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Editorial

Dear Colleagues,

It is my pleasure to present you the 147th issue of the Magellanic Clouds Newsletter. There is a lot of new work on
supernova remnants, X-ray binaries, interstellar matter, Cepheids, and much more!

Nolan Walborn regrets to report that – thanks to a kind alert from Andrea Mehner – they have verified that the
apparent He ii λ4686 behavior in the LMC LBV R71, shown on the cover of the April issue of the Magellanic Clouds
Newsletter, is entirely due to a perverse flaw in the 2002 UVES data, which was not corrected by the applicable
ESO pipeline. Bad columns with charge traps cross the échelle orders at a shallow angle, one of the worst near the
position of λ4686, with systematic variations in both position and intensity that quantitatively mimic the periastron
phenomena in η Carinæ. This figure and associated discussion have been removed from the paper prior to publication.

The next issue is planned to be distributed on the 1st of August 2017.

Editorially Yours,

Jacco van Loon
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Refereed Journal Papers

Discovery of molecular and atomic clouds associated with the
Magellanic superbubble 30Doradus C

H. Sano1,2, Y. Yamane2, F. Voisin3, K. Fujii4,5, S. Yoshiike2, T. Inaba2, K. Tsuge2, Y. Babazaki2, I. Mitsuishi2, R.

Yang6, F. Aharonian6,7, M.D. Filipović8, N. Mizuno5, K. Tachihara2, A. Kawamura2, T. Onishi9 and Y. Fukui1,2

1Institute for Advanced Research, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan
2Department of Physics, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan
3School of Physical Science, Adelaide university, North Terrace, Adelaide, SA 5005, Australia
4Department of Astronomy, School of Science, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 133-0033, Japan
5National Astronomical Observatory of Japan, Mitaka, Tokyo 181-8588, Japan
6Max-Planck-Institut für Kernphysik, P.O. Box 103980, 69029 Heidelberg, Germany
7Dublin Institute for Advanced Studies, 31 Fitzwilliam Place, Dublin 2, Ireland
8Western Sydney University, Locked Bag 1797, Penrith South DC, NSW 1797, Australia
9Department of Astrophysics, Graduate School of Science, Osaka Prefecture University, 1-1 Gakuen-cho, Naka-ku, Sakai 599-8531, Japan

We analyzed the 2.6-mm CO and 21-cm H i lines toward the Magellanic superbubble 30 Doradus C, in order to reveal
the associated molecular and atomic gas. We uncovered five molecular clouds in a velocity range from 251 to 276
km s−1 toward the western shell. The non-thermal X-rays are clearly enhanced around the molecular clouds on a pc
scale, suggesting possible evidence for magnetic field amplification via shock–cloud interaction. The thermal X-rays
are brighter in the eastern shell, where there are no dense molecular or atomic clouds, opposite to the western shell.
The TeV γ-ray distribution may spatially match the total interstellar proton column density as well as the non-thermal
X-rays. If the hadronic γ-ray is dominant, the total energy of the cosmic-ray protons is at least ∼ 1.2× 1050 erg with
the estimated mean interstellar proton density ∼ 60 cm−3. In addition the γ-ray flux associated with the molecular
cloud (e.g., MC3) could be detected and resolved by the Cherenkov Telescope Array (CTA). This should permit CTA
to probe the diffusion of cosmic-rays into the associated dense ISM.

Submitted to The Astrophysical Journal
Available from http://arxiv.org/abs/1701.01962
and from http://www.atnf.csiro.au/ATNF-DailyImage/archive/2017/19-Jan-2017.html

Orbits of massive satellite galaxies: II. Bayesian estimates of the Milky
Way and Andromeda masses using high precision astrometry and

cosmological simulations
Ekta Patel1, Gurtina Besla1 and Kaisey Mandel2

1University of Arizona, USA
2Harvard–Smithsonian Center for Astrophysics, USA

In the era of high precision astrometry, space observatories like the Hubble Space Telescope (HST) and Gaia are
providing unprecedented 6D phase space information of satellite galaxies. Such measurements can shed light on the
structure and assembly history of the Local Group, but improved statistical methods are needed to use them efficiently.
Here we illustrate such a method using analogs of the Local Group’s two most massive satellite galaxies, the Large
Magellanic Cloud (LMC) and Triangulum (M 33), from the Illustris dark-matter-only cosmological simulation. We
use a Bayesian inference scheme combining measurements of positions, velocities, and specific orbital angular momenta
(j) of the LMC/M 33 with importance sampling of their simulated analogs to compute posterior estimates of the Milky
Way (MW) and Andromeda’s (M 31) halo masses. We conclude the resulting host halo mass is more susceptible to bias
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when using measurements of the current position and velocity of satellites, especially when satellites are at short-lived
phases of their orbits (i.e. at pericentre). Instead, the j value of a satellite is well-conserved over time and provides
a more reliable constraint on host mass. The inferred virial mass of the MW (M31) using j of the LMC (M 33) is
Mvir,MW = 1.02+0.77

−0.55 × 1012 M⊙ (Mvir,M31 = 1.37+1.39
−0.75 × 1012 M⊙). Choosing simulated analogs whose j values are

consistent with the conventional picture of a previous (< 3 Gyr ago), close encounter (< 100 kpc) of M33 about M31
results in a very low virial mass for M31 (∼ 1012 M⊙). This supports the new scenario put forth in Patel et al. (2016),
wherein M33 is on its first passage about M31 or on a long period orbit. We conclude that this Bayesian inference
scheme, utilising satellite j, is a promising method to reduce the current factor of two spread in the mass range of the
MW and M31. This method is easily adaptable to include additional satellites as new 6D phase space information
becomes available from HST, Gaia and JWST.

Accepted for publication in Monthly Notices of the Royal Astronomical Society
Available from http://arxiv.org/abs/1703.05767
and from https://doi.org/10.1093/mnras/stx698

Gaia eclipsing binary and multiple systems. Two-Gaußian models
applied to OGLE-III eclipsing binary light curves in the Large

Magellanic Cloud
N. Mowlavi1,2, I. Lecoeur-Täıbi2, B. Holl2, L. Rimoldini2, F. barblan1, A. Prša3, A. Kochoska4,3, M. Süveges5, L.

Eyer1, K. Nienartowicz6, G. Jevardat6, J. Charnas2, L. Guy2 and M. Audard1,2

1Department of Astronomy, Université de Genève, 51 chemin des Maillettes, 1290 Versoix, Switzerland
2Department of Astronomy, Université de Genève, 16 chemin d’Ecogia, 1290 Versoix, Switzerland
3Villanova University, Dept. of Astrophysics and Planetary Science, 800 Lancaster Ave, Villanova PA 19085, USA
4University of Ljubljana, Dept. of Physics, Jadranska 19, SI-1000 Ljubljana, Slovenia
5Max Planck Institute for Astronomy, Königstuhl 17, 69117 Heidelberg, Germany
6SixSq, Rue du Bois-du-Lan 8, CH-1217 Geneva, Switzerland

Context: The advent of large scale multi-epoch surveys raises the need for automated light curve (LC) processing.
This is particularly true for eclipsing binaries (EBs), which form one of the most populated types of variable objects.
The Gaia mission, launched at the end of 2013, is expected to detect of the order of few million EBs over a 5-year
mission.
Aims: We present an automated procedure to characterize EBs based on the geometric morphology of their LCs with
two aims: first to study an ensemble of EBs on a statistical ground without the need to model the binary system, and
second to enable the automated identification of EBs that display atypical LCs.
Methods: We model the folded LC geometry of EBs using up to two Gaußian functions for the eclipses and a cosine
function for any ellipsoidal-like variability that may be present between the eclipses. The procedure is applied to the
OGLE-III data set of EBs in the Large Magellanic Cloud (LMC) as a proof of concept. The Bayesian information
criterion is used to select the best model among models containing various combinations of those components, as well
as to estimate the significance of the components.
Results: Based on the two-Gaußian models, EBs with atypical LC geometries are successfully identified in two diagrams,
using the Abbe values of the original and residual folded LCs, and the reduced χ2. Cleaning the data set from the
atypical cases and further filtering out LCs that contain non-significant eclipse candidates, the ensemble of EBs can
be studied on a statistical ground using the two-Gaußian model parameters. For illustration purposes, we present the
distribution of projected eccentricities as a function of orbital period for the OGLE-III set of EBs in the LMC, as well
as the distribution of their primary versus secondary eclipse widths.

Accepted for publication in Astronomy & Astrophysics
Available from http://arxiv.org/abs/1703.10597

3

http://arxiv.org/abs/1703.05767
https://doi.org/10.1093/mnras/stx698
http://arxiv.org/abs/1703.10597


ALMA spectral survey of Supernova 1987A – molecular inventory,
chemistry, dynamics and explosive nucleosynthesis

M. Matsuura 1,2, R. Indebetouw3,4, S. Woosley5, V. Bujarrabal6, F.J. Abellan7, R. McCray8, J. Kamenetzky9, C.

Fransson10, M.J. Barlow2, H.L. Gomez1, P. Cigan1, I. De Looze2, J. Spyromilio11, L. Staveley-Smith12,13, G.

Zanardo12, P. Roche14, J. Larsson15, S. Viti2, J.Th. van Loon16, J.C. Wheeler17, M. Baes18, R. Chevalier3, P.

Lundqvist10, J.M. Marcaide7, E. Dwek19, M. Meixner20,21, C.-Y. Ng22, G. Sonneborn19 and J. Yates2

1Cardiff University, UK
2University College London, UK
3University of Virginia, USA
4National Radio Astronomy Observatory, USA
5University of California, Santa Cruz, USA
6Observatorio Astronómico Nacional (OAN–IGN), Spain
7Universidad de Valencia, Spain
8University of California, Berkeley, USA
9Westminster College, Salt Lake City, USA
10Stockholm University, Sweden
11European Southern Observatory, Germany
12The University of Western Australia, Australia
13ARC Centre of Excellence for All-Sky Astrophysics (CAASTRO), Australia
14University of Oxford, UK
15Oskar Klein Centre, AlbaNova, Sweden
16Keele University, UK
17University of Texas, Austin, USA
18Universiteit Gent, Belgium
19NASA Goddard Space Flight Center, USA
20Space Telescope Science Institute, USA
21Johns Hopkins University, USA
22University of Hong Kong, Hong Kong, China

We report the first molecular line survey of Supernova 1987A in the millimetre wavelength range. In the ALMA 210–
300 and 340–360 GHz spectra, we detected cold (20–170 K) CO, 28SiO, HCO+ and SO, with weaker lines of 29SiO from
ejecta. This is the first identification of HCO+ and SO in a young supernova remnant. We find a dip in the J = 6–5
and 5–4 SiO line profiles, suggesting that the ejecta morphology is likely elongated. The difference of the CO and SiO
line profiles is consistent with hydrodynamic simulations, which show that Rayleigh–Taylor instabilities cause mixing
of gas, with heavier elements much more disturbed, making more elongated structure. We obtained isotopologue
ratios of 28SiO/29SiO> 13, 28SiO/30SiO> 14, and 12CO/13CO> 21, with the most likely limits of 28SiO/29SiO> 128,
28SiO/30SiO> 189. Low 29Si and 30Si abundances in SN1987A are consistent with nucleosynthesis models that show
inefficient formation of neutron-rich isotopes in a low metallicity environment, such as the Large Magellanic Cloud.
The deduced large mass of HCO+ (∼ 5 × 10−6 M⊙) and small SiS mass (< 6 × 10−5 M⊙) might be explained by
some mixing of elements immediately after the explosion. The mixing might have caused some hydrogen from the
envelope to sink into carbon and oxygen-rich zones after the explosion, enabling the formation of a substantial mass of
HCO+. Oxygen atoms may have penetrated into silicon and sulphur zones, suppressing formation of SiS. Our ALMA
observations open up a new window to investigate chemistry, dynamics and explosive nucleosynthesis in supernovæ.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1704.02324

On binary channels to anomalous Cepheids
Alfred Gautschy1 and Hideyuki Saio2

1CBmA, Liestal 4410, Switzerland
2Astronomical Institute, Graduate School of Science, Tohoku University, Sendai 980-8578, Japan

Anomalous Cepheids are a rather rare family of pulsating variables preferably found in dwarf galaxies. Attempts to
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model these variable stars via single-star evolution scenarios still leave space for improvements to better grasp their
origin. Focusing on the LMC with its rich population of anomalous Cepheids to compare against we probe the role
binary stars might play to understand the nature of anomalous Cepheids. The evolution of donors and accretors
undergoing Case-B mass transfer along the first red-giant branch as well as merger-like models were calculated. First
results show that in binary scenarios a larger range of star masses and metallicities up to Z<

∼0.008, higher than
deemed possible hitherto, enter and pass through the instability strip. If binary stars play a rôle in anomalous
Cepheid populations, mass donors, mass accretors, or even mergers are potential candidates to counteract constraints
imposed by the single-star approach.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1704.00124

Characterizing the transition from diffuse atomic to dense molecular
clouds in the Magellanic clouds with [C ii], [C i], and CO

Jorge L. Pineda1, William D. Langer1, Paul F. Goldsmith1, Shinji Horiuchi2, Thomas B.H. Kuiper1, Erik Muller3,

Annie Hughes4, Jürgen Ott5, Miguel A. Requena Torres6, Thangasamy Velusamy1 and Tony Wong7

1Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove Drive, Pasadena, CA 91109-8099, USA
2CSIRO Astronomy & Space Science/NASA Canberra Deep Space Communication Complex, P.O. Box 1035, Tuggeranong ACT 2901,

Australia
3National Astronomical Observatory of Japan, Chile Observatory, Tokyo, Mitaka, 181-8588, Japan
4CNRS, IRAP, 9 Av. Colonel Roche, BP 44346, 31028, Toulouse Cedex 4, France; Université de Toulouse, UPS-OMP, IRAP, 31028,

Toulouse Cedex 4, France
5National Radio Astronomy Observatory, P.O. Box O, 1003 Lopezville Road, Socorro, NM 87801, USA
6Space Telescope Science Institute, 3700 San Martin Dr., Baltimore, 21218 MD, USA
7Department of Astronomy, University of Illinois, Urbana, IL 61801, USA

We present and analyze deep Herschel/HIFI observations of the [C ii] 158-µm, [C i] 609-µm, and [C i] 370-µm lines
towards 54 lines-of-sight (LOS) in the Large and Small Magellanic clouds. These observations are used to determine
the physical conditions of the line-emitting gas, which we use to study the transition from atomic to molecular gas
and from C+ to C0 to CO in their low metallicity environments. We trace gas with molecular fractions in the range
0.1 < f(H2) < 1, between those in the diffuse H2 gas detected by UV absorption (f(H2) < 0.2) and well shielded
regions in which hydrogen is essentially completely molecular. The C0 and CO column densities are only measurable
in regions with molecular fractions f(H2) > 0.45 in both the LMC and SMC. Ionized carbon is the dominant gas-phase
form of this element that is associated with molecular gas, with C0 and CO representing a small fraction, implying
that most (89% in the LMC and 77% in the SMC) of the molecular gas in our sample is CO-dark H2. The mean XCO

conversion factors in our LMC and SMC sample are larger than the value typically found in the Milky Way. When
applying a correction based on the filling factor of the CO emission, we find that the values of XCO in the LMC and
SMC are closer to that in the Milky Way. The observed [C ii] intensity in our sample represents about 1% of the total
far-infrared intensity from the LOSs observed in both Magellanic Clouds.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1704.00739

What sets the massive star formation rates and efficiencies of giant
molecular clouds?

Bram B. Ochsendorf1, Margaret Meixner1,2, Julia Roman-Duval2, Mubdi Rahman1 and Neal J. Evans II3,4

1Department of Physics and Astronomy, The Johns Hopkins University, 3400 North Charles Street, Baltimore, MD 21218, USA
2Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA
3Department of Astronomy, The University of Texas at Austin, 2515 Speedway, Stop C1400, Austin, TX 78712-1205, USA
4Korea Astronomy and Space Science Institute, 776 Daedeokdae-ro, Yuseong-gu, Daejeon, 34055, Korea

Galactic star formation scaling relations show increased scatter from kpc to sub-kpc scales. Investigating this scatter
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may hold important clues to how the star formation process evolves in time and space. Here, we combine different
molecular gas tracers, different star formation indicators probing distinct populations of massive stars, and knowledge
on the evolutionary state of each star forming region to derive star formation properties of ∼ 150 star forming complexes
over the face of the Large Magellanic Cloud. We find that the rate of massive star formation ramps up when stellar
clusters emerge and boost the formation of subsequent generations of massive stars. In addition, we reveal that the
star formation efficiency of individual GMCs declines with increasing cloud gas mass (Mcloud). This trend persists in
Galactic star forming regions, and implies higher molecular gas depletion times for larger GMCs.
We compare the star formation efficiency per freefall time (ǫff) with predictions from various widely-used analytical
star formation models. We show that while these models can produce large dispersions in ǫff similar to observations,
the origin of the model-predicted scatter is inconsistent with observations. Moreover, all models fail to reproduce
the observed decline of ǫff with increasing Mcloud in the LMC and the Milky Way. We conclude that analytical star
formation models idealizing global turbulence levels, cloud densities, and assuming a stationary SFR are inconsistent
with observations from modern datasets tracing massive star formation on individual cloud scales. Instead, we reiterate
the importance of local stellar feedback in shaping the properties of GMCs and setting their massive star formation
rate.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1704.06965

The VLT-FLAMES Tarantula Survey XXVII. Physical parameters of
B-type main-sequence binary systems in the Tarantula nebula

R. Garland1,2, P.L. Dufton1, C.J. Evans3, P.A. Crowther4, I.D. Howarth5, A. de Koter6, S.E. de Mink6, N.J.

Grin7, N. Langer7, D.J. Lennon8, C.M. McEvoy1,9, H. Sana10, F.R.N. Schneider11, S. Śımon Dı́az12,13, W.D.

Taylor3, A. Thompson1 and J.S. Vink14

1Astrophysics Research Centre, School of Mathematics and Physics, Queen’s University Belfast, Belfast BT7 1NN, UK
2Sub-department of Atmospheric, Oceanic and Planetary Physics, Department of Physics, University of Oxford, Oxford, OX1 3RH, UK
3UK Astronomy Technology Centre, Royal Observatory Edinburgh, Blackford Hill, Edinburgh, EH9 3HJ, UK
4Department of Physics and Astronomy, Hounsfield Road, University of Sheffield, S3 7RH, UK
5Department of Physics and Astronomy, University College London, Gower Street, London WC1E 6BT, UK
6Anton Pannekoek Institute for Astronomy, University of Amsterdam, NL-1090 GE Amsterdam, The Netherlands
7Argelander-Institut für Astronomie der Universität Bonn, Auf dem Hügel 71, 53121 Bonn, Germany
8European Space Astronomy Centre (ESAC), Camino bajo del Castillo, s/n Urbanizacion Villafranca del Castillo, Villanueva de la Cañada,

E-28692 Madrid, Spain
9King’s College London, Graduate School, Waterloo Bridge Wing, Franklin Wilkins Building, 150 Stamford Street, London SE1 9NH
10Instituut voor Sterrenkunde, Universiteit Leuven, Celestijnenlaan 200 D, B-3001 Leuven, Belgium
11Department of Physics, University of Oxford, Keble Road, Oxford OX1 3RH, United Kingdom
12Instituto de Astrof́ısica de Canarias, E-38200 La Laguna, Tenerife, Spain
13Departamento de Astrof́ısica, Universidad de La Laguna, E-38205 La Laguna, Tenerife, Spain
14Armagh Observatory, College Hill, Armagh, BT61 9DG, Northern Ireland, UK

A spectroscopic analysis has been undertaken for the B-type multiple systems (excluding those with supergiant pri-
maries) in the VLT-FLAMES Tarantula Survey (VFTS). Projected rotational velocities, v sin i, for the primaries have
been estimated using a Fourier Transform technique and confirmed by fitting rotationally broadened profiles. A subset
of 33 systems with v sin i ≤ 80 km s−1 have been analysed using a tlusty grid of model atmospheres to estimate
stellar parameters and surface abundances for the primaries. The effects of a potential flux contribution from an
unseen secondary have also been considered. For 20 targets it was possible to reliably estimate their effective tem-
peratures (Teff) but for the other 13 objects it was only possible to provide a constraint of 20 000 ≤ Teff ≤ 26 000 K
– the other parameters estimated for these targets will be consequently less reliable. The estimated stellar properties
are compared with evolutionary models and are generally consistent with their membership of 30 Doradus, while the
nature of the secondaries of 3 SB2 system is discussed. A comparison with a sample of single stars with v sin i ≤ 80
km s−1 obtained from the VFTS and analysed with the same techniques implies that the atmospheric parameters
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and nitrogen abundances of the two samples are similar. However, the binary sample may have a lack of primaries
with significant nitrogen enhancements, which would be consistent with them having low rotational velocities and
having effectively evolved as single stars without significant rotational mixing. This result, which may be actually
a consequence of the limitations of the pathfinder investigation presented in this paper, should be considered as a
motivation for spectroscopic abundance analysis of large samples of binary stars, with high quality observational data.

Accepted for publication in A&A
Available from http://arxiv.org/abs/1704.07131

Discovery of a 26.2 day period in the long-term X-ray light curve of
SXP 1323: a very short orbital period for a long spin period pulsar

S. Carpano1, F. Haberl1 and R. Sturm1

1Max-Planck-Institut für extraterrestrische Physik, Germany

Context: About 120 Be/X-ray binaries (BeXBs) are known in the Small Magellanic Cloud (SMC); about half of them
are pulsating with periods from a few to hundreds of seconds. SXP 1323 is one of the longest-period pulsars known in
this galaxy.
Aims: SXP 1323 is in the field of view of a large set of calibration observations that we analyse systematically, focusing
on the time analysis, in search of periodic signals. Methods. We analyse all available X-ray observations of SXP 1323
from Suzaku, XMM–Newton, and Chandra, in the time range from 1999 to the end of 2016. We perform a Lomb–
Scargle periodogram search in the band 2.5–10 keV on all observations to detect the neutron star spin period and
constrain its long-term evolution. We also perform an orbital period search on the long-term light curve, merging all
datasets.
Results: We report the discovery of a 26.188±0.045 d period analysing data from Suzaku, XMM–Newton, and Chandra,
which confirms the optical period derived from the Optical Gravitational Lensing Experiment (OGLE) data. If this
corresponds to the orbital period, this would be very short with respect to what is expected from the spin/orbital
period relationship. We furthermore report on the spin period evolution in the last years. The source is spinning-up
with an average rate of Ṗ /P of 0.018 yr−1, decreasing from 1340 to 1100 s, in the period from 2006 to the end of 2016,
which is also extreme with respect to the other Be/X-ray pulsars. From 2010 to the end of 2014, the pulse period is
not clearly detectable, although the source was still bright. Conclusions. SXP 1323 is a peculiar BeXB due to its long
pulse period, rapid spin-up for several years, and short orbital period. A continuous monitoring of the source in the
next years is necessary to establish the long-term behaviour of the spin period.

Accepted for publication in A&A
Available from http://arxiv.org/abs/1704.07646

The evolution and physical parameters of WN3/O3s: a new type of
Wolf–Rayet star

Kathryn F. Neugent1,2, Phil Massey1,2, D. John Hillier3 and Nidia I. Morrell4

1Lowell Observatory, USA
2Northern Arizona University, USA
3University of Pittsburgh, USA
4Las Campanas Observatory, Chile

As part of a search for Wolf–Rayet (WR) stars in the Magellanic Clouds, we have discovered a new type of WR
star in the Large Magellanic Cloud (LMC). These stars have both strong emission lines, as well as He ii and Balmer
absorption lines and spectroscopically resemble a WN3 and O3 V binary pair. However, they are visually too faint
to be WN3+O3 V binary systems. We have found nine of these WN3/O3s, making up ∼ 6% of the population of
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LMC WRs. Using cmfgen, we have successfully modeled their spectra as single stars and have compared the physical
parameters with those of more typical LMC WNs. Their temperatures are around 100 000 K, a bit hotter than the
majority of WN stars (by around 10 000 K) although a few hotter WNs are known. The abundances are what you
would expect for CNO equilibrium. However, most anomalous are their mass-loss rates which are more like that
of an O-type star than a WN star. While their evolutionary status is uncertain, their low mass-loss rates and wind
velocities suggest that they are not products of homogeneous evolution. It is possible instead that these stars represent
an intermediate stage between O stars and WNs. Since WN3/O3 stars are unknown in the Milky Way, we suspect
that their formation depends upon metallicity, and we are investigating this further by a deep survey in M 33, which
posseses a metallicity gradient.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1704.05497

Retrograde accretion disks in high-mass Be/X-ray binaries
D.M. Christodoulou1, S.G.T. Laycock1 and D. Kazanas2

1UMass Lowell, USA
2NASA/GSFC, USA

We have compiled a comprehensive library of all X-ray observations of Magellanic pulsars carried out by XMM–Newton,
Chandra, and RXTE in the period 1997–2014. In this work, we use the data from 53 high-mass Be/X-ray binaries in
the Small Magellanic Cloud to demonstrate that the distribution of spin-period derivatives vs. spin periods of spinning-
down pulsars is not at all different than that of the accreting spinning-up pulsars. The inescapable conclusion is that
the up and down samples were drawn from the same continuous parent population, therefore Be/X-ray pulsars that
are spinning down over periods spanning 18 years are in fact accreting from retrograde disks. The presence of prograde
and retrograde disks in roughly equal numbers supports a new evolutionary scenario for Be/X-ray pulsars in their spin
period–period derivative diagram.

Accepted for publication in MNRAS Letters
Available from http://arxiv.org/abs/1704.06364

An expanded chemo-dynamical sample of red giants in the bar of the
Large Magellanic Cloud

Ying-Yi Song1, Mario Mateo1, Matthew G. Walker2 and Ian U. Roederer1,3

1Department of Astronomy, University of Michigan, 1085 S. University Ave., Ann Arbor, MI 48109, USA; yysong@umich.edu
2McWilliams Center for Cosmology, Department of Physics, Carnegie Mellon University, 5000 Forbes Ave., Pittsburgh, PA 15213, USA
3Joint Institute for Nuclear Astrophysics and Center for the Evolution of the Elements (JINA–CEE), USA

We report new spectroscopic observations obtained with the Michigan/Magellan Fiber System of 308 red giants (RGs)
located in two fields near the photometric center of the bar of the Large Magellanic Cloud. This sample consists of 131
stars observed in previous studies (in one field) and 177 newly-observed stars (in the second field) selected specifically
to more reliably establish the metallicity and age distributions of the bar. For each star, we measure its heliocentric
line-of-sight velocity, surface gravity and metallicity from its high-resolution spectrum (effective temperatures come
from photometric colors). The spectroscopic Hertzsprung–Russell diagrams – modulo small offsets in surface gravities
– reveal good agreement with model isochrones. The mean metallicity of the 177-RG sample is [Fe/H] = −0.76± 0.02
with a metallicity dispersion σ = 0.28 ± 0.03. The corresponding metallicity distribution – corrected for selection
effects – is well fitted by two Gaußian components: one metal-rich with a mean −0.66± 0.02 and a standard deviation
0.17 ± 0.01, and the other metal-poor with −1.20 ± 0.24 and 0.41 ± 0.06. The metal-rich and metal-poor populations
contain approximately 85% and 15% of stars, respectively. We also confirm the velocity dispersion in the bar center
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decreases significantly from 31.2± 4.3 to 18.7± 1.9 km s−1 with increasing metallicity over the range −2.09 to −0.38.
Individual stellar masses are estimated using the spectroscopic surface gravities and the known luminosities. We find
that lower mass hence older RGs have larger metallicity dispersion and lower mean metallicity than the higher-mass,
younger RGs. The estimated masses, however, extend to implausibly low values (∼ 0.1 M⊙) making it impossible to
obtain an absolute age–metallicity or age distribution of the bar.

Accepted for publication in Astronomical Journal
Available from http://arxiv.org/abs/1704.08363

Proper motion separation of Be star candidates in the Magellanic
Clouds and the MilkyWay

Katherine Vieira1, Beatriz Sabogal2 and Alejandro Garćıa-Varela2

1Centro de Investigaciones de Astronomia (CIDA), AP 264, Merida, Venezuela
2Universidad de los Andes, Departamento de F́ısica, Cra. 1 #18A-10, Bloque Ip, AA 4976, Bogotá, Colombia

We present a proper motion investigation of a sample of Be star candidates towards the Magellanic Clouds, which has
resulted in the identification of separate populations, in the Galactic foreground and in the Magellanic background.
Be stars are broadly speaking B-type stars that have shown emission lines in their spectra. In this work, we studied
a sample of 2446 and 1019 Be star candidates towards the LMC and SMC respectively, taken from the literature and
proposed as possible Be stars due to their variability behaviour in the OGLE-II I band. JHKs magnitudes from the
IRSF catalog and proper motions from the SPM4 catalog, were obtained for 1188 and 619 LMC and SMC Be stars
candidates, respectively. Colour–colour and vector-point diagrams were used to identify different populations among
the Be star candidates. In the LMC sample, two populations with distinctive infrared colours and kinematics were
found, the bluer sample is consistent with being in the LMC and the redder one with belonging to the Milky Way
disk. This settles the nature of the redder sample which had been described in previous publications as a possible
unknown subclass of stars among the Be candidates in the LMC. In the SMC sample, a similar but less evident result
was obtained, since this apparent unknown subclass was not seen in this galaxy. We confirm that in the selection
of Be stars by their variability, although generally successful, there is a higher risk of contamination by Milky Way
objects towards redder B − V and V − I colours.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1704.08709

Probing the infrared counterparts of diffuse far-ultraviolet sources in
the Galaxy

Gautam Saikia1, P. Shalima2, Rupjyoti Gogoi1 and Amit Pathak1

1Department of Physics, Tezpur University, Napaam-784028, India
2Regional Institute of Education Mysore, Mysuru, Karnataka -570001, India

Recent availability of high quality infrared (IR) data for diffuse regions in the Galaxy and external galaxies have
added to our understanding of interstellar dust. A comparison of ultraviolet (UV) and IR observations may be used
to estimate absorption, scattering and thermal emission from interstellar dust. In this paper, we report IR and UV
observations for selective diffuse sources in the Galaxy. Using archival mid-infrared (MIR) and far-infrared (FIR)
observations from Spitzer Space Telescope, we look for counterparts of diffuse far-ultraviolet (FUV) sources observed
by the Voyager, Far Ultraviolet Spectroscopic Explorer (FUSE) and Galaxy Evolution Explorer (GALEX) telescopes
in the Galaxy. IR emission features at 8 µm are generally attributed to Polycyclic Aromatic Hydrocarbon (PAH)
molecules, while emission at 24 µm are attributed to Very Small Grains (VSGs). The data presented here is unique
and our study tries to establish a relation between various dust populations. By studying the FUV–IR correlations
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separately at low and high latitude locations, we have identified the grain component responsible for the diffuse FUV
emission.

Accepted for publication in Planetary and Space Science Journal
Available from http://arxiv.org/abs/1705.00380
and from http://www.sciencedirect.com/science/article/pii/S0032063316304433

Interstellar gas-phase element depletions in the Small Magellanic Cloud:
a guide to correcting for dust in QSO absorption line systems

Edward B. Jenkins1 and George Wallerstein2

1Princeton University, USA
2University of Washington, USA

We present data on the gas phase abundances for 9 different elements in the interstellar medium of the Small Magellanic
Cloud (SMC), based on the strengths of ultraviolet absorption features over relevant velocities in the spectra of 18
stars within the SMC. From this information and the total abundances defined by the element fractions in young stars
in the SMC, we construct a general interpretation on how these elements condense into solid form onto dust grains.
As a group, the elements Si, S, Cr, Fe, Ni, and Zn exhibit depletion sequences similar to those in the local part of our
Galaxy defined by Jenkins (2009). The elements Mg and Ti deplete less rapidly in the SMC than in the Milky Way, and
Mn depletes more rapidly. We speculate that these differences might be explained by the different chemical affinities
to different existing grain substrates. For instance, there is evidence that the mass fractions of polycyclic aromatic
hydrocarbons (PAHs) in the SMC are significantly lower than those in the Milky Way. We propose that the depletion
sequences that we observed for the SMC may provide a better model for interpreting the element abundances in low
metallicity Damped Lyman α (DLA) and sub-DLA absorption systems that are recorded in the spectra of distant
quasars and gamma ray burst afterglows.

Published in Astrophysical Journal, 838, 85 (2017)

On the impact of helium abundance on the Cepheid period–luminosity
and Wesenheit relations and the distance ladder

R. Carini1, E. Brocato1, G. Raimondo2 and M. Marconi3

1INAF–Osservatorio Astronomico di Roma, Italy
2INAF–Osservatorio Astronomico di Teramo, Italy
3INAF–Osservatorio Astronomico di Capodimonte, Italy

This work analyses the effect of the helium content on synthetic period–luminosity relations (PLRs) and period–
Wesenheit Relations (PWRs) of Cepheids and the systematic uncertainties on the derived distances that a hidden
population of He-enhanced Cepheids may generate. We use new stellar and pulsation models to build a homogeneous
and consistent framework to derive the Cepheid features. The Cepheid populations expected in synthetic colour–
magnitude diagrams of young stellar systems (from 20 Myr to 250 Myr) are computed in several photometric bands
for Y = 0.25 and Y = 0.35, at a fixed metallicity (Z = 0.008). The PLRs appear to be very similar in the two cases,
with negligible effects (few %) on distances, while PWRs differ somewhat, with systematic uncertainties in deriving
distances as high as ∼ 7% at log P < 1.5. Statistical effects due to the number of variables used to determine the
relations contribute to a distance systematic error of the order of few percent, with values decreasing from optical to
near-infrared bands. The empirical PWRs derived from multi-wavelength datasets for the Large Magellanic Cloud
(LMC) is in a very good agreement with our theoretical PWRs obtained with a standard He content, supporting the
evidence that LMC Cepheids do not show any He effect.

Accepted for publication in MNRAS
Available from http://arxiv.org/abs/1704.08875
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A new approach to convective core overshooting: probabilistic
constraints from color–magnitude diagrams of LMC clusters

Philip Rosenfield1,10, Léo Girardi2, Benjamin F. Williams3, L. Clifton Johnson4, Andrew Dolphin5, Alessandro

Bressan6, Daniel Weisz7, Julianne J. Dalcanton3, Morgan Fouesneau8 and Jason Kalirai9

1Harvard–Smithsonian Center for Astrophysics, USA
2INAF–Padova, Padova, Italy
3University of Washington, Seattle, WA, USA
4University of California San Diego, San Diego, CA, USA
5Raytheon Company, USA
6SISSA, Trieste, Italy
7University of California Berkeley, Berkeley, CA, USA
8MPIA Heidelberg, Heidelberg, Germany
9Space Telescope Science Institute, Baltimore, MD 21218, USA
10NSF Astronomy and Astrophysics Postdoctoral Fellow

We present a framework to simultaneously constrain the values and uncertainties of the strength of convective core
overshooting, metallicity, extinction, distance, and age in stellar populations. We then apply the framework to
archival Hubble Space Telescope observations of six stellar clusters in the Large Magellanic Cloud that have reported
ages between ∼ 1–2.5 Gyr. Assuming a canonical value of the strength of core convective overshooting, we recover the
well-known age–metallicity correlation, and additional correlations between metallicity and extinction and metallicity
and distance. If we allow the strength of core overshooting to vary, we find that for intermediate-aged stellar clusters,
the measured values of distance and extinction are negligibly effected by uncertainties of core overshooting strength.
However, cluster age and metallicity may have disconcertingly large systematic shifts when Λc is allowed to vary by
more than ±0.05Hp. Using the six stellar clusters, we combine their posterior distribution functions to obtain the
most probable core overshooting value, 0.500+0.016

−0.134Hp, which is in line with canonical values.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1705.00618
and from http://github.com/philrosenfield/core overshoot clusters

Observational hints of a real age spread in the young LMC star cluster
NGC1971

Andrés E. Piatti1,2 and Andrew Cole3

1Consejo Nacional de Investigaciones Cient́ıficas y Técnicas, Av. Rivadavia 1917, C1033AAJ, Buenos Aires, Argentina
2Observatorio Astronómico, Universidad Nacional de Córdoba, Laprida 854, 5000, Córdoba, Argentina
3School of Physical Sciences, University of Tasmania, Private Bag 37, Hobart, 7001 TAS, Australia

We report the serendipitous young Large Magellanic Cloud cluster, NGC 1971, exhibits an extended main-sequence
turnoff (eMSTO) possibly originated by mostly a real age spread. We used CT1 Washington photometry to produce a
colour-magnitude diagram (CMD) with the fiducial cluster features. From its eMSTO, we estimated an age spread of
∼ 170 Myr (observed age range 100–280 Myr), once observational errors, stellar binarity, overall metalicity variations
and stellar rotation effects were subtracted in quadrature from the observed age width.

Accepted for publication in Monthly Noticies of the Royal Astronomical Society Letters
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Integral field spectroscopy of Balmer-dominated shocks in the
Magellanic Cloud supernova remnant N103B

Parviz Ghavamian1, Ivo Seitenzahl2,3,4, Frédéric P.A. Vogt5, M.A. Dopita2, Jason P. Terry6, Brian J. Williams7,9

and P. Frank Winkler8

1Department of Physics, Astronomy and Geosciences, Towson University, Towson, MD, 21252, USA
2Research School of Astronomy and Astrophysics, Australian National University, Canberra, ACT 2611, Australia
3ARC Centre for All-sky Astrophysics (CAASTRO), Australia
4School of Physical, Environmental and Mathematical Sciences, University of New South Wales, Australian Defence Force Academy,

Canberra, ACT 2600, Australia
5European Southern Observatory, Av. Alonso de Córdova 3107, 763 0355 Vitacura, Santiago, Chile
6Department of Physics and Astronomy, University of Georgia, Athens, GA, 30602, USA
7NASA Goddard Space Flight Center, Greenbelt, MD, 20771, USA
8Department of Physics, Middlebury College, Middlebury, VT, 05753, USA
9Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD, 21218, USA

We present results of integral field spectroscopy of Balmer-dominated shocks in the LMC supernova remnant (SNR)
N 103B, carried out using the Wide Field Integral Spectrograph (WiFeS) on the 2.3 m telescope at Siding Spring
Observatory in Australia. Existing X-ray studies of N 103B have indicated a Type Ia supernova origin. Radiative
shock emission from clumpy material surrounding the SNR may result from interaction of the forward shock with
relic stellar wind material, possibly implicating a thermonuclear explosion in a single-degenerate binary system. The
recently discovered Balmer-dominated shocks mark the impact of the forward shock with low density, partially neutral
CSM gas, and form a partial shell encircling radiatively shocked clumps. The WiFeS spectra of N 103B cover the
range 3500–7000 Å and reveal broad Hα profiles up to 2360 km s−1 in width along the northern rim, and both Hα
and Hβ broad profiles approximately 1300 km s−1 in width along the southern rim. Our fits to the Hα line profiles
indicate that in addition to from the usual broad and narrow emission components, a third component of intermediate
width exists in the Balmer-dominated shocks, ranging from around 125 km s−1 up to 225 km s−1 in width. This is
consistent with recent Balmer-dominated shock models that predict an intermediate-width component generated in
a fast neutral precursor. We derive a Sedov age of approximately 660 years for N 103B from the Balmer-dominated
spectra, consistent with the young age of 380–870 years estimated from light echo studies.

Submitted to ApJ
Available from http://arxiv.org/abs/1705.03086

Dust abundance variations in the Magellanic Clouds: probing the
lifecycle of metals with all-sky surveys

Julia Roman-Duval1, Caroline Bot2, Jeremy Chastenet1,2 and Karl Gordon1

1Space Telescope Science Institute, USA
2Université de Strasbourg, CNRS, Observatoire astronomique de Strasbourg, UMR 7550, F-67000 Strasbourg, France

Observations and modeling suggest that the dust abundance (gas-to-dust ratio, G/D) depends on (surface) density.
The variations of the G/D provide constraints on the timescales for the different processes involved in the lifecycle
of metals in galaxies. Recent G/D measurements based on Herschel data suggest a factor 5–10 decrease in the dust
abundance between the dense and diffuse interstellar medium (ISM) in the Magellanic Clouds. However, the relative
nature of the Herschel measurements precludes definitive conclusions on the magnitude of those variations. We
investigate the variations of the dust abundance in the LMC and SMC using all-sky far-infrared surveys, which do not
suffer from the limitations of Herschel on their zero-point calibration. We stack the dust spectral energy distribution
(SED) at 100, 350, 550, and 850 µm from IRAS and Planck in intervals of gas surface density, model the stacked
SEDs to derive the dust surface density, and constrain the relation between G/D and gas surface density in the range
10–100 M⊙ pc−2 on ∼ 80 pc scales. We find that G/D decreases by factors of 3 (from 1500 to 500) in the LMC
and 7 (from 1.5 × 104 to 2000) in the SMC between the diffuse and dense ISM. The surface density dependence of
G/D is consistent with elemental depletions and with simple modeling of the accretion of gas-phase metals onto dust
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grains. This result has important implications for the sub-grid modeling of galaxy evolution, and for the calibration
of dust-based gas mass estimates, both locally and at high-redshift.

Accepted for publication in ApJ
Available from http://arxiv.org/abs/1705.03049

Post-flare formation of the accretion stream and a dip in pulse profiles
of LMC X-4

Aru Beri1,2 and Biswajit Paul2

1Royal Society–SERB Newton International Fellow, School of Physics and Astronomy, University of Southampton, Southampton, Hamp-

shire SO17 1BJ, UK
2Raman Research Institute, C.V. Raman Avenue, Sadashivanagar, Bangalore 560012, India

We report here a pulse profile evolution study of an accreting X-ray pulsar LMC X-4 during and after the large X-ray
flares using data from the two observatories XMM–Newton and RXTE. During the flares, the pulse profiles were found
to have a significant phase offset in the range of 0.2–0.5 compared to the pulse profiles immediately before or after
the flare. Investigating the pulse profiles for about 105 s after the flares, it was found that it takes about 2000–4000 s
for the modified accretion column to return to its normal structure and formation of an accretion stream that causes
a dip in the pulse profile of LMC X-4. We have also carried out pulse phase resolved spectroscopy of LMCX-4 in
narrow phase bins using data from EPIC-pn and spectroscopically confirmed the pulsating nature of the soft spectral
component, having a pulse fraction and phase different from that of the power-law component.

Published in New Astronomy
Available from http://arxiv.org/abs/1705.05205

Detection of cyclotron resonance scattering feature in high mass X-ray
binary pulsar SMC X-2

Gaurava K. Jaisawal1 and Sachindra Naik1

1Astronomy and Astrophysics Division, Physical Research Laboratory, Navrangapura, Ahmedabad – 380009, Gujarat, India

We report broadband spectral properties of the high mass X-ray binary pulsar SMCX-2 by using three simultaneous
NuSTAR and Swift/XRT observations during its 2015 outburst. The pulsar was significantly bright, reaching a
luminosity up to as high as ∼ 5.5 × 1038 ergs s−1 in 1–70 keV range. Spin period of the pulsar was estimated to be
2.37 s. Pulse profiles were found to be strongly luminosity dependent. The 1–70 keV energy spectrum of the pulsar
was well described with three different continuum models such as (i) negative and positive power-law with exponential
cutoff, (ii) Fermi–Dirac cutoff power-law and (iii) cutoff power-law models. Apart from the presence of an iron line
at ∼ 6.4 keV, a model independent absorption like feature at ∼ 27 keV was detected in the pulsar spectrum. This
feature was identified as a cyclotron absorption line and detected for the first time in this pulsar. Corresponding
magnetic field of the neutron star was estimated to be ∼ 2.3 × 1012 G. The cyclotron line energy showed a marginal
negative dependence on the luminosity. The cyclotron line parameters were found to be variable with pulse phase and
interpreted as due to the effect of emission geometry or complicated structure of the pulsar magnetic field.

Published in Monthly Notices of the Royal Astronomical Society, 461, L97 (2016)
Available from http://arxiv.org/abs/1705.05544
and from https://academic.oup.com/mnrasl/article-lookup/doi/10.1093/mnrasl/slw108
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[Fe xiv] and [Fe xi] reveal the forward shock in SNR 1E 0102.2−7219
F.P.A. Vogt1, I.R. Seitenzahl2,3, M.A. Dopita2 and P. Ghavamian4

1European Southern Observatory, Av. Alonso de Córdova 3107, 763 0355 Vitacura, Santiago, Chile
2Research School of Astronomy and Astrophysics, Australian National University, Canberra, Australia
3School of Physical, Environmental and Mathematical Sciences, University of New South Wales, Australian Defence Force Academy,

Canberra, ACT 2600, Australia
4Department of Physics, Astronomy and Geosciences, Towson University, Towson, MD 21252, USA

Aims: We study the forward shock in the oxygen-rich young supernova remnant (SNR) 1E 0102.2−7219 (1E 0102 in
short) via optical coronal emission from [Fexiv] and [Fexi]: emission lines which offer an alternative method to X-rays
to do so.
Methods: We have used the Multi-Unit Spectroscopic Explorer (MUSE) optical integral field spectrograph at the Very
Large Telescope (VLT) on Cerro Paranal to obtain deep observations of SNR 1E0102 in the Small Magellanic Cloud.
Our observations cover the entire extent of the remnant with a seeing limited spatial resolution of 0.′′7 = 0.2 pc at the
distance of 1E 0102.
Results: Our MUSE observations unambiguously reveal the presence of [Fexiv] and [Fexi] emission in 1E 0102. The
emission largely arises from a thin, partial ring of filaments surrounding the fast moving O-rich ejecta in the system.
The brightest [Fexiv] and [Fexi] emission is found along the eastern and north-western sides of 1E 0102, where shocks
are driven into denser ISM material, while fainter emission along the northern edge reveals the location of the forward
shock in lower density gas, possibly the relic stellar wind cavity. Modeling of the eastern shocks and the photoionization
precursor surrounding 1E 0102, we derive a pre-shock density nH = 7.4 ± 1.5 cm−3, and a shock velocity 330 km s−1

< vs < 350 km s−1.

Accepted for publication in A&A
Available from http://arxiv.org/abs/1705.04322

Conference Papers

Spatial distribution of radionuclides in 3D models of SN 1987A and
CasA

H.-Thomas Janka1, Michael Gabler1 and Annop Wongwathanarat2

1MPI Astrophysics, Germany
2RIKEN, Japan

Fostered by the possibilities of multi-dimensional computational modeling, in particular the advent of three-dimensional
(3D) simulations, our understanding of the neutrino-driven explosion mechanism of core-collapse supernovæ (SNe)
has experienced remarkable progress over the past decade. First self-consistent, first-principle models have shown
successful explosions in 3D, and even failed cases may be cured by moderate changes of the microphysics inside the
neutron star (NS), better grid resolution, or more detailed progenitor conditions at the onset of core collapse, in
particular large-scale perturbations in the convective Si and O burning shells. 3D simulations have also achieved to
follow neutrino-driven explosions continuously from the initiation of the blast wave, through the shock breakout from
the progenitor surface, into the radioactively powered evolution of the SN, and towards the free expansion phase of
the emerging remnant. Here we present results from such simulations, which form the basis for direct comparisons
with observations of SNe and SN remnants in order to derive constraints on the still disputed explosion mechanism.
It is shown that predictions based on hydrodynamic instabilities and mixing processes associated with neutrino-driven
explosions yield good agreement with measured NS kicks, light-curve properties of SN 1987A, and asymmetries of iron
and 44Ti distributions observed in SN1987A and Cassiopeia A.

Oral contribution, published in ”SN 1987A, 30 years later”, IAU Symposium No. 331, 2017; eds. M.
Renaud et al.
Available from http://arxiv.org/abs/1705.01159
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Bridging the gap between supernovæ and their remnants through
multi-dimensional hydrodynamic modeling

S. Orlando1, M. Miceli2,1 and P. Petruk1,3
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3Inst. Appl. Probl. in Mechanics and Mathematics, Ukraine

Supernova remnants (SNRs) are diffuse extended sources characterized by a complex morphology and a non-uniform
distribution of ejecta. Such a morphology reflects pristine structures and features of the progenitor supernova (SN)
and the early interaction of the SN blast wave with the inhomogeneous circumstellar medium (CSM). Deciphering the
observations of SNRs might open the possibility to investigate the physical properties of both the interacting ejecta
and the shocked CSM. This requires accurate numerical models which describe the evolution from the SN explosion to
the remnant development and which connect the emission properties of the remnants to the progenitor SNe. Here we
show how multi-dimensional SN–SNR hydrodynamic models have been very effective in deciphering observations of
SNR Cassiopeia A and SN1987A, thus unveiling the structure of ejecta in the immediate aftermath of the SN explosion
and constraining the 3D pre-supernova structure and geometry of the environment surrounding the progenitor SN.

Oral contribution, published in ”SN 1987A, 30 years later”, IAU Symposium No. 331, 2017
Available from http://arxiv.org/abs/1705.03788

MUSE integral field observations of the oxygen-rich SNR
1E0102.2−7219
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3European Southern Observatory, Av. Alonso de Córdova 3107, 763 0355 Vitacura, Santiago, Chile
4Department of Physics and Astronomy, University of Georgia, USA
5Department of Physics, Astronomy and Geosciences, Towson University, Towson, MD 21252, USA
6Department of Astronomy and Center for Cosmology & Astro-Particle Physics, The Ohio State University, Columbus, OH 43210, USA

We have observed the oxygen-rich SNR 1E 0102.2−7219 with the integral field spectrograph WiFeS at Siding Spring
Observatory and discovered sulfur-rich ejecta for the first time. Follow-up deep DDT observations with MUSE on
the VLT (8100 s on source) have led to the additional discovery of fast- moving hydrogen as well as argon-rich and
chlorine-rich material. The detection of fast-moving hydrogen knots challenges the interpretation that the progenitor
of 1E 0102 was a compact core of a Wolf–Rayet star that had shed its entire envelope. In addition to the detec-
tion of hydrogen and the products of oxygen-burning, this unprecedented sharp (0.′′2 spaxel size at ∼ 0.′′7 seeing)
and deep MUSE view of an oxygen-rich SNR in the Magellanic Clouds reveals further exciting discoveries, including
[Fexiv]λ5303 and [Fexi]λ7892 emission, which we associate with the forward shock. We present this exciting data
set and discuss some of its implications for the explosion mechanism and nucleosynthesis of the associated supernova.

Oral contribution, published in IAU Symposium No. 331, 2017: ”SN 1987A, 30 years later – cosmic
rays and nuclei from supernovæ and their aftermaths”
Available from http://arxiv.org/abs/1705.05680

15

http://arxiv.org/abs/1705.03788
http://arxiv.org/abs/1705.05680

