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Abstracts of 12 accepted papers

Yellow Supergiants in the Small Magellanic Cloud (SMC): 
Putting Current Evolutionary Theory to the Test

Kathryn F. Neugent, Philip Massey, Brian Skiff, Maria R. Drout, Georges Meynet, Knut A. G. 
Olsen

1,2,3 = Lowell Observatory; 4 = Department of Physics & Astronomy, University of Iowa; 5 = Geneva 
University, Geneva Observatory; 6 = National Optical Astronomy Observatory

The yellow supergiant content of nearby galaxies provides a critical test of massive star evolutionary 
theory. While these stars are the brightest in a galaxy, they are difficult to identify because a large number 
of foreground Milky Way stars have similar colors and magnitudes. We previously conducted a census of 
yellow supergiants within M31 and found that the evolutionary tracks predict a yellow supergiant 
duration an order of magnitude longer than we observed. Here we turn our attention to the SMC, where 
the metallicity is 10× lower than that of M31, which is important as metallicity strongly affects massive 
star evolution. The SMC’s large radial velocity ( 160 km s−1) allows us to separate members from∼  
foreground stars. Observations of 500 candidates yielded 176 near-certain SMC supergiants, 16∼  
possible SMC supergiants, along with 306 foreground stars and provide good relative numbers of yellow 
supergiants down to 12M . Of the 176 near-certain SMC supergiants, the kinematics predicted by the⊙  
Besancon model of the Milky Way suggest a foreground contamination of ≤4%. After placing the SMC 
supergiants on the H-R diagram and comparing our results to the Geneva evolutionary tracks, we find 
results similar to those of the M31 study: while the locations of the stars on the H-R diagram match the 
locations of evolutionary tracks well, the models over-predict the yellow supergiant lifetime by a factor of 
ten. Uncertainties about the mass-loss rates on the main-sequence thus cannot be the primary problem 
with the models.

Reference: ApJ
Status: Manuscript has been accepted

Weblink: http://arxiv.org/abs/1006.5742

Comments: 

Email: KNeugent@lowell.edu
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Is Eta Carinae a fast rotator, and how much does the companion 
influence the inner wind structure?

Jose H. Groh (1), Thomas I. Madura (2), Stanley P. Owocki (2), D. John Hillier (3), Gerd Weigelt 
(1)

(1) Max-Planck-Institute for Radioastronomy 
(2) Bartol Research Institute, University of Delaware 
(3) University of Pittsburgh

We analyze interferometric measurements of the Luminous Blue Variable Eta Carinae with the goal of 
constraining the rotational velocity of the primary star and probing the influence of the companion. Using 
2-D radiative transfer models of latitude-dependent stellar winds, we find that prolate wind models with a 
ratio of the rotational velocity (vrot) to the critical velocity (vcrit) of W=0.77-0.92, inclination angle of 
i=60-90 degrees, and position angle PA=108-142 degrees reproduce simultaneously K-band continuum 
visibilities from VLTI/VINCI and closure phase measurements from VLTI/AMBER. Interestingly, oblate 
models with W=0.73-0.90 and i=80-90 degrees produce similar fits to the interferometric data, but require 
PA=210-230 degrees. Therefore, both prolate and oblate models suggest that the rotation axis of the 
primary star is not aligned with the Homunculus polar axis. We also compute radiative transfer models of 
the primary star allowing for the presence of a cavity and dense wind-wind interaction region created by 
the companion star. We find that the wind-wind interaction has a significant effect on the K-band image 
mainly via free-free emission from the compressed walls and, for reasonable model parameters, can 
reproduce the VLTI/VINCI visibilities taken at phase 0.92-0.93. We conclude that the density structure of 
the primary wind can be sufficiently disturbed by the companion, thus mimicking the effects of fast 
rotation in the interferometric observables. Therefore, fast rotation may not be the only explanation for 
the interferometric observations. Intense temporal monitoring and 3-D modeling are needed to resolve 
these issues.

Reference: Groh et al. 2010, ApJL 716, L223
Status: Manuscript has been accepted

Weblink: http://arxiv.org/abs/1006.4816

Comments: 

Email: jgroh@mpifr-bonn.mpg.de
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Spitzer SAGE-SMC Infrared Photometry of Massive Stars in the 
Small Magellanic Cloud

A. Z. Bonanos (1), D. J. Lennon (2,3), F. Köhlinger (4), J. Th. van Loon (5), D. L. Massa (2), M. 
Sewilo (2), C. J. Evans (6), N. Panagia (2,7,8), B. L. Babler (9), M. Block (10), S. Bracker (9), C. W. 
Engelbracht (9), K. D. Gordon (2), J. L. Hora (11), R. Indebetouw (12), M. R. Meade (9), M. 
Meixner (2), K. A. Misselt (10), T. P. Robitaille (11), B. Shiao (2) and B. A. Whitney (13)

1 Institute of Astronomy & Astrophysics, National Observatory of Athens, I. Metaxa & Vas. Pavlou St., 
P. Penteli, 15236 Athens, Greece 
2 Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA 
3 European Space Agency, Research and Scientific Support Department, Baltimore, MD 21218, USA 

http://arxiv.org/abs/1006.4816


4 Department of Physics and Astronomy, Heidelberg University, Albert-Ueberle-Str. 3-5, D-69120 
Heidelberg, Germany 
5 Astrophysics Group, Lennard-Jones Laboratories, Keele University, Staffordshire ST5 5BG, UK 
6 UK Astronomy Technology Centre, Royal Observatory Edinburgh, Blackford Hill, Edinburgh, EH9 
3HJ, UK 
7 INAF/Osservatorio Astrofisico di Catania, Via Santa Sofia 78, I-95123 Catania, Italy 
8 Supernova Ltd., OYV 131, Northsound Road, Virgin Gorda, British Virgin Islands 
9 Department of Astronomy, 475 North Charter Street, University of Wisconsin, Madison, WI 53706, 
USA 
10 Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721, USA 
11 Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, MS 67, Cambridge, MA 02138, USA 

12 Department of Astronomy, University of Virginia, P.O. Box 3818, Charlottesville, VA 22903, USA 
13 Space Science Institute, 4750 Walnut Street, Suite 205, Boulder, CO 80301, USA

We present a catalog of 5324 massive stars in the Small Magellanic Cloud (SMC), with accurate spectral 
types compiled from the literature, and a photometric catalog for a subset of 3654 of these stars, with the 
goal of exploring their infrared properties. The photometric catalog consists of stars with infrared 
counterparts in the Spitzer, SAGE-SMC survey database, for which we present uniform photometry from 
0.3-24 um in the UBVIJHKs+IRAC+MIPS24 bands. We compare the color magnitude diagrams and 
color-color diagrams to those of the Large Magellanic Cloud (LMC), finding that the brightest infrared 
sources in the SMC are also the red supergiants, supergiant B[e] (sgB[e]) stars, luminous blue variables, 
and Wolf-Rayet stars, with the latter exhibiting less infrared excess, the red supergiants being less dusty 
and the sgB[e] stars being on average less luminous. Among the objects detected at 24 um are a few very 
luminous hypergiants, 4 B-type stars with peculiar, flat spectral energy distributions, and all 3 known 
luminous blue variables. We detect a distinct Be star sequence, displaced to the red, and suggest a novel 
method of confirming Be star candidates photometrically. We find a higher fraction of Oe and Be stars 
among O and early-B stars in the SMC, respectively, when compared to the LMC, and that the SMC Be 
stars occur at higher luminosities. We estimate mass-loss rates for the red supergiants, confirming the 
correlation with luminosity even at the metallicity of the SMC. Finally, we confirm the new class of stars 
displaying composite A & F type spectra, the sgB[e] nature of 2dFS1804 and find the F0 supergiant 
2dFS3528 to be a candidate luminous blue variable with cold dust.

Reference: Astron.J.140:416-429,2010
Status: Manuscript has been accepted

Weblink: http://adsabs.harvard.edu/abs/2010AJ....140..416B

Comments: 

Email: bonanos@astro.noa.gr
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Modeling broadband X-ray absorption of massive star winds

Maurice A. Leutenegger (1,2), David H. Cohen (3), Janos Zsarg'{o} (4,5), Erin M. Martell (6,3), 
James P. MacArthur (3), Stanley P. Owocki (7), Marc Gagn'{e} (8), D. John Hillier (5)

(1) Laboratory for High Energy Astrophysics, NASA Goddard Space Flight Center, Greenbelt, MD, USA 

(2) NASA Postdoctoral Fellow 
(3) Department of Physics and Astronomy, Swarthmore College, Swarthmore, PA, USA 
(4) Instituto Politecnico Nacional, Escuela Superior de Fisica y Matematicas, Mexico City, Mexico 

http://adsabs.harvard.edu/abs/2010AJ....140..416B


(5) Department of Physics and Astronomy, University of Pittsburgh, Pittsburgh, PA, USA 
(6) Department of Astronomy, University of Chicago, Chicago, IL, USA 
(7) Bartol Research Institute, University of Delaware, Newark, DE, USA 
(8) Department of Geology and Astronomy, West Chester University of Pennsylvania, West Chester, PA, 
USA

We present a method for computing the net transmission of X-rays emitted by shock-heated plasma 
distributed throughout a partially optically thick stellar wind from a massive star. We find the 
transmission by an exact integration of the formal solution, assuming the emitting plasma and absorbing 
plasma are mixed at a constant mass ratio above some minimum radius, below which there is assumed to 
be no emission. This model is more realistic than either the slab absorption associated with a corona at the 
base of the wind or the exospheric approximation that assumes all observed X-rays are emitted without 
attenuation from above the radius of optical depth unity. Our model is implemented in XSPEC as a pre-
calculated table that can be coupled to a user-defined table of the wavelength dependent wind opacity. We 
provide a default wind opacity model that is more representative of real wind opacities than the 
commonly used neutral ISM tabulation. Preliminary modeling of textit{Chandra} grating data indicates 
that the X-ray hardness trend of OB stars with spectral subtype can largely be understood as a wind 
absorption effect.

Reference: Accepted by ApJ
Status: Manuscript has been accepted

Weblink: http://arxiv.org/abs/1007.0783

Comments: Model available at http://heasarc.gsfc.nasa.gov/docs/xanadu/xspec/models/windprof.html

Email: Maurice.A.Leutenegger@nasa.gov
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The $^{13}$Carbon footprint of B[e] supergiants

A. Liermann (1,2), M. Kraus (3), O. Schnurr (4,5), M. Borges Fernandes (6)

1 - Universit"at Potsdam, Potsdam, Germany 
2 - Max-Planck-Institut f"ur Radioastronomie, Bonn, Germany 
3 - Astronomick'y 'ustav, Akademie vv{e}d v{C}esk'e republiky, Ondv{r}ejov, Czech Republic 
4 - University of Sheffield, Sheffield, UK 
5 - Astrophysikalisches Institut Potsdam, Potsdam, Germany 
6 - Observat'orio Nacional, Rio de Janeiro, Brazil

We report on the first detection of $^{13}$C enhancement in two B[e] supergiants in the Large 
Magellanic Cloud. Stellar evolution models predict the surface abundance in $^{13}$C to strongly 
increase during main-sequence and post-main sequence evolution of massive stars. However, direct 
identification of chemically processed material on the surface of B[e] supergiants is hampered by their 
dense, disk-forming winds, hiding the stars. Recent theoretical 
computations predict the detectability of enhanced $^{13}$C via the molecular emission in $^{13}$CO 
arising in the circumstellar disks of B[e] supergiants. To test this potential method and to unambiguously 
identify a post-main sequence B[e]SG by its $^{13}$CO emission, we have obtained high-quality $K$-
band spectra of two known B[e] supergiants in the Large Magellanic Cloud, using the Very Large 
Telescope's Spectrograph for INtegral Field Observation in the Near-Infrared (VLT/SINFONI). Both stars 
clearly show the $^{13}$CO band emission, whose strength implies a strong enhancement of $^{13}$C, 
in agreement with theoretical predictions. This first ever direct confirmation of the evolved nature of B[e] 
supergiants thus paves the way to the first identification of a Galactic B[e] supergiant.

http://arxiv.org/abs/1007.0783


Reference: To be published in MNRAS Letters
Status: Manuscript has been accepted

Weblink: 

Comments: 5 pages, 4 figures, 2 tables

Email: liermann@mpifr-bonn.mpg.de
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Constraints on rotational mixing from surface evolution of light 
elements in massive stars

U. Frischknecht1, R. Hirschi2,3, G. Meynet4, S. Ekström4, C. Georgy4, T. Rauscher1, C. Winteler1, 
F.-K. Thielemann1

1Department of Physics, University of Basel, Klingelbergstrasse 82, CH-4056 Basel 
2Astrophysics Group, Keele University, UK-ST5 5BG Keele 
3Institute for the Physics and Mathematics of the Universe, University of Tokyo, Kashiwa, 277-8568, 
Japan 
4Observatoire Astronomique de l'Université de Genève, CH-1290 Sauverny

Context. Light elements and nitrogen surface abundances together can constrain the mixing efficiencies in 
massive stars on the main sequence, because moderate mixing at the surface leads to a depletion of light 
elements but only later to an enrichment in nitrogen. 
Aims. We want to test the rotational mixing prescriptions included in the Geneva stellar evolution code 
(GENEC) by following the evolution of surface abundances of light isotopes in massive stars. 
Methods. The GENEC is a 1D code containing sophisticated prescriptions for rotational mixing. We 
implemented an extended reaction network into this code including the light elements Li, Be and B, 
which allowed us to perform calculations testing the rotation induced mixing. 
Results. We followed 9, 12 and 15 solar mass models with rotation from the zero age main sequence up to 
the end of He burning. The calculations show the expected behaviour with faster depletion of light 
isotopes for faster rotating stars and more massive stars. 
Conclusions. We find that the mixing prescriptions used in the present rotating models for massive single 
stars can account for most of the observations. However the uncertainties are quite large making it hard to 
draw a firm conclusion on the mixing scenario.

Reference: A&A
Status: Manuscript has been accepted

Weblink: http://arxiv.org/abs/1007.1779

Comments: 

Email: urs.frischknecht@unibas.ch
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Time, spatial, and spectral resolution of the Halpha line-formation 
region of Deneb and Rigel with the VEGA/CHARA 
interferometer

O. Chesneau$^1$, L. Dessart$^2$, D. Mourard$^1$, Ph. B'{e}rio$^1$, Ch. Buil$^3$, D. 
Bonneau$^1$, M. Borges Fernandes$^1,9$, J.M. Clausse$^1$, O. Delaa$^1$, A. Marcotto$^1$, A. 
Meilland$^4$, F. Millour$^4$, N. Nardetto$^1$, K. Perraut$^5$, A. Roussel$^1$, A. Spang$^1$, 
P. Stee$^1$, I. Tallon-Boscinst$^6$, H. McAlisterinst$^7,8$, T. ten~Brummelaar$^8$, J. 
Sturmann$^8$, L. Sturmann$^8$, N. Turner$^8$, C. Farrington$^8$ and P.J. Goldfinger$^8$

UMR 6525 H. Fizeau, Univ. Nice Sophia Antipolis, CNRS, Observatoire de la C^{o}te d'Azur, Av. 
Copernic, F-06130 Grasse, France 
and 
Laboratoire d'Astrophysique de Marseille, Universit'e de Provence, 
CNRS, 38 rue Fr'ed'eric Joliot-Curie, F-13388 Marseille Cedex 13, 
France 
and 
Castanet Tolosan Observatory, 6 place Clemence Isaure, 31320 Castanet Tolosan, France 
and 
Max-Planck Institut f"ur Radioastronomie, Auf dem H¨ugel 69, 53121, Bonn, Germany 
and 
Laboratoire d'Astrophysique de Grenoble (LAOG), Universit'e Joseph-Fourier, UMR 5571 CNRS, BP 53, 
38041 Grenoble Cedex 09, France 
and 
Univ. Lyon 1, Observatoire de Lyon, 9 avenue Charles Andr'e, Saint-Genis 
Laval, F-69230, France 
and 
Georgia State University, P.O. Box 3969, Atlanta GA 30302-3969, USA 
and 
CHARA Array, Mount Wilson Observatory, 91023 Mount Wilson CA, USA 
and 
Observat'orio Nacional, Rua General Jos'e Cristino, 77, 20921-400, S~ao Cristov~ao, Rio de Janeiro, 
Brazil

BA-type supergiants are amongst the most optically-bright stars. They are observable in extragalactic 
environments, hence potential accurate distance indicators. Emission activity in the Halpha line of the BA 
supergiants Rigel (B8Ia) and Deneb (A2Ia) is indicative of presence of localized time-dependent mass 
ejections. Here, we employ optical interferometry to study the Halpha line-formation region in these 
stellar environments. High spatial- (0.001 arcsec) and spectral- (R=30 000) resolution observations of 
Halpha were obtained with the visible recombiner VEGA installed on the CHARA interferometer, using 
the S1S2 array-baseline (34m). Six independent observations were done on Deneb over the years 2008 
and 2009, and two on Rigel in 2009. We analyze this dataset with the 1D non-LTE radiative-transfer code 
CMFGEN, and assess the impact of the wind on the visible and near-IR interferometric signatures, using 
both Balmer-line and continuum photons. We observe a visibility decrease in Halpha for both Rigel and 
Deneb, suggesting that the line-formation region is extended (1.5-1.75 R*). We observe a significant 
visibility decrease for Deneb in the SiII6371 line. We witness time variations in the differential phase for 
Deneb, implying an inhomogeneous and unsteady circumstellar environment, while no such variability is 
seen in differential visibilities. Radiative-transfer modeling of Deneb, with allowance for stellar-wind 
mass loss, accounts fairly well for the observed decrease in the Halpha visibility. Based on the observed 
differential visibilities, we estimate that the mass-loss rate of Deneb has changed by less than 5%.

Reference: Astronomy and Astrophysics
Status: Manuscript has been accepted



Weblink: http://arxiv.org/abs/1007.2095

Comments: 

Email: Olivier.Chesneau@oca.eu
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The R136 star cluster hosts several stars whose individual masses 
greatly exceed the accepted 150 Msun stellar mass limit

Paul A Crowther (1), Olivier Schnurr (1, 2), Raphael Hirschi (3, 4), Norhasliza Yusof (5), Richard J 
Parker (1), Simon P Goodwin (1), Hasan Abu Kassim (5)

1=Sheffield, 2=AIP, 3=Keele, 4=Tokyo, 5=Malaya

Spectroscopic analyses of H-rich WN5-6 stars within the young star clusters NGC 3603 and R136 are 
presented, using archival HST & VLT spectroscopy, & high spatial resolution near-IR photometry. We 
derive high T* for the WN stars in NGC 3603 (T*~42+/-2 kK) & R136 (T*~53+/-3 kK) plus clumping-
corrected dM/dt ~ 2-5x10^-5 Msun/yr which closely agree with theoretical predictions. These stars make 
a disproportionate contribution to the global budget of their host clusters. R136a1 alone supplies ~7% of 
N(LyC) of the entire 30 Dor region. Comparisons with stellar models calculated for the main- sequence 
evolution of 85-500 Msun suggest ages of ~1.5 Myr & M_init in the range 105 - 170 Msun for 3 systems 
in NGC 3603, plus 165-320 Msun for 4 stars in R136. Our high stellar masses are supported by 
dynamical mass determinations for the components of NGC 3603 A1. We consider the predicted L_X of 
the R136 stars if they were close, colliding wind binaries. R136c is consistent with a colliding wind 
binary system. However, short period, colliding wind systems are excluded for R136a WN stars if mass 
ratios are of order unity. Widely separated systems would have been expected to harden owing to early 
dynamical encounters with other massive stars in such a dense environment. From simulated star clusters, 
whose constituents are randomly sampled from the Kroupa IMF, both clusters are consistent with a 
tentative upper mass limit of ~300 Msun. The Arches cluster is either too old, exhibits a deficiency of 
very massive stars, or more likely stellar masses have been underestimated - M_init for the most luminous 
stars in the Arches cluster approach 200 Msun according to contemporary stellar & photometric results. 
The potential for stars greatly exceeding 150 Msun within metal-poor galaxies suggests that such pair-
instability SNe could occur within the local universe, as has been claimed for SN 2007bi (abridged).

Reference: MNRAS in press, 20 pages.
Status: Manuscript has been accepted

Weblink: http://arxiv.org/abs/1007.3284

Comments: Version with higher resolution figures is available from 
http://pacrowther.staff.shef.ac.uk/R136.pdf 
See also http://www.eso.org/public/news/eso1030/ from Wed 21 from noon (CEST)

Email: Paul.Crowther@sheffield.ac.uk
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Chandra HETG Observations of the Colliding Stellar Wind 
System WR 147

Svetozar A. Zhekov and Sangwook Park

JILA, University of Colorado at Boulder, USA; 
Department of Astronomy and Astrophysics, Pennsylvania State University, USA

We present an extended analysis of deep Chandra HETG observations of the WR+OB binary system WR 
147 that was resolved into a double X-ray source (Zhekov & Park, 2010, ApJ, 709, L119). Our analysis 
of the profiles of strong emission lines shows that their centroids are blue-shifted in the spectrum of the 
northern X-ray source. We find no suppressed forbidden line in the He-like triplets which indicates that 
the X-ray emitting region is not located near enough to the stars in the binary system to be significantly 
affected by their UV radiation. The most likely physical picture that emerges from the entire set of HETG 
data suggests that the northern X-ray source can be associated with the colliding stellar wind region in the 
wide WR+OB binary system, while the X-rays of its southern counterpart, the WN8 star, are result from 
stellar wind shocking onto a close companion (a hypothesized third star in the system).

Reference: The Astrophysical Journal
Status: Manuscript has been accepted

Weblink: http://arxiv.org/abs/1007.4352

Comments: 

Email: zhekovs@colorado.edu
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A Multi-Phase Suzaku Study of X-rays from tau Sco

Ignace, Oskinova, Jardine, Cassinelli, Cohen, Donati, Townsend, ud-Doula

ETSU, U of Potsdam, U of St-Andrews, U of Wisconsin, Swarthmore, Observatoire Midi-Pyrenees, U of 
Wisconsin, Penn State Worthington Scranton

We obtained relatively high signal-to-noise X-ray spectral data of the early massive star $tau$~Sco 
(B0.2V) with the {it Suzaku} XIS instrument. This source displays several unusual features that 
motivated our study: (a) redshifted absorption in UV P~Cygni lines to approximately $+250$ km~s$^{-
1}$ suggestive of infalling gas, (b) unusually hard X-ray emission requiring hot plasma at temperatures in 
excess of 10~MK whereas most massive stars show relatively soft X-rays at a few~MK, and (c) a 
complex photospheric magnetic field of open and closed field lines. In an attempt to understand the hard 
component better, X-ray data were obtained at six roughly equally spaced phases within the same epoch 
of $tau$~Sco's 41~day rotation period. The XIS instrument has three operable detectors: XIS1 is back 
illuminated with sensitivity down to 0.2~keV; XIS0 and XIS2 are front illuminated with sensivitity only 
down to 0.4~keV and have overall less effective area than XIS1. The XIS0 and XIS3 detectors show 
relatively little variability. In contrast, there is a $approx 4sigma$ detection of a $approx 4%$ drop in the 
count rate of the XIS1 detector at one rotational phase. In addition, all three detectors show a $approx 3%
$ increase in count rate at the same phase. The most optimistic prediction of X-ray variability allows for a 
40% change in the count rate, particularly near phases where we have pointings. Observed modulations in 
the X-ray light curve on the rotation cycle is an order of magnitude smaller than this, which places new 
stringent constraints on future modeling of this interesting magnetic massive star.

http://arxiv.org/abs/1007.4352


Reference: to appear in ApJ
Status: Manuscript has been accepted

Weblink: astroph/1008.1552

Comments: 

Email: ignace@etsu.edu
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Probing local density inhomogeneities in the circumstellar disk of 
a Be star using the new spectro-astrometry mode at the Keck 
interferometer

J.-U. Pott1,2,3, J. Woillez2, S. Ragland2, P. L. Wizinowich2, J. A. Eisner4, J. D. Monnier5, R. L. 
Akeson6, A. M. Ghez3,7, J. R. Graham8, L. A. Hillenbrand9, R. Millan-Gabet6, E. Appleby2, B. 
Berkey2, M. M. Colavita10, A. Cooper2, C. Felizardo6, J. Herstein6, M. Hrynevych2, D. 
Medeiros2, D. Morrison2, T. Panteleeva2, B. Smith2, K. Summers2, K. Tsubota2, C. Tyau2, E. 
Wetherell2

1Max-Planck-Institut f¨ur Astronomie, K¨onigstuhl 17, D-69117 Heidelberg, Germany 
jpott@mpia.de 
2W. M. Keck Observatory, California Association for Research in Astronomy, Kamuela, HI 96743 
3Div. of Astronomy & Astrophysics, University of California, Los Angeles, CA 90095-1547 
4Steward Observatory, University of Arizona, Tucson, AZ 85721 
5Astronomy Department, University of Michigan, Ann Arbor, MI 48109 
6NASA Exoplanet Science Institute, Caltech, Pasadena, CA 91125 
7Institute of Geophysics and Planetary Physics, University of California, Los Angeles, CA 90095-1565 
8Astronomy Department, University of California Berkeley, CA 94720, USA 
9California Institute of Technology, Pasadena, CA 91125, USA 
10Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA 91109, USA

We report on the successful science verification phase of a new observing mode at the Keck 
interferometer, which provides a line-spread function width and sampling of 150 km/s at K′-band, at a 
current limiting magnitude of K′ = 7 mag with spatial resolution of lambda / 2B = 2.7 mas and a 
measured differential phase stability of unprecedented precision (3 mrad at K = 5mag, which represents 3 
μas on sky or a centroiding precision of 10^−3). The scientific potential of this mode is demonstrated by 
the presented observations of the circumstellar disk of the evolved Be-star 48 Lib. In addition to indirect 
methods such as multi-wavelength spectroscopy and polaritmetry, the here described spectro-
interferometric astrometry provides a new tool to directly constrain the radial density structure in the disk. 
We resolve for the first time several Pfund emission lines, in addition to Br Gam, in a single 
interferometric spectrum, and with adequate spatial and spectral resolution and precision to analyze the 
radial disk structure in 48 Lib. The data suggest that the continuum and Pf-emission originates in 
significantly more compact regions, inside of the Br Gam emission zone. Thus, spectro-interferometric 
astrometry opens the opportunity to directly connect the different observed line profiles of Br Gam and 
Pfund in the total and correlated flux to different disk radii. The gravitational potential of a rotationally 
flattened Be star is expected to induce a one-armed density perturbation in the circumstellar disk. Such a 
slowly rotating disk oscillation has been used to explain the well known periodic V/R spectral profile 
variability in these stars, as well as the observed V/R cycle phase shifts between different disk emission 
lines. The differential line properties and linear constraints set by our data are consistent with theoretical 
models and lend direct support to the existence of a radius-dependent disk density perturbation. The data 

file:///home/work/WWW/IAUWGMS/massive_stars/submission/astroph/1008.1552


also shows decreasing gas rotation velocities at increasing stello-centric radii as expected for Keplerian 
disk rotation, assumed by those models.

Reference: ApJ in press
Status: Manuscript has been accepted

Weblink: http://de.arxiv.org/abs/1008.1727
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Circumventing the radiation pressure barrier in the formation of 
massive stars via disk accretion

Rolf Kuiper$^{1,2}$, Hubert Klahr$^2$, Henrik Beuther$^2$, and Thomas Henning$^2$

1 - Argelander Institute for Astronomy, Bonn University, Auf dem Hügel 71, D-53121 Bonn; 
2 - Max Planck Institute for Astronomy, Königstuhl 17, D-69117 Heidelberg

We present radiation hydrodynamics simulations of the collapse of massive pre-stellar cores. We treat 
frequency dependent radiative feedback from stellar evolution and accretion luminosity at a numerical 
resolution down to 1.27 AU. 
In the 2D approximation of axially symmetric simulations, it is possible for the first time to simulate the 
whole accretion phase (up to the end of the accretion disk epoch) for the forming massive star and to 
perform a broad scan of the parameter space. Our simulation series show evidently the necessity to 
incorporate the dust sublimation front to preserve the high shielding property of massive accretion disks. 
While confirming the upper mass limit of spherically symmetric accretion, our disk accretion models 
show a persistent high anisotropy of the corresponding thermal radiation field. This yields to the growth 
of the highest-mass stars ever formed in multi-dimensional radiation hydrodynamics simulations, far 
beyond the upper mass limit of spherical accretion. Non-axially symmetric effects are not necessary to 
sustain accretion. The radiation pressure launches a stable bipolar outflow, which grows in angle with 
time as presumed from observations. 
For an initial mass of the pre-stellar host core of 60, 120, 240, and 480 Msun the masses of the final stars 
formed in our simulations add up to 28.2, 56.5, 92.6, and at least 137.2 Msun respectively.
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Measured Metallicities at the Sites of Stripped Core-Collapse 
Supernovae

Maryam Modjaz (1), J. S. Bloom (1), A. V. Filippenko (1), L. Kewley (2), D. Perley (1), J. M. 
Silverman (1)

((1) UC Berkeley, (2) Hawaii)

Metallicity is expected to influence not only the lives of massive stars but also the outcome of their deaths 
as supernovae (SNe) and as gamma-ray bursts (GRBs). However, there are surprisingly few direct 
measurements of the local metallicities of different flavors of core-collapse SNe. Here we present the 
largest existing set of host-galaxy spectra with H II region emission lines at the sites of 34 stripped-
envelope core-collapse SNe. We derive local oxygen abundances in a robust manner in order to constrain 
the SN Ib/c progenitor population. We obtain spectra at the SN sites, include SNe from targeted and 
untargeted surveys, and perform the abundance determinatinos using three different oxygen-abundance 
calibrations. The sites of SNe Ic (the demise of the most heavily stripped stars having lost both the H and 
He layers) are systematically more metal rich than those of SNe Ib (arising from stars that retained their 
He layer) in all calibrations. A Kolmogorov-Smirnov-test yields a very low probability of 0.1% that SN 
Ib and SN Ic environment abundances, which are different on average by 0.2 dex (in the Pettini & Pagel 
scale), are drawn from the same parent population. Broad-lined SNe Ic (without GRBs) occur at 
metallicities between those of SNe Ib and SNe Ic. Lastly, we find that the host-galaxy central oxygen 
abundance, widely inferred from the host-galaxy luminosity, is not a good indicator of the local SN 
metallicity; hence, large-scale SN surveys need to obtain local abundance measurements in order to 
quantify the impact of metallicity on stellar death.
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The Slope of the Upper End of the IMF and the Upper Mass 
Limit: An Observer's Perspective

Philip Massey

Lowell Observatory

There are various ways of measuring the slope of the upper end of the IMF. Arguably the most direct of 
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these is to place stars on the H-R diagram and compare their positions with stellar evolutionary models. 
Even so, the masses one infers from this depend upon the exact methodology used. I briefly discuss some 
of the caveats and go through a brief error analysis. I conclude that the current data suggest that the IMF 
slopes are the same to within the errors. Similarly the determination of the upper mass "limit" is 
dependent upon how well one can determine the masses of the most massive stars within a cluster. The 
recent finding by Crowther et al (2010) invalidates the claim that there is a 150Mo upper limit to the IMF, 
but this is really not surprising given the weakness of the previous evidence.
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Post-doctoral Position at the University of São Paulo, Brazil

Alex C. Carciofi

Instituto de Astronomia, Geofísica e Ciências Atmosféricas, Universidade de São Paulo, 
Rua do Matão 1226, Cidade Universitária, 05508-900, São Paulo, SP, BRAZIL

Applications are invited for a Fapesp-funded post-doctoral scholarship at the Astronomy Department of 
University of São Paulo to work on models of circumstellar disks and outflows, with emphasis on Be 
stars, in the context of an integrated observational and theoretical effort in collaboration with Drs. 
Thomas Rivinius, Stanislav Stefl and Dietrich Baade (ESO) and Dr. Atsuo Okazaki (Hokkai-Gakuen 
University, Japan). 

The University of São Paulo is one of the most important research institutes in Latin America. The 
Astronomy Department has a consolidated research tradition in many astrophysical fields and currently 
has 38 professors, about 50 PhD students, 30 MS students and 25 post-docs from many different 
countries. 

Fapesp post-doctoral scholarship is of about US$ 2,800 per month, free of taxes, plus a research grant of 
about US$ 5,000 per year. Travel and moving expenses are also included (one month extra salary plus 
plane tickets). The position is funded for up to two years. A PhD degree and relevant research experience 
are required. 

Because the post-doctoral scholarship of Fapesp are awarded to the research project, the application 
process will have two phases: 

* Phase 1 (Deadline 07/31/2010) 
Selection of one candidate among the applicants based on their CV, publication record, and research 
expertise. 

http://www.lowell.edu/users/massey/UP2010.pdf


* Phase 2 (Deadline 08/30/2010) 
Submission of a research project to Fapesp, written by both the successful candidate of phase 1 and the 
supervisor (Alex C. Carciofi). 

Applicants for phase 1 are invited to contact Alex C. Carciofi by email (carciofi@usp.br) before July 
31st, 2010. The requirements for phase 1 application are: CV, publication list, and a statement of research 
interests.

Attention/Comments: 
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