar population in the LMC by more than 50%. Using the current sample of LMC pulsars, we used a Bayesian
analysis to constrain the number of potentially observable pulsars in the LMC to within a 95% credible interval of
57000+70000

−30000. The new survey at Parkes is ∼ 20% complete and it is expected to yield at most six millisecond pulsars
in the LMC and SMC. Although it is very sensitive to short period pulsars, this new survey provides only a marginal
increase in sensitivity to long periods. The limiting luminosity for this survey is 125 mJy kpc2 for the LMC which
covers the upper 10% of all known radio pulsars. The luminosity function for normal pulsars in the LMC is consistent
with their counterparts in the Galactic Disk. The maximum 1400 MHz radio luminosity for LMC pulsars is ∼ 1000
mJy kpc2.

Accepted for publication in MNRAS

Available from arXiv:1304.6412

The effects of rotation on the main-sequence turnoff of intermediate-age
massive star clusters

Wuming Yang1,2, Shaolan Bi1, Xiangcun Meng2 and Zhie Liu1

1Department of Astronomy, Beijing Normal University, Beijing 100875, China
2School of Physics and Chemistry, Henan Polytechnic University, Jiaozuo 454000, Henan, China

The double or extended main-sequence turnoffs (MSTOs) in the color–magnitude diagram (CMD) of intermediate-age
massive star clusters in the Large Magellanic Cloud are always interpreted as age spreads. However, it has been
confirmed that the age spreads do not exist in young massive star clusters in the Large Magellanic Cloud, which is
challenging the scenario of the age spreads. The result of effects of rotation on the MSTOs of star clusters is conflicting
in previous works. Compared with previous works, we consider the effects of rotation on the MS lifetime and take a
different efficiency of rotational mixing. Our calculations show that rotating models have a fainter and redder turnoff
with respect to non-rotating counterparts with ages between about 0.8 and 2.2 Gyr, but they have a brighter and
bluer turnoff when age is larger than 2.4 Gyr. The spread of the MSTO caused by a typical rotation rate is equivalent
to the effect of an age spread of about 200 Myr in the CMD of intermediate-age star clusters. Rotation could lead to
the double or extended MSTOs in the CMD of the star clusters with ages between about 0.8 and 2.2 Gyr. But the
extension is not significant, even does not exist in young clusters. If the efficiency of the mixing were high enough,
the effects of the mixing would counteract the effect of the centrifugal support in the late stage of evolutions, the
rotationally induced extension would disappear in the old intermediate-age star clusters; and young clusters would
have a blueward extended MSTO.

Submitted to ApJ

Available from arXiv:1304.5865
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Massive stars at low metallicity: Evolution and surface abundances of O
dwarfs in the SMC

Jean-Claude Bouret1, Thierry Lanz2, Fabrice Martins3, Wagner Marcolino4, D. John Hillier5, Eric Depagne 6 and

Ivan Hubeny7
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We study the evolution, rotation, and surface abundances of O-type dwarfs in the Small Magellanic Cloud. We
analyzed the UV and optical spectra of twenty-three objects and derived photospheric and wind properties. The
observed binary fraction of the sample is ∼ 26%, which is compatible with more systematic studies, if one considers
that the actual binary fraction is potentially larger owing to low-luminosity companions and that the sample excluded
obvious spectroscopic binaries. The location of the fastest rotators in the H–R diagram indicates that these could be
several Myr old. The offset in the position of these fast rotators compared with the other stars confirms the predictions
of evolutionary models that fast-rotating stars tend to evolve more vertically in the H–R diagram. Only one star of
luminosity class Vz, expected to best characterize extreme youth, is located on the ZAMS, the other two stars are
more evolved. The distribution of nitrogen abundance of O and B stars suggests that the mechanisms responsible for
the chemical enrichment of slowly rotating massive stars depends only weakly on the star’s mass. We confirm that
the group of slowly rotating N-rich stars is not reproduced by the evolutionary tracks. Our results call for stronger
mixing in the models to explain the range of observed N abundances. All stars have an N/C ratio as a function of
stellar luminosity that matches the predictions of the stellar evolution models well. More massive stars have a higher
N/C ratio than the less massive stars. Faster rotators show on average a higher N/C ratio than slower rotators. The
N/O versus N/C ratios agree qualitatively well with those of stellar evolution models. The only discrepant behavior is
observed for the youngest two stars of the sample, which both show very strong signs of mixing, which is unexpected
for their evolutionary status.

Accepted for publication in Astronomy & Astrophysics

Available from arXiv:1304.6923

Discovery of a 168.8 s X-ray pulsar transiting in front of its Be
companion star in the Large Magellanic Cloud

P. Maggi1, F. Haberl1, R. Sturm1, W. Pietsch1, A. Rau1, J. Greiner1, A. Udalski2 and M. Sasaki3
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Aims: We report the discovery of LXP 169, a new high-mass X-ray binary in the Large Magellanic Cloud. The optical
counterpart has been identified and appears to exhibit an eclipsing light curve. We performed follow-up observations
to clarify the eclipsing nature of the system.
Methods: Energy spectra and time series were extracted from two XMM–Newton observations to search for pulsations,
characterise the spectrum, and measure spectral and timing changes. Long-term X-ray variability was studied using
archival ROSAT data. The XMM–Newton positions were used to identify the optical counterpart. We obtained
ultraviolet to near-infrared photometry to characterise the companion, along with its 4000-d I-band light curve and
colour–magnitude variability. We observed LXP 169 with Swift at two predicted eclipse times.
Results: We found a spin period of 168.8 s that did not change between two XMM–Newton observations. The X-ray
spectrum, well characterised by a power law, was harder when the source was brighter. The X-ray flux of LXP 169 is
found to be variable by a factor of at least 10. The counterpart is highly variable on short and long timescales, and its
photometry is that of an early-type star with an ouflowing circumstellar disc producing a near-infrared excess. This
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classifies the source as a Be/X-ray binary pulsar. We observe a transit in the ultraviolet, thereby confirming that the
companion star itself is eclipsed. We give an ephemeris for the transit of MJD 56203.877+0.934

−0.197 +N × (24.329± 0.008).
We propose and discuss the scenario where the matter captured from the companion’s equatorial disc creates an
extended region of high density around the neutron star, which partially eclipses the companion as the neutron star
transits in front of it.
Conclusions: This is most likely the first time the compact object in an X-ray binary is observed to eclipse its
companion star. LXP169 would be the first eclipsing Be/X-ray binary, and a wealth of important information might
be gained from additional observations, such as a measure of the possible Be disc / orbital plane misalignment, or the
mass of the neutron star.

Accepted for publication in Astronomy and Astrophysics
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Blue straggler evolution caught in the act in the Large Magellanic
Cloud globular cluster Hodge 11
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High-resolution Hubble Space Telescope imaging observations show that the radial distribution of the field-decontamina-
ted sample of 162 ‘blue straggler’ stars (BSs) in the 11.7+0.2

−0.1 Gyr-old Large Magellanic Cloud cluster Hodge 11 exhibits
a clear bimodality. In combination with their distinct loci in color–magnitude space, this offers new evidence in support
of theoretical expectations that suggest different BS formation channels as a function of stellar density. In the cluster’s
color–magnitude diagram, the BSs in the inner 15′′ (roughly corresponding to the cluster’s core radius) are located
more closely to the theoretical sequence resulting from stellar collisions, while those in the periphery (at radii between
85′′ and 100′′) are preferentially found in the region expected to contain objects formed through binary mass transfer
or coalescence. In addition, the objects’ distribution in color–magntiude space provides us with the rare opportunity
in an extragalactic environment to quantify the evolution of the cluster’s collisionally induced BS population and the
likely period that has elapsed since their formation epoch, which we estimate to have occurred ∼ 4–5 Gyr ago.

Accepted for publication in Astrophysical Journal Letters

Available from arXiv:1304.4312

Detailed abundance study of four s-process enriched post-AGB stars in
the Large Magellanic Cloud

Els van Aarle1, Hans Van Winckel1, Kenneth De Smedt1, Devika Kamath2 and Peter R. Wood2
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Stellar photospheres of post-asymptotic giant branch stars bear witness to the internal chemical enrichment processes,
integrated over their entire stellar evolution. Here we study post-AGB stars in the Large Magellanic Cloud (LMC).
With their known distances, these rare objects are ideal tracers of AGB nucleosynthesis and dredge-up phenomena.
We used the UVES spectrograph mounted on the Very Large Telescope (VLT) at the European Southern Observatory
(ESO), to obtain high-resolution spectra with high signal-to-noise (S/N) of a sample of four post-AGB stars. The
objects display a spectral energy distribution (SED) that indicates the presence of circumstellar dust. All objects
are carbon-rich, and strongly enhanced in s-process elements. We deduced abundances of heavy s-process elements
for all stars in the sample, and even found an indication of the presence of Hg in the spectrum of one object. The
metallicity of all stars except J053253.51−695915.1 is considerably lower than the average value that is observed for
the LMC. The derived luminosities show that we witness the late evolution of low-mass stars with initial masses
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close to 1 M⊙. An exception is J053253.51−695915.1 and we argue that this object is likely a binary. We confirmed
the correlation between the efficiency of the third-dredge up and the neutron exposure that is detected in Galactic
post-AGB stars. The non-existence of a correlation between metallicity and neutron irradiation is also confirmed and
expanded to smaller metallicities. We confirm the status of 21-µm stars as post-carbon stars. Current theoretical
AGB models overestimate the observed C/O ratios and fail to reproduce the variety of s-process abundance patterns
that is observed in otherwise very similar objects. Similar results have recently been found for a post-AGB star in the
Small Magellanic Cloud (SMC).

Accepted for publication in Astronomy and Astrophysics
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Studying the kinematics of the giant star-forming region 30Doradus. I.
The data
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We present high-quality VLT-FLAMES optical spectroscopy of the nebular gas in the giant star-forming region
30 Doradus. In this paper, the first of a series, we introduce our observations and discuss the main kinematic features
of 30 Dor, as revealed by the spectroscopy of the ionized gas in the region. The primary data set consists of regular
grid of nebular observations, which we used to produce a spectroscopic datacube of 30Dor, centered on the massive
star cluster R 136 and covering a field-of-view of 10′ × 10′. The main emission lines present in the datacube are from
Hα and [N ii] 6548,6584. The Hα emission-line profile varies across the region from simple single-peaked emission to
complex, multiple-component profiles, suggesting that different physical mechanisms are acting on the excited gas.
To analyse the gas kinematics we fit Gaussian profiles to the observed Hα features. Unexpectedly, the narrowest Hα
profile in our sample lies close to the supernova remnant 30 Dor B. We present maps of the velocity field and velocity
dispersion across 30 Dor, finding five previously unclassified expanding structures. These maps highlight the kinematic
richness of 30 Dor (e.g., supersonic motions), which will be analysed in future papers.
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Properties of the three-dimensional structure in the central region of
the supernova remnant SNR 0540−69.3

C. Sandin1, P. Lundqvist2, N. Lundqvist2, C.-I. Björnsson2, G. Olofsson2 and Ya. Shibanov3,4

1Leibniz-Institut für Astrophysik Potsdam (AIP), An der Sternwarte 16, 144 82 Potsdam, Germany
2Department of Astronomy, Stockholm University, Oskar Klein Centre, AlbaNova Science Center, SE-106 91 Stockholm, Sweden
3Ioffe Physical Technical Institute, Politekhnicheskaya 26, St Petersburg, 194021, Russia
4St. Petersburg State Polytechnical Univ., Polytekhnicheskaya 29, St. Petersburg, 195251, Russia

We present and discuss new visual wavelength-range observations of the inner regions of the supernova remnant
SNR 0540−69.3 that is located in the Large Magellanic Cloud (LMC). These observations provide us with more
spatial and spectral information than were previously available for this object. We use these data to create a detailed
three-dimensional model of the remnant, assuming linear expansion of the ejecta. With the observations and the model
we study the general three-dimensional structure of the remnant, and the influence of an active region in the remnant
– a “blob” – that we address in previous papers. We used the fibre-fed integral-field spectrograph VIMOS at the Very
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Large Telescope of the European Southern Observatory. The observations provide us with three-dimensional data in
[O iii]λ5007 and [S ii]λλ6717,6731 at an 0.′′33 × 0.′′33 spatial sampling and a velocity resolution of about 35 km s−1.
We decomposed the two, partially overlapping, sulphur lines and used them to calculate electron densities across the
remnant at high signal-to-noise ratio. In our study we recover results of previous studies, but we are more importantly
able to obtain more detailed information than before. Our analysis reveals a structure that stretches from the position
of the “blob”, and into the plane of the sky at a position angle of PA ≃ 60◦. Assuming a remnant age of 1000 years
and the usual LMC distance, the structure has an inclination angle of about 65◦ to the line of sight. The position
angle is close to the symmetry axis with present and past activity in the visual and the X-ray wavelength ranges. We
speculate that the pulsar is positioned along this activity axis, where it has a velocity along the line of sight of a few
hundred km s−1. The “blob” is most likely a region of shock activity, as it is mainly bright in [S ii]; future observations
of [O ii]λλ3726,3729 would be useful to test whether the S/O abundance ratio is higher than average for that location
in the remnant. The striking resemblance in X-rays between the pulsar wind nebula (PWN) of SNR0540–69.3 and
the Crab, in combination with our findings in this paper, suggests that the symmetry axis is part of a torus in the
PWN. This is in agreement with the original suggestion by Gotthelf & Wang.
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Eight years of optical photometry from OGLE-III are presented of the optical counterpart to the High Mass X-ray
Binary system, SMCX-1. The optical data provide the best view to date of the modulation of the light from the
system at the binary period of 3.9 d. In addition, it is shown for the first time that the light is also modulated at
the superorbital period – a period associated with the precessing of a warped accretion disk around the neutron star
partner. The implications for the sources of the various components of the optical light in this system are discussed.
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Contrasting behaviour from two Be/X-ray binary pulsars: insights into
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In this paper we present the identification of two periodic X-ray signals coming from the direction of the Small
Magellanic Cloud (SMC). On detection with the Rossi X-ray Timing Explorer (RXTE), the 175.4s and 85.4s pulsations
were considered to originate from new Be/X-ray binary (BeXRB) pulsars with unknown locations. Using rapid follow-
up INTEGRAL and XMM–Newton observations, we show the first pulsar (designated SXP 175) to be coincident with
a candidate high-mass X-ray binary (HMXB) in the northern bar region of the SMC undergoing a small Type II
outburst. The orbital period (87 d) and spectral class (B0–B0.5IIIe) of this system are determined and presented
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here for the first time. The second pulsar is shown not to be new at all, but is consistent with being SXP 91.1 – a
pulsar discovered at the very beginning of the 13 year long RXTE key monitoring programme of the SMC. Whilst
it is theoretically possible for accreting neutron stars to change spin period so dramatically over such a short time,
the X-ray and optical data available for this source suggest this spin-up is continuous during long phases of X-ray
quiescence, where accretion driven spin-up of the neutron star should be minimal.
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Aims: The dust-forming population of AGB stars and their input to the interstellar dust budget of the Large Magellanic
Cloud (LMC) are studied with evolutionary dust models with the main goals (1) to investigate how the amount and
composition of dust from AGB stars vary over the galactic history; (2) to characterise the mass and metallicity
distribution of the present population of AGB stars; (3) to quantify the contribution of AGB stars of different mass
and metallicity to the present stardust population in the interstellar medium (ISM).
Methods: We used models of the stardust lifecycle in the ISM developed and tested for the solar neighbourhood. The
first global spatially resolved reconstruction of the star formation history of the LMC from the Magellanic Clouds
Photometric Survey was employed to calculate the stellar populations in the LMC.
Results: The dust input from AGB stars is dominated by carbon grains from stars with masses below 4 M⊙ almost
during the entire history of the LMC. The production of silicate, silicon carbide, and iron dust is delayed until the ISM
is enriched to about half the present metallicity in the LMC. For the first time, theoretically calculated dust production
rates of AGB stars are compared with those derived from infrared observations of AGB stars for the entire galaxy.
We find good agreement within scatter of various observational estimates. We show that the majority of silicate and
iron grains in the present stardust population originate from a small population of intermediate-mass stars consisting
of only about 4% of the total number of stars, whereas in the solar neighbourhood they originate from low-mass stars.
With models of the lifecycle of stardust grains in the ISM we confirm the strong discrepancy between dust input from
stars and the existing interstellar dust mass in the LMC reported previously.
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Stellar population models are commonly calculated using star clusters as calibrators for those evolutionary stages that
depend on free parameters. However, discrepancies exist among different models, even if similar sets of calibration
clusters are used. With the aim of understanding these discrepancies, and of improving the calibration procedure, we
consider a set of 43 Magellanic Cloud (MC) clusters taking age and photometric information from the literature. We
carefully assign ages to each cluster based on up-to-date determinations ensuring that these are as homogeneous as
possible. To cope with statistical fluctuations, we stack the clusters in five age bins deriving for each of them integrated
luminosities and colors. We find that clusters become abruptly red in optical and optical–IR colors as they age from
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∼ 0.6 to 1 Gyr, which we interpret as due to the development of a well-populated thermally pulsing asymptotic giant
branch (TP-AGB). We argue that other studies missed this detection because of coarser age binnings. Maraston (2005)
and Girardi et al. (2010) models predict the presence of a populated TP-AGB at 0.6 Gyr, with a correspondingly
very red integrated color, at variance with the data; Bruzual & Charlot (2003) and Conroy et al. (2009) models run
within the error bars at all ages. The discrepancy between the synthetic colors of Maraston (2005) models and the
average colors of MC clusters results from the now obsolete age scale adopted. Finally, our finding that the TP-AGB
phase appears to develop between ∼ 0.6–1 Gyr is dependent on the adopted age scale for the clusters and may have
important implications for stellar evolution.
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Third-epoch Magellanic Cloud proper motions II: The Large Magellanic
Cloud rotation field in three dimensions
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We present the first detailed assessment of the large-scale rotation of any galaxy based on full three-dimensional velocity
measurements. We do this for the LMC by combining our HST average proper motion (PM) measurements for stars
in 22 fields, with existing line-of-sight (LOS) velocity measurements for 6790 individual stars. We interpret these data
with a model of circular rotation in a flat disk. The PM and LOS data paint a consistent picture of the LMC rotation
and their combination yields several new insights. The PM data imply a stellar dynamical center that coincides with
the H i dynamical center, and a rotation curve amplitude consistent with that inferred from LOS velocity studies. The
implied disk viewing angles agree with the range of values found in the literature, but continue to indicate variations
with stellar population and/or radius. Young (RSG) stars rotate faster than old (RGB/AGB) stars due to asymmetric
drift. Outside the central region, the circular velocity is approximately flat at vcirc = 91.7 ± 18.8 km s−1. This is
consistent with the baryonic Tully–Fisher relation, and implies an enclosed mass M(8.7kpc) = (1.7± 0.7)× 1010 M⊙.
The virial mass is larger and depends on the full extent of the dark halo. The tidal radius is 22.3± 5.2 kpc (24.0± 5.6
degrees). Combination of the PM and LOS data yields kinematic distance estimates for the LMC, but these are not
yet competitive with other methods.
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The Magellanic Quasars Survey. III. Spectroscopic Confirmation of 758
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The Magellanic Quasars Survey (MQS) has now increased the number of quasars known behind the Magellanic Clouds
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by almost an order of magnitude. All survey fields in the Large Magellanic Cloud (LMC) and 70% of those in the
Small Magellanic Cloud (SMC) have been observed. The targets were selected from the third phase of the Optical
Gravitational Lensing Experiment (OGLE-III) based on their optical variability, mid-IR and/or X-ray properties. We
spectroscopically confirmed 758 (565 LMC and 193 SMC) quasars behind the Clouds, of which 94% (527 LMC and
186 SMC) are newly identified. The MQS quasars have long-term (12 years and growing for OGLE), high-cadence
light curves, enabling unprecedented variability studies of quasars. The MQS quasars also provide a dense reference
grid for measuring both the internal and bulk proper motions of the Clouds, and 50 quasars are bright enough (I < 18
mag) for absorption studies of the interstellar/galactic (ISM/IGM) medium of the Clouds.
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Dusty OB stars in the Small Magellanic Cloud – I: Optical spectroscopy
reveals predominantly main-sequence OB stars
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We present the results of optical spectroscopic follow-up of 125 candidate main sequence OB stars in the Small
Magellanic Cloud (SMC) that were originally identified in the S3MC infrared imaging survey as showing an excess of
emission at 24 µm indicative of warm dust, such as that associated with a transitional or debris disks. We use these
long-slit spectra to investigate the origin of the 24 µm emission and the nature of these stars. A possible explanation
for the observed 24 µm excess, that these are emission line stars with dusty excretion disks, is disproven for the
majority of our sources. We find that 88 of these objects are normal stars without line emission, with spectral types
mostly ranging from late-O to early-B; luminosity classes from the literature for a sub-set of our sample indicate that
most are main-sequence stars. We further identify 17 emission-line stars, 7 possible emission-line stars, and 5 other
objects with forbidden-line emission in our sample. We discover a new O6 Iaf star; it exhibits strong He ii 4686 Å
emission but relatively weak N iii 4640 Å emission that we attribute to the lower nitrogen abundance in the SMC. Two
other objects are identified with planetary nebulæ, one with a young stellar object, and two with X-ray binaries. To
shed additional light on the nature of the observed 24 µm excess we use optical and infrared photometry to estimate
the dust properties of the objects with normal O and B star spectra and compare these properties to those of a sample
of hot spots in the Galactic interstellar medium (ISM). We find that the dust properties of the dusty OB star sample
resemble the properties of the Galactic sample of hot spots. Some may be runaway systems with bow-shocks resulting
from a large velocity difference between star and ISM. We further investigate the nature of these dusty OB stars in a
companion paper presenting mid-infrared spectroscopy and additional imaging.

Accepted for publication in Astrophysical Journal

Available from arXiv:1305.4953

17



Dusty OB stars in the Small Magellanic Cloud – II: Extragalactic disks
or examples of the Pleiades phenomenon?
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We use mid-infrared Spitzer spectroscopy and far-infrared Herschel photometry for a sample of twenty main sequence
O9–B2 stars in the Small Magellanic Cloud (SMC) with strong 24 µm excesses to investigate the origin of the mid-IR
emission. Either debris disks around the stars or illuminated patches of dense interstellar medium (ISM) can cause
such mid-IR emission. In a companion paper, Paper I, we use optical spectroscopy to show that it is unlikely for
any of these sources to be classical Be stars or Herbig Ae/Be stars. We focus our analysis on debris disks and cirrus
hot spots. The local, prototype objects for these models are the debris disk around Vega and the heated dust cloud
surrounding the stars in the Pleiades, also known as a cirrus hot spot. These two cases predict different dust masses,
radii, origins, and structures, but the cleanest classification tools are lost by the poor physical resolution at the distance
of the SMC. We also consider transition disks, which would have observable properties similar to debris disks. We
begin classification by measuring angular extent in the highest resolution mid-IR images available. We find three out
of twenty stars to be significantly extended, establishing them as cirrus hot spots. We then fit the IR spectral energy
distributions to determine dust temperatures and masses. Analysis yields minimum grain sizes, thermal equilibrium
distances, and the resultant dust mass estimates. We find the dust masses in the SMC stars to be larger than for any
known debris disks. The difference in inferred properties is driven by the SMC stars being hotter and more luminous
than known debris disk hosts and not in any directly observed dust properties, so this evidence against the debris disk
hypothesis is circumstantial. Finally, we created a local comparison sample of bright mid-IR OB stars in the Milky
Way (MW) by cross-matching the WISE and Hipparcos catalogs. We find that of the thousands of nearby (≤ 1 kpc)
hot stars in the MW that show a mid-IR excess, only a small fraction (few percent) match the high mid-IR luminosities
of the SMC stars. All such local stars in the appropriate luminosity range that can be unambiguously classified are
young stars with optical emission lines or are spatially resolved by WISE with sizes too large to be plausible debris
disk candidates. We conclude that the very strong mid-IR flux excesses are most likely explained as cirrus hot spots,
although we cannot rigorously rule out that a small fraction of the sample is made up of debris disks or transition disks.
We present suggestive evidence that bow-shock heating around runaway stars may be a contributing mechanism to the
interstellar emission. These sources, interpreted as cirrus hot spots, offer a new localised probe of diffuse interstellar
dust in a low metallicity environment.

Accepted for publication in Astrophysical Journal
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The Magellanic System includes some of the nearest examples of galaxies disturbed by galaxy interactions. These
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interactions have redistributed much of their gas into the halos of the Milky Way and the Magellanic Clouds. We
present Wisconsin Hα Mapper kinematically resolved observations of the warm ionized gas in the Magellanic Bridge
over the velocity range of +100 to +300 km s−1 in the local standard-of-rest reference frame. These observations
include the first full Hα intensity map and the corresponding intensity-weighted mean velocity map of the Magellanic
Bridge across (l, b) = (281.◦5,−30.◦0) to (302.◦5,−46.◦7). Using the Hα emission from the SMC Tail and the Bridge
we estimate that the mass of the ionized material is between (0.7–1.7) × 108 M⊙, compared to 3.3 × 108 M⊙ for
the neutral mass over the same region. The diffuse Bridge is significantly more ionized than the SMC Tail, with an
ionization fraction of 36–52% compared to 5–24% for the Tail. The Hα emission has a complex multiple-component
structure with a velocity distribution that could trace the sources of ionization or distinct ionized structures. We find
that incident radiation from the extragalactic background and the Milky Way alone are insufficient to produced the
observed ionization in the Magellanic Bridge and present a model for the escape fraction of the ionizing photons from
both the Small and Large Magellanic Clouds. With this model, we place an upper limit of 4.0% for the average escape
fraction of ionizing photons from the LMC and an upper limit of 5.5% for the SMC. These results, combined with
the findings of a half a dozen results for dwarf galaxies in different environments, provide compelling evidence that
only a small percentage of the ionizing photons escape from dwarf galaxies in the present epoch to influence their
surroundings.
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Job Advert

Postdoctoral Research Fellow

Applications are invited for a postdoctoral position at the University of Michigan to work with Prof. Sally Oey on
projects related to radiative feedback from massive stars, in particular, H ii regions and the escape fraction of ionizing
radiation. There also may be opportunity in the area of OB stars and massive star populations. The successful candi-
date will have access to the University of Michigan telescope facilities, including the twin 6.5-m Magellan Telescopes
at Las Campanas, and the MDM 2.4-m and 1.3-m telescopes at Kitt Peak. Our department has a vibrant environment
with several journal clubs and discussion groups. This position is available for two years, with possible extension for
a third. The start date is flexible, to begin as soon as possible.

Applicants should have a Ph.D., and the ideal candidate will have experience with H ii region imaging, spectroscopy,
and photoionization modeling.

To apply, please submit curriculum vitæ, statement of research interests, and contact details for three references. Ap-
plications must be submitted via umjobs.org. Reference job posting ID 81575. Please include your available start date,
and also send a direct email to msoey@umich.edu to confirm that your application has been submitted. Applications
received by 30 June 2013 will receive first consideration.

Inquiries may be directed to Sally Oey (msoey@umich.edu).

The University of Michigan is an Equal Opportunity/Affirmative Action Employer. Women and minorities are en-
couraged to apply.

See also http://umjobs.org
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