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Editorial

Dear Colleagues,

It is my pleasure to present you the 102nd issue of the Magellanic Clouds Newsletter. A variety of diverse topics were
addressed each in more than a single contribution: supernova remnants (N 132D, N 49, 1987A), young stellar objects,
chemical compositions (including ice, and ammonia), star clusters, variables stars (including distance determinations),
with lots on AGB stars — they are, indeed, common inhabitants! (cf. the announcement of the Vienna meeting next
Summer)

Hurray for Sundar, who has presented us with a Ph.D. thesis on mass return into the interstellar medium of the LMC.
His reward is a job in Paris — not bad!

The next issue is planned to be distributed on the 1st of February 2010. I would like to already wish you a wonderful
and peaceful New Year!

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

Rb-rich Asymptotic Giant Branch stars in the Magellanic Clouds

D.A. Garćıa-Hernández1, A. Manchado1,2, D. L. Lambert3, B. Plez4, P. Garćıa-Lario5, F. D’Antona6, M. Lugaro7,

A.I. Karakas8 and M. van Raai9

1Instituto de Astrof́ısica de Canarias, Spain
2Consejo Superior de Investigaciones Cientificas, Spain
3W.J. McDonald Observatory, UT, USA
4GRAAL, Université Montpellier 2, France
5Herschel Science Centre ESAC-ESA, Spain
6INAF-Osservatorio Astronomico di Roma, Italy
7Centre for Stellar and Planetary Astrophysics, Monash University, Australia
8Research School of Astronomy and Astrophysics, Mt. Stromlo Observatory, Australia
9Sterrenkundig Instituut, University of Utrecht, The Netherlands

We present high-resolution (R ∼ 60, 000) optical spectra of a carefully selected sample of heavily obscured and
presumably massive O-rich Asymptotic Giant Branch (AGB) stars in the Magellanic Clouds (MCs). We report the
discovery of strong Rb i lines at 7800 Å in four Rb-rich LMC stars at luminosities equal to or greater than the
standard adopted luminosity limit for AGB stars (Mbol ∼ −7.1 mag), confirming that “Hot Bottom Burning” (HBB)
may produce a flux excess in the more massive AGB stars. In the SMC sample, just one of the five stars with
Mbol < −7.1 mag was detected in Rb; the other stars may be massive red supergiants. The Rb-rich LMC AGB stars
might have stellar masses of at least ∼ 6–7 M⊙. Our abundance analysis show that these Rb-rich stars are extremely
enriched in Rb by up to 103–105 times solar but seem to have only mild Zr enhancements. The high Rb/Zr ratios,
if real, represent a severe problem for the s-process, even if the 22Ne source is operational as expected for massive
AGB stars; it is not possible to synthesize copious amounts of Rb without also overproducing Zr. The solution to the
problem may lie with an incomplete present understanding of the atmospheres of luminous AGB stars.

Published in ApJ Letters
Available from arXiv:0909.4391
and from http://www.iac.es/folleto/research/preprints/?c=view&pre id=9052

Cosmic Origins Spectrograph observations of the chemical composition
of LMC N132D

Kevin France1, Matthew Beasley1, Brian A. Keeney1, Charles W. Danforth1, Cynthia S. Froning1 and James C.

Green 1

1Center for Astrophysics and Space Astronomy, 389 UCB, University of Colorado, Boulder, CO 80309, USA

We present new far-ultraviolet spectra of an oxygen-rich knot in the Large Magellanic Cloud supernova remnant
N 132D, obtained with the Hubble Space Telescope-Cosmic Origins Spectrograph. Moderate resolution (∆v ≈ 200 km
s−1) spectra in the HST far-ultraviolet bandpass (1150<∼λ<

∼1750 Å) show emission from several ionization states of
oxygen as well as trace amounts of other species. We use the improvements in sensitivity and resolving power offered
by COS to separate contributions from different velocity components within the remnant, as well as emission from
different species within the oxygen-rich knot itself. This is the first time that compositional and velocity structure in
the ultraviolet emission lines from N 132D has been resolved, and we use this to assess the chemical composition of the
remnant. No nitrogen is detected in N 132D and multiple carbon species are found at velocities inconsistent with the
main oxygen component. We find helium and silicon to be associated with the oxygen-rich knot, and use the reddening-
corrected line strengths of O iii], O iv], Ov, and Si iv to constrain the composition and physical characteristics of this
oxygen-rich knot. We find that models with a silicon-to-oxygen abundance ratio of N(Si)/N(O) = 10−2 can reproduce
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the observed emission for a shock velocity of ≈ 130 km s−1, implying a mass of ∼ 50 M⊙ for the N 132D progenitor
star.

Submitted to ApJ Letters
Available from arXiv:0909.4110
and from http://cos.colorado.edu/∼kevinf/

Tracers of stellar mass-loss. I. Optical and near-IR surface brightness
fluctuations

Rosa A. González-Lópezlira1, Gustavo Bruzual A.2, Stéphane Charlot3, Javier Ballesteros-Paredes1 and Laurent

Loinard1

1Centro de Radiastronomı́a y Astrof́ısica, UNAM, México
2Centro de Investigaciones de Astronomı́a, Mérida, Venezuela
3Institut d’Astrophysique de Paris, Paris, France

We present optical and IR integrated colours and SBF magnitudes, computed from stellar population synthesis models
that include emission from the dusty envelopes surrounding mass-loosing TP-AGB stars. We explore the effects of
varying the mass-loss rate by one order of magnitude around the fiducial value, modifying accordingly both the stellar
parameters and the output spectra of the TP-AGB stars plus their dusty envelopes. The models are single burst,
and range in age from a few Myr to 14 Gyr, and in metallicity between Z = 0.0001 and Z = 0.07; they combine
new calculations for the evolution of stars in the TP-AGB phase (Marigo & Girardi 2007), with star plus envelope
SEDs produced with the radiative transfer code DUSTY (Ivezić et al. 1999). We compare these models to optical and
near-IR data of single AGB stars and Magellanic star clusters. This comparison validates the current understanding
of the role of mass-loss in determining stellar parameters and spectra in the TP-AGB. However, neither broad-band
colours nor SBF measurements in the optical or the near-IR can discern global changes in the mass-loss rate of a
stellar population. Finally, we predict that mid-IR SBF measurements can pick out such changes, and actually resolve
whether a relation between metallicity and mass-loss exists.

Submitted to MNRAS
Available from arXiv:0908.4133

The Optical Gravitational Lensing Experiment. The OGLE-III catalog
of variable stars. IV. Long-Period Variables in the Large Magellanic

Cloud

I. Soszyński1, A. Udalski1, M. K. Szymański1, M. Kubiak1, G. Pietrzyński1,2,  L. Wyrzykowski3, O. Szewczyk2, K.

Ulaczyk1 and R. Poleski1

1Warsaw University Observatory, Al. Ujazdowskie 4, 00-478 Warszawa, Poland
2Universidad de Concepción, Departamento de Fisica, Casilla 160–C, Concepción, Chile
3Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 0HA, UK

The fourth part of the OGLE-III catalog of variable stars comprises 91 995 long-period variables (LPVs) in the Large
Magellanic Cloud (LMC). This sample consist of 79 200 OGLE Small Amplitude Red Giants (OSARGs), 11 128
semiregular variables (SRVs) and 1667 Mira stars. The catalog data include basic photometric and astrometric
properties of the stars, long-term multi-epoch VI photometry and finding charts.
We describe the methods used for the identification and classification of LPVs. The distribution of I-band amplitudes
for carbon-rich stars shows two maxima, corresponding to Miras and SRVs. Such a distinction between Miras and
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SRVs is not obvious for oxygen-rich stars. We notice additional period–luminosity sequence located between Wood’s
sequences C and C′ and populated by SRVs.

Published in Acta Astronomica, 59, 239 (2009)
Available from arXiv:0910.1354
and from http://acta.astrouw.edu.pl/Vol59/n3/pdf/pap 59 3 1.pdf

A Spitzer Space Telescope far-infrared spectral atlas of compact sources in
the Magellanic Clouds. I. The Large Magellanic Cloud

Jacco Th. van Loon1, Joana M. Oliveira1, Karl D. Gordon2, Margaret Meixner2, Bernie Shiao2, Martha L. Boyer2,

F. Kemper3, Paul M. Woods3, A. G. G. M. Tielens4, Massimo Marengo5,6, Remy Indebetouw7,8, G. C. Sloan9 and

C.-H. Rosie Chen7

1Astrophysics Group, Lennard-Jones Laboratories, Keele University, Staffordshire ST5 5BG, UK
2Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
3Jodrell Bank Centre for Astrophysics, Alan Turing Building, School of Physics and Astronomy, The University of Manchester, Oxford

Road, Manchester M13 9PL, UK
4Leiden Observatory, P.O. Box 9513, NL-2300 RA Leiden, The Netherlands
5Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
6Department of Physics and Astronomy, Iowa State University, Ames IA, USA
7Department of Astronomy, University of Virginia, P.O. Box 400325, Charlottesville, VA 22904, USA
8National Radio Astronomy Observatory, 520 Edgemont Road, Charlottesville, VA 22903, USA
9Department of Astronomy, Cornell University, Ithaca, NY 14853, USA

We present far-infrared spectra, λ=52–93 µm, obtained with the Spitzer Space Telescope in the Spectral Energy
Distribution mode of its MIPS instrument, of a representative sample of the most luminous compact far-infrared
sources in the Large Magellanic Cloud. These include carbon stars, OH/IR Asymptotic Giant Branch (AGB) stars,
post-AGB objects and Planetary Nebulae, the R CrB-type star HV 2671, the OH/IR red supergiants WOH G064 and
IRAS 05280−6910, the three B[e] stars IRAS 04530−6916, R 66 and R126, the Wolf-Rayet star Brey 3a, the Luminous
Blue Variable (LBV) R 71, the supernova remnant N49, a large number of young stellar objects (YSOs), compact H ii

regions and molecular cores, and a background galaxy at a redshift z ≃ 0.175. We use the spectra to constrain the
presence and temperature of cold dust and the excitation conditions and shocks within the neutral and ionized gas,
in the circumstellar environments and interfaces with the surrounding interstellar medium (ISM). First, we introduce
a spectral classification scheme. Then, we measure line strengths, dust temperatures, and IR luminosities. Objects
associated with star formation are readily distinguished from evolved stars by their cold dust and/or fine-structure
lines. Evolved stars, including the LBV R71, lack cold dust except in some cases where we argue that this is swept-up
ISM. This leads to an estimate of the duration of the prolific dust-producing phase (“superwind”) of several thousand
years for both RSGs and massive AGB stars, with a similar fractional mass loss experienced despite the different
masses. We tentatively detect line emission from neutral oxygen in the extreme RSG WOHG064, which suggests a
large dust-free cavity with implications for the wind driving. In N 49, the shock between the supernova ejecta and
ISM is revealed in spectacular fashion by its strong [O i] λ63-µm emission and possibly water vapour; we estimate
that 0.2 M⊙ of ISM dust was swept up. On the other hand, some of the compact H ii regions display pronounced
[O iii] λ88-µm emission. The efficiency of photo-electric heating in the interfaces of ionized gas and molecular clouds is
estimated at 0.1–0.3%. We confirm earlier indications of a low nitrogen content in the LMC. Evidence for solid state
emission features is found in both young and evolved objects, but the carriers of these features remain elusive; some of
the YSOs are found to contain crystalline water ice. The spectra constitute a valuable resource for the planning and
interpretation of observations with the Herschel Space Observatory and the Stratospheric Observatory For Infrared

Astronomy (SOFIA).

Accepted for publication in The Astronomical Journal
Available from arXiv:0910.3339
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High resolution X-ray imaging of supernova remnant 1987A

C.-Y. Ng1, B.M. Gaensler1, S.S. Murray2, P.O. Slane2, S. Park3, L. Staveley-Smith4, R.N. Manchester5 and D.N.

Burrows3

1Sydney Institute for Astronomy, The University of Sydney, Australia
2Harvard-Smithsonian Center for Astrophysics, USA
3Pennsylvania State University, USA
4International Centre for Radio Astronomy Research, The University of Western Australia, Australia
5Australia Telescope National Facility, Australia

We report observations of the remnant of supernova 1987A with the High Resolution Camera (HRC) onboard the
Chandra X-ray Observatory. A direct image from the HRC resolves the annular structure of the X-ray remnant,
confirming the morphology previously inferred by deconvolution of lower resolution data from the Advanced CCD
Imaging Spectrometer. Detailed spatial modeling shows that the a thin ring plus a thin shell gives statistically the
best description of the overall remnant structure, and suggests an outer radius 0.96′′ ± 0.05′′ ± 0.03′′ for the X-ray-
emitting region, with the two uncertainties corresponding to the statistical and systematic errors, respectively. This
is very similar to the radius determined by a similar modeling technique for the radio shell at a comparable epoch,
in contrast to previous claims that the remnant is 10–15% smaller at X-rays than in the radio band. The HRC
observations put a flux limit of 0.010 cts s−1 (99% confidence level, 0.08–10 keV range) on any compact source at the
remnant center. Assuming the same foreground neutral hydrogen column density as towards the remnant, this allows
us to rule out an unobscured neutron star with surface temperature T∞ > 2.5 MK observed at infinity, a bright pulsar
wind nebula or a magnetar.

Accepted for publication in ApJ Letters
Available from arXiv:0910.3610

Integrated K-band spectra of old and intermediate-age globular clusters
in the Large Magellanic Cloud

Mariya Lyubenova1, Harald Kuntschner2, Marina Rejkuba1, David R. Silva3, Markus Kissler-Patig1, Lowell E.

Tacconi-Garman1 and Søren S. Larsen4

1ESO, Germany
2ST-ECF, ESO, Germany
3NOAO, USA
4Astronomical Institute, University of Utrecht, The Netherlands

Current stellar population models have arguably the largest uncertainties in the near-IR wavelength range, partly due
to a lack of large and well calibrated empirical spectral libraries. In this paper we present a project, which aim it is
to provide the first library of luminosity weighted integrated near-IR spectra of globular clusters to be used to test
the current stellar population models and serve as calibrators for the future ones. Our pilot study presents spatially
integrated K-band spectra of three old (> 10 Gyr) and metal poor ([Fe/H] ∼ −1.4), and three intermediate age (1–2
Gyr) and more metal rich ([Fe/H] ∼ −0.4) globular clusters in the LMC. We measured the line strengths of the Na i,
Ca i and 12CO(2–0) absorption features. The Na i index decreases with the increasing age and decreasing metallicity
of the clusters. The DCO index, used to measure the 12CO(2–0) line strength, is significantly reduced by the presence
of carbon-rich TP-AGB stars in the globular clusters with age ∼ 1 Gyr. This is in contradiction with the predictions of
the stellar population models of Maraston (2005). We find that this disagreement is due to the different CO absorption
strength of carbon-rich Milky Way TP-AGB stars used in the models and the LMC carbon stars in our sample. For
globular clusters with age > 2 Gyr we find DCO index measurements consistent with the model predictions.

Accepted for publication in Astronomy & Astrophysics
Available from arXiv:0910.2714
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The Araucaria project. The distance to the Small Magellanic Cloud
from near-infrared photometry of RRLyrae variables

Olaf Szewczyk1, Grzegorz Pietrzyński1,2, Wolfgang Gieren1, Anna Ciechanowska2, Fabio Bresolin3 and Rolf-Peter

Kudritzki3

1Universidad de Concepción, Departamento de Astronomı́a, Casilla 160–C, Concepción, Chile
2Warsaw University Observatory, Al. Ujazdowskie 4, 00-478, Warsaw, Poland
3Institute for Astronomy, University of Hawaii at Manoa, 2680 Woodlawn Drive, Honolulu HI 96822, USA

We have obtained deep infrared J and K band observations of nine 4.9′ × 4.9′ fields in the Small Magellanic Cloud
(SMC) with the ESO New Technology Telescope equipped with the SOFI infrared camera. In these fields, 34 RRLyrae
stars catalogued by the OGLE collaboration were identified. Using different theoretical and empirical calibrations of the
infrared period–luminosity-metallicity relation, we find consistent SMC distance moduli, and find a best true distance
modulus to the SMC of 18.97 ± 0.03 (statistical) ±0.12 (systematic) mag which agrees well with most independent
distance determinations to this galaxy, and puts the SMC 0.39 mag more distant than the LMC for which our group
has recently derived, from the same technique, a distance of 18.58 mag.

Accepted for publication in AJ
Available from arXiv:0910.3885

How universal are the young cluster sequences? The cases of LMC,
SMC, M 83 and the Antennae

S. Pfalzner1 and A. Eckart1

1University of Cologne, Germany

Recently a new analysis of cluster observations in the Milky Way found evidence that clustered star formation may
work under tight constraints with respect to cluster size and density, implying the presence of just two sequences of
young massive cluster. These two types of clusters each expand at different rates with cluster age. Here we investigate
whether similar sequences exist in other nearby galaxies. We find that while for the extragalactic young stellar clusters
the overall trend in the cluster-density scaling is quite comparable to the relation obtained for Galactic clusters, there
are also possible difference. For the LMC and SMC clusters the densities are below the Galactic data points and/or
the core radii are smaller than those of data points with comparable density. For M83 and the Antenna clusters the
core radii are possibly comparable to the Galactic clusters but it is not clear whether they exhibit similar expansion
speeds. These findings should serve as an incentive to perform more systematic observations and analysis to answer
the question of a possible similarity between young galactic and extragalactic star clusters sequences.

Accepted for publication in A&A
Available from arXiv:0910.5059

Physical parameters of the Small Magellanic Cloud RRLyrae stars and
the distance scale

Sukanta Deb1 and Harinder P. Singh1,2

1Department of Physics & Astrophysics, University of Delhi, Delhi, India 110007
2CRAL-Observatoire de Lyon, CNRS UMR 142, 69561 Saint-Genis Laval, France

We present a careful and detailed light curve analysis of RRLyrae stars in the Small Magellanic Cloud (SMC) discovered
by the Optical Gravitational Lensing Experiment (OGLE) project. Out of 536 single mode RR Lyrae stars selected
from the database, we have investigated the physical properties of 335 ‘normal looking’ RRab stars and 17 RRc stars
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that have good quality photometric light curves. We have also been able to estimate the distance modulus of the
cloud which is in good agreement with those determined from other independent methods. The Fourier decomposition
method has been used to study the basic properties of these variables. Accurate Fourier decomposition parameters of
536 RRLyrae stars in the OGLE-II database are computed. Empirical relations between the Fourier parameters and
some physical parameters of these variables have been used to estimate the physical parameters for the stars from the
Fourier analysis. Further, the Fourier decomposition of the light curves of the SMC RRLyrae stars yields their mean
physical parameters as: [Fe/H] = −1.56 ± 0.25, M = 0.55 ± 0.01 M⊙, Teff = 6404 ± 12 K, log L = 1.60 ± 0.01 L⊙ and
MV = 0.78 ± 0.02 mag for 335 RRab variables and [Fe/H] = −1.90 ± 0.13, M = 0.82 ± 0.18 M⊙, Teff = 7177 ± 16 K,
log L = 1.62 ± 0.02 L⊙ and MV = 0.76 ± 0.05 mag for 17 RRc stars. Using the absolute magnitude together with the
mean magnitude, intensity-weighted mean magnitude and the phase-weighted mean magnitude of the RRLyrae stars,
the mean distance modulus to the SMC is estimated to be 18.86 ± 0.01 mag, 18.83 ± 0.01 mag and 18.84 ± 0.01 mag
respectively from the RRab stars. From the RRc stars, the corresponding distance modulus values are found to be
18.92 ± 0.04 mag, 18.89 ± 0.04 mag and 18.89 ± 0.04 mag respectively. Since Fourier analysis is a very powerful tool
for the study of the physical properties of the RRLyrae stars, we emphasize the importance of exploring the reliability
of the calculation of Fourier parameters together with the uncertainty estimates keeping in view the large collections
of photometric light curves that will become available from variable star projects of the future.

Accepted for publication in MNRAS
Available from arXiv:0910.4806

Ice chemistry in embedded young stellar objects in the Large
Magellanic Cloud

J.M. Oliveira1, J.Th. van Loon1, C.-H. R. Chen 2, A. G. G. M. Tielens 3, G. C. Sloan4, P. M. Woods5, F.

Kemper5, R. Indebetouw2, K. D. Gordon 6, M. L. Boyer6, B. Shiao6, S. Madden7, A. K. Speck8, M. Meixner6 and

M. Marengo9

1Keele University, UK
2University of Virginia, USA
3Leiden University, The Netherlands
4Cornell University, USA
5The University of Manchester, UK
6STScI, USA
7CEA, France
8University of Missouri, USA
9Iowa State University, USA

We present spectroscopic observations of a sample of 15 embedded young stellar objects (YSOs) in the Large Magellanic
Cloud (LMC). These observations were obtained with the Spitzer Infrared Spectrograph (IRS) as part of the SAGE-
Spec Legacy program. We analyze the two prominent ice bands in the IRS spectral range: the bending mode of CO2

ice at 15.2 µm and the ice band between 5 and 7 µm that includes contributions from the bending mode of water ice
at 6 µm amongst other ice species. The 5–7 µm band is difficult to identify in our LMC sample due to the conspicuous
presence of PAH emission superimposed onto the ice spectra. We identify water ice in the spectra of two sources;
the spectrum of one of those sources also exhibits the 6.8 µm ice feature attributed to ammonium and methanol. We
model the CO2 band in detail, using the combination of laboratory ice profiles available in the literature. We find
that a significant fraction (> 50%) of CO2 ice is locked in a water-rich component, consistent with what is observed
for Galactic sources. The majority of the sources in the LMC also require a pure-CO2 contribution to the ice profile,
evidence of thermal processing. There is a suggestion that CO2 production might be enhanced in the LMC, but the
size of the available sample precludes firmer conclusions. We place our results in the context of the star formation
environment in the LMC.

Accepted for publication in ApJ
Available from arXiv:0911.0532
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An HST view of the interstellar environments of Young Stellar Objects
in the Large Magellanic Cloud

Kaushar Vaidya1, You-Hua Chu1, Robert Gruendl1, C.-H. Rosie Chen2 and Leslie Looney1

1University of Illinois at Urbana-Champaign, USA
2University of Virginia, USA

We have used archival HST Hα images to study the immediate environments of massive and intermediate-mass
young stellar object (YSO) candidates in the Large Magellanic Cloud (LMC). The sample of YSO candidates, taken
from Gruendl & Chu (2009), was selected based on Spitzer IRAC and MIPS observations of the entire LMC and
complementary ground-based optical and near-infrared observations. We found HST Hα images for 99 YSO candidates
in the LMC, of which 82 appear to be genuine YSOs. More than 95% of the YSOs are found to be associated with
molecular clouds. YSOs are seen in three different kinds of environments in the Hα images: in dark clouds, inside
or on the tip of bright-rimmed dust pillars, and in small H ii regions. Comparisons of spectral energy distributions
for YSOs in these three different kinds of environments suggest that YSOs in dark clouds are the youngest, YSOs
with small H ii regions are the most evolved, and YSOs in bright-rimmed dust pillars span a range of intermediate
evolutionary stages. This rough evolutionary sequence is substantiated by the presence of silicate absorption features
in the Spitzer IRS spectra of some YSOs in dark clouds and in bright-rimmed dust pillars, but not those of YSOs in
small H ii regions. We present a discussion on triggered star formation for YSOs in bright-rimmed dust pillars or in
dark clouds adjacent to H ii regions. As many as 50% of the YSOs are resolved into multiple sources in high-resolution
HST images. This illustrates the importance of using high-resolution images to probe the true nature and physical
properties of YSOs in the LMC.

Accepted for publication in The Astrophysical Journal
Available from arXiv:0910.5901

The low-mass Initial Mass Function in the 30Doradus starburst cluster

M. Andersen1, H. Zinnecker2, A. Moneti3, M.J. McCaughrean1, B. Brandl4, W. Brandner5, G. Meylan6 and D.

Hunter7

1Space Science Department, European Space Agency, Keplerlaan 1, 2200 AG Noordwijk, The Netherlands
2Astrophysical Institute Potsdam, An der Sternwarte 16, 14482 Potsdam Germany
3Institut d’Astrophysique, Paris 98bis Blvd. Arago, F-75014 Paris, France
4Leiden Observatory, P.O. Box 9513, 2300 RA Leiden, The Netherlands
5Max-Planck-Institut für Astronomie, Königstuhl 17, 69117 Heidelberg, Germany
6Laboratoire d’Astrophysique, École Polytechnique Fédérale de Lausanne (EPFL), Observatoire, CH-1290 Sauverny, Switzerland
7Lowell Observatory, 1400 West Mars Hill Road, Flagstaff, AZ 86001, USA

We present deep Hubble Space Telescope (HST) NICMOS 2 F160W band observations of the central 56′′ × 57′′ (14 pc
× 14.25 pc) region around R 136 in the starburst cluster 30 Dor (NGC 2070) located in the Large Magellanic Cloud.
Our aim is to derive the stellar Initial Mass Function (IMF) down to ∼ 1 M⊙ in order to test whether the IMF in
a massive metal-poor cluster is similar to that observed in nearby young clusters and the field in our Galaxy. We
estimate the mean age of the cluster to be 3 Myr by combining our F160W photometry with previously obtained
HST WFPC2 optical F555W and F814W band photometry and comparing the stellar locus in the color–magnitude
diagram with main sequence and pre-main sequence isochrones. The color–magnitude diagrams show the presence
of differential extinction and possibly an age spread of a few Myr. We convert the magnitudes into masses adopting
both a single mean age of 3 Myr isochrone and a constant star formation history from 2 to 4 Myr. We derive the
IMF after correcting for incompleteness due to crowding. The faintest stars detected have a mass of 0.5 M⊙ and the
data are more than 50% complete outside a radius of 5 pc down to a mass limit of 1.1 M⊙ for 3 Myr old objects.
We find an IMF of dN

d log M ∝ M−1.20±0.2 over the mass range 1.1–20 M⊙ only slightly shallower than a Salpeter IMF.
In particular, we find no strong evidence for a flattening of the IMF down to 1.1 M⊙ at a distance of 5 pc from the
center, in contrast to a flattening at 2 M⊙ at a radius of 2 pc, reported in a previous optical HST study. We examine
several possible reasons for the different results including the possible presence of mass segregation and the effects of
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differential extinction, particularly for the pre-main sequence sources. If the IMF determined here applies to the whole
cluster, the cluster would be massive enough to remain bound and evolve into a relatively low-mass globular cluster.

Accepted for publication in ApJ
Available from arXiv:0911.2755

Characterizing magnetohydrodynamic turbulence in the Small
Magellanic Cloud

Blakesley Burkhart1, Snežana Stanimirović1, Alex Lazarian1 and Grzegorz Kowal1,2

1Astronomy Department, University of Wisconsin Madison, USA
2Astronomical Observatory, Jagiellonian University, Poland

We investigate the nature and spatial variations of turbulence in the Small Magellanic Cloud (SMC) by applying several
statistical methods on the neutral hydrogen (H i) column density image of the SMC and a database of isothermal
numerical simulations. By using the 3rd and 4th statistical moments we derive the spatial distribution of the sonic
Mach number (Ms) across the SMC. We find that about 90% of the H i in the SMC is subsonic or transonic. However,
edges of the SMC ‘bar’ have Ms ∼ 4 and may be tracing shearing or turbulent flows. Using numerical simulations
we also investigate how the slope of the spatial power spectrum depends on both sonic and Alfvén Mach numbers.
This allows us to gauge the Alfvén Mach number of the SMC and conclude that its gas pressure dominates over the
magnetic pressure. The super-Alfvénic nature of the H i gas in the SMC is also highlighted by the bispectrum, a
three-point correlation function which characterizes the level of non-Gaussianity in wave modes. We find that the
bispectrum of the SMC H i column density displays similar large-scale correlations as numerical simulations, however
it has localized enhancements of correlations. In addition, we find a break in correlations at a scale of ∼ 160 pc. This
may be caused by numerous expanding shells of a similar size.

Accepted for publication in ApJ
Available from arXiv:0911.3652

An evaluation of the excitation class parameter for the central stars of
Planetary Nebulae

Warren A. Reid1 and Quentin A. Parker1,2

1Macquarie University, Sydney, Australia
2Anglo-Australian Observatory, Australia

The three main methods currently in use for estimating the excitation class of planetary nebulae (PNe) central stars
are compared and evaluated using 586 newly discovered and previously known PNe in the Large Magellanic Cloud
(LMC). In order to achieve this we ran a series of evaluation tests using line ratios derived from de-reddened, flux
calibrated spectra. Pronounced differences between the methods are exposed. Diagrams were created by comparing
excitation classes with Hβ line fluxes. The best methods are then compared to published temperatures using the
Zanstra method and assessed for their ability to reflect central star effective temperatures and evolution. As a result
we call for a clarification of the term ‘excitation class’ according to the different input parameters used. The first
method, which we refer to as Exneb relies purely on the ratios of certain key emission lines. The second method, which
we refer to as Ex⋆ includes modeling to create a continuous variable and, for optically thick PNe in the Magellanic
Clouds, is designed to relate more closely to intrinsic stellar parameters. The third method, we refer to as Ex[OIII]/Hβ

since the [O iii]/Hβ ratio is used in isolation to other temperature diagnostics. Each of these methods is shown to have
serious drawbacks when used as an indicator for central star temperature. Finally, we suggest a new method (Exρ) for
estimating excitation class incorporating both the [O iii]/Hβ and the He ii 4686/Hβ ratios. Although any attempt to
provide accurate central star temperatures using the excitation class derived from nebula lines will always be limited,
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we show that this new method provides a substantial improvement over previous methods with better agreement to
temperatures derived through the Zanstra method.

Accepted for publication in PASA
Available from arXiv:0911.3689

First detection of ammonia in the Large Magellanic Cloud: The kinetic
temperature of dense molecular cores in N159W

Jürgen Ott1, Christian Henkel2, Lister Staveley-Smith3 and Axel Weiss2

1National Radio Astronomy Observatory, P.O. Box O, Socorro, NM 87801, USA
2Max-Planck-Institut für Radioastronomie, Auf dem Hügel 69, 53121 Bonn, Germany
3International Centre for Radio Astronomy Research, M468, University of Western Australia, 35 Stirling Highway, Crawley, WA 6009,

Australia

The first detection of ammonia (NH3) is reported from the Magellanic Clouds. Using the Australia Telescope Compact
Array, we present a targeted search for the (J ,K) = (1,1) and (2,2) inversion lines towards seven prominent star-forming
regions in the Large Magellanic Cloud (LMC). Both lines are detected in the massive star-forming region N 159 W,
which is located in the peculiar molecular ridge south of 30 Doradus, a site of extreme star formation strongly influenced
by an interaction with the Milky Way halo. Using the ammonia lines, we derive a kinetic temperature of ∼ 16 K, which
is 2–3 times below the previously derived dust temperature. The ammonia column density, averaged over ∼ 17′′ is
∼ 6×1012 cm−2 (< 1.5×1013 cm−2 over 9′′ in the other six sources) and we derive an ammonia abundance of ∼ 10−10

with respect to molecular hydrogen. This fractional abundance is 2–5 orders of magnitude below those observed in
Galactic star-forming regions. The nitrogen abundance in the LMC (∼ 10% solar) and the high UV flux, which can
photo-dissociate the particularly fragile NH3 molecule, must both contribute to the low fractional NH3 abundance,
and we likely only see the molecule in an ensemble of the densest, best shielded cores of the LMC.

Accepted for publication in Astrophysical Journal
Available from arXiv:0911.4946

Conference Paper

Star clusters with dual red clumps

Léo Girardi 1, Stefano Rubele1,2 and Leandro Kerber3

1Osservatorio Astronomico Padova, Italy
2Dipartamento Astronomico Padova, Italy
3UESC, Ilheus, Brazil

A few star clusters in the Magellanic Clouds present composite structures in red clump region of their colour magnitude
diagrams (CMD). The most striking case is NGC 419 in the SMC, where the red clump is composed of a main
blob together with a marked secondary feature. This structure is demonstrated to be real and corresponds to the
simultaneous presence of stars which passed through electron degeneracy after central H-exhaustion, and those which
did not (Girardi et al. 2009). This rare occurrence in a single cluster allows us to set stringent constraints to its age and
to the efficiency of convective core overshooting during the main sequence. In this talk, we present a more detailed
analysis of NGC 419 together with a first look at other populous LMC clusters which are apparently in the same
phase, namely NGC 1751, NGC 1783, NGC 1806, NGC 1846, NGC 1852, and NGC 1917. Moreover, we compare these
Magellanic Cloud cases with their Galactic counterparts, NGC 752 and NGC 7789 (Mermilliod et al. 1998; Girardi et
al. 2000). We emphasise the extraordinary potential of these clusters as absolute calibration marks in the age scale of
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stellar populations.

Oral contribution, published in IAUS 266, ”Star clusters: basic galactic building blocks”, eds. R. de
Grijs & J. Lépine
Available from arXiv:0910.3139

Review Papers

Star clusters as simple stellar populations

Gustavo Bruzual A.1

1CIDA, Venezuela

In this paper I review to what extent we can understand the photometric properties of star clusters, and low mass
unresolved galaxies in general, in terms of population synthesis models designed to describe Simple Stellar Populations
(SSPs), i.e., groups of stars born at the same time, in the same region of space, and out of a gas cloud of homogeneous
chemical composition. The photometric properties predicted by these models do not readily match the observations
of most star clusters, unless we take into account properly the expected variation in the number of stars occupying
sparsely populated evolutionary stages due to stochastic fluctuations in the IMF. In this case, population synthesis
models reproduce remarkably well the full observed ranges of integrated colors and absolute magnitudes of star clusters
or various ages and metallicities. The disagreement between model predictions and the observations of cluster colors
and magnitudes may indicate problems or deficiencies in the modeling, and not necessarily tell us that star clusters do
not behave as SSPs. Matching the photometric properties of star clusters using SSP models is a necessary condition
for clusters to be considered simple stellar populations, but not a sufficient one. Composite models, with a complex
star formation history, also match the observed cluster colors.

Published in Phil. Trans. Royal Soc. A
Available from arXiv:0911.0791

Chemical evolution of star clusters

Jacco Th. van Loon1

1Lennard-Jones Laboratories, Keele University, ST5 5BG, UK

I discuss the chemical evolution of star clusters, with emphasis on old globular clusters, in relation to their formation
histories. Globular clusters clearly formed in a complex fashion, under markedly different conditions from any younger
clusters presently known. Those special conditions must be linked to the early formation epoch of the Galaxy and
must not have occurred since. While a link to the formation of globular clusters in dwarf galaxies has been suggested,
present-day dwarf galaxies are not representative of the gravitational potential wells within which the globular clusters
formed. Instead, a formation deep within the proto-Galaxy or within dark-matter minihaloes might be favoured. Not
all globular clusters may have formed and evolved similarly. In particular, we may need to distinguish Galactic halo
from Galactic bulge clusters.

Published in a special issue of Phil. Trans. Royal Soc. A: ”Star clusters as tracers of galactic star-
formation histories”, ed. R. de Grijs, Chapter 6 (Fully peer reviewed.)
Available from arXiv:0911.0792
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The physical properties of red supergiants

Emily M. Levesque1,2

1Institute for Astronomy, University of Hawaii, 2680 Woodlawn Dr., Honolulu, HI 96822, USA
2Predoctoral Fellow, Smithsonian Astrophysical Observatory, 60 Garden St., Cambridge, MA 02139, USA

Red supergiants (RSGs) are an evolved He-burning phase in the lifetimes of moderately high mass (10–25 M⊙) stars.
The physical properties of these stars mark them as an important and extreme stage of massive stellar evolution, but
determining these properties has been a struggle for many years. The cool extended atmospheres of RSGs place them
in an extreme position on the Hertzsprung–Russell diagram and present a significant challenge to the conventional
assumptions of stellar atmosphere models. The dusty circumstellar environments of these stars can potentially com-
plicate the determination of their physical properties, and unusual RSGs in the Milky Way and neighboring galaxies
present a suite of enigmatic properties and behaviors that strain, and sometimes even defy, the predictions of stellar
evolutionary theory. However, in recent years our understanding of RSGs, including the models and methods applied
to our observations and interpretations of these stars, has changed and grown dramatically. This review looks back at
some of the latest work that has progressed our understanding of RSGs, and considers the many new questions posed
by our ever-evolving picture of these cool massive stars.

Published in New Astronomy Reviews
Available from arXiv:0911.4720

Thesis

The mass-loss return from Asymptotic Giant Branch stars to the Large
Magellanic Cloud using data from the SAGE survey

Sundar Srinivasan1,2

1Johns Hopkins University/Space Telescope Science Institute, USA
2Institut d’Astrophysique de Paris, France

The asymptotic giant branch (AGB) phase is the penultimate stage of evolution for low- and intermediate-mass stars.
Nucleosynthesis products transported from the helium-fusing shell to the outer, cooler regions form gas molecules and
dust grains whose chemistry depends on whether oxygen or carbon is more abundant on the surface. Radiation pres-
sure causes the oxygen- or carbon-rich dust to flow outward, dragging the gas along. Such outflows inject a significant
amount of material into the interstellar medium (ISM), seeding new star formation. AGB mass loss is thus a crucial
component of galactic chemical evolution. The Large Magellanic Cloud (LMC) is an excellent site for AGB studies.
Over 40,000 AGB candidates have been identified using photometric data from the Spitzer Space Telescope Surveying
The Agents of a Galaxy’s Evolution (SAGE) mid-infrared (MIR) survey, including about 35,000 oxygen-rich, 7000
carbon-rich and 1400 ”extreme” sources. For the first time, SAGE photometry reveals two distinct populations of
O-rich sources in the LMC: a faint population that gradually evolves into C-rich stars and a bright, massive population
that circumvents this evolution, remaining O-rich.

This work aims to quantify the mass-loss return from AGB stars to the LMC, a rough estimate for which is derived
from the amount of MIR dust emission in excess of that from starlight. I show that this excess flux is a good proxy
for the mass-loss rate, and I calculate the total AGB injection rate to be (5.9–13) ×10−3 M⊙ yr−1. A more accurate
determination requires detailed dust radiative transfer (RT) modeling. For this purpose, I present a grid of C-rich
AGB models generated by the RT code 2DUST, spanning a range of effective temperatures, gravities, dust shell radii
and optical depths as well as a baseline set of dust properties obtained by modeling a carbon star, data for which was
acquired as part of the spectroscopic follow-up to SAGE. AGB stars are the best laboratories for dust studies, and
the development of a model grid will reinforce future research in this field.

Ph.D. thesis, 101 pages, 7 tables, 31 figures
Available from arXiv:0911.0799
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Announcement

Why galaxies care about AGB stars II.
Shining examples and common inhabitants

Stars are conspicuous components of galaxies, and the sites of the creation of most chemical elements. Due to their
brightness and their production of heavy elements, stars on the Asymptotic Giant Branch (AGB) play an important
rôle for understanding stellar and galactic evolution. This conference aims to build a bridge between AGB research and
its application to the modelling of stellar populations and the chemical evolution of galaxies. Current developments
and challenges on both sides will be discussed to reach an understanding of possibilities, limitations, and needs in
both areas, and hence to improve our knowledge about the rôle of AGB stars in the context of galaxies. This is the
follow-up meeting to the Vienna conference on a similar topic in August 2006.

This time the focus of the meeting will be:
— Complex Atmospheres & Interiors: Dynamics, Evolution & Abundances
— Environment: Mass Loss, Chemistry & Geometry
— Common Inhabitants: Population Studies & Synthesis Models
— Out There: Magellanic Clouds, Local Group & Beyond
— Perspectives Near and Far: ALMA, Herschel, JWST, ELTs, ...

A list of invited speakers is available on our webpage

http://www.univie.ac.at/galagb.

The conference will be hosted by the Austrian Society for Astronomy and Astrophysics and the Department of As-
tronomy at the University of Vienna. The meeting is supported by the IAU Working Group on Abundances in Red
Giants, by the IK ”Cosmic Matter Cycle” at the University of Vienna, and by the Robert F. Wing Support Fund at
Ohio State University.

Preregistration is now open and possible via our webpage.

We are looking forward to seeing you in Vienna in August 2010!

Thomas Lebzelter in the name of the SOC and LOC.

See also http://www.univie.ac.at/galagb
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