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Editorial

Dear Colleagues,

It is my pleasure to present you the 126th issue of the Magellanic Clouds Newsletter.

There are lots of new exciting results on tidal disruption, X-ray and other binaries, the 30 Doradus region, supernova
remnants, stellar clusters, variable stars, and a comprehensive sample of young stellar objects in the SMC.

Don’t ignore the conference proceedings – these are often excellent introductions for novices in the field, provide a
synthesis of disparate results, or offer joyful speculation that stimulate our thoughts.

The next issue is planned to be distributed on the 1st of February, 2014. I wish you all a lovely and peaceful change
of the Gregorian, Julian and Chinese years.

Editorially Yours,
Jacco van Loon
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Refereed Journal Papers

Symbiotic stars in OGLE data – I. Large Magellanic Cloud systems
R. Angeloni1,2,3, C.E. Ferreira Lopes4,1,3, N. Masetti5, F. Di Mille6, P. Pietrukowicz7, A.Udalski7, B.E. Schaefer8,

P. Parisi9, R. Landi5, C. Navarrete1,3, M. Catelan1,3, T.H. Puzia1 and D. Guzman2

1Instituto de Astrof́ısica, Pontificia Universidad Católica de Chile, Santiago, Chile
2Departamento de Ingenieria Electrica, Pontificia Universidad Católica de Chile, Santiago, Chile
3The Milky Way Millennium Nucleus, Santiago, Chile
4Universidade Federal do Rio Grande do Norte, Natal, Brasil
5INAF – Istituto di Astrofisica Spaziale e Fisica Cosmica di Bologna, Italy
6Dipartimento di Fisica e Astronomia, Universita di Padova, Italy
7Warsaw University Astronomical Observatory, Warszawa, Poland
8Department of Physics and Astronomy, Louisiana State University, USA
9INAF – Istituto di Astrofisica e Planetologia Spaziali, Roma, Italy

Symbiotic stars are long-orbital-period interacting-binaries characterized by extended emission over the whole elec-
tromagnetic range and by complex photometric and spectroscopic variability. In this paper, the first of a series, we
present OGLE light curves of all the confirmed symbiotic stars in the Large Magellanic Cloud, with one exception. By
careful visual inspection and combined time-series analysis techniques, we investigate for the first time in a systematic
way the photometric properties of these astrophysical objects, trying in particular to distinguish the nature of the cool
component (e.g., Semi-Regular Variable vs. OGLE Small-Amplitude Red Giant), to provide its first-order pulsational
ephemerides, and to link all this information with the physical parameters of the binary system as a whole. Among the
most interesting results, there is the discovery of a 20-year-long steady fading of Sanduleak’s star, a peculiar symbiotic
star known to produce the largest stellar jet ever discovered. We discuss by means of direct examples the crucial need
for long-term multi-band observations to get a real understanding of symbiotic and other interacting binary stars. We
eventually introduce BOMBOLO, a multi-band simultaneous imager for the SOAR 4m Telescope, whose design and
construction we are currently leading.

Accepted for publication in MNRAS
Available from arXiv:1309.7345

The binary fractions in the massive young Large Magellanic Cloud star
clusters NGC 1805 and NGC1818

Chengyuan Li1

1Kavli Institute for Astronomy & Astrophysics and Department of Astronomy, Peking University, Yi He Yuan Lu 5, Hai Dian District,

Beijing 100871, China

Using high-resolution data sets obtained with the Hubble Space Telescope, we investigate the radial distributions of
the F-type main-sequence binary fractions in the massive young Large Magellanic Cloud star clusters NGC1805 and
NGC1818. We apply both an isochrone-fitting approach and χ2 minimization using Monte Carlo simulations, for
different mass-ratio cut-offs, q, and present a detailed comparison of the methods’ performance. Both methods yield
the same radial binary fraction profile for the same cluster, which therefore supports the robustness and applicability
of either method to young star clusters which are as yet unaffected by the presence of multiple stellar populations. The
binary fractions in these two clusters are characterized by opposite trends in their radial profiles. NGC 1805 exhibits a
decreasing trend with increasing radius in the central region, followed by a slow increase to the field’s binary-fraction
level, while NGC 1818 shows a monotonically increasing trend. This may indicate dominance of a more complicated
physical mechanism in the cluster’s central region than expected a priori. Time-scale arguments imply that early
dynamical mass segregation should be very efficient and, hence, likely dominates the dynamical processes in the core
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of NGC1805. Meanwhile, in NGC1818 the behavior in the core is probably dominated by disruption of soft binary
systems. We speculate that this may be owing to the higher velocity dispersion in the NGC 1818 core, which creates
an environment in which the efficiency of binary disruption is high compared with that in the NGC1805 core.

Published in Monthly Notices of the Royal Astronomical Society
Available from arXiv:1309.0929
and from http://mnras.oxfordjournals.org/cgi/content/full/stt1669?ijkey=vLcbylGMuTbQ54r&keytype=ref

The radio remnant of supernova 1987A: Morphological changes from
day 7000

C.-Y. Ng1, G. Zanardo2, T.M. Potter2, L. Staveley-Smith2, B.M. Gaensler3, R.N. Manchester4 and A.K. Tzioumis4

1HKU, China
2ICRAR, Australia
3CAASTRO, Australia
4ATNF, Australia

We present radio imaging observations of supernova remnant 1987A at 9 GHz, taken with the Australia Telescope
Compact Array over 21 years from 1992 to 2013. By employing a Fourier modeling technique to fit the visibility data,
we show that the remnant structure has evolved significantly since day 7000 (mid-2006): the emission latitude has
gradually decreased, such that the overall geometry has become more similar to a ring structure. Around the same
time, we find a decreasing trend in the east–west asymmetry of the surface emissivity. These results could reflect the
increasing interaction of the forward shock with material around the circumstellar ring, and the relative weakening of
the interaction with the lower-density material at higher latitudes. The morphological evolution caused an apparent
break in the remnant expansion measured with a torus model, from a velocity of 4600+150

−200 km s−1 between day 4000
and 7000 to 2400+100

−200 km s−1 after day 7000. However, we emphasize that there is no conclusive evidence for a
physical slowing of the shock at any given latitude in the expanding remnant, and that a change of radio morphology
alone appears to dominate the evolution. This is supported by our ring-only fits which show a constant expansion
of 3890 ± 50 km s−1 without deceleration between days 4000 and 9000. We suggest that once the emission latitude
no longer decreases, the expansion velocity obtained from the torus model should return to the same value as that
measured with the ring model.

Accepted for publication in ApJ
Available from arXiv:1310.3913

The star cluster frequency throughout the Large Magellanic Cloud
Andrés E. Piatti1

1Observatorio Astronómico, Universidad Nacional de Córdoba, Laprida 854, 5000, Córdoba, Argentina

We address the issue about the variation of the star cluster frequency (CF) in the Large Magellanic Cloud (LMC) in
terms of the cluster spatial distribution. We adopted the LMC regions traced by Harris & Zaritsky (2009) and used
an updated version of the cluster database compiled by Baumgardt et al. (2013). The CFs were produced by taking
into account an appropriate selection of age bins. Since the uncertainty in a cluster’s age can be large compared to the
size of the age bins, we account for the fact that a cluster could actually reside in one of a few adjacent age bins. We
confirm that there exist some variations of the LMC CFs in terms of their spatial distributions, although some caveats
should be pointed out. 30 Doradus resulted to be the region with the highest relative frequency of youngest clusters,
while the log t = 9–9.5 (1–3 Gyr) age range is featured by cluster formation at a higher rate in the inner regions than
in the outer ones. We compared the observed CFs to theoretical CFs, which are based on the star formation histories
of the field stars in each region of the LMC, and found the former predicting more or fewer clusters than observed
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depending on the field and age range considered.

Accepted for publication in MNRAS
Available from arXiv:1310.4351

Eclipsing binary stars in the OGLE-III fields of the Small Magellanic
Cloud

M. Pawlak1, D. Graczyk2, I. Soszyński1, P. Pietrukowicz1, R. Poleski1,3, A. Udalski1, M. K. Szymański1, M.
Kubiak1, G. Pietrzyński1,2, ÃL. Wyrzykowski1,4, K. Ulaczyk1, S. KozÃlowski1 and J. Skowron1

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

We present a large sample of eclipsing binary stars detected in the Small Magellanic Cloud fields covering about 14
square degrees that have been monitored for eight years during the third phase of the OGLE survey. This is the largest
set of such variables containing 6138 objects, of which 777 are contact and 5361 non-contact binaries. The estimated
completeness of this sample is around 82%. We analyze the statistical properties of the sample and present selected
interesting objects: 32 systems having eccentric orbit with visible apsidal motion, one Transient Eclipsing Binary,
ten RS CVn type stars, 22 still unexplained Double-Periodic Variable stars, and 15 candidates for doubly eclipsing
quadruple systems. Based on the OGLE-III proper motions, we classified 47 binaries from our sample as foreground
Galactic stars. We also list candidates suitable for the SMC distance determination.

Published in Acta Astronomica
Available from arXiv:1310.3272
and from http://acta.astrouw.edu.pl/Vol63/n3/pdf/pap 63 3 2.pdf

Population I Cepheids and star formation history of the Large
Magellanic Cloud

Yogesh C. Joshi1 and Santosh Joshi1

1ARIES, Nainital, India

In this paper we study the Cepheids distribution in the Large Magellanic Cloud (LMC) as a function of their ages using
data from the OGLE III photometric catalogue. To determine age of the Pop I Cepheids, we derived a period–age
(PA) relationship using the Cepheids found in the LMC star clusters. We find two peaks in the period distribution at
log P = 0.49±0.01 and log P = 0.28±0.01 days which correspond to fundamental and first overtone pulsation modes,
respectively. Ages of the Cepheids are used to understand star formation scenario in the LMC in last 30–600 Myr. The
age distribution of the LMC Cepheids is found to have a peak at log Age = 8.2 ± 0.1. This suggests that major star
formation event took place at about 125–200 Myr ago which may have been triggered by a close encounter between
the SMC and the LMC. Cepheids are found to be asymmetrically distributed throughout the LMC and many of them
lie in clumpy structures along the bar. The frequency distribution of Cepheids suggests that most of the clumps are
located to the eastern side of the LMC optical center.

Accepted for publication in New Astronomy
Available from arXiv:1310.2176
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Extraordinary luminous soft X-ray transient MAXI J0158−744 as an
ignition of a nova on a very massive O–Ne white dwarf

M. Morii1, H. Tomida2, M. Kimura2, F. Suwa3, H. Negoro3, M. Serino1, J.A. Kennea4, K.L. Page5, P.A. Curran6,
F.M. Walter7, N.P.M. Kuin8, T. Pritchard4, S. Nakahira2, K. Hiroi9, R. Usui10, N. Kawai10, J.P. Osborne5, T.

Mihara1, M. Sugizaki1, N. Gehrels11, M. Kohama2, T. Kotani12, M. Matsuoka1, M. Nakajima3, P.W.A. Roming13,
T. Sakamoto14, K. Sugimori10, Y. Tsuboi15, H. Tsunemi16, Y. Ueda9, S. Ueno2 and A. Yoshida14

1RIKEN, Japan
2Japan Aerospace Exploration Agency, Japan
3Nihon University, Japan
4The Pennsylvania State University, USA
5University of Leicester, UK
6Curtin University, Australia
7Stony Brook University, USA
8University College London, UK
9Kyoto University, Japan
10Tokyo Institute of Technology, Japan
11NASA Goddard Space Flight Center, USA
12Waseda University, Japan
13Southwest Research Institute, Space Science and Engineering Division, USA
14Aoyama Gakuin University, Japan
15Chuo University, Japan
16Osaka University, Japan

We present the observation of an extraordinary luminous soft X-ray transient, MAXI J0158−744, by the Monitor of
All-sky X-ray Image (MAXI) on 2011 November 11. This transient is characterized by a soft X-ray spectrum, a short
duration (1.3× 103 s < ∆Td < 1.10× 104 s), a very rapid rise (< 5.5× 103 s), and a huge peak luminosity of 2× 1040

erg s−1 in 0.7–7.0 keV band. With Swift observations and optical spectroscopy from the Small and Moderate Aperture
Research Telescope System (SMARTS), we confirmed that the transient is a nova explosion, on a white dwarf in a
binary with a Be star, located near the Small Magellanic Cloud. An extremely early turn-on of the super-soft X-ray
source (SSS) phase (< 0.44 d), the short SSS phase duration of about one month, and a 0.92 keV neon emission line
found in the third MAXI scan, 1296 s after the first detection, suggest that the explosion involves a small amount of
ejecta and is produced on an unusually massive O–Ne white dwarf close to, or possibly over, the Chandrasekhar limit.
We propose that the huge luminosity detected with MAXI was due to the fireball phase, a direct manifestation of the
ignition of the thermonuclear runaway process in a nova explosion.

Accepted for publication in ApJ
Available from arXiv:1310.1175

Novæ in globular clusters
Mariko Kato1, Izumi Hachisu2 and Martin Henze3

1Keio University, Japan
2University of Tokyo, Japan
3European Space Astronomy Centre, Spain

We present the first light curve analysis of Population II novæ that appeared in M 31 globular clusters. Our light
curve models, based on the optically thick wind theory, reproduce well both the X-ray turn-on and turnoff times with
the white dwarf (WD) mass of about 1.2 M¯ for M 31N 2007-06b in Bol 111 and about 1.37 M¯ for M 31N2010-10f
in Bol 126. The transient supersoft X-ray source CXOJ004345 in Bol 194 is highly likely a nova remnant of 1.2–1.3
M¯ WD. These WD masses are quite consistent with the temperatures deduced from X-ray spectra. We also present
the dependence of nova light curves on the metallicity in the range from [Fe/H] = 0.4 to −2.7. Whereas strong
optically thick winds are accelerated in Galactic disk novæ owing to a large Fe opacity peak, only weak winds occur in
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Population II novæ with low Fe abundance. Thus, nova light curves are systematically slow in low Fe environment. For
an extremely low Fe abundance normal nova outbursts may not occur unless the WD is very massive. We encourage
V or y filter observation rather than R as well as high cadence X-ray monitorings to open quantitative studies of
extragalactic novæ.

Accepted for publication in Astrophys. J. (2013)
Available from arXiv:1310.6579

Apsidal motion and absolute parameters for five LMC eccentric
eclipsing binaries
P. Zasche1 and M. Wolf1

1Astronomical Institute, Charles University in Prague, Faculty of Mathematics and Physics, CZ-18000 Praha 8, V. Holesovickach 2, Czech

Republic

Aims: As part of our observational projects at the La Silla Danish 1.54-meter telescope, we aim to measure the
precise times of minimum light for eccentric eclipsing binaries in the Large Magellanic Cloud, needed for accurate
determination of apsidal motion. Many new times of minima were derived from the photometric databases OGLE
and MACHO. Several new minima were also observed. Five early-type and eccentric-orbit eclipsing binaries: HV 982
(P = 5.d34, e = 0.15), HV 2274 (5.d73, 0.17), MACHO78.6097.13 (3.d11, 0.05), MACHO81.8881.47 (3.d88, 0.22), and
MACHO79.5377.76 (2.d64, 0.06) were studied.
Methods: The O–C diagrams of the systems were analysed using all reliable timings found in the literature, and new
or improved elements of apsidal motion were obtained. Light and radial velocity curves of MACHO81.8881.47 and
MACHO79.5377.76 were analysed using the program phoebe.
Results: We derived for the first time or significantly improved the relatively short periods of apsidal motion of 211
(12), 127 (8), 48 (13), 103 (20), and 42 (19) years, respectively. The internal structure constants, log k2, were found
to be −2.37, −2.47, −2.17, −2.02, and −1.86 respectively, under the assumption that the component stars rotate
pseudosynchronously. The relativistic effects are weak, up to 6% of the total apsidal motion rate. The masses for
MACHO81.8881.47 resulted in 5.51 (0.21) and 5.40 (0.19) M¯, while for MACHO79.5377.76 the masses are 11.26
(0.35) and 11.27 (0.35) M¯, respectively.

Published in Astronomy & Astrophysics
Available from arXiv:1310.2425

A tidally-stripped stellar component of the Magellanic Bridge
David L. Nidever1,2, Antonela Monachesi1, Eric F. Bell1, Steven R. Majewski2, Ricardo R. Muñoz3 and Rachael L.

Beaton2

1Dept. of Astronomy, University of Michigan, Ann Arbor, MI, 48104, USA
2Dept. of Astronomy, University of Virginia, Charlottesville, VA, 22904-4325, USA
3Departamento de Astronomı́, Universidad de Chile, Casilla 36-D, Santiago, Chile

Deep photometry of the Small Magellanic Cloud (SMC) stellar periphery (R = 4◦, 4.2 kpc) is used to study its line-
of-sight depth with red clump (RC) stars. The RC luminosity function is affected little by young (< 1 Gyr) blue-loop
stars in these regions because their main-sequence counterparts are not observed in the color–magnitude diagrams.
The SMC’s eastern side is found to have a large line-of-sight depth (∼ 23 kpc) while the western side has a much
shallower depth (∼ 10 kpc), consistent with previous photographic plate photometry results. We use a model SMC RC
luminosity function to deconvolve the observed RC magnitudes and construct the density function in distance for our
fields. Three of the eastern fields show a distance bimodality with one component at the ”systemic” ∼ 67 kpc SMC
distance and a second component at ∼ 55 kpc. Our data are not reproduced well by the various extant Magellanic
Cloud and Stream simulations. However, the models predict that the known H i Magellanic Bridge (stretching from
the SMC eastward towards the LMC) has a decreasing distance with angle from the SMC and should be seen in both
the gaseous and stellar components. From comparison with these models we conclude that the most likely explanation
for our newly identified ∼ 55 kpc stellar structure in the eastern SMC is a stellar counterpart of the H i Magellanic
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Bridge that was tidally stripped from the SMC ∼ 200 Myr ago during a close encounter with the LMC. This discovery
has important implications for microlensing surveys of the SMC.

Accepted for publication in The Astrophysical Journal
Available from arXiv:1310.4824

Tidal stability of giant molecular clouds in the Large Magellanic Cloud
E. Thilliez1,2, S.T. Maddison1, A. Hughes3 and T. Wong4

1Centre for Astrophysics & Supercomputing, Swinburne University of Technology, Hawthorn, VIC 3122, Australia
2Université Paris-Sud 11, 91400 Orsay, France
3Max-Planck-Institut für Astronomie, Köningstuhl 17, D-69117, Heidelberg, Germany
4Astronomy Department, University of Illinois, Urbana, IL 61801, USA

Star formation does not occur until the onset of gravitational collapse inside giant molecular clouds. However, the
conditions that initiate cloud collapse and regulate the star formation process remain poorly understood. Local
processes such as turbulence and magnetic fields can act to promote or prevent collapse. On larger scales, the galactic
potential can also influence cloud stability and is traditionally assessed by the tidal and shear effects. In this paper,
we examine the stability of giant molecular clouds (GMCs) in the Large Magellanic Cloud (LMC) against shear and
the galactic tide using CO data from the Magellanic Mopra Assessment (MAGMA) and rotation curve data from the
literature. We calculate the tidal acceleration experienced by individual GMCs and determine the minimum cloud
mass required for tidal stability. We also calculate the shear parameter, which is a measure of a clouds susceptibility to
disruption via shearing forces in the galactic disk. We examine whether there are correlations between the properties
and star forming activity of GMCs and their stability against shear and tidal disruption. We find that the GMCs
are in approximate tidal balance in the LMC, and that shear is unlikely to affect their further evolution. GMCs with
masses close to the minimal stable mass against tidal disruption are not unusual in terms of their mass, location, or
CO brightness, but we note that GMCs with large velocity dispersion tend to be more sensitive to tidal instability.
We also note that GMCs with smaller radii, which represent the majority of our sample, tend to more strongly resist
tidal and shear disruption. Our results demonstrate that star formation in the LMC is not inhibited by to tidal or
shear instability.

Accepted for publication in PASA
Available from arXiv:1310.6568

Surveying the Agents of Galaxy Evolution in the tidally stripped, low
metallicity Small Magellanic Cloud (SAGE-SMC) – III. Young stellar

objects
M. SewiÃlo1,2, L.R. Carlson3, J.P. Seale4, R. Indebetouw5, M. Meixner4, B.A. Whitney2,6, T.P. Robitaille7, J.M.

Oliveira8, K. Gordon4, M.R. Meade6, B.L. Babler6, J.L. Hora9, M. Block10, K. Misselt10, J.Th. van Loon8, C.-H.R.
Chen11, E. Churchwell6 and B. Shiao4

1Johns Hopkins University, USA
2Space Science Institute, USA
3Sterrewacht Leiden, Leiden University, The Netherlands
4Space Telescope Science Institute, USA
5University of Virginia , USA
6University of Wisconsin–Madison, USA
7Max-Planck-Institute for Astronomy, Germany
8Keele University, UK
9Center for Astrophysics, Harvard University, USA
10Steward Observatory, University of Arizona, USA
11Max Planck Institute for Radio Astronomy, Germany

The Spitzer Space Telescope Legacy Program SAGE-SMC allows global studies of resolved stellar populations in the
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SMC in a different environment than our Galaxy. Using the SAGE-SMC IRAC (3.6–8.0 µm) and MIPS (24 and
70 µm) catalogs and images combined with near-infrared JHKs and optical (UBVI) data, we identified a population
of ∼ 1000 intermediate- to high-mass young stellar objects (YSOs) in the SMC (three times more than previously
known). Our method of identifying YSO candidates builds on the method developed for the Large Magellanic Cloud
by Whitney et al. with improvements based on what we learned from our subsequent studies and techniques described
in the literature. We perform (1) color–magnitude cuts based on five color–magnitude diagrams (CMDs), (2) visual
inspection of multi-wavelength images, and (3) spectral energy distribution (SED) fitting with YSO models. For each
YSO candidate, we use its photometry to calculate a measure of our confidence that the source is not a non-YSO
contaminant, but rather a true YSO, based on the source’s location in the color–magnitude space with respect to
non-YSOs. We use this CMD score and the SED fitting results to define two classes of sources: high-reliability YSO
candidates and possible YSO candidates. We found that, due to polycyclic aromatic hydrocarbon emission, about
half of our sources have [3.6]–[4.5] and [4.5]–[5.8] colors not predicted by previous YSO models. The YSO candidates
are spatially correlated with gas tracers.

Published in ApJ, 778, 15 (2013)

Progenitor type identification for supernova remnant N 103B in the
Large Magellanic Cloud by Suzaku and Chandra observations

Kentaro Someya1,2, Aya Bamba3 and Manabu Ishida2

1SoftBank Telecom Corp., Japan
2ISAS/JAXA, Japan
3Aoyama Gakuin University, Japan

This paper presents a detailed analysis of supernova remnant (SNR) N 103B located in the Large Magellanic Cloud
(LMC), based on Suzaku and Chandra observations. The spectrum of the entire SNR was reproduced using 3 ISM
components with the kT of 0.32, 0.56, and 0.92 keV and one ejecta component of 3.96 keV, based on spectral analysis
of the Suzaku/XIS data. The ejecta was overabundant in heavy elements, such as Mg, Si, S, Ca, Fe, and Ni. The
unprecedentedly high quality of data obtained by XIS, allowed us to correctly distinguish between the emissions from
the ISM and the ejecta for the first time. Combining XIS spectral analysis with Chandra/ACIS image analysis, we
verified that the ejecta distributions for elements from Si to Fe-K were similar to one another, although Fe-K emission
was located slightly inward compared with that of lighter elements such as Si, S, Ar, and Ca. The onion-like structure
of the ejecta was maintained after the SN. In addition, the ISM emission represented by O and Fe-L was located
inside the ejecta emission. We compared hydrogen-rich ejecta plasma, which is indicative of Type II SNRs, with
plasma rich in heavy elements and poor in hydrogen, which is mainly observed in Type Ia. In the case of N 103B,
we could not determine whether the origin of the continuum emission in the 4.0–6.0 keV band was from ejecta or
high-temperature ISM only based on the spectral modeling of XIS data. High-energy continuum images in the 5.2–6.0
keV band obtained by ACIS were extremely similar to those of ejecta, implying that the origin of the high-energy
continuum might indeed be the ejecta. By combining spectral analysis with high-energy continuum images, we found
some indications for H-dominated plasma, and as a result, that the progenitor of N 103B might have been a Type II.
The progenitor mass was estimated to be 13 M¯ based on the abundance patterns of Mg, Fe, and Ni relative to Si.

Accepted for publication in PASJ
Available from arXiv:1310.4244

On the formation of SMCX-1: the effect of mass and orbital angular
momentum loss

Tao Li1 and Xiang-Dong Li1

1Department of Astronomy, Nanjing University, Nanjing 210093, China

SMCX-1 is a high-mass X-ray binary with an orbital period of 3.9 days. The mass of the neutron star is as low as
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∼ 1 M¯, suggesting that it was likely to be formed through an electron-capture supernova rather an iron-core collapse
supernova. From the present system configurations, we argue that the orbital period at the supernova was <∼10 days.
Since the mass transfer process between the neutron star’s progenitor and the companion star before the supernova
should have increased the orbital period to tens of days, a mechanism with efficient orbit angular momentum loss and
relatively small mass loss is required to account for its current orbital period. We have calculated the evolution of the
progenitor binary systems from zero-age main-sequence to the pre-supernova stage with different initial parameters and
various mass and angular momentum loss mechanisms. Our results show that the outflow from the outer Lagrangian
point or a circumbinary disk formed during the mass transfer phase may be qualified for this purpose. We point
out that these mechanisms may be popular in binary evolution and significantly affect the formation of compact star
binaries.

Accepted for publication in ApJ
Available from arXiv:1311.1649

Probing interstellar extinction near the 30 Doradus nebula with red
giant stars

Guido De Marchi1, Nino Panagia2 and Léo Girardi3

1European Space Agency, Keplerlaan 1, 2200 AG Noordwijk, The Netherlands
2Space Telescope Science Institute, 3700 San Martin Drive, Baltimore MD 21218, USA
3INAF–PD, Osservatorio Astronomico di Padova, Vicolo Osservatorio 5, 35122 Padua, Italy

We have studied the properties of the interstellar extinction in a field of ∼ 3′ × 3′ located about 6′ SW of 30 Doradus
in the Large Magellanic Cloud (LMC). The observations with with the WFPC2 camera on board the Hubble Space
Telescope in the U, B, V, I and Hα bands show the presence of patchy extinction in this field. In particular, the
colour–magnitude diagram (CMD) reveals an elongated stellar sequence, running almost parallel to the main sequence
(MS), which is in reality made up of stars belonging to the red giant clump (RC) and spread across the CMD by the
considerable and uneven extinction in this region. This allows us to derive in a quantitative way both the extinction
law in the range 3000–8000 Å and the values of the absolute extinction towards more than 100 objects, thereby
setting statistically significant constraints on the properties of the extinction in this area. We find an extinction curve
considerably flatter than the standard Galactic one and than those derived before towards a sample of sight lines
in the LMC. The value of RV = 5.6 that we find implies that in this region large grains dominate. Comparing the
extinction towards the individual RC stars and a similar number of stars in the upper MS reveals that the latter span
a narrower range of E(B − V ) values, contrary to what has been found elsewhere in the LMC.

Accepted for publication in MNRAS
Available from arXiv:1311.3659
and from www.starformation.eu

The K-corrections to radial velocity curves of optical components in
X-Ray Binaries. HMXB with weak X-ray heating

V.S. Petrov1, E.A. Antokhina1 and A.M. Cherepashchuk1

1SAI MSU, Russia

The radial velocity curves of optical components in X-ray binary systems can differ from the radial velocity curves of
their barycenters due to tidal distortion, gravitational darkening, X-ray heating, etc. This motivated us to investigate
how the semiamplitudes of the radial velocity curves of these optical components can depend on the binary-system
parameters in a Roche model. The K-correction is taken to be the ratio of the radial velocity semiamplitude for a star
in the Roche model to the corresponding value for the stellar barycenter. K-corrections are tabulated for the optical
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stars in the massive X-ray binaries Cen X-3, LMC X-4, SMC X-1, VelaX-1, and 4U 1538−52.

Published in Astronomy Reports, Volume 57, Issue 9, p669 (2013)
Available from arXiv:1311.2832

Self-consistent physical parameters for 5 intermediate-age SMC stellar
clusters from CMD modelling

Bruno Dias1,2, Leandro Kerber1,3, Beatriz Barbuy1, Basilio Santiago4, Sergio Ortolani5 and Eduardo Balbinot4

1Instituto de Astronomia, Geof́ısica e Ciências Atmosféricas, Universidade de São Paulo, Rua do Matão 1226, Cidade Universitária, São
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Context: Stellar clusters in the Small Magellanic Cloud (SMC) are useful probes to study the chemical and dynamical
evolution of this neighbouring dwarf galaxy, enabling inspection of a large period covering over 10 Gyr.
Aims: The main goals of this work are the derivation of age, metallicity, distance modulus, reddening, core radius and
central density profile for six sample clusters, in order to place them in the context of the Small Cloud evolution. The
studied clusters are: AM 3, HW 1, HW34, HW40, Lindsay 2, and Lindsay 3, where HW1, HW 34, and Lindsay 2 are
studied for the first time.
Methods: Optical Colour–Magnitude Diagrams (V, B–V CMDs) and radial density profiles were built from images
obtained with the 4.1m SOAR telescope, reaching V ∼ 23 mag. The determination of structural parameters were
carried out applying King profile fitting. The other parameters were derived in a self-consistent way by means of
isochrone fitting, which uses the likelihood statistics to identify the synthetic CMDs that best reproduce the observed
ones. Membership probabilities were determined comparing the cluster and control field CMDs. Completeness and
photometric uncertainties were obtained performing artificial star tests.
Results: The results confirm that these clusters (except HW34, identified as a field fluctuation) are intermediate-age
clusters, with ages between 1.2 Gyr (Lindsay 3) and ∼ 5.0 Gyr (HW 1). In particular HW 1, Lindsay 2, and Lindsay 3
are located in a region that we called West Halo, where studies on ages and metallicity gradients are still lacking.
Moreover Lindsay 2 was identified as a moderately metal-poor cluster with [Fe/H] = −1.4 ± 0.2 dex, lower than
expected from the age–metallicity relation by Pagel & Tautvaisiene (1998). We also found distances varying from
∼ 53 to 66 kpc, compatible with the large depth of the SMC.

Accepted for publication in A&A
Available from arXiv:1311.4579
and from http://www.astro.iag.usp.br/∼bdias/

The first analysis of extragalactic binary-orbit precession
P. Zasche1 and M. Wolf1
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Republic

Aims: The main aim of the present paper is the very first analysis of the binary-orbit precession out of our Galaxy.
Methods: The light curves of an eclipsing binary MACHO82.8043.171 in the Large Magellanic cloud (LMC) were
studied in order to analyse the long-term evolution of its orbit.
Results: It is a detached system that is undergoing rapid orbit precession. The inclination of the orbit towards the
observer has been changing, which has caused the eclipse depth to become lower over the past decade, and this is
ongoing. The period of this effect was derived as only about 77 years, so it is the second fastest nodal motion known
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amongst such systems nowadays. This is the first analysis of an extragalactic binary with nodal precession. This effect
is probably caused by a distant third body orbiting the pair, which could potentially be detected via spectroscopy.
Conclusions: Some preliminary estimates of this body are presented. However, even such a result can tell us something
about the multiplicity fraction in other galaxies.

Published in Astronomy & Astrophysics, 559, A41 (2013)
Available from arXiv:1311.2771

Binary-corrected velocity dispersions from single- and multi-epoch
radial velocities: massive stars in R 136 as a test case
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Orbital motions from binary stars can broaden the observed line-of-sight velocity distribution of a stellar system,
artificially inflating the measured line-of-sight velocity dispersion, which can in turn lead to erroneous conclusions
about the dynamical state of the system. Cottaar et al. (2012b) proposed a maximum likelihood procedure to recover
the intrinsic velocity dispersion of a resolved star cluster from a single epoch of radial velocity data of individual stars,
which they achieved by simultaneously fitting the intrinsic velocity distribution of the single stars and the centres
of mass of the binaries along with the velocity shifts caused by binary orbital motions. Assuming well-characterized
binary properties, they showed that this procedure can accurately reproduce intrinsic velocity dispersions below 1
km s−1 for solar-type stars. Here we investigate the systematic offsets induced in cases where the binary properties
are uncertain, and we show how two epochs of radial velocity data with an appropriate baseline can help to mitigate
these systematic effects. We first test the method above using Monte Carlo simulations, taking into account the large
uncertainties in the binary properties of OB stars. We then apply it to radial velocity data in the young massive cluster
R 136, an example for which the intrinsic velocity dispersion of O-type stars is known from an intensive multi-epoch
approach. For typical velocity dispersions of young massive clusters (>∼4 km s−1) and with a single epoch of data,
we demonstrate that the method can just about distinguish between a cluster in virial equilibrium and an unbound
cluster. This is due to the higher spectroscopic binary fraction and more loosely constrained distributions of orbital
parameters of OB stars compared to solar-type stars. By extending the maximum likelihood method to multi-epoch
data, we show that the accuracy on the fitted velocity dispersion can be improved to a few percent by using only
two epochs of radial velocities. This procedure offers a promising method of accurately measuring the intrinsic stellar
velocity dispersion in other systems for which the binary properties are not well constrained, for example young clusters
and associations whose luminosity is dominated by OB stars.

Accepted for publication in Astronomy & Astrophysics
Available from arXiv:1311.6357

Spin period change and the magnetic fields of neutron stars in Be X-ray
binaries in the Small Magellanic Cloud

H. Klus1, W.C.G. Ho2, M.J. Coe1, R.H.D. Corbet3 and L.J. Townsend1
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We report on the long-term average spin period, rate of change of spin period and X-ray luminosity during outbursts
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for 42 Be X-ray binary systems in the Small Magellanic Cloud. We also collect and calculate parameters of each system
and use these data to determine that all systems contain a neutron star which is accreting via a disc, rather than a
wind, and that if these neutron stars are near spin equilibrium, then over half of them, including all with spin periods
over about 100 s, have magnetic fields over the quantum critical level of 4.4×1013 G. If these neutron stars are not close
to spin equilibrium, then their magnetic fields are inferred to be much lower, of the order of 106–1010 G, comparable
to the fields of neutron stars in low-mass X-ray binaries. Both results are unexpected and have implications for the
rate of magnetic field decay and the isolated neutron star population.

Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from arXiv:1311.4343

The VMC Survey – X. Cepheids, RR Lyræ stars and binaries as probes
of the Magellanic System’s structure
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The VISTA near-infrared Y, J, Ks survey of the Magellanic System (VMC) survey is obtaining multi-epoch photometry
in the Ks band of the Magellanic System down to a limiting magnitude of Ks ∼ 19.3 for individual epoch data. The
observations are spaced in time such as to provide optimal sampling of the light curves for RRLyræ stars and for
Cepheids with periods up to 20–30 d. We present examples of the Ks-band light curves of Classical Cepheids and
RRLyræ stars we are obtaining from the VMC data and outline the strategy we put in place to measure distances
and infer the System three-dimensional geometry from the variable stars. For this purpose, the near-infrared Period–
Luminosity, Period–Wesenheit and Period–Luminosity–Colour relations of the system RRLyræ stars and Cepheids
are used. We extensively exploit the catalogues of the Magellanic Clouds’ variable stars provided by the EROS-2 and
OGLE III/IV microlensing surveys. By combining these surveys, we present the currently widest-area view of the
Large Magellanic Cloud as captured by the galaxy Cepheids, RR Lyræ stars and binaries. This reveals the full extent
of the main structures (bar/s, spiral arms) that have only been vaguely guessed before. Our work strengthens the case
for a detailed study of the Large Magellanic Cloud three-dimensional geometry.

Published in MNRAS (2013)
Available from arXiv:1310.6849
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The VMC Survey – VIII. First results for anomalous Cepheids
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The VISTA near-infrared YJKs survey of the Magellanic Clouds System (VMC, PI: M.-R.L. Cioni) is collecting deep
Ks-band time-series photometry of the pulsating variable stars hosted in the system formed by the two Magellanic
Clouds and the Bridge connecting them. In this paper, we present for the first time Ks-band light curves for anomalous
Cepheid (AC) variables. In particular, we have analysed a sample of 48 Large Magellanic Cloud ACs, for which
identification and optical magnitudes were obtained from the OGLE III and IV catalogues. The VMC Ks-band light
curves for ACs are well sampled, with the number of epochs ranging from 8 to 16, and allowing us to obtain very
precise mean Ks magnitudes with errors on average of the order of 0.01 mag. The 〈Ks〉 values were used to build the
first period–luminosity and period–Wesenheit relations in the near-infrared for fundamental mode and first overtone
ACs. At the same time we exploited the optical (V, I) OGLE data to build accurate period–luminosity, period–
luminosity–colour and period–Wesenheit relations both for fundamental mode and first overtone ACs. For the first
time, these relations were derived from a sample of pulsators which uniformly cover the whole AC instability strip.
The application of the optical period–Wesenheit relation to a sample of dwarf galaxies hosting a significant population
of ACs revealed that this relation is a valuable tool for deriving distances within the Local Group. Due to its lower
dispersion, we expect the Ks period–Wesenheit relations first derived in this paper to represent a valuable tool for
measuring accurate distances to galaxies hosting ACs when more data in near-infrared filters become available.

Published in MNRAS (2013)
Available from arXiv:1310.5967
and from http://mnras.oxfordjournals.org/content/early/2013/11/21/mnras.stt2047.full.pdf
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The chemical composition of the Small Magellanic Cloud
A. Mucciarelli 1
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The Small Magellanic Cloud is a close, irregular galaxy that has experienced a complex star formation history due to
the strong interactions occurred both with the Large Magellanic Cloud and the Galaxy. Despite its importance, the
chemical composition of its stellar populations older than 1–2 Gyr is still poorly investigated. I present the first results
of a spectroscopic survey of 200 Small Magellanic Cloud giant stars performed with FLAMES@VLT. The derived
metallicity distribution peaks at [Fe/H] = −0.9/ − 1.0 dex, with a secondary peak at [Fe/H] = −0.6 dex. All these
stars show [α/Fe] abundance ratios that are solar or mildly enhanced (+0.1 dex). Also, three metal-poor stars (with
[Fe/H] = −2.5 dex and enhanced [α/Fe] ratios compatible with those of the Galactic Halo) have been detected in the
outskirts of the SMC: these giants are the most metal-poor stars discovered so far in the Magellanic Clouds.

Oral contribution, published in AIP Thinkshop 10
Available from arXiv:1310.6888
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Disk destruction and (re)-creation in the Magellanic Clouds
David L. Nidever1

1Dept. of Astronomy, University of Michigan, Ann Arbor, MI, 48104, USA

Unlike most satellite galaxies in the Local Group that have long lost their gaseous disks, the Magellanic Clouds are
gas-rich dwarf galaxies most-likely on their first pericentric passage allowing us to study disk evolution on the smallest
scales. The Magellanic Clouds show both disk destruction and (re)-creation. The Large Magellanic Cloud has a very
extended stellar disk reaching to at least 15 kpc (10 radial scalelengths) while its gaseous disk is truncated at ∼ 5 kpc
mainly due to its interaction with the hot gaseous halo of the Milky Way. The stellar disk of the Small Magellanic
Cloud, on the other hand, has essentially been destroyed. The old stellar populations show no sign of rotation (being
pressure supported) and have an irregular and elongated shape. The SMC has been severely disturbed by its close
encounters with the LMC (the most recent only 200 Myr ago) which have also stripped out large quantities of gas
creating much of the Magellanic Stream and the Magellanic Bridge. Amazingly, the SMC has an intact, rotating H i
disk indicating that either the inner H i was preserved from destruction, or, more likely, that the H i disk reformed
quickly after the last close encounter with the LMC.

Oral contribution, published in ”The Structure and Dynamics of Disk Galaxies”, eds. M.S. Seigar &
P. Treuthardt
Available from arXiv:1310.6742

The VLT-Flames Tarantula Survey: an overview of the VFTS results so
far

H. Sana1 and the Tarantula consortium

1Space Telescope Science Institute, USA

The VLT-FLAMES Tarantula Survey (VFTS) has acquired multi-epoch spectroscopy of over 800 O, B and Wolf–Rayet
stars in the 30 Doradus region with the aim to investigate a number of important questions related to the evolution of
massive stars and of cluster dynamics. In this paper, I first provide an overview of the scientific results obtained by
the VFTS consortium so far. I then review the constraints obtained on the multiplicity properties of massive stars in
30Dor and compare them to our recent results from a Milky Way sample.

Oral contribution, published in ”Setting a new standard in the analysis of binary stars”, Leuven, Sept.
2013
Available from arXiv:1311.0009
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