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Abstracts of recently accepted papers
Outflows in the Orion Nebula: HH 540 from the Beehive Proplyd
John Bally1 , Daniel Licht1 , Nathan Smith1 , and Josh Walawender1
1

CASA, University of Colorado, UCB 389, Boulder, CO 80309, USA

E-mail contact: bally@casa.colorado.edu
We present Hubble Space Telescope ACS images of the giant proplyd 181-826 in the southern Orion Nebula. This
object exhibits a variety of known proplyd properties – an optically-visible central star, a silhouette disk, a bright
proplyd ionization front, and a bipolar microjet emerging along the disk axis which powers a larger Herbig-Haro flow.
The proplyd ionization front is remarkable because of its large size (a radius of about 800 AU) and because of its
corrugated structure consisting of a set of co-axial rings with the same orientation as the embedded silhouette disk.
The rings are centered on the disk/jet axis, and we discuss possible mechanisms for their formation. The silhouette
disk has an outer radius of about 160 AU and its axis is inclined by an angle of about 60 degrees with respect to our
line-of-sight. A prominent reflection nebula protrudes along the disk axis toward the south, marking the base of the
approaching outflow, and a faint knot on the north side of the disk indicates that the nebula is bipolar. Fabry-Perot
images reveal a high-velocity blueshifted jet with a mass loss rate of about 10−8 M yr−1 emerging along the disk
axis. It has a velocity (corrected for the outflow inclination angle) of about 160 km s−1 , and can be traced for about
an arcminute toward the south. A chain of three lower-velocity blueshifted bow shocks, collectively known as HH 540,
extend several arcminutes south of 181-826 along the same axis, tracing a large-scale outflow powered by this jet.
Accepted by Astron. J.

A New Probe of the Planet-Forming Region in T Tauri Disks
Edwin A. Bergin1 , Nuria Calvet2 , Michael L. Sitko3 , Herve Abgrall4 , Paola D’Alessio5 , Gregory J.
Herczeg6 , Evelyne Roueff4 , Chunhua Qi2 , David K. Lynch7 , Ray W. Russell7 , Suellen M. Brafford8 ,
and R. Brad Perry9
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Department of Physics, University of Cincinnati, Cincinnati OH 45221-0011
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Instituto de Astronomı́a, UNAM, Apartado Postal 72-3 (Xangari), 58089 Morelia, Michoacan, Mexico; México
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The Aerospace Corporation, Los Angeles, CA 90009, USA
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School of Law, University of Dayton, Dayton, OH 45469-2760, USA
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NASA Langley Research Center
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E-mail contact: ebergin@umich.edu
We present new observations of the FUV (1100-2200 Å) radiation field and the near- to mid-IR (3–13.5 µm) spectral
energy distribution (SED) of a sample of T Tauri stars selected on the basis of bright molecular disks (GM Aur,
DM Tau, LkCa15). In each source we find evidence for Ly α induced H2 fluorescence and an additional source of
FUV continuum emission below 1700 Å. Comparison of the FUV spectra to a model of H2 excitation suggests that
1

the strong continuum emission is due to electron impact excitation of H2 . The ultimate source of this excitation is
likely X-ray irradiation which creates hot photo-electrons mixed in the molecular layer. Analysis of the SED of each
object finds the presence of inner disk gaps with sizes of a few AU in each of these young (∼1 Myr) stellar systems.
We propose that the presence of strong H2 continuum emission and inner disk clearing are related by the increased
penetration power of high energy photons in gas rich regions with low grain opacity.
Accepted by Astrophysical Journal Letters, Oct. 10 issue
Preprint available at
http://xxx.lanl.gov/abs/astro-ph/0409308 or http://www.astro.lsa.umich.edu/∼ebergin/

Evidence for an inner molecular disk around massive Young Stellar Objects
A. Bik1 and W-.F. Thi1
1

University of Amsterdam, Kruislaan 403, 1098 SJ Amsterdam, The Netherlands

E-mail contact: abik@eso.org
We present observations of CO overtone bandhead emission toward four massive Young Stellar Objects (spectral type
O6–B5). The high signal-to-noise ratio K-band spectra were obtained with VLT-ISAAC at a resolution ∆v = 30
km s−1 , sufficient to resolve the bandheads, but not the individual J-lines. We are able to explain the shape of the
lines by assuming a simple isothermal keplerian disk model seen at different inclinations. The gas temperature ranges
from 1500 to 4500 K and the CO column density is between 0.1 and 4 × 1021 cm−2 . The emission probably arises
within the first few astronomical units of the disk, consistent with the high gas temperature. Our results indicate
that molecules can survive close to a hot star and suggest that dense (nH > 1010 cm−3 ) inner disks may be relatively
common at an advanced stage of high-mass star formation.
Accepted by Astronomy and Astrophysics Letters
astro-ph/0410098

Millimeter Observations of the HH 222 Region
Alain Castets1 , Bo Reipurth2 and Laurent Loinard3
1
2
3

Observatoire de Bordeaux, BP 79, 33270 Floirac, France
Institute for Astronomy, University of Hawaii, 640 North A’ohoku Place, Hilo, HI 96720, USA
Instituto de Astronomı́a, UNAM, Apdo Postal 72-3 (Xangari), 58089 Morelia, Michoacán, México

E-mail contact: castets@obs.u-bordeaux1.fr
The HH 222 streamers in Orion and their associated non-thermal radio jet form a unique object, whose nature
remains enigmatic. We have carried out a set of detailed millimeter observations around the non-thermal radio source
in several transitions of the CO, 13 CO, C18 O and CS molecules. We find that the radio source is not associated with
any molecular outflow nor located within a dense molecular core, and is therefore very unlikely to be a newborn star.
The observations are in principle consistent with the radio source being a more evolved T Tauri star undergoing an
energetic event, but it could also be an evolved object (an X-ray binary or a microquasar) accidentally passing through
the large Orion cloud complex.
Accepted by Astron. Astrophys.

The ionizing star of the North America and Pelican nebulae
F. Comerón1 and A. Pasquali2
1
2

European Southern Observatory, Karl-Schwarzschild-Strasse 2, D-85748 Garching, Germany
Institute of Astronomy, ETH Hoenggerberg, HPF, CH-8093 Zurich, Switzerland

E-mail contact: fcomeron@eso.org
We present the results of a search for the ionizing star of the North America (NGC 7000) and the Pelican (IC 5070)
nebulae complex. The application of adequate selection criteria to the 2MASS JHKS broad-band photometry allows
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us to narrow the search down to 19 preliminary candidates in a circle of 0◦ 5 radius containing most of the L935
dark cloud that separates both nebulae. Follow-up near-infrared spectroscopy shows that most of these objects are
carbon stars and mid-to-late-type giants, including some AGB stars. Two of the three remaining objects turn out to
be later than spectral type B and thus cannot account for the ionization of the nebula, but a third object, 2MASS
J205551.25+435224.6, has infrared properties consistent with it being a mid O-type star at the distance of the nebulae
complex and reddened by AV ' 9.6. We confirm its O5V spectral type by means of visible spectroscopy in the
blue. This star has the spectral type required by the ionization conditions of the nebulae and photometric properties
consistent with the most recent estimates of their distance. Moreover, it lies close to the geometric center of the
complex that other studies have proposed as the most likely location for the ionizing star, and is also very close to
the position inferred from the morphology of cloud rims detected in radio continuum. Given the fulfillment of all the
conditions and the existence of only one star in the whole search area that satisfies them, we thus propose 2MASS
J205551.25+435224.6 as the ionizing star of the North America / Pelican complex.
Accepted by Astronomy and Astrophysics
http://www.eso.org/∼fcomeron/ngc7000.ps.gz

Probing the evolutionary status of starless cores through N2 H+ and N2 D+ observations
A. Crapsi

1,2

, P. Caselli3 , C.M. Walmsley3 , P.C. Myers2 , M. Tafalla4 , C.W. Lee5 and T.L. Bourke6
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USA
E-mail contact: acrapsi@cfa.harvard.edu
We have undertaken a survey of N2 H+ and N2 D+ towards 31 low-mass starless cores using the IRAM 30-m telescope.
Our main objective has been to determine the abundance ratio of N2 D+ and N2 H+ towards the nuclei of these cores
and thus to obtain estimates of the degree of deuterium enrichment, a symptom of advanced chemical evolution
according to current models. We find that the N(N2 D+ )/N(N2 H+ ) ratio is larger in more “centrally concentrated
cores” with larger peak H2 and N2 H+ column density than the sample mean. The deuterium enrichment in starless
cores is presently ascribed to depletion of CO in the high density (> 3 × 104 cm−3 ) core nucleus. To substantiate
this picture, we compare our results with observations in dust emission at 1.2 mm and in two transitions of C18 O.
We find a good correlation between deuterium fractionation and N(C18 O)/N(H2 )1.2 mm for the nuclei of 14 starless
cores. We, thus, identified a set of properties that characterize the most evolved, or “pre–stellar”, starless cores. These
are: higher N2 H+ and N2 D+ column densities, higher N(N2 D+ )/N(N2 H+ ), more pronounced CO depletion, broader
N2 H+ lines with infall asymmetry, higher central H2 column densities and a more compact density profile than in the
average core. We conclude that this combination of properties gives a reliable indication of the evolutionary state of
the core. Seven cores in our sample (L1521F, OphD, L429, L694, L183, L1544 and TMC2) show the majority of these
features and thus are believed to be closer to forming a protostar than are the other members of our sample. Finally,
we note that the subsample of Taurus cores behaves more homogeneously than the total sample, an indication that
the external environment could play an important role in the core evolution.
Accepted by Astrophys. J.
http://cfa-www.harvard.edu/ acrapsi/publications/

Genetic Algorithm-Based Exploration of Three Filament Models:
A Case for the Magnetic Support of the G11.11-0.12 Infrared-Dark Cloud
Jason D. Fiege1 , Doug Johnstone1 , Russell O. Redman1 and Paul A. Feldman1
1

National Research Council of Canada, Herzberg Institute of Astrophysics, 5071 West Saanich Road, Victoria, British
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Columbia
E-mail contact: Jason.Fiege@nrc-cnrc.gc.ca
The G11.11-0.12 infrared-dark cloud has a filamentary appearance, both in extinc tion against the diffuse infrared
emission of the Galactic plane and in emission at 850µm. We use a novel computational technique based on an
advanced genetic algorithm to explore thoroughly 3 different models of self-gravitating, pressure truncated filaments
and to constrain their parameters. Specifically, the models tested are the non-magnetic Ostriker (1964) model, a
generalized version of the magnetic Stodólkiewicz (1963) model, and the magnetic Fiege & Pudritz (2000a) model.
Previous results showed that G11.11-0.12 has a much steeper ∼ r−4 radial density profile than other filaments, where
the density varies approximately as r−2 , and that this steep density profile is consistent with the Ostriker (1964)
model. We present a more complete analysis that shows that the radial structure of G11.11-0.12 is consistent with
regimes of each of these models. All of the magnetic models that agree with the data are threaded by a dominant
poloidal magnetic field, and most have dynamically significant fields. Thus, G11.11-0.12 is an excellent candidate for
radial support by a magnetic field that is predominantly poloidal. We predict the polarization patterns expected for
both magnetic models and show that the two magnetic models produce different polarization patterns that should be
distingished by observations.
Accepted by Ap.J.

Which are the youngest protostars? Determining properties of confirmed and candidate
Class 0 sources by broad-band photometry
Dirk Froebrich1
1

Dublin Institute for Advanced Studies, 5 Merrion Square, Dublin 2, Ireland

E-mail contact: df@cp.dias.ie
We searched the literature to obtain a complete list of known Class 0 sources. A list of 95 confirmed or candidate
objects was compiled. To the best of our knowledge, all published broad-band observations from 1 µm to 3.5 mm have
been collected and are assembled in a catalogue. These data were used to determine physical properties (Tbol , Lbol ,
Lsmm /Lbol , Menv ) and for a uniform classification. 50 sources possess sufficient observational data and are classified as
Class 0 or Class 0/1 objects. The source properties are compared with different evolutionary models to infer ages and
masses, and their correlations are investigated. About 25% of the sources are found to be in a quiet accretion phase
or possess a significantly different time evolution of the accretion rate than the average. In Taurus, with its isolated
star formation mode, this seems especially to be the case.
Accepted by ApJS
astro-ph/0410044; http://www.dias.ie/protostars/

Evolution of self-gravitating magnetized disks. I- Axisymmetric simulations
Sébastien Fromang1 , Steven A. Balbus2,3 and Jean-Pierre De Villiers2
1

Institut d’Astrophysique de Paris, 98Bis Bd Arago, 75014 Paris, France
Virginia Institute of Theoretical Astronomys, Department of Astronomy, University of Virginia, Charlottesville, VA
22903-0818, USA
3
Laboratoire de Radioastronomie, École Normale Supérieure, 24 rue Lhomond, 75231 Paris CEDEX 05, France
2

E-mail contact: fromang@iap.fr
In this paper and a companion work, we report on the first global numerical simulations of self-gravitating magnetized
tori, subject in particular to the influence of the magnetorotational instability (MRI). In this work, paper I, we restrict
our calculations to the study of the axisymmetric evolution of such tori. Our goals are twofold: (1) to investigate how
self-gravity influences the global structure and evolution of the disks; and (2) to determine whether turbulent density
inhomogeneities can be enhanced by self-gravity in this regime.
As in non self-gravitating models, the linear growth of the MRI is followed by a turbulent phase during which angular
momentum is transported outward. As a result, self-gravitating tori quickly develop a dual structure composed of an
inner thin Keplerian disk fed by a thicker self-gravitating disk, whose rotation profile is close to a Mestel disk. Our
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results show that the effects of self-gravity enhance density fluctuations much less than they smooth the disk, and
giving it more coherence. We discuss the expected changes that will occur in 3D simulations, the results of which are
presented in a companion paper.
Accepted by ApJ

Evolution of self–gravitating magnetized disks. II- Interaction between MHD turbulence
and gravitational instabilities
Sébastien Fromang1 , Steven A. Balbus2,3 , Caroline Terquem1,4 and Jean–Pierre De Villiers2
1

Institut d’Astrophysique de Paris, 98Bis Bd Arago, 75014 Paris, France
Virginia Institute of Theoretical Astronomy, Department of Astronomy, University of Virginia, Charlottesville, VA
22903–0818, USA
3
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4
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2

E-mail contact: fromang@iap.fr
We present 3D magnetohydrodynamic (MHD) numerical simulations of the evolution of self–gravitating and weakly
magnetized disks with an adiabatic equation of state. Such disks are subject to the development of both the magnetorotational and gravitational instabilities, which transport angular momentum outward. As in previous studies, our
hydrodynamical simulations show the growth of strong m = 2 spiral structure. This spiral disturbance drives matter
toward the central object and disappears when the Toomre parameter Q has increased well above unity. When a weak
magnetic field is present as well, the magnetorotational instability grows and leads to turbulence. In that case, the
strength of the gravitational stress tensor is lowered by a factor of about 2 compared to the hydrodynamical run and
oscillates periodically, reaching very small values at its minimum. We attribute this behavior to the presence of a
second spiral mode with higher pattern speed than the one which dominates in the hydrodynamical simulations. It is
apparently excited by the high frequency motions associated with MHD turbulence. The nonlinear coupling between
these two spiral modes gives rise to a stress tensor that oscillates with a frequency which is a combination of the
frequencies of each of the modes. This interaction between MHD turbulence and gravitational instabilities therefore
results in a smaller mass accretion rate onto the central object.
Accepted by ApJ

Chandra Orion Ultradeep Project: Observations and Source Lists
K. V. Getman1 , E. Flaccomio2 , P. S. Broos1 , N. Grosso3 , M. Tsujimoto1 , L. Townsley1 , G. P. Garmire1 ,
J. Kastner4 , J. Li4 , F. R. Harnden, Jr.5 , S. Wolk5 , S. S. Murray5 , C. J. Lada5 , A. A. Muench5 , M. J.
McCaughrean6 , G. Meeus6 , F. Damiani2 , G. Micela2 , S. Sciortino2 , J. Bally7 , L. A. Hillenbrand8 , W.
Herbst9 , T. Preibisch10 , E. D. Feigelson1
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We present a description of the data reduction methods and the derived catalog of more than 1600 X-ray point sources
from the exceptionally deep January 2003 Chandra X-ray Observatory (Chandra) observation of the Orion Nebula
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Cluster and embedded populations around OMC-1. The observation was obtained with Chandra’s Advanced CCD
Imaging Spectrometer (ACIS) and has been nicknamed the Chandra Orion Ultradeep Project (COUP). With an
838 ks exposure made over a continuous period of 13.2 days, the COUP observation provides the most uniform and
comprehensive dataset on the X-ray emission of normal stars ever obtained in the history of X-ray astronomy.
Accepted by the Astrophysical Journal Supplement (COUP Special Issue)
http://www.astro.psu.edu/users/gkosta/COUP Methodology.pdf

Massive Star Formation in the W49 Giant Molecular Cloud:
Implications for the Formation of Massive Star Clusters
N. L. Homeier1 and J. Alves2
1

Johns Hopkins University, Department of Physics and Astronomy, 3400 North Charles Street, Baltimore, MD 21218,
USA
2
European Southern Observatory, Karl-Schwarzschild Str. 2, 85748 Garching b. München, Germany
E-mail contact: nhomeier@pha.jhu.edu
We present results from JHKs imaging of the densest region of the W49 molecular cloud. In a recent paper (Alves
& Homeier 2003), we reported the detection of (previously unknown) massive stellar clusters in the well-known giant
radio HII region W49A, and here we continue our analysis. We use the extensive line-of-sight extinction to isolate a
population of objects associated with W49A. We constrain the slope of the stellar luminosity function by constructing
an extinction-limited luminosity function, and use this to obtain a mass function. We find no evidence for a top-heavy
MF, and the slope of the derived mass function is −1.6 ± 0.3. We identify candidate massive stars from our colormagnitude diagram, and we use these to estimate the current total stellar mass of 5 − 7 × 104 M in the region of
the W49 molecular cloud covered by our survey. Candidate ionizing stars for several ultra-compact HII regions are
detected, with many having multipe candidate sources. On the global molecular cloud scale in W49, massive star
formation apparently did not proceed in a single concentrated burst, but in small groups, or subclusters. This may be
an essential physical description for star formation in what will later be termed a ’massive star cluster’.
Accepted by Astronomy & Astrophysics
http://xxx.lanl.gov/abs/astro-ph/0409410

Testing the Reality of Strong Magnetic Fields on T Tauri Stars: The Naked T Tauri
Star Hubble 4
Christopher M. Johns–Krull1 , Jeff A. Valenti2 and Steven H. Saar3
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Department of Physics & Astronomy, Rice University, 6100 Main St. MS-108, Houston, TX 77005, USA
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E-mail contact: cmj@rice.edu
High resolution optical and infrared (IR) echelle spectra of the naked (diskless) T Tauri star Hubble 4 are presented.
The K band IR spectra include 4 Zeeman sensitive Ti i lines along with several magnetically insensitive CO lines.
Detailed spectrum synthesis combined with modern atmospheric models is used to fit the optical spectra of Hubble 4
in order to determine its key stellar parameters: Teff = 4158 ± 56 K; log g= 3.61 ± 0.50; [M/H] = −0.08 ± 0.05; v sin i=
14.6 ± 1.7 km s−1 . These stellar parameters are used to synthesize K band spectra to compare with the observations.
The magnetically sensitive Ti i lines are all significantly broadened relative to the lines produced in the non-magnetic
model, while the magnetically insensitive CO lines are well matched by the basic non-magnetic model. Models with
magnetic fields are synthesized and fit to the Ti i lines. The best fit models indicate a distribution of magnetic field
strengths on the stellar surface characterized by a mean magnetic field strength of 2.51 ± 0.18 kG. The mean field is a
factor of 2.0 greater than the maximum field strength predicted by pressure equipartition arguments. To confirm the
reality of such strong fields, we attempt to refit the observed profiles using a two component magnetic model in which
the field strength is confined to the equipartition value representing plage-like regions in one component, and the field
is allowed to vary in a cooler component representing spots. It is shown that such a model is inconsistent with the
optical spectrum of the TiO bandhead at 7055 Å.
6

Accepted by The Astrophys. J.
preprints available at http://arxiv.org/abs/astro-ph/0409268

Bondi Accretion in the Presence of Vorticity
Mark R. Krumholz1 , Christopher F. McKee2 and Richard I. Klein3
1
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3
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Laboratory, P.O. Box 808, L-23, Livermore, CA 94550, USA
2

E-mail contact: krumholz@astron.berkeley.edu
The classical Bondi-Hoyle formula gives the accretion rate onto a point particle of a gas with a uniform density and
velocity. However, the Bondi-Hoyle problem considers only gas with no net vorticity, while in a real astrophysical
situation accreting gas invariably has at least a small amount of vorticity. We therefore consider the related case of
accretion of gas with constant vorticity, for the cases of both small and large vorticity. We confirm the findings of
earlier two dimensional simulations that even a small amount of vorticity can substantially change both the accretion
rate and the morphology of the gas flow lines. We show that in three dimensions the resulting flow field is nonaxisymmetric and time dependent. The reduction in accretion rate is due to an accumulation of circulation near the
accreting particle. Using a combination of simulations and analytic treatment, we provide an approximate formula for
the accretion rate of gas onto a point particle as a function of the vorticity of the surrounding gas.
Accepted by ApJ
Preprint available at astro-ph/0409454

Rotational evolution of low mass stars: The case of NGC 2264
M. H. Lamm1 , R. Mundt1 , C. A. L. Bailer-Jones1 , and W. Herbst2
1
2

Max-Planck-Institut für Astronomie, Königstuhl 17, 69117 Heidelberg, Germany
Van Vleck Obs., Wesleyan Univ., Middletown, CT 06459, USA

E-mail contact: mundt@mpia.de
Our study is based on an extensive photometric monitoring program in the young (2–4 Myr) open cluster NGC 2264
by Lamm et al. (2004a). This program resulted in a sample of 405 periodic variables which are most likely pre-main
sequence (PMS) members of the cluster. The periodic variability of these stars results from the rotational modulation
of the light by stellar spots. In this paper we investigate the rotation period evolution of young stars. This is done
by comparing the period distribution of the older NGC 2264 with that of the younger Orion Nebular Cluster (ONC,
age: ∼ 1 Myr) which is known from the literature. The age ratio between the two clusters was estimated on the
basis of PMS models to be about 2 +0.75
−0.5 . We find that the period distribution of NGC 2264 is similar in form to the
ONC but shifted to shorter periods. In both clusters the period distribution depends strongly on the mass and it
is bimodal for higher mass stars with M ≥ 0.25 M while it is unimodal for lower mass stars with M ≤ 0.25 M .
In addition the lower mass stars rotate much faster on average than the higher mass stars. Quantitative comparison
between the period distributions of both clusters suggests that a large fraction (about 80%) of stars have spun up
from the age of the ONC to the age of NGC 2264. Based on this estimate and the estimated age ratio between the
two clusters we find that the average spin up by a factor of 1.5 – 1.8 from the age of the ONC to the age of NGC 2264
is consistent with a decreasing stellar radius and conservation of angular momentum, for most stars. However, within
NGC 2264 we did not find any significant spin up from the younger to older stars in the cluster. We also found
indications for some ongoing disk-locking in NGC 2264, in particular for the higher mass stars. Our analysis of the
period distribution suggests that about 30% of the higher mass stars in NGC 2264 could be magnetically locked into
co-rotation with their inner disk. In the case of the lower mass stars, disk-locking seems to be less important for the
rotational evolution of the stars. This interpretation is supported by the analysis of the stars’ Hα emission. This
analysis indicates that the locking period of the higher mass stars is about P = 8 days. For the lower mass stars this
analysis indicates a locking period of about 2–3 days. We argue that the latter stars are probably not “completely”
locked to their disk and propose an evolution scenario for these stars which we call “moderate angular momentum
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loss”. In this scenario angular momentum is continuously removed from the stars but at a rate too low to lock the
stars with a constant rotation period. We have done a detailed comparison with the recently published rotational
period study of NGC 2264 of Makidon et al. (2004). Even though their obtained period distribution of their quality 1
data on NGC 2264 is indistinguishable within the statistical errors from ours, we come to quite different conclusions
about the interpretation. One major reason for these discrepancies is probably the large inhomogeneity of the “whole”
Orion region with which Makidon et al. (2004) compare their NGC 2264 data, while we compare our NGC 2264 data
only with the ONC, which is the youngest and most homogeneous cluster of the Orions OBI association.
Accepted by Astron. & Astrophysics

Polarimetric variations of binary stars. VI. Orbit-induced variations in the pre-mainsequence binary AK Sco
N. Manset1 , P. Bastien2 and C. Bertout3
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E-mail contact: manset@cfht.hawaii.edu
We present simultaneous U BV polarimetric and photometric observations of the pre-main-sequence binary AK Sco,
obtained over 12 nights, slightly less than the orbital period of 13.6 days. The polarization is a sum of interstellar and
intrinsic polarization, with a significant intrinsic polarization of 1% at 5250Å, indicating the presence of circumstellar
matter distributed in an asymmetric geometry. The polarization and its position angle are clearly variable on time
scales of hours and nights, in all 3 wavelengths, with a behavior related to the orbital motion. The variations have the
highest amplitudes seen so far for pre-main-sequence binaries (≈1%, ≈ 30◦ ) and are sinusoidal with periods similar
to the orbital period and half of it. The polarization variations are generally correlated with the photometric ones:
when the star gets fainter, it also gets redder and its polarization increases. The color-magnitude diagram B − V ,
V exhibits a ratio of total to selective absorption R = 4.3 higher than in normal interstellar clouds (R = 3.1). The
interpretation of the simultaneous photometric and polarimetric observations is that a cloud of circumstellar matter
passes in front of the star, decreasing the amount of direct, unpolarized light, and hence increasing the contribution
of scattered (blue) light. We show that the large amplitude of the polarization variations can not be reproduced with
a single scattering model and axially symmetric circumbinary or circumstellar disks.
Accepted by Astron. J.

The Spin of Accreting Stars: Dependence on Magnetic Coupling to the Disc
Sean Matt and Ralph E. Pudritz
Physics & Astronomy Department, McMaster University, Hamilton ON, Canada L8S 4M1
E-mail contact: matt@physics.mcmaster.ca
We formulate a general, steady-state model for the torque on a magnetized star from a surrounding accretion disc.
For the first time, we include the opening of dipolar magnetic field lines due to the differential rotation between the
star and disc, so the magnetic topology then depends on the strength of the magnetic coupling to the disc. This
coupling is determined by the effective slip rate of magnetic field lines that penetrate the diffusive disc. Stronger
coupling (i.e., lower slip rate) leads to a more open topology and thus to a weaker magnetic torque on the star from
the disc. In the expected strong coupling regime, we find that the spin-down torque on the star is more than an
order of magnitude smaller than calculated by previous models. We also use our general approach to examine the
equilibrium (‘disc-locked’) state, in which the net torque on the star is zero. In this state, we show that the stellar
spin rate is roughly an order of magnitude faster than predicted by previous models. This challenges the idea that
slowly-rotating, accreting protostars are disc locked. Furthermore, when the field is sufficiently open (e.g., for mass
accretion rates ≥ 5 × 10−9 M yr−1 , for typical accreting protostars), the star will receive no magnetic spin-down
torque from the disc at all. We therefore conclude that protostars must experience a spin-down torque from a source
that has not yet been considered in the star-disc torque models—possibly from a stellar wind along the open field
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lines.
Accepted by MNRAS (astro-ph/0409701)

Search for Accretion Events of Circumstellar Matter in UX Ori Stars
Stanislav Yu. Melnikov
Ulugh Beg Astronomical Institute of the Academy of Sciences of Uzbekistan, Astronomicheskaya 33, Tashkent 700052,
Uzbekistan
E-mail contact: stas@astrin.uzsci.net
During some Algol-like minima flare-like events in the optical light curves of UX Ori-type stars were observed. Flarelike events with amplitudes 0m .15 − 1m .0 in the V passband sometimes were observed after the minimum of the star
brightness. After the flare the star returns to the initial state. UV-excesses with an amplitude of U −B = 0m .15−0m .20
sometimes appear near the minimum brightness, but not simultaneously with the optical flare. We suggest that these
flare-like phenomena indicate the fall of a large amount of circumstellar matter onto the young star.
Accepted by Baltic Astronomy

Star-forming protoclusters associated with methanol masers
V. Minier1,2 , M.G. Burton2 , T. Hill2 , M.R. Pestalozzi3 , C. Purcell2 , G. Garay4 , and A. Walsh5
1
2
3
4
5

Service d’Astrophysique, DAPNIA/DSM/CEA CE de Saclay, 91191 Gif-sur-Yvette, France
School of Physics, University of New South Wales, Sydney 2052, NSW, Australia
Onsala Space Observatory, S-439 92 Onsala, Sweden
Departamento de Astronomı́a, Universidad de Chile, Casilla 36-D, Santiago, Chile
Center for Astrophysics, 60 Garden Street, Cambridge, MA, 02138, USA

E-mail contact: vincent.minier@cea.fr
We present a multiwavelength study of five methanol maser sites which are not directly associated with a strong (> 100
mJy) radio continuum source: G 31.28+0.06, G 59.78+0.06, G 173.49+2.42 (S231, S233IR), G 188.95+0.89 (S252,
AFGL5180) and G 192.60-0.05 (S255IR). These radio-quiet methanol maser sites are often interpreted as precursors of
ultra-compact HII regions or massive protostar sites. In this work, the environment of methanol masers is probed from
mid-IR to millimetre wavelengths at angular resolutions of 800 − 3400 . Spectral energy distribution (SED) diagrams for
each site are presented, together with mass and luminosity estimates. Each radio-quiet maser site is always associated
with a massive (> 50 M ), deeply embedded (Av > 40 mag) and very luminous (> 104 L ) molecular clump, with
0.75
Ltotal ∝Mgas
. These physical properties characterise massive star-forming clumps in earlier evolutionary phases than
HII regions. In addition, colder gas clumps seen only at mm-wavelengths are also found near the methanol maser
sites. These colder clumps may represent an even earlier phase of massive star formation. These results suggest an
evolutionary sequence for massive star formation from a cold clump, seen only at mm wavelengths, evolving to a hot
molecular core with a two-component SED with peaks at far-IR and mid-IR wavelengths, to an (ultra-compact) HII
region. Alternatively, the cold clumps might be clusters of low-mass YSOs, in formation near the massive star-forming
clusters. Finally, the values of the dust grain emissivity index (β) range between 1.6 and 1.9.
Accepted by Astronomy & Astrophysics

Kinematics of stars and brown dwarfs at birth
E. Moraux & C. Clarke
Institute of Astronomy, Madingley Road, Cambridge, CB3 0HA, UK
E-mail contact: moraux@ast.cam.ac.uk
We use numerical N-body simulations in order to test whether the kinematics of stars and brown dwarfs at birth depend
on mass. In particular we examine how initial variations in velocity dispersion can affect the spatial distribution of
stellar and substellar objects in clusters. We use ’toy’ N-body models of a Pleiades-like cluster in which brown dwarfs
have their own velocity dispersion σVBD which is k times larger than the stellar one.
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We find that in order to match the broad agreement between the brown dwarf fraction in the field and in the Pleiades,
the velocity dispersion of brown dwarfs at birth has to be less than twice the stellar velocity dispersion, i.e. cannot
exceed a few km/s in the Pleiades cluster. In order to discern more subtle differences between the kinematics of brown
dwarfs and stars at birth, our simulations show that we need to look at clusters that are much less dynamically evolved
than the Pleiades. One might especially seek evidence of high velocity brown dwarfs at birth by examining spatial
distribution of stars and brown darfs in clusters that are about a crossing timescale old.
Accepted by A&A
http://fr.arxiv.org/abs/astro-ph/0410026

The Star Formation Region NGC6530: distance, ages and Initial Mass Function
L. Prisinzano1,2 , F. Damiani2 , G. Micela2 and S. Sciortino3
1

Dipartimento di Scienze Fisiche ed Astronomiche, Università di Palermo, Piazza del Parlamento 1, I-90134 Palermo
Italy
2
INAF - Osservatorio Astronomico di Palermo, Piazza del Parlamento 1, 90134 Palermo Italy
E-mail contact: loredana@astropa.unipa.it
We present astrometry and BV I photometry, down to V ' 22, of the very young open cluster NGC6530, obtained
from observations taken with the Wide Field Imager camera at the MPG/ESO 2.2 m Telescope. Both the V vs. B − V
and the V vs. V −I color-magnitude diagrams (CMD) show the upper main sequence dominated by very bright cluster
stars, while, due to the high obscuration of the giant molecular cloud surrounding the cluster, the blue envelopes of the
diagrams at V ≥ 14 are limited to the main sequence stars at the distance of NGC6530. This particular structure of
the NGC6530 CMD allows us to conclude that its distance is about d ∼ 1250 pc, significantly lower than the previous
determination of d=1800 pc.
We have positionally matched our optical catalog with the list of X-ray sources found in a Chandra-ACIS observation,
finding a total of 828 common stars, 90% of which are pre-main sequence stars in NGC6530. Using evolutionary tracks
of Siess et al. (2000), mass and age values are inferred for these stars. The median age of the cluster is about 2.3 Myr;
in the mass range (0.6–4.0) M , the Initial Mass Function (IMF) shows a power law index x = 1.22 ± 0.17, consistent
with both the Salpeter index (1.35), and with the index derived for other young clusters ; towards smaller masses the
IMF shows a peak and then it starts to decrease.
Accepted by A&A
http://www.astropa.unipa.it/Library/preprint.html

Fast [Fe II] Wind with a Wide Opening Angle from L1551 IRS 5
Tae-Soo Pyo1 , Masahiko Hayashi1 ,2 , Naoto Kobayashi1 ,3 , Alan T. Tokunaga4 , Hiroshi Terada1 , Masahiro
Tsujimoto5 , Saeko S. Hayashi1 ,2 , Tomonori Usuda1 , Takuya Yamashita1 , Hideki Takami1 , Naruhisa
Takato1 , and Ko Nedachi3
1

Subaru Telescope, National Astronomical Observatory of Japan, 650 North A‘ohōkū Place, Hilo, HI 96720, USA
School of Mathematical and Physical Science, The Graduate University for Advanced Studies (SOKENDAI), Hayama,
Kanagawa 240-0193, Japan
3
Institute of Astronomy, University of Tokyo, Mitaka, Tokyo 181-0015, Japan
4
Institute for Astronomy, University of Hawaii, 2680 Woodlawn Drive, Honolulu, HI 96822, USA
5
Department of Astronomy & Astrophysics, The Pennsylvania State University, 525 Davey Laboratory, University
Park, PA 16802, USA
2

E-mail contact: pyo@subaru.naoj.org
We present new velocity-resolved spectra of the [Fe II] λ1.644 µm line emission toward the L1551 IRS 5 outflow.
The spectra were taken toward the bright [Fe II] knots PHK1 and PHK2 with the slit positions perpendicular to the
northern jet. We have two major conclusions: (1) At PHK1 located 1.00 2 away from the L1551 IRS 5 VLA sources, the
spatial profile of the low radial velocity component at VLSR ∼ −110 km s−1 shows two spatial subcomponents with
their FWHMs of 0.00 83 and 2.00 84. The wide subcomponent has an wide opening angle of ∼100◦ , which is consistent
with the opening angle suggested by the broad velocity width of the narrow one. It favors the interpretation that both
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subcomponents of the LVC arise from the same outflow. The gas corresponding to the wide subcomponent fills the
space between the optical jet and the shell of the CO molecular outflow, and may be sweeping up envelope material in
the vicinity of the protostars. (2) At PHK2 located ∼4.00 2 away from the VLA sources, we confirmed that the northern
jet has two radial velocity components: VLSR ∼ −270 km s−1 and −140 km s−1 . The former velocity component is
highly collimated because it has the same spatial width of 0.00 78 at both of the two [Fe II] knots.
Accepted by ApJ
http://www.naoj.org/staff/pyo/L1551paper/ms60591.pdf

ISO Observations of the Galactic Center Interstellar Medium: Ionized Gas
N.J. Rodriguez-Fernandez1 and J. Martin-Pintado2
1
2

LERMA (Observatoire de Paris /CNRS), 61, Av. de l’Observatoire 75014 Paris, France
DAMIR, IEM (CSIC), Madrid, Spain

E-mail contact: nemesio.rodriguez@obspm.fr
We present fine structure and recombination lines observations of the ionized gas toward a sample of 18 sources located
within 300 pc of the center of the Galaxy (hereafter Galactic center, GC). The sources were selected as molecular
clouds located far from thermal continuum sources. The fine structure lines from [Nii] and [Siii] have been detected
in 16 sources. In 10 sources we have even detected the [Oiii] 88 µm line. Several techniques have been used to
determine lower and upper limits to the extinction toward each source to correct the observed line fluxes. The derived
electron densities of the ionized gas vary from ∼ 100 to ≤ 30 cm−3 . For some sources we were able to derive N,
S and Ne abundances. We found that they are similar to those measured in the Hii regions in the 5-kpc ring and
in the nuclei of starburst galaxies. The fine structure lines ratios measured for all the sources can be explained by
photo-ionization with an effective temperature of the ionizing radiation of 32000-37000 K and an ionization parameter,
U , of −1 > log U > −3. The highest excitation is found in the Radio Arc region but it does not decrease smoothly
with distance. There must be more ionizing sources distributed over the Galactic center than the known clusters
of massive stars. Most of the clouds are located far (up to 45 pc for M-0.96+0.13) from the prominent continuum
complexes (Sgr C, B ...). However, it is possible that the clouds are ionized by escaped photons from those complexes.
The comparison of the effective temperatures of the ionizing radiation to the measured Lyman continuum photons
emission rate imply that the clouds are indeed ionized by distant sources. The excitation ratios, effective temperature
and ionization parameter measured in the GC are similar to those found in some low excitation starburst galaxies.
The [Neiii]/[Neii] line ratios measured in the GC sources are consistent with the results of the Thornely et al. (2000)
model for a short burst of massive star formation less than 8 Myr ago. We have also found that the [Neii] 13 µm to
far-infrared continuum ratio measured for the GC sources is similar to that of external galaxies, supporting the idea
by Sturm et al. (2002) that the far-infrared continuum in Active Galaxies is dominated by dust heated by stellar
radiation rather than by the AGN.
Accepted by A&A

Rotation and variability of very low mass stars and brown dwarfs near  Ori
Alexander Scholz1 and Jochen Eislöffel1
1

Thüringer Landessternwarte Tautenburg, Sternwarte 5, D-07778 Tautenburg, Germany

E-mail contact: scholz@tls-tautenburg.de
We explore the rotation and activity of very low mass (VLM) objects by means of a photometric variability study. Our
targets in the vicinity of  Ori belong to the Ori OB1b population in the Orion star-forming complex. In this region we
selected 143 VLM stars and brown dwarfs (BDs), whose photometry in RIJHK is consistent with membership of the
young population. The variability of these objects was investigated using a densely sampled I-band time series covering
four consecutive nights with altogether 129 data points per object. Our targets show three types of variability: Thirty
objects, including nine BDs, show significant photometric periods, ranging from 4 h up to 100 h, which we interpret
as the rotation periods. Five objects, including two BDs, exhibit variability with high amplitudes up to 1 mag which
is at least partly irregular. This behaviour is most likely caused by ongoing accretion and confirms that VLM objects
undergo a T Tauri phase similar to solar-mass stars. Finally, one VLM star shows a strong flare event of 0.3 mag
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amplitude. The rotation periods show dependence on mass, i.e. the average period decreases with decreasing object
mass, consistent with previously found mass-period relationships in younger and older clusters. The period distribution
of BDs extends down to the breakup period, where centrifugal and gravitational forces are balanced. Combining our
BD periods with literature data, we found that the lower period limit for substellar objects lies between 2 h and
4 h, more or less independent of age. Contrary to stars, these fast rotating BDs seem to evolve at constant rotation
period from ages of 3 Myr to 1 Gyr, in spite of the contraction process. Thus, they should experience strong rotational
braking.
Accepted by Astronomy & Astrophysics
http://www.tls-tautenburg.de/research/tls-research/pub2004.html

Photometric Identification of the Low-Mass Population of Orion OB1b I: The σ Ori
Cluster
W. H. Sherry1,2 , F. M. Walter1 and S. J. Wolk3
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Department of Physics & Astronomy, SUNY Stony Brook, Stony Brook, NY 11794-3800, USA
NSO/NOAO, 950 N. Cherry Ave., Tucson, AZ, 85719, USA
Center for Astrophysics, 60 Garden St., Cambridge, MA 02138, USA

E-mail contact: wsherry@noao.edu
We report an optical photometric survey of 0.89 deg2 of the Orion OB1b association centered on σ Ori. This region
includes most of the σ Ori cluster, the highest density region within Orion OB1b. We have developed a statistical
procedure to identify the young, low-mass, pre-main sequence population of the association. We estimate that the
cluster has ∼160 members in the mass range (0.2≤M≤1.0 M ). The cluster has a radius of ∼3-5 pc and an estimated
age of 2.5±0.3 Myrs. We estimate that the total mass of the cluster is 225±30 M . This mass is similar to the
estimated mass of the ∼5×105 year old cluster NGC 2024. NGC 2024 and σ Ori appear to be a well matched pair of
clusters, except for the ∼2 Myr difference in their ages.
Accepted by Astron. J.
Preprints are available at www.ess.sunysb.edu/wsherry/sigoriI.ps.

Accretion, Kinematics and Rotation in the Orion Nebula Cluster: Initial Results from
Hectochelle
Aurora Sicilia-Aguilar1 , Lee W. Hartmann1 , Andrew H. Szentgyorgyi1 , Daniel G. Fabricant1 , Gabor
Furesz123 , John Roll1 , Maureen A. Conroy1 , Nuria Calvet15 , Susan Tokarz1 , Jesús Hernández145
1

Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138
Konkoly Observatory of the Hungarian Academy of Sciences, P.O. Box 67,H-1525 Budapest, Hungary
3
University of Szeged, Department of Experimental Physics, Dom ter9, H-6723Szeged, Hungary
4
Centro de Investigaciones de Astronomı́a (CIDA), Apartado Postal 264, Mérida 5101-A, Venezuela
5
Postgrado de Fı́sica Fundamental, Universidad de Los Andes (ULA), Mérida 5101-A, Venezuela
2

E-mail contact: asicilia@cfa.harvard.edu
We present results from high-resolution spectra of 237 stars in the Orion Nebula Cluster (ONC) obtained during two
engineering runs with the Hectochelle multifiber echelle spectrograph on the 6.5m MMT. The ONC is the nearest populous young (ages ∼ 1 Myr) cluster, and is therefore an important object for studies of the evolution of protoplanetary
disks. Using the high spectral resolution of Hectochelle, we are able to distinguish stellar accretion and wind emission
line profiles from nebular emission lines, and identify accreting members of the cluster from Hα profiles with greater
accuracy than previously possible. We find 15 new members, based on Li 6707 Å absorption and Hα emission. Line
profiles of Hα of some objects that are not too contaminated by nebular emission show features characteristic of mass
inflow and ejection. We also present rotational velocities as part of an initial investigation into angular momentum
evolution of very young stars, confirming a difference between CTTS and WTTS that had been found in period analysis. Finally, we present an initial study of the radial velocity dispersion of the brighter stars in the central cluster.
The very small dispersion derived, ≤ 1.8km/s, is in good agreement with estimates from proper motions.
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Accepted by AJ.
http://cfa-www.harvard.edu/cfa/youngstars/publications.html

New Silhouette Disks with Reflection Nebulae and Outflows in the Orion Nebula and
M43
Nathan Smith1 , John Bally1 , Daniel Licht1 , and Josh Walawender1
1

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

E-mail contact: nathans@colorado.edu
We report the detection of several new circumstellar disks seen in silhouette against background nebular light in the
outskirts of the Orion nebula and the neighboring HII region M43. These were detected as part of our Hα survey
of Orion with the Advanced Camera for Surveys on-board the Hubble Space Telescope. Several of the disks show
bipolar reflection nebulae, microjets, or pronounced temporal variability of their central stars. The relatively large
fraction of bipolar reflection nebulae or microjets in our sample may be a selection effect caused by the faint nebular
background far from the Trapezium. Two disks in our sample are large and particularly noteworthy: A nearly edge-on
disk, d216-0939, is located several arcminutes northwest of M43 and resembles the famous HH 30 disk/jet system in
Taurus. It drives the 0.15 pc long bipolar outflow HH667, and exhibits a remarkable asymmetric reflection nebula
caused by the tilt of the flared disk. With a diameter of ∼2.6 arcsec (1200 AU), d216-0939 is as large as the giant
edge-on silhouette disk d114-426 in the core of the Orion Nebula. The large disk d253-1536 is located in a binary
system embedded within an externally-ionized giant proplyd in M43. The disk exhibits distortions which we attribute
to tidal interactions with the companion star. The bipolar jet HH668 emerges from the proplyd ionization front in a
direction orthogonal to the disk, and can be traced to the young star embedded within it. A bow shock lies 54 arcsec
south of this binary system along the outflow axis. Proper motions over a 1.4 yr baseline confirm that these emission
knots are indeed moving away from d253-1536, with speeds as high as ∼330 km s−1 in the HH668 microjet, and slower
motion farther from the star.
Accepted by Astron. J.

Mapping the Outflow from G5.89-0.39 in SiO(5-4)
P. K. Sollins1 T. R. Hunter1 , J. Battat1 , H. Beuther1 , P. T. P. Ho1,2 , J. Lim2 , S. Y. Liu2 , N. Ohashi3 ,
T. K. Sridharan1 , Y. N. Su2 , J.-H. Zhao1 , and Q. Zhang1
1
2
3

Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA, 02138, USA
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ASIAA, 645 North A’ohoku Place, Hilo, HI, 96720, USA

E-mail contact: psollins@cfa.harvard.edu
We have mapped the ultracompact H ii region, G5.89-0.39, and its molecular surroundings with the Submillimeter
Array at 200 .8 × 100 .8 angular resolution in 1.3 mm continuum, SiO(J = 5 → 4), and eight other molecular lines. We
have resolved for the first time the highly energetic molecular outflow in this region. At this resolution, the outflow is
definitely bipolar and appears to originate in a 1.3 mm continuum source. The continuum source peaks in the center
of the H ii region. The axis of the outflow lines up with a recently discovered O5V star.
Accepted by Astrophysical Journal Letters

Spherical Infall in G10.6-0.4: Accretion Through an Ultracompact HII Region
Peter K. Sollins1 , Qizhou Zhang1 , Eric Keto1 and Paul T. P Ho1
1

Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA, 02138, USA

E-mail contact: psollins@cfa.harvard.edu
We present high resolution (0.00 12 × 0.00 079) observations of the ultracompact Hii region G10.6-0.4 in 23 GHz radio
continuum and the NH3 (3,3) line. Our data show that the infall in the molecular material is largely spherical, and
does not flatten into a molecular disk at radii as small as 0.03 pc. The spherical infall in the molecular gas matches in
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location and velocity the infall seen in the ionized gas. We use a non-detection to place a stringent upper limit on the
mass of an expanding molecular shell associated with pressure driven expansion of the Hii region. These data support
a scenario in which the molecular accretion flow passes through an ionization front and becomes an ionized accretion
flow onto one or more main sequence stars, not the classical pressure-driven expansion scenario. In the continuum
emission we see evidence for externally ionized clumps of molecular gas, and cavities evacuated by an outflow from
the central source.
Accepted by Astrophysical Journal Letters

A Near–Infrared/Millimeter–Wave Study of Six Fourth Quadrant High- Mass Star Formation Regions
P. K. Sollins1 , and S. T. Megeath1
1

Harvard-Smithsonian Center for Astrophysics, Mail Stop 10, 60 Garden Street, Cambridge, MA 02138, USA

E-mail contact: psollins@cfa.harvard.edu
We present near–infrared and millimeter wave observations of six high mass star forming regions in the fourth quadrant:
RCW 108, G333.6, RCW 117, RCW 122, NGC 6334 I, and G351.6. These regions have have heliocentric distances
of 1.3 - 3.0 kpc, and total luminosities ranging from 0.5 to 3 × 105 L . Millimeter maps taken in transitions of
C18 O, HC3 N, CO, and SiO with the Swedish-ESO Submillimetre Telescope 15 m telescope detail the structure and
kinematics of the clouds. Near–infrared K–band images of the same regions obtained with the MPG/ESO 2.2–meter
telescope are used to map the stellar surface density. The ceioone line shows extended high column density gas, with
column densities ranging from 1022 to 3 × 1023 cm−2 ; in contrast, the HC3 N (15 → 14) emission shows eight sharply
peaked dense cores. We examine these cores for recent and ongoing star formation by searching for high-velocity,
non-Gaussian wings on the CO (1 → 0) and SiO (2 → 1) lines, peaks in the surface density of stars, and positional
coincidences with IRAS point sources, as well as masers and Hii regions reported in the literature. All of the cores
show evidence of ongoing star formation. NGC 6334 I(N) stands out as a unique case in which an outflow has formed
and masers have appeared, but no IRAS source, K–band cluster, or ultra compact HII region has yet formed; our
data support previous claims that this is a rare example of a core at the earliest stages of forming a cluster of high
and low mass stars.
Accepted by the Astronomical Journal

Polarimetric line profiles for scattering off rotating disks
Jorick S. Vink1 , Tim J. Harries2 , Janet E. Drew1
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E-mail contact: jvink@imperial.ac.uk
We predict polarimetric line profiles for scattering off rotating disks using a Monte Carlo technique. We have discovered
that there is a marked difference between scattering of line emissionby a disk that reaches the stellar surface, and
a disk with an inner hole. For the case with an inner hole, we find single position-angle rotations, similar to those
predicted by analytic models. For the case of an undisrupted disk, we find double rotations in the position angle –
an effect not reported before. We show that this new effect is due to the finite-sized star interacting with the disk’s
rotational velocity field. Since a gradual increase of the hole size transforms the double rotations smoothly back into
single ones – as the line emission object approaches that of a point source – our models demonstrate the diagnostic
potential of line polarimetry in determining not only the disk inclination, but also the size of the disk inner hole.
Accepted by Astronomy & Astrophysics
Preprints on the web astro-ph/0409512
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Modelling the optical properties of composite and porous interstellar grains
N. V. Voshchinnikov1,2 , V.B. Il’in1,2 , and Th. Henning3
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There are indications that interstellar and interplanetary dust grains have an inhomogeneous and fluffy structure. We
investigate different methods to describe light scattering by such composite particles. Both a model of layered particles
and discrete dipole calculations for particles with Rayleigh and non-Rayleigh inclusions are used.
The calculations demonstrate that porosity is a key parameter for determining light scattering. We find that the
optical properties of the layered particles depend on the number and position of layers if the number of layers is small
(<
∼ 15). For a larger number of layers the scattering characteristics become independent of the layer sequence. The
optical properties of particles with inclusions depend on the size of inclusions provided the porosity is large. The
scattering characteristics of very porous particles with inclusions of different sizes are found to be close to those of
multi-layered spheres.
We compare the results of these calculations with the predictions of the effective medium theories (EMT) which are
often used in astronomy as a tool to calculate the optical properties of composite particles. The results of our analysis
show that the internal structure of grains (layers versus inclusions) only slightly affects the optics of particles provided
the porosity does not exceed 50%. It is also demonstrated that in this case the optical properties of composite grains
calculated with EMT agree with the results of the exact method for layered particles. For larger porosity, the standard
EMT rules (i.e., Garnett and Bruggeman rules) give reliable results for particles with Rayleigh inclusions only.
Accepted by Astronomy & Astrophysics.
http://xxx.lanl.gov/astro-ph/0409457

2-D Models of Protostars: III. Effects of Stellar Temperature
Barbara A. Whitney1 , Rémy Indebetouw2 , J. E. Bjorkman3 , and Kenneth Wood4
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We model how the mid-infrared colors of Young Stellar Objects (YSOs) vary with stellar temperature. The spectral
energy distribution (SED) of each object has contributions from thermal emission of circumstellar dust, from direct
stellar photospheric emission, and from scattered stellar emission. We first isolate the effects of stellar contributions
(direct+scattered) to the SED using homologous “Class I” models: the distribution of circumstellar matter is chosen
to scale with stellar temperature T? such that the shape of the thermal contribution to the SED remains constant.
The relative contribution of stellar direct and scattered light varies with T? , changing the 1 − 10µm (mid-infrared;
MIR) colors. Stellar light contributes more to the MIR emission of YSOs with lower temperature stars (T? ∼ 4000 K)
because the emission peak wavelength of the star is closer to that of the thermal radiation. In YSOs with hotter central
stars, since the peak of the stellar and thermal spectra are more separated in wavelength, the 1 − 10µm spectrum is
closer to a pure thermal spectrum and the objects are redder.
Next we consider realistic Class 0, I, and II source models and find that the other dominant effect of varying stellar
temperature on YSO SEDs is that of the inner disk wall: In high-T? models, the dust destruction radius is much
further out with a consequently larger inner disk wall that contributes relatively more to the 2 − 10µm flux. This effect
partially offsets that of the stellar contribution leading to varying behaviors of the 2 − 10µm flux: In Class 0 sources,
the trend is for higher T? models to have redder colors. In Class I sources, the trend applies with some exceptions. In
Class II sources, 2 − 10µm colors become redder going from T? = 4000 to 8000 due to decreasing stellar contribution
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at T? = 8000K, and then become blue again from 8000 to 31500 K due to increasing inner disk wall contribution.
Near edge-on inclinations, the color behavior is completely different.
Our modeled MIR protostellar colors have implications for interpretations of Spitzer IRAC observations of star
formation regions: It is commonly assumed that the slope of the SED at 1 − 10µm is directly related to evolutionary
state. We show that inclination effects, aperture size, scattered light, and stellar temperature cause a broad spread
in the colors of a source at a single evolutionary state. Color-magnitude diagrams can help sort out these effects by
separating sources with different T? based on their different brightness (for sources at the same distance).
Accepted by ApJ (December 2004)
Note: Radiation transfer codes used in this paper are available at http://gemelli.spacescience.org/∼bwhitney/codes

On the Observability of Giant Protoplanets in Circumstellar Disks
Sebastian Wolf1 and Gennaro D’Angelo2
1
2

Max Planck Institute for Astronomy, Königstuhl 17, 69117 Heidelberg, Germany
School of Physics, University of Exeter, Stocker Road, Exeter EX4 4QL, UK

E-mail contact: swolf@mpia.de
We investigate the possibility to detect giant planets that are still embedded in young circumstellar disks. Based on
models with different stellar, planetary, and disk masses, and different radial positions of the planet we analyze the
resulting submillimeter appearance of these systems. We find that the influence of the planet on the spectral energy
distribution could not be distinguished from that of other disk parameters. However, dust reemission images of the
disks show that the hot region in the proximity of a young planet, along with the gap, could indeed be detected and
mapped with the Atacama Large Millimeter Array in the case of nearby circumstellar disks (d<100 pc) in approximate
face-on orientation.
Accepted by ApJ – astro-ph/0410064

The interstellar C18 O/C17 O ratio in the solar neighbourhood: The ρ Oph cloud
J.G.A. Wouterloot1,2 , J. Brand3 and C. Henkel4
1
2
3
4

Joint Astronomy Centre, 660 N. A’ohoku Place, University Park, 96720 Hilo, Hawaii, USA
Radioastronomisches Institut, Univ. Bonn, Auf dem Hügel 71, 53121 Bonn, Germany
Istituto di Radioastronomia, CNR, Via Gobetti 101, 40129 Bologna, Italy
Max-Planck-Institut für Radioastronomie, Auf dem Hügel 69, 53121 Bonn, Germany

E-mail contact: j.wouterloot@jach.hawaii.edu
Observations of up to ten carbon monoxide (CO and isotopomers) transitions are presented to study the interstellar
C18 O/C17 O ratio towards 21 positions in the nearby (d∼140 pc) low-mass star forming cloud ρ Oph. A map of the
C18 O J=1–0 distribution of parts of the cloud is also shown. An average 12 C18 O/12 C17 O isotopomeric ratio of 4.11
± 0.14, reflecting the 18 O/17 O isotope ratio, is derived from Large Velocity Gradient (LVG) calculations. From LTE
column densities we derive a ratio of 4.17±0.26. These calculations also show that the kinetic temperature decreases
from about 30 K in the cloud envelope to about 10 K in the cloud cores. This decrease is accompanied by an increase
of the average molecular hydrogen density from 104 cm−3 to ≥105 cm−3 . Towards some lines of sight C18 O optical
depths reach values of order unity.
Accepted by Astronomy & Astrophysics
Preprints available at astro-ph/0410091
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Abstracts of papers in Nature and Science
Because of embargoes on preprints for Nature and Science, abstracts for these two journals
will be accepted for papers that have already been published

Substructure in the Circumstellar Disk around the Young Star AU Mic (GJ 803)
Michael C. Liu1
1

Institute for Astronomy, University of Hawaii, 2680 Woodlawn Drive, Honolulu, HI 96822, USA

E-mail contact: mliu@ifa.hawaii.edu
Keck adaptive optics imaging with a physical resolution of 0.4 AU resolves the inner (15–80 AU) disk of AU Mic
(GJ 803), the nearest known scattered light disk to Earth. The inner disk is asymmetric and possesses a sharp change
in structure at 35 AU. The disk also shows spatially localized enhancements and deficits at 25–40 AU separations.
The overall morphology points to the influence of unseen larger bodies and resembles structures expected from recent
planet formation. AU Mic is coeval with the archetypical debris disk system β Pictoris, and the similarities between
their two disks point to synchronous disk evolution. Multiple indications of substructure appear to be common in
circumstellar disks at an age of ≈12 Myr.
Published by Science (vol. 305, p.1442, 2004)
http://arxiv.org/abs/astro-ph/0408164

Moving ... ??
If you move or your e-mail address changes, please send the editor your
new address. If the Newsletter bounces back from an address for three
consecutive months, the address is deleted from the mailing list.
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Dissertation Abstracts
Surveys for low-mass stars and brown dwarfs:
Solar Neighbourhood and intermediate-age clusters α Per and
Collinder 359
Nicolas Lodieu
Thesis work conducted at: Astrophysikalisches Institut Potsdam, An der Sternwarte 16, 14482 Potsdam, Germany
Current address: Department of Physics & Astronomy, University of Leicester, University Road, Leicester LE1 7RH,
United Kingdom
Electronic mail: nl41@star.le.ac.uk
Ph.D dissertation directed by: Mark McCaughrean & Emmanuel Caux
Ph.D degree awarded: July 2004

In this thesis, we describe results of surveys for low-mass stars and brown dwarfs, including older ones in the nearby
field and younger ones in more distant clusters.
First, we present the outcome of a proper motion survey conducted in the southern sky, aimed at finding some of the
nearest and coolest neighbours to the Sun. We have uncovered numerous ultracool dwarfs within 50 parsecs, including
two late-M dwarfs within 10 parsecs, four L dwarfs, an active M8.5 dwarf companion to a binary system at about 20
parsecs, and the closest brown dwarf binary, ε Indi Ba,Bb, at just 3.6 pc.
Second, we focus on the substellar mass function in young open clusters. We have carried out a wide-field near-infrared
survey of a 0.7 square degree region in the α Per cluster, yielding new member candidates, including several brown
dwarfs. In addition, we present optical spectroscopy of about 30 optically-selected cluster members. We confirm the
membership of all probable candidates based on chromospheric activity and surface gravity measurements.
We have also conducted an optical survey of a 1.6 square degree area in Collinder 359 within the framework of a
large Canada-France-Hawaii-Telescope Key Programme conducted with the CFH12K wide-field camera. New bonafide members have been extracted from solar mass stars to brown dwarfs, yielding a revised distance of 500 ± 100 pc
and an age of 80 ± 20 Myr for the cluster. We have derived the cluster luminosity and mass functions down into the
substellar regime. The derived mass function continues rising into the substellar regime with a slope flatter than that
estimated for Pleiades-like clusters, although the slopes might still be consistent within the uncertainties.
A pdf file of this thesis is available at the following URL: http://www.aip.de/groups/publications.html
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Deuteration in low-mass protostars
Bérengère Parise
Thesis work conducted at: Centre d’Etude Spatiale des Rayonnements, Toulouse, France
Current address: Laboratoire d’Astrophysique de l’Observatoire de Grenoble, BP 53, Grenoble Cedex 9, France
Electronic mail: Berengere.Parise@normalesup.org
Ph.D dissertation directed by: Emmanuel Caux & Cecilia Ceccarelli
Ph.D degree awarded: September 2004

Despite the low deuterium abundance in the Universe (D/H ∼ 1.5×10−5 ), high abundances of deuterated molecules
are detected in star forming regions, with a fractionation (i.e. the ratio of deuterated over main isotopomer) higher
than the cosmic abundance of deuterium by several orders of magnitude. Particularly, warm dense gas in hot cores
around low-mass protostars is enriched in deuterated species, with even high observed abundances of doubly-deuterated
species such as D2 CO. These deuterated molecules provide valuable tools to probe the physical conditions occurring
during star formation. Deuteration is thought to be driven by the small energy differences between a deuterated
species and the normal isotope. Because the temperatures indicated by the fractionation are much lower than the
present gas temperatures in hot cores, the observed deuterations are thought to reflect a previous cold phase. Likely
these molecules formed during the preceding prestellar core phase – either in the gas phase or on the grain surface –
and were stored in an ice mantle which evaporated once the YSO heated its environment above the ice sublimation
temperature.
We study in this thesis the physical and chemical processes leading to the high molecular deuteration observed in
low-mass protostellar environments. We present observations of deuterated molecules (namely methanol, formaldehyde and water) both in the gas and in the icy mantles of dust grains in the envelope surrounding such objects.
Millimeter observations unveiled a high deuteration of methanol in the gas of the envelope. In particular, triplydeuterated methanol was detected with a fractionation CD3 OH/CH3 OH ∼ 1% in IRAS16293-2422. The observed
fractionations are consistent with the scenario of formation of methanol on dust grain surfaces. Deuterated methanol
and formaldehyde were then searched for and detected on a sample of low-mass Class 0 protostars, suggesting that this
high deuteration is common in this class of objects. Analysis of the gas-phase water emission in the IRAS16293-2422
envelope leads paradoxically to a fractionation one order of magnitude lower, in agreement with the upper limit on
water deuteration in ices, derived by near-infrared observations towards slightly more evolved objects. The last chapter
of the thesis presents a grain chemistry model that studies in details water fractionation.
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New Jobs
TENURE TRACK POSITION IN STAR FORMATION AND INFRARED ASTRONOMY
UNIVERSITY OF TOLEDO
The Department of Physics & Astronomy at the University of Toledo invites applications for a tenure-track position
at the Assistant Professor level, to begin in August 2005. We are seeking an astronomer with expertise in star
formation and infrared observations who can complement existing theoretical and observational efforts in astronomy
and astrophysics. This position is the first of three planned new hires in astronomy/astrophysics over the next three
years. Faculty members in the department are expected to develop strong externally-funded research programs which
involve both graduate and undergraduate students. A Ph.D. in astronomy, astrophysics, or physics, plus postdoctoral
experience, is required. An established history of external funding would be a plus. Successful applicants will be
expected to demonstrate excellent teaching and communication skills and a commitment to quality teaching at all
levels, including the introductory level. We particularly encourage applications from women and minority candidates.
Questions or requests for further information about the position may be addressed to Prof. Karen Bjorkman, Search
Committee Chair ( karen@astro.utoledo.edu ). Prospective applicants can learn more about the department from
our web page, http://www.physics.utoledo.edu , and information about the university, http://www.utoledo.edu .
Applicants should submit a curriculum vitae, research and teaching statements, and the names, addresses (including
e-mail), and phone numbers of at least three references to: Chair, Astrophysics Faculty Search Committee, Dept. of
Physics & Astronomy, MS #111, University of Toledo, Toledo, OH 43606-3390. The application deadline is January
20, 2005.
The University of Toledo is an Equal Access, Equal Opportunity, Affirmative Action Employer and Educator

The Star Formation Newsletter is a vehicle for fast distribution of information of interest for astronomers
working on star formation and molecular clouds. You can submit material for the following sections:
Abstracts of recently accepted papers (only for papers sent to refereed journals, not reviews nor conference
notes), Dissertation Abstracts (presenting abstracts of new Ph.D dissertations), Meetings (announcing
meetings broadly of interest to the star formation and interstellar medium community), New Books
(giving details of books relevant for the same community), New Jobs (advertising jobs specifically aimed
towards persons within our specialty), and Short Announcements (where you can inform or request
information from the community).
Latex macros for submitting abstracts and dissertation abstracts are appended to each
issue of the newsletter.
The
Star
Formation
Newsletter
is
available
on
the
World
Wide
http://www.ifa.hawaii.edu/∼reipurth or at http://www.eso.org/gen-fac/pubs/starform/ .
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