
THE STAR FORMATION NEWSLETTER
An electronic publication dedicated to early stellar evolution and molecular clouds

No. 179 — 24 Sept 2007 Editor: Bo Reipurth (reipurth@ifa.hawaii.edu)

Abstracts of recently accepted papers

Ambipolar Diffusion in Molecular Cloud Cores and the Gravomagneto Catastrophe

Fred C. Adams1 and Frank H. Shu2

1 Michigan Center for Theoretical Physics, Physics Department, University of Michigan, Ann Arbor, MI 48109, USA
2 Center for Astrophysics and Space Sciences, Physics Department, University of California, La Jolla, CA 92093, USA

E-mail contact: fca at umich.edu

This paper re-examines the problem of ambipolar diffusion as a mechanism for the production and runaway evolution
of centrally condensed molecular cloud cores, a process that has been termed the gravomagneto catastrophe. Our
calculation applies in the geometric limit of a highly flattened core and allows for a semi-analytic treatment of the
full problem, although physical fixes are required to resolve a poor representation of the central region. A noteworthy
feature of the overall formulation is that the solutions for the ambipolar diffusion portion of the evolution for negative
times (t < 0) match smoothly onto the collapse solutions for positive times (t > 0). The treatment shows that
the resulting cores display non-zero, but sub-magnetosonic, inward velocities at the end of the diffusion epoch, in
agreement with current observations. Another important result is the derivation of an analytic relationship between
the dimensionless mass to flux ratio λ0 ≡ f−1

0 of the central regions produced by runaway core condensation and the
dimensionless measure of the rate of ambipolar diffusion ǫ. In conjunction with previous work showing that ambipolar
diffusion takes place more quickly in the presence of turbulent fluctuations, i.e., that the effective value of ǫ can
be enhanced by turbulence, the resultant theory provides a viable working hypothesis for the formation of isolated
molecular-cloud cores and their subsequent collapse to form stars and planetary systems.

Accepted by The Astrophysical Journal

arXiv:0708.4238v1 [astro-ph]

Orbital Instabilities in a Triaxial Cusp Potential

Fred C. Adams1,3, Anthony M. Bloch2, Suzanne C. Butler1, Jeffrey M. Druce1 and Jacob A. Ketchum1

1 Michigan Center for Theoretical Physics, Physics Department, University of Michigan, Ann Arbor, MI 48109, USA
2 Department of Mathematics, University of Michigan, Ann Arbor, MI 48109, USA
3 Astronomy Department, University of Michigan, Ann Arbor, MI 48109, USA

E-mail contact: fca at umich.edu

This paper constructs an analytic form for a triaxial potential that describes the dynamics of a wide variety of
astrophysical systems, including the inner portions of dark matter halos, the central regions of galactic bulges, and
young embedded star clusters. Specifically, this potential results from a density profile of the form ρ(m) ∝ m−1, where
the radial coordinate is generalized to triaxial form so that m2 = x2/a2 + y2/b2 + z2/c2. Using the resulting analytic
form of the potential, and the corresponding force laws, we construct orbit solutions and show that a robust orbit
instability exists in these systems. For orbits initially confined to any of the three principal planes, the motion in the
perpendicular direction can be unstable. We discuss the range of parameter space for which these orbits are unstable,
find the growth rates and saturation levels of the instability, and develop a set of analytic model equations that
elucidate the essential physics of the instability mechanism. This orbit instability has a large number of astrophysical
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implications and applications, including understanding the formation of dark matter halos, the structure of galactic
bulges, the survival of tidal streams, and the early evolution of embedded star clusters.

Accepted by The Astrophysical Journal

arXiv:0708.3101v1 [astro-ph]

Multiplicity Among Young Brown Dwarfs and Very Low Mass Stars

Mirza Ahmic1, Ray Jayawardhana1, Alexis Brandeker2, Alexander Scholz3, Marten H. van Kerkwijk1,
Eduardo Delgado-Donate4 and Dirk Froebrich5

1 Department of Astronomy & Astrophysics, University of Toronto, Toronto, ON M5S 3H8, Canada
2 Stockholm Observatory, AlbaNova University Center, SE-105 91 Stockholm, Sweden
3 School of Physics & Astronomy, University of St. Andrews, North Haugh, St. Andrews, Fife KY16 9SS, United
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E-mail contact: ahmic at astro.utoronto.ca

Characterizing multiplicity in the very low mass (VLM) domain is a topic of much current interest and fundamental
importance. Here we report on a near-infrared adaptive optics imaging survey of 31 young brown dwarfs and VLM
stars, 28 of which are in the Chamaeleon I star-forming region, using the ESO Very Large Telescope. Our survey is
sensitive enough to detect equal mass binaries down to separations of 0.04–0.07′′ (∼6–10 AU at 160 pc) and, typically,
companions with mass ratios (q = m2/m1) as low as 0.2 outside of 0.2′′ (∼30 AU). We resolve the suspected 0.16′′

(∼26 AU) binary ChaHα 2 and present two new binaries, Hn 13 and CHXR 15, with separations of 0.13′′ (∼ 20 AU)
and 0.30′′ (∼ 50 AU) respectively; the latter system is one of the widest VLM systems discovered to date. We do
not find companions around the majority of our targets giving an overall binary frequency of 11+9

−6%, thus confirming
the trend for a lower binary frequency with decreasing mass. By combining our work with previous surveys of VLM
objects (VLMOs) in other star forming regions, we arrive at the largest sample of young VLMOs (72) with high
angular resolution imaging to date. Its multiplicity fraction is in statistical agreement with that for VLMOs in the
field. In addition we note that many field stellar binaries with lower binding energies and/or wider cross sections
have survived dynamical evolution and that statistical models suggest tidal disruption by passing stars is unlikely to
affect the binary properties of our systems. Thus, we argue that there is no significant evolution of multiplicity with
age among brown dwarfs and VLM stars in OB and T associations between a few Myr to several Gyr. Instead, the
observations to date suggest that VLM objects are either less likely to be born in fragile multiple systems than solar
mass stars or such systems are disrupted very early (within the first couple of Myr).

Accepted by The Astrophysical Journal

http://arxiv.org/abs/0708.3851

The circumbinary disk of HD 98800 B: Evidence for disk warping

R. L. Akeson1, W.K.M. Rice2, A. F. Boden1, A. I. Sargent3, J. M. Carpenter3 and G. Bryden4

1 Michelson Science Center, California Institute of Technology, Pasadena, CA, 91125, USA
2 Scottish Universities Physics Alliance (SUPA), Institute for Astronomy, University of Edinburgh, Blackford Hill,
Edinburgh, EH9 3HJ, Scotland
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The quadruple young stellar system HD 98800 consists of two spectroscopic binary pairs with a circumbinary disk
around the B component. Recent work by Boden and collaborators using infrared interferometry and radial velocity
data resulted in a determination of the physical orbit for HD 98800 B. We use the resulting inclination of the binary
and the measured extinction toward the B component stars to constrain the distribution of circumbinary material.
Although a standard optically and geometrically thick disk model can reproduce the spectral energy distribution, it
can not account for the observed extinction if the binary and the disk are co-planar. We next constructed a dynamical
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model to investigate the influence of the A component, which is not in the Ba-Bb orbital plane, on the B disk. We
find that these interactions have a substantial impact on the inclination of the B circumbinary disk with respect
to the Ba-Bb orbital plane. The resulting warp would be sufficient to place material into the line of sight and the
non-coplanar disk orientation may also cause the upper layers of the disk to intersect the line of sight if the disk is
geometrically thick. These simulations also support that the dynamics of the Ba-Bb orbit clear the inner region to
a radius of 3 AU. We then discuss whether the somewhat unusual properties of the HD 98800 B disk are consistent
with material remnant from the star formation process or with more recent creation by collisions from larger bodies.

Accepted by The Astrophysical Journal

http://lanl.arxiv.org/abs/0708.2390

Impact of the new solar abundances on the calibration of the PMS binary system RS
Chamaeleontis

E. Alecian1, Y. Lebreton2, M.-J. Goupil1, M.-A. Dupret1, and C. Catala1
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Context. In a recent work, we tried to obtain a calibration of the two components of the pre-main sequence binary
system RS Cha by means of theoretical stellar models. We found that the only way to reproduce the observational
parameters of RS Cha with standard stellar models is to decrease the initial abundances of carbon and nitrogen derived
from the GN93 solar mixture of heavy elements by a few tenths of dex.

Aims. In this work, we aim to reproduce the observational properties of the RS Cha stars with stellar evolution
models based on the new AGS05 solar mixture recently derived from a three-dimensional solar model atmosphere.
The AGS05 mixture is depleted in carbon, nitrogen and oxygen with respect to the GN93 mixture.

Methods. We calculated new stellar models of the RS Cha components using the AGS05 mixture and appropriate
opacity tables. We sought models that simultaneously satisfy the observations of the two components (masses, radii,
luminosities, effective temperatures and metallicity).

Results. We find that it is possible to reproduce the observational data of the RS Cha stars with AGS05 models based
on standard input physics. From these models, the initial helium content of the system is Y ∼ 0.255 and its age is ∼

9.13 ± 0.12 Myr.

Published by Astronomy & Astrophysics (Vol. 473, p. 181)

Gravitational Collapse and Fragmentation of Molecular Cloud Cores with GADGET-2

Guillermo Arreaga-Garćıa1, Jaime Klapp2, Leonardo Di G. Sigalotti3 and Ruslan Gabbasov2

1 Centro de Investigación en F́ısica de la Universidad de Sonora, Apartado Postal 14740, CP 83000, Hermosillo,
Sonora, Mexico
2 Instituto Nacional de Investigaciones Nucleares, ININ, Km. 36.5, Carretera México-Toluca, La Marquesa 52750,
Estado de México, Mexico
3 Centro de F́ısica, Instituto Venezolano de Investigaciones Cient́ıficas, IVIC, Apartado 21827, Caracas 1020A,
Venezuela

The collapse and fragmentation of molecular cloud cores is examined numerically with unprecedentedly high spatial
resolutions, using the publicly released code GADGET-2. As templates for the model clouds we use the “standard
isothermal test case” in the variant calculated by Burkert & Bodenheimer in 1993 and the centrally condensed, Gaussian
cloud advanced by Boss in 1991. A barotropic equation of state is used to mimic the nonisothermal collapse. We
investigate both the sensitivity of fragmentation to thermal retardation and the level of resolution needed by smoothed
particle hydrodynamics (SPH) to achieve convergence to existing Jeans-resolved, finite-difference (FD) calculations.
We find that working with 0.61.2 million particles, acceptably good convergence is achieved for the standard test
model. In contrast, convergent results for the Gaussian-cloud model are achieved using from 5 to 10 million particles.
If the isothermal collapse is prolonged to unrealistically high densities, the outcome of collapse for the Gaussian cloud
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is a central adiabatic core surrounded by dense trailing spiral arms, which in turn may fragment in the late evolution.
If, on the other hand, the barotropic equation of state is adjusted to mimic the rise of temperature predicted by
radiative transfer calculations, the outcome of collapse is a protostellar binary core. At least, during the early phases
of collapse leading to formation of the first protostellar core, thermal retardation not only favors fragmentation but
also results in an increased number of fragments, for the Gaussian cloud.

Published by The Astrophysical Journal (Vol. 666, p. 290)

Equilibrium and stability of interstellar medium in its own gravitational field

A. S. Baranov

1 Main (Pulkovo) Astronomical Observatory, Russia

E-mail contact: baranov at gao.spb.ru

The statistical equilibrium of a heterogeneous self-gravitating layer of the interstellar medium is examined. Electro-
static fields and the different reactions to them by electrons and the ions of different elements are taken into account.
In general, different, uncoupled temperatures are specified for the individual components of the interstellar medium.
It is emphasized that some details of the structure of an equilibrium layer cannot be interpreted in terms of gravitation
alone, despite the weakness of the electrostatic fields. A mixture of H II, He II, and electrons is examined as an impor-
tant example. The asymptotic behavior of the total density and of the ratio of partial densities over large distances is
found. A method for finding (in quadrature) these characteristics at any point of the medium is described.

Published by Astrophysics (Vol. 50, p. 372)

Multi-ionic Kinematical Study of the H II Region Sharpless 2-158

Léo Barriault1 and Gilles Joncas1

1 Département de Physique, de Génie Physique et d’Optique, Observatoire Astronomique du mont Mégantic, Uni-
versité Laval, Québec, QC G1K 7P4, Canada

E-mail contact: leo.barriault.1 at ulaval.ca

The Sh 2-158 gas complex kinematics is analyzed using four lines from three different ions (Hα, [O III] λ5007, and [S
II] λλ6727, 6731) and the CO 10 line. The O++ and S+ data cubes were obtained using MOS FP at the CFHT, while
the H+ data cube was obtained using FaNTOmM at the Observatoire du mont Mégantic. More than 200,000 spectra
(S/N ge 5) were obtained. Maps of the radial velocity fields, the velocity line width field, and the electronic density
field are discussed. All ionic mean radial velocities are blueshifted with respect to the molecular cloud (VLSR = -55.16
± 0.02 km s−1), more so as one goes from [S II] to Hα to [O III]. Two flows originating from the molecular cloud
are identified. The encounter of the two flows, and possibly stellar winds, induces turbulence near the stars, causing
larger line widths (≈ 10 km s−1) than elsewhere in the field. The mean [S II] line width is smaller than the mean [O
III] line width, which is smaller than the mean Hα line width. Those differences between the ions are explained by
the smaller [O III] Strömgren sphere compared to the Hα Strömgren sphere and the restriction of [S II] to a shell of
gas near the molecular cloud. The most probable density value is 225 ± 25 cm−3. The observations are mostly in
agreement with the Champagne model. A geometrical model is proposed for Sh 2-158.

Published by The Astrophysical Journal (Vol. 667, p. 257)

INTEGRAL-ISGRI observations of the Cygnus OB2 region: Searching for hard X-ray
point sources in a region containing several non-thermal emitting massive stars

M. De Becker1, G. Rauw1, J. M. Pittard2, H. Sana3, I. R. Stevens4, and G. E. Romero5,6

1 Institut d’Astrophysique et de Géophysique, Université de Liège, 17 allée du 6 Août, B5c, 4000 Sart Tilman,
Belgium
2 School of Physics and Astronomy, The University of Leeds, Woodhouse Lane, Leeds LS2 9JT, UK
3 European Southern Observatory, Alonso de Cordova 3107, Vitacura, Casilla 19001, Santiago 19, Chile
4 School of Physics and Astronomy, University of Birmingham, Edgbaston Birmingham B15 2TT, UK
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Plata, Argentina
6 Instituto Argentino de Radioastronomı́a, C.C.5, (1894) Villa Elisa, Buenos Aires, Argentina

E-mail contact: debecker at astro.ulg.ac.be

Aims. We analyze INTEGRAL-ISGRI data in order to probe the hard X-ray emission (above 20 keV) from point
sources in the Cyg OB2 region and to investigate the putative non-thermal high-energy emission from early-type stars
(Wolf-Rayet and O-type stars). Among the targets located in the field of view, we focus on the still unidentified
EGRET source 3EG 2033+4118 that may be related to massive stars known to produce non-thermal emission in the
radio domain, and on the wide colliding-wind binary WR 140.

Methods. Using a large set of data obtained with the IBIS-ISGRI imager onboard INTEGRAL, we run the OSA
software package in order to find point sources in the fully coded field of view of the instrument.

Results. Our data do not allow the detection of a lower-energy counterpart of 3EG J2033+4118 nor of any other
new point sources in the field of view, and we derive upper limits on the high-energy flux for a few targets: 3EG
J2033+4118, TeV J2032+4130, WR 140, WR 146 and WR 147. The results are discussed in the context of the
multiwavelength investigation of these objects.

Conclusions. The upper limits derived are valuable constraints for models aimed at understanding the acceleration
of particles in non-thermal emitting massive stars, and of the still unidentified very-high gamma-ray source TeV
J2032+4130.

Published by Astronomy & Astrophysics (Vol. 472, p. 905)

Energetic radiation and the sulfur chemistry of protostellar envelopes: Submillimeter
interferometry of AFGL 2591

A. O. Benz1, P. Staeuber1, T. L. Bourke2, F. F. S. van der Tak3,4, E. F. van Dishoeck5 and J. K.
Joergensen2

1 Institute of Astronomy, ETH, CH-8092 Zurich, Switzerland
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5 Leiden Observatory, Leiden University, PO Box 9513, NL-2300 RA Leiden, The Netherlands
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The chemistry in the inner few thousand AU of accreting envelopes around young stellar objects is predicted to vary
greatly with far-UV and X-ray irradiation by the central star.We search for molecular tracers of high-energy irradiation
by the protostar in the hot inner envelope. The Submillimeter Array (SMA) has observed the high-mass star forming
region AFGL 2591 in lines of CS, SO, HCN, HCN(ν2=1), and HC15N with 0.6′′ resolution at 350 GHz probing radial
scales of 600-3500 AU for an assumed distance of 1 kpc. The SMA observations are compared with the predictions
of a chemical model fitted to previous single-dish observations. The CS and SO main peaks are extended in space at
the FWHM level, as predicted in the model assuming protostellar X-rays. However, the main peak sizes are found
smaller than modeled by nearly a factor of 2. On the other hand, the lines of CS, HCN, and HC15N, but not SO
and HCN(ν2=1), show pedestal emissions at radii ∼< 3500 AU that are not predicted. All lines except SO show a
secondary peak within the approaching outflow cone. A dip or null in the visibilities caused by a sharp decrease in
abundance with increasing radius is not observed in CS and only tentatively in SO. The emission of protostellar X-rays
is supported by the good fit of the modeled SO and CS amplitude visibilities including an extended main peak in
CS. The broad pedestals can be interpreted by far-UV irradiation in a spherically non-symmetric geometry, possibly
comprising outflow walls on scales of 3500 – 7000 AU. The extended CS and SO main peaks suggest sulfur evaporation
near the 100 K temperature radius. The effects of the corresponding abundance jumps may be reduced in visibility
plots by smoothing due to inhomogeneity at the evaporation radius, varying by ±10% or more in different directions.

Accepted by Astronomy and Astrophysics

http://www.astro.phys.ethz.ch/papers/benz/AFGL.pdf
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The evolution of stars in the Taurus-Auriga T association

Claude Bertout1, Lionel Siess2 and Sylvie Cabrit3

1 Institut d’Astrophysique, 98bis, Bd. Arago, 75014 Paris, France
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In a recent study, individual parallaxes were determined for many stars of the Taurus-Auriga T association that are
members of the same moving group. We use these new parallaxes to re-address the issue of the relationship between
classical T Tauri stars (CTTSs) and weak-emission line T Tauri stars (WTTSs). With the available spectroscopic
and photometric information for 72 individual stars or stellar systems among the Taurus-Auriga objects with known
parallaxes, we derived reliable photospheric luminosities, mainly from the Ic magnitude of these objects. We then
studied the mass and age distributions of the stellar sample, using pre-main sequence evolutionary models to determine
the basic properties of the stellar sample. Statistical tests and Monte Carlo simulations were then applied to studying
the properties of the two T Tauri subclasses. We find that the probability of CTTS and WTTS samples being drawn
from the same parental age and mass distributions is low; CTTSs are, on average, younger than WTTSs. They
are also less massive, but this is due to selection effects. The observed mass and age distributions of both T Tauri
subclasses can be understood in the framework of a simple disk evolution model, assuming that the CTTSs evolve into
WTTSs when their disks are fully accreted by the stars. According to this empirical model, the average disk lifetime
in Taurus-Auriga is 4 · 106(M∗/M⊙)0.75 yr.

Accepted by A&A Letters

http://arxiv.org/abs/0708.3040

Photoionization Rates in Clumpy Molecular Clouds

T. J. Bethell1, E. G. Zweibel2, and Pak Shing Li3

1 Department of Astronomy, University of Michigan, Ann Arbor, MI 48109, USA
2 Department of Astronomy, University of Wisconsin, Madison, WI 53706, USA
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E-mail contact: tbethell at umich.edu

We present calculations of the continuum ultraviolet radiation field (91.2 nm < λ < 550 nm) penetrating both uniform
and clumpy (3D turbulent supersonic magnetohydrodynamic) starless molecular gas layers. We find that despite
the self-shielding of clumps, pristine (i.e., unreddened) radiation penetrates deeply both the cloud’s volume and its
mass, resulting in a brighter and bluer intracloud radiation field compared to that in an equivalent uniform cloud.
Motivated by these results, we construct and test a toy model ray-tracing scheme for the radiative transfer that fits the
UV-visible spectral range with a three-parameter function. We calculate the photoionization rates, Λ, of the elements
C, Na, Mg, Si, S, and Fe as functions of the visual extinction AV along lines of sight. Typically, the difference in
Λ(AV ) between the clumpy and uniform clouds increases to orders of magnitude at even modest extinctions (AV ∼

2). Photoionization in the clumpy model extends 23 times deeper than in the uniform case, and it dominates cosmic-
ray ionization throughout almost the entire volume. We encapsulate these average results in a parameterized form
appropriate for when an approximate treatment of the effects of clumpiness is desired. However, the large point-to-
point variance in this behavior suggests that uncertainties may arise when using mean values to model particular lines
of sight in detail. Ideally, these new results would be used in conjunction with established results for homogeneous
clouds in order to span a range of behavior that arises due to cloud inhomogeneities. We briefly explore the importance
of the adopted dust properties, characterized by the selective extinction RV and the scattering parameter g. We find
that the UV field is considerably less sensitive to these dust properties in clumpy clouds, emphasizing the preeminence
of geometry.

Published by The Astrophysical Journal (Vol. 667, p. 275)
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H-atom bombardment of CO2, HCOOH and CH3CHO containing ices

S. E. Bisschop1, G. W. Fuchs1, E. F. van Dishoeck1 and H. Linnartz1

1 Raymond and Beverly Sackler Laboratory for Astrophysics, Leiden Observatory, Leiden University, P.O. Box 9513,
2300 RA Leiden, The Netherlands

E-mail contact: bisschop at strw.leidenuniv.nl

Context: Hydrogenation reactions are expected to be among the most important surface reactions on interstellar ices.
However, solid state astrochemical laboratory data on reactions of H-atoms with common interstellar ice constituents
are largely lacking.

Aims: The goal of our laboratory work is to determine whether and how carbon dioxide (CO2), formic acid (HCOOH)
and acetaldehyde (CH3CHO) react with H-atoms in the solid state at low temperatures and to derive reaction rates
and production yields.

Methods: Pure CO2, HCOOH and CH3CHO interstellar ice analogues are bombarded by H-atoms in an ultra-high
vacuum experiment. The experimental conditions are varied systematically. The ices are monitored by reflection
absorption infrared spectroscopy and the reaction products are detected in the gas phase through temperature pro-
grammed desorption. These techniques are used to determine the resulting destruction and formation yields as well
as the corresponding reaction rates.

Results: Within the sensitivity of our set-up we conclude that H-atom bombardment of pure CO2 and HCOOH ice
does not result in detectable reaction products. The upper limits on the reaction rates are ≤7×10−17 cm2 s−1 which
make it unlikely that these species play a major role in the formation of more complex organics in interstellar ices due
to reactions with H-atoms. In contrast, CH3CHO does react with H-atoms. At most 20% is hydrogenated to ethanol
(C2H5OH) and a second reaction route leads to the break-up of the C–C bond to form solid state CH4 (∼20%) as
well as H2CO and CH3OH (15–50%). The methane production yield is expected to be equal to the summed yield of
H2CO and CH3OH and therefore CH4 most likely evaporates partly after formation due to the high exothermicity of
the reaction. The reaction rates for CH3CHO destruction depend on ice temperature and not on ice thickness. The
results are discussed in an astrophysical context.

Accepted by A&A

http://xxx.lanl.gov/abs/0709.2595

Dynamical Masses for Pre-Main Sequence Stars: A Preliminary Physical Orbit for V773
Tau A

A.F. Boden1, G. Torres2, A.I. Sargent3, R.L. Akeson1, J.M. Carpenter3, D.A. Boboltz4, M. Massi5,
A.M. Ghez6, D.W. Latham2, K.J. Johnston4, K.M. Menten5 and E. Ros5

1 Michelson Science Center/Caltech
2 Harvard-Smithsonian Center for Astrophysics
3 Astronomy/Caltech
4 US Naval Observatory
5 Max Plank Institute/Bonn Germany
6 Astronomy/UCLA

E-mail contact: bode at ipac.caltech.edu

We report on interferometric and radial-velocity observations of the double-lined 51-d period binary (A) component
of the quadruple pre-main sequence (PMS) system V773 Tau. With these observations we have estimated preliminary
visual and physical orbits of the V773 Tau A subsystem. Among other parameters, our orbit model includes an
inclination of 66.0 +/- 2.4 deg, and allows us to infer the component dynamical masses and system distance. In
particular we find component masses of 1.54 +/- 0.14 and 1.332 +/- 0.097 Msun for the Aa (primary) and Ab
(secondary) components respectively. Our modeling of the subsystem component spectral energy distributions finds
temperatures and luminosities consistent with previous studies, and coupled with the component mass estimates
allows for comparison with PMS stellar models in the intermediate-mass range. We compare V773 Tau A component
properties with several popular solar-composition models for intermediate-mass PMS stars. All models predict masses
consistent to within 2-sigma of the dynamically determined values, though some models predict values that are more
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consistent than others.

Accepted by Astrophysical Journal

http://adsabs.harvard.edu/abs/2007arXiv0706.2376B

Can planetesimals left over from terrestrial planet formation produce the lunar Late
Heavy Bombardment?

William F. Bottke1, Harold F. Levison1, David Nesvorný1 and Luke Dones1

1 Southwest Research Institute, 1050 Walnut St., Suite 400, Boulder, CO 80302, USA

E-mail contact: bottke at boulder.swri.edu

The lunar Late Heavy Bombardment (LHB) defines a time between ∼ 3.8 to possibly 4.1 Gy ago when the Nectarian
and early-Imbrium basins on the Moon with reasonably well-constrained ages were formed. Some have argued that
these basins were produced by a terminal cataclysm that caused a spike in the inner Solar System impactor flux
during this interval. Others have suggested the basins were formed by the tail end of a monotonically decreasing
impactor population originally produced by planet formation processes in the inner Solar System. Here we investigate
whether this so-called declining bombardment scenario of the LHB is consistent with constraints provided by planet
formation models as well as the inferred ages of Nectaris, Serenitatis, Imbrium, and Orientale. We did this by modeling
the collisional and dynamical evolution of the post-planet formation population (PPP) for a range of starting PPP
masses. Using a Monte Carlo code, we computed the probability that the aforementioned basins were created at
various times after the Moon-forming event approximately 4.54 Ga. Our results indicate that the likelihood that the
declining bombardment scenario produced Nectaris, Serenitatis, Imbrium, and Orientale (or even just Imbrium and
Orientale) at any of their predicted ages is extremely low and can be ruled out at the 3 confidence level, regardless
of the PPP’s starting mass. The reason is that collisional and dynamical evolution quickly depletes the PPP, leaving
behind a paucity of large projectiles capable of producing the Moon’s youngest basins between 3.84.1 Gy ago. If
collisions are excluded from our model, we find that the PPP produces numerous South Pole-Aitken-like basins during
the pre-Nectarian period. This is inconsistent with our understanding of lunar topography. Accordingly, our results
lead us to conclude that the terminal cataclysm scenario is the only existing LHB paradigm at present that is both
viable from a dynamical modeling perspective and consistent with existing constraints.

Published by Icarus (Vol. 190, p. 203)

A deeply embedded young protoplanetary disk around L1489 IRS observed by the
submillimeter array

Christian Brinch1, Antonio Crapsi1, Jes K. Jørgensen2,3, Michiel R. Hogerheijde1 and Tracey Hill1

1 Leiden Observatory, P.O. Box 9513, 2300 RA Leiden, The Netherlands
2 Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Mail Stop 42, Cambridge, MA 02138, USA
3 Argelander-Institut fr Astromomie, Universitt Bonn, Auf dem Hgel 71, 53121 Bonn, Germany

E-mail contact: brinch at strw.leidenuniv.nl

Circumstellar disks are expected to form early in the process that leads to the formation of a young star, during the
collapse of the dense molecular cloud core. It is currently not well understood at what stage of the collapse the disk
is formed or how it subsequently evolves. We aim to identify whether an embedded Keplerian protoplanetary disk
resides in the L1489 IRS system. Given the amount of envelope material still present, such a disk would respresent
a very young example of a protoplanetary disk. Using the Submillimeter Array (SMA) we have observed the HCO+

J = 3–2 line with a resolution of about 1′′. At this resolution a protoplanetary disk with a radius of a few hundred
AUs should be detectable, if present. Radiative transfer tools are used to model the emission from both continuum
and line data. We find that these data are consistent with theoretical models of a collapsing envelope and Keplerian
circumstellar disk. Models reproducing both the SED and the interferometric continuum observations reveal that
the disk is inclined by 40◦ which is significantly different to the surrounding envelope (74◦). This misalignment of
the angular momentum axes may be caused by a gradient within the angular momentum in the parental cloud or
if L1489 IRS is a binary system rather than just a single star. In the latter case, future observations looking for
variability at sub-arcsecond scales may be able to constrain these dynamical variations directly. However, if stars form
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from turbulent cores, the accreting material will not have a constant angular momentum axis (although the average
is well defined and conserved) in which case it is more likely to have a misalignment of the angular momentum axes
of the disk and the envelope.

Accepted by A&A

http://lanl.arxiv.org/abs/0709.3175

Discovery of Par 1802 as a Low-Mass, Pre-Main-Sequence Eclipsing Binary in the Orion
Star-Forming Region

P. A. Cargile1, K. G. Stassun1 and R. D. Mathieu2

1 Department of Physics and Astronomy, Vanderbilt University, Nashville, Tennessee 37235, USA
2 Department of Astronomy, University of Wisconsin-Madison, Madison, Wisconsin 53726, USA

E-mail contact: p.cargile at vanderbilt.edu

We report the discovery of a pre-main-sequence, low-mass, double-lined, spectroscopic, eclipsing binary in the Orion
star-forming region. We present our observations including radial velocities derived from optical high-resolution
spectroscopy, and present an orbit solution that permits the determination of precise empirical masses for both
components of the system. We measure that Par 1802 is composed of two equal mass (0.39±0.03, 0.40±0.03M⊙) stars
in a circular, 4.7 day orbit. There is strong evidence, such as the system exhibiting strong Li lines and a center-of-mass
velocity consistent with cluster membership, that this system is a member of the Orion star-forming region and quite
possibly the Orion Nebula Cluster, and therefore has an age of only a few million years. As there are currently only
a few empirical mass and radius measurements for low-mass, PMS stars, this system presents an interesting test for
the predictions of current theoretical models of pre-main sequence stellar evolution.

Accepted by The Astrophysical Journal

Evolution of low-mass star and brown dwarf eclipsing binaries

G. Chabrier1, J. Gallardo1, and I. Baraffe1

1 École Normale Supérieure de Lyon, CRAL (UMR CNRS 5574), Université de Lyon, France

E-mail contact: chabrier at ens-lyon.fr

Context. We examine the evolution of low-mass star and brown dwarf eclipsing binaries. These objects are rapid
rotators and are believed to shelter large magnetic fields.

Aims. We suggest that reduced convective efficiency, due to fast rotation and large field strengths, and/or to magnetic
spot coverage of the radiating surface significantly affect their evolution, leading to a reduced heat flux and thus larger
radii and cooler effective temperatures than for regular objects.

Methods. We have considered such processes in our evolutionary calculations, using a phenomenological approach.

Results. This yields mass-radius and effective temperature-radius relationships in agreement with the observations.
We also reproduce the effective temperature ratio and the radii of the two components of the recently discovered
puzzling eclipsing brown dwarf system.

Conclusions. These calculations show that fast rotation and/or magnetic activity may significantly affect the evolution
of eclipsing binaries and that the mechanical and thermal properties of these objects depart from the ones of non-
active low-mass objects. We find that, for internal field strengths compatible with the observed surface value of a
few kiloGauss, convection can be severely inhibited. The onset of a central radiative zone for rapidly rotating active
low-mass stars might thus occur below the usual ∼ 0.35 M⊙ limit.

Published by Astronomy & Astrophysics (Vol. 472, p. L17)

The Spitzer c2d Survey of Large, Nearby, Interstellar Clouds. IV. Lupus Observed with
MIPS

Nicholas L. Chapman1, Shih-Ping Lai1,2,3, Lee G. Mundy1, Neal J. Evans II4, Timothy Y. Brooke5,
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Lucas A. Cieza4, William J. Spiesman4, Luisa M. Rebull6, Karl R. Stapelfeldt7, Alberto Noriega-
Crespo6, Lauranne Lanz1, Lori E. Allen8, Geoffrey A. Blake9, Tyler L. Bourke8, Paul M. Harvey4,
Tracy L. Huard8, Jes K. Jørgensen8, David W. Koerner10, Philip C. Myers8, Deborah L. Padgett6,
Annelia I. Sargent5, Peter Teuben1, Ewine F. van Dishoeck11, Zahed Wahhaj12, and Kaisa E. Young4,13

1 Department of Astronomy, University of Maryland, College Park, MD 20742, USA
2 Institute of Astronomy and Department of Physics, National Tsing Hua University, Hsinchu 30043, Taiwan
3 Academia Sinica Institute of Astronomy and Astrophysics, Taipei 106, Taiwan
4 Department of Astronomy, University of Texas, Austin, TX 78712, USA
5 Division of Physics, Mathematics, and Astronomy, California Institute of Technology, Pasadena, CA 91125, USA
6 Spitzer Science Center, MC 220-6, California Institute of Technology, Pasadena, CA 91125, USA
7 Jet Propulsion Laboratory, MS 183-900, California Institute of Technology, Pasadena, CA 91109, USA
8 Harvard-Smithsonian Center for Astrophysics, MS42, Cambridge, MA 02138, USA
9 Division of Geological and Planetary Sciences, MS 150-21, California Institute of Technology, Pasadena, CA 91125,
USA
10 Department of Physics and Astronomy, Northern Arizona University, Flagstaff, AZ 86011-6010, USA
11 Leiden Observatory, NL 2300 RA Leiden, Netherlands, USA
12 Institute for Astronomy, Honolulu, HI 96822, USA
13 Department of Physical Sciences, Nicholls State University, Thibodaux, LA 70301, USA

E-mail contact: chapman at astro.umd.edu

We present maps of 7.78 deg2 of the Lupus molecular cloud complex at 24, 70, and 160 µm. They were made with
the Spitzer Space Telescope Multiband Imaging Photometer for Spitzer (MIPS) instrument as part of the Spitzer
Legacy Program “From Molecular Cores to Planet-Forming Disks” (c2d). The maps cover three separate regions in
Lupus, denoted I, III, and IV. We discuss the c2d pipeline and how our data processing differs from it. We compare
source counts in the three regions with two other data sets and predicted star counts from the Wainscoat model.
This comparison shows the contribution from background galaxies in Lupus I. We also create two color-magnitude
diagrams using the 2MASS and MIPS data. From these results, we can identify background galaxies and distinguish
them from probable young stellar objects. The sources in our catalogs are classified based on their spectral energy
distribution (SED) from 2MASS and Spitzer wavelengths to create a sample of young stellar object candidates. From
2MASS data, we create extinction maps for each region and note a strong correspondence between the extinction and
the 160 µm emission. The masses we derived in each Lupus cloud from our extinction maps are compared to masses
estimated from 13CO and C18O and found to be similar to our extinction masses in some regions, but significantly
different in others. Finally, based on our color-magnitude diagrams, we selected 12 of our reddest candidate young
stellar objects for individual discussion. Five of the 12 appear to be newly discovered YSOs.

Published by The Astrophysical Journal (Vol. 667, p. 288)

The Dust and Gas Around β Pictoris

C. H. Chen1, A. Li2, C. Bohac3, K. H. Kim3, D. M. Watson3, J. van Cleve4, J. Houck5, K. Stapelfeldt6,
M. W. Werner6, G. Rieke7, K. Su7, M. Marengo8, D. Backman9, C. Beichman6 and G. Fazio8

1 Spitzer Fellow; NOAO, Tucson, AZ 85726, USA
2 Department of Physics and Astronomy, University of Missouri, Columbia, MO 65211, USA
3 Department of Physics and Astronomy, University of Rochester, Rochester, NY 14627, USA
4 Ball Aerospace and Technologies Corp., Boulder, CO 80301, USA
5 Center for Radiophysics and Space Research, Cornell University, Ithaca, NY 14853-6801, USA
6 Jet Propulsion Laboratory, Caltech, Pasadena, CA 91109, USA
7 Steward Observatory, University of Arizona, Tucson, AZ 85721, USA
8 Harvard-Smithsonian Center for Astrophysics, Cambridge, MA 02138, USA
9 NASA-Ames Research Center, Moffett Field, CA 94035, USA

E-mail contact: cchen at noao.edu

We have obtained Spitzer IRS 5.535 µm spectroscopy of the debris disk around β Pictoris. In addition to the 10 µm
silicate emission feature originally observed from the ground, we also detect the crystalline silicate emission bands at
28 and 33.5 µm. This is the first time that the silicate bands at wavelengths longer than 10 µm have ever been seen

10



in the β Pictoris disk. The observed dust emission is well reproduced by a dust model consisting of fluffy cometary
and crystalline olivine aggregates. We searched for line emission from molecular hydrogen and atomic [S I], Fe II, and
Si II gas but detected none. We place a 3 σ upper limit of < 17 M⊕ on the H2 S(1) gas mass, assuming an excitation
temperature of Tex = 100 K. This suggests that there is less gas in this system than is required to form the envelope
of Jupiter. We hypothesize that some of the atomic Na I gas observed in Keplerian rotation around β Pictoris may
be produced by photon-stimulated desorption from circumstellar dust grains.

Published by The Astrophysical Journal (Vol. 666, p. 466)

VLT/NACO adaptive optics imaging of GSS 30 IRS1: a protostellar binary system?

Xuepeng Chen1, Ralf Launhardt1 and Thomas Henning1

1 Max Planck Institute for Astronomy, Königstuhl 17, D-69117 Heidelberg, Germany

E-mail contact: chen at mpia.de

We present high-resolution near-infrared images of the low-mass Class I young stellar object GSS 30 IRS1. The data
were retrieved from the ESO archive and acquired in the HKsL

′-bands with the adaptive optics system NACO at the
ESO Very Large Telescope. We discover two separate components in GSS 30 IRS1. The angular separation between
the two components is ∼ 0.15 arcsec, corresponding to a projected linear separation of 24AU at a distance of 160pc.
The brightness contrasts between the two components are ∼ 1.4mag at H band, 1.5mag at Ks band, and 2.1mag at
L′ band. The two components detected in GSS 30 IRS1 could represent two scattered light structures related to an
outflow-disk complex or two young stellar objects embedded in a common disk. Here we discuss these two possibilities,
as well as the CO ro-vibrational emission from GSS 30 IRS1.

Accepted by Astronomy & Astrophysics

The Relationship between the Optical Depth of the 9.7 µm Silicate Absorption Feature
and Infrared Differential Extinction in Dense Clouds

J. E. Chiar1, K. Ennico2, Y. J. Pendleton3, A. C. A. Boogert4, T. Greene2, C. Knez5, C. Lada6, T.
Roellig2, A. G. G. M. Tielens7, M. Werner8 and D. C. B. Whittet9

1 SETI Institute, 515 North Whisman Road, Mountain View, CA 94043, USA
2 NASA Ames Research Center, Mail Stop 245-6, Moffett Field, CA 94035, USA
3 NASA Ames Research Center, Mail Stop 245-1, Moffett Field, CA 94035, USA
4 IPAC, NASA Herschel Science Center, Mail Code 100-22, California Institute of Technology, Pasadena, CA 91125,
USA
5 University of Texas, 1 University Station, Austin, TX 78712. Current address: University of Maryland, Department
of Astronomy, College Park, MD 20742, USA
6 Smithsonian Astrophysical Observatory, 60 Garden Street, Cambridge, MA 02138, USA
7 NASA Ames Research Center, Mail Stop 245-3, Moffett Field, CA 94035, USA
8 Jet Propulsion Laboratory, 4800 Oak Grove Drive, Pasadena, CA 91109, USA
9 Rensselaer Polytechnic Institute, Troy, NY 12180, USA

We have examined the relationship between the optical depth of the 9.7 µm silicate absorption feature (τ9.7) and the
near-infrared color excess, E(J - Ks), in the Serpens, Taurus, IC 5146, Chameleon I, Barnard 59, and Barnard 68
dense clouds/cores. Our data set, based largely on Spitzer IRS spectra, spans E(J - Ks) = 0.310 mag (corresponding
to visual extinction between about 2 and 60 mag). All lines of sight show the 9.7 µm silicate feature. Unlike in the
diffuse ISM where a tight linear correlation between the 9.7 µm silicate feature optical depth and the extinction (AV )
is observed, we find that the silicate feature in dense clouds does not show a monotonic increase with extinction. Thus,
in dense clouds, τ9.7 is not a good measure of total dust column density. With few exceptions, the measured τ9.7 values
fall well below the diffuse ISM correlation line for E(J - Ks) > 2 mag (AV > 12 mag). Grain growth via coagulation
is a likely cause of this effect.

Published by The Astrophysical Journal Letters (Vol. 666, p. L73)
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The Spitzer c2d Survey of Weak-Line T Tauri Stars. II. New Constraints on the
Timescale for Planet Building

Lucas Cieza1, Deborah L. Padgett2, Karl R. Stapelfeldt3, Jean-Charles Augereau4, Paul Harvey1, Neal
J. Evans, II1, Bruno Meŕın5, David Koerner6, Anneila Sargent7, Ewine F. van Dishoeck8, Lori Allen9,
Geoffrey Blake7, Timothy Brooke7, Nicholas Chapman10, Tracy Huard9, Shih-Ping Lai10, Lee Mundy10,
Philip C. Myers9, William Spiesman1, and Zahed Wahhaj6
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3 Jet Propulsion Laboratory, Pasadena, CA 91109, USA
4 Laboratoire d’Astrophysique de Grenoble, BP 53, 38041 Grenoble Cedex 9, France
5 Leiden Observatory, 2300 RA Leiden, Netherlands; and Research and Scientific Support Department, ESTEC,
European Space Agency, 2200 AG Noordwijk, Netherlands
6 Department of Physics and Astronomy, Northern Arizona University, Flagstaff, AZ 86011, USA
7 California Institute of Technology, Pasadena, CA 91125, USA
8 Leiden Observatory, 2300 RA Leiden, Netherlands
9 Smithsonian Astrophysical Observatory, Cambridge, MA 02138, USA
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One of the central goals of the Spitzer Legacy Project “From Cores to Disks” (c2d) is to determine the frequency of
circumstellar disks around weak-line T Tauri stars (WTTSs) and to study the properties and evolutionary status of
these disks. Here we present a census of disks for a sample of over 230 WTTSs located in the c2d IRAC and MIPS maps
of the Ophiuchus, Lupus, and Perseus Molecular Clouds. We find that ∼ 20% of the WTTSs in a magnitude-limited
subsample have IR excesses at IRAC wavelengths. These disks frequencies are ∼ 36 times larger than that recently
found for a sample of relatively isolated WTTSs located outside the highest extinction regions covered by the c2d
maps. The disk fractions we find are more consistent with those obtained in recent Spitzer studies of WTTSs in young
clusters such as IC 348 and Tr 37. According to their location in the H-R diagram, the WTTSs with excesses in our
sample are among the younger part of the age distribution. Still, up to ∼ 50% of the apparently youngest stars in the
sample show no evidence of IR excess, suggesting that the circumstellar disks of a sizable fraction of pre-main-sequence
stars dissipate in a timescale of ∼ 1 Myr. We also find that none of the stars in our sample apparently older than ∼

10 Myr have detectable circumstellar disks at wavelengths < 24 µm. The WTTS disks in our sample exhibit a wide
range of properties (SED morphology, inner radius, Ldisk/L⋆, etc.) that bridge the gaps observed between the CTTSs
and the debris disk regimes.

Published by The Astrophysical Journal (Vol. 667, p. 308)

NICMOS Observations of Shocked H2 in Orion

Sean W.J. Colgan1, A.S.B. Schultz2, M.J. Kaufman3, E.F. Erickson1 and D.J. Hollenbach1
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HST NICMOS narrowband images of the shocked molecular hydrogen emission in OMC-1 are analyzed to reveal new
information on the BN/KL outflow. The outstanding morphological feature of this region is the array of molecular
hydrogen “fingers” emanating from the general vicinity of IRc2 and the presence of several Herbig-Haro objects. The
NICMOS images appear to resolve individual shock fronts. This work is a more quantitative and detailed analysis of
our data from a previous paper (Schultz et al. 1999).

Line strengths for the H2 1–0 S(4) plus 2–1 S(6) lines at 1.89 µm are estimated from measurements with the Paschen
α continuum filter F190N at 1.90 µm, and continuum measurements at 1.66 and 2.15 µm. We compare the observed
H2 line strengths and ratios of the 1.89 µm and 2.12 µm 1–0 S(1) lines with models for molecular cloud shock waves.
Most of the data cannot be fit by J-shocks, but are well matched by C-shocks with shock velocities in the range
of 20–45km s−1 and preshock densities of 104 − 106 cm−3, similiar to values obtained in larger beam studies which
averaged over many shocks. There is also some evidence that shocks with higher densities have lower velocities.
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Magnetic fields in massive star forming regions

R. L. Curran1 and A. Chrysostomou2
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We present the largest sample of high-mass star-forming regions observed using submillimetre imaging polarimetry.
The data were taken using SCUBA in conjunction with the polarimeter on the JCMT in Hawaii. In total, 16 star
forming regions were observed, although some of these contain multiple cores. The polarimetry implies a variety of
magnetic field morphologies, with some very ordered fields. We see a decrease in polarisation percentage for 7 of
the cores. The magnetic field strengths estimated for 14 of the cores, using the corrected CF method, range from
¡0.1 mG to almost 6 mG. These magnetic fields are weaker on these large scales when compared to previous Zeeman
measurements from maser emission, implying the role of the magnetic field in star formation increases in importance
on smaller scales. Analysis of the alignment of the mean field direction and the outflow directions reveal no relation
for the whole sample, although direct comparison of the polarimetry maps suggests good alignment (to at least one
outflow direction per source) in 7 out of the 15 sources with outflows.

Accepted by MNRAS

arXiv:0709.0256v1 [astro-ph]

Discovery of Gas Accretion Onto Stars in 13 Myr old h and χ Persei

Thayne Currie1, Scott J Kenyon1, Zoltan Balog2,3, Ann Bragg4 and Susan Tokarz1
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We report the discovery of accretion disks associated with ∼ 13 Myr-old intermediate/low-mass stars in h and χ
Persei. Optical spectroscopy of ∼ 5000 stars in these clusters and a surrounding halo population reveal 32 A-K
stars with Hα emission. Matching these stars with 2MASS and optical photometry yields 25 stars with the highest
probability of cluster membership and W(Hα) ≥ 5 Å. Sixteen of these sources have EW(Hα)≥ 10Å. The population
of accreting sources is strongly spectral type dependent: Hα emission characteristic of accretion, especially strong
accretion (EW(Hα) ≥ 10Å), is much more prevalent around stars later than G0. Strong Hα emission from accretion
is typically associated with redder Ks-[8] colors. The existence of accreting pre-main sequence stars in h and χ Persei
implies that circumstellar gas in some systems, especially those with primaries later than G5 spectral type, can last
longer than 10-15 Myr.

Accepted by The Astrophysical Journal Letters

http://lanl.arxiv.org/abs/0709.1847

X-Ray Observations of the Young Cluster NGC 2264
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We present results from an X-ray imaging survey of the young cluster NGC 2264, carried out with the European
Photon Imaging Cameras (EPIC) on board the XMM-Newton spacecraft. The X-ray data are merged with extant
optical and near-infrared photometry, spectral classifications, Hα emission strengths, and rotation periods to examine
the interrelationships between coronal and chromospheric activity, rotation, stellar mass, and internal structure for a
statistically significant sample of pre-main-sequence stars. A total of 300 distinct X-ray sources can be identified with
optical or near-infrared counterparts. The sources are concentrated within three regions of the cluster: in the vicinity
of S Mon, within the large emission/reflection nebulosity southwest of S Mon, and along the broad ridge of molecular
gas that extends from the Cone Nebula to the NGC 2264 IRS 2 field. From the extinction-corrected color-magnitude
diagram of the cluster, ages and masses for the optically identified X-ray sources are derived. A median age of ∼2.5
Myr and an apparent age dispersion of ∼5 Myr are suggested by pre-main-sequence evolutionary models. The X-ray
luminosity of the detected sources appears well correlated with bolometric luminosity, although there is considerable
scatter in the relationship. Stellar mass contributes significantly to this dispersion, while isochronal age and rotation
do not. X-ray luminosity and mass are well correlated such that LX ∝ (M/M⊙)1.5, similar to the relationship found
within the younger Orion Nebula Cluster. No strong evidence is found for a correlation between EH−K , the near-
infrared color excess, and the fractional X-ray luminosity, which suggests that optically thick dust disks have little
direct influence on the observed X-ray activity levels. Among the X-ray-detected weak-line T Tauri stars, the fractional
X-ray luminosity, LX/Lbol, is moderately well correlated with the fractional H luminosity, LHα/Lbol, but only at the 2
σ level of significance. The cumulative distribution functions for the X-ray luminosities of the X-ray-detected classical
and weak-line T Tauri stars within the cluster are comparable, assuming the demarcation between the two classes
is at an Hα equivalent width of 10 Å. However, if the nondetections in X-rays for the entire sample of Hα emitters
known within the cluster are taken into account, then the cumulative distribution functions of these two groups are
clearly different, such that classical T Tauri stars are underdetected by at least a factor of 2 relative to the weak-line
T Tauri stars. Examining a small subsample of X-ray-detected stars that are probable accretors based on the presence
of strong Hα emission and near-infrared excess, we conclude that definitive nonaccretors are ∼1.6 times more X-ray
luminous than their accreting counterparts. In agreement with earlier published findings for the Orion Nebula Cluster,
we find a slight positive correlation (valid at the 2 σ confidence level) between LX/Lbol and rotation period in NGC
2264. The lack of a strong anticorrelation between X-ray activity and rotation period in the stellar population of NGC
2264 suggests that either the deeply convective T Tauri stars are rotationally saturated or the physical mechanism
responsible for generating magnetic fields in pre-main-sequence stars is distinct from the one that operates in evolved
main-sequence stars.

Published by The Astronomical Journal (Vol. 134, p. 999)

On the Distance and Molecular Environment of Westerlund 2 and HESS J1023-575
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The extended TeV gamma-ray source HESS J1023-575 is coincident with the massive, young stellar cluster Westerlund
2 (Wd2) and its surrounding H II region RCW 49. On the basis of an analysis of the CO emission and 21 cm absorption
along the line of sight to Wd2, it is argued that this cluster, and by assumption the TeV source as well, must be
associated with a giant molecular cloud in the far side of the Carina arm with a mass of 7.5 ×105 M⊙. Analysis of
the spatial and velocity structure of the cloud reveals clear evidence of interaction with Wd2. The cloud’s kinematic
distance of 6.0 ± 1.0 kpc is shown to be consistent with distances inferred from both the radiusline width relation of
molecular clouds and the foreground gas column derived from 230 X-ray sources in Wd2.

Published by The Astrophysical Journal Letters (Vol. 665, p. L163)
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The surface density profile of the solar nebula protoplanetary disk is a fundamental, and largely unknown, input to
all models of disk processes and disk evolution. Traditionally the surface density Σ(r) is estimated by spreading out
the augmented masses of the planets over the annuli in which the planets orbit today, the so-called “minimum-mass
solar nebula”. An implicit assumption of these models is that the planets completely accreted all planetesimals in
their feeding zones. This assumption has not been tested, and indeed models of the growth of Uranus and Neptune
fail to predict that these planets could grow to ∼ 10 M⊕ within the lifetime of the disk, even though this must have
occurred for these planets to accrete H/He atmospheres. In this paper we adopt the starting positions of the planets
in the ‘Nice’ model of planetary dynamics (Tsiganis et al. 2005, Nature 435, 459-461.), which predicts that the solar
system started in a much more compact configuration. We derive a surface density profile that is well approximated
by the power law Σ(r) = 343 (fp/0.5)−1 (r/10 AU)−2.168 g cm−2, where fp is the fraction of the solids mass in the form
of planetesimals. We show that his profile is inconsistent with a steady-state accretion disk, but is consistent with a
steady-state decretion disk that is being photoevaporated. We calculate the growth of planets in the context of this
disk model and demonstrate for the first time that all of the giant planets can achieve their isolation masses and begin
to accrete H/He atmospheres within the lifetime of the disk. The fit of our inferred Σ(r) to the augmented masses of
the planets is excellent, to within tens of percent, but only if Uranus and Neptune swtiched places early in the solar
system’s evolution, a possibility predicted by the Nice model.

Accepted by ApJ
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We present the SCUBA Legacy Catalogues, two comprehensive sets of continuum maps (and catalogues) using data
at 850 µm and 450 µm of the various astronomical objects obtained with the Submillimetre Common User Bolometer
Array (SCUBA). The Fundamental Map Dataset contains data only where superior atmospheric opacity calibration
data were available. The Extended Map Dataset is comprised of data regardless of the quality of the opacity calibration.
Each Dataset contains 1.2◦ × 1.2◦ maps at locations where data existed in the JCMT archive, imaged using the matrix
inversion method. The Fundamental Dataset is comprised of 1423 maps at 850 µm and 1357 maps at 450 µm. The
Extended Dataset is comprised of 1547 maps at 850 µm. Neither Dataset includes high sensitivity, single chop SCUBA
maps of “cosmological fields” nor solar system objects. Each Dataset was used to determine a respective Object
Catalogue, consisting of objects identified within the respective 850 µm maps using an automated identification
algorithm. The Fundamental and Extended Map Object Catalogues contain 5061 and 6118 objects respectively.
Objects are named based on their respective J2000 position of peak 850 µm intensity. The Catalogues provide for each
object the respective maximum 850 µm intensity, estimates of total 850 µm flux and size, and tentative identifications
from the SIMBAD Database. Where possible, the Catalogues also provide for each object its maximum 450 µm
intensity and total 450 µm flux, and flux ratios.

Accepted by Astrophysical Journal Supplement Series
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Context. Dust sedimentation is known to affect the infrared spectra and images of disks. In particular the far-infrared
emission may be reduced by strong sedimentation. However, dust grains of different sizes sediment to different depths
in the disk. Spectral features of one species may thus be enhanced, while those of other species may be suppressed.

Aims. Polycyclic aromatic hydrocarbons (PAHs) are among the smallest “dust grains”. We investigate how the
presence of PAHs in protoplanetary disks affects the disk’s spectral energy distribution (SED) and feature strengths
when the thermal (large) grains are allowed to sediment.

Methods. We calculate the vertical distribution of dust grains for both the PAH “dust” and the thermal dust grains.
We include vertical settling and vertical mixing via turbulence. The results are inserted into a Monte-Carlo radiative
transfer code to compute the SEDs.

Results. For high turbulence the sedimentation barely affects the spectrum. For low turbulence, however, the PAHs
still stay well-mixed in the disk’s surface layer, while the 0.1 µm size grains sediment deep into the disk. This strongly
enhances the PAH features relative to the continuum (by factors of 2 to 10), while the far-infrared flux is reduced.
This predicts that sources with weak far-infrared flux have stronger PAH features, which is - at least among Herbig
Ae stars - opposite to what is observed, suggesting that sedimentation is not the only factor responsible for the weak
mid- to far-infrared excess in some disks. We speculate that coagulation might be a solution, reducing both the mid-
to far-infrared flux and the PAH features.

Published by Astronomy & Astrophysics (Vol. 473, p. 457)

Comparing Star Formation on Large Scales in the c2d Legacy Clouds: Bolocam 1.1 mm
Dust Continuum Surveys of Serpens, Perseus, and Ophiuchus
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We have undertaken an unprecedentedly large 1.1 mm continuum survey of three nearby star-forming clouds using
Bolocam at the Caltech Submillimeter Observatory. We mapped the largest areas in each cloud at millimeter or
submillimeter wavelengths to date: 7.5 deg2 in Perseus (Enoch and coworkers), 10.8 deg2 in Ophiuchus (Young and
coworkers), and 1.5 deg2 in Serpens with a resolution of 31′′, detecting 122, 44, and 35 cores, respectively. Here we
report on results of the Serpens survey and compare the three clouds. Average measured angular core sizes and their
dependence on resolution suggest that many of the observed sources are consistent with power-law density profiles.
Tests of the effects of cloud distance reveal that linear resolution strongly affects measured source sizes and densities,
but not the shape of the mass distribution. Core mass distribution slopes in Perseus and Ophiuchus (α = 2.1 ± 0.1
and 2.1 ± 0.3) are consistent with recent measurements of the stellar IMF, whereas the Serpens distribution is flatter
(α = 1.6 ± 0.2). We also compare the relative mass distribution shapes to predictions from turbulent fragmentation
simulations. Dense cores constitute less than 10% of the total cloud mass in all three clouds, consistent with other
measurements of low star formation efficiencies. Furthermore, most cores are found at high column densities; more
than 75% of 1.1 mm cores are associated with AV >

∼ 8 mag in Perseus, 15 mag in Serpens, and 2023 mag in Ophiuchus.

Published by The Astrophysical Journal (Vol. 666, p. 982)
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OH Masers in G11.904-0.141
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The massive star-forming region G11.904-0.141 is one of only 11 sources to show maser emission in the highly excited
13441 MHz transition of OH. VLBA observations of the 1665, 1667, 4765, and 13441 MHz transitions of OH toward
G11.904-0.141 are presented. Masers are detected at 1665, 1667, and 4765 MHz, but the 13441 MHz masers are not
detected. Consistent magnetic field strengths of approximately +3.5 mG are detected in the ground-state masers, in
contrast with a possible -3.0 mG magnetic field previously detected at 13441 MHz. The variable 13441 MHz masers
may be associated with an outflow.

Published by The Astrophysical Journal Letters (Vol. 665, p. L159)

The fractional ionization in dark molecular clouds
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3 Université Paris-Sud 11 and CNRS(UMR 8617)
4 INAF, Osservatorio Astrofisico di Arcetri, Largo E.Fermi 5, I-50125 Firenze, Italy

E-mail contact: walmsley at arcetri.astro.it

We have studied the mechanisms which govern the degree of ionization of the gas in molecular clouds and prestellar
cores, with a view to interpreting the relative abundances of the carbon–chain species CnH and their negative ions,
CnH−. We followed the chemical evolution of a medium comprising gas and dust as it evolves towards its steady–
state composition. Various assumptions were made concerning the grain size–distribution and the fraction of very
small grains (in practice, PAH), as well as the cosmic ray ionization rate. Particular attention was paid to reactions
which determine the fractional ionization of the gas and the charge of the grains. We found that the abundance ratio
n(C6H

−)/n(C6H) is determined essentially by the ratio of the free electron density to the density of atomic hydrogen.
A model with a high fractional abundance of PAH and a low fractional abundance of electrons yields agreement to a
factor of 2 with the value of the ratio C6H

−:C6H observed recently in TMC-1. However, the fractional abundances
of the molecular ions HCO+ and DCO+ are then higher than observed. The best overall fit with the observations
of TMC-1 is obtained when the cosmic ray ionization rate is reduced, together with the rate of removal of atomic
hydrogen from the gas phase (owing to adsorption on to grains).

Accepted by Astron. and Astrophys.

The effect of type I migration on the formation of terrestrial planets in hot-Jupiter
systems
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Context. Our previous models of a giant planet migrating through an inner protoplanet/planetesimal disk find that
the giant shepherds a portion of the material it encounters into interior orbits, whilst scattering the rest into external
orbits. Scattering tends to dominate, leaving behind abundant material that can accrete into terrestrial planets.

Aims. We add to the possible realism of our model by simulating type I migration forces which cause an inward drift,
and strong eccentricity and inclination damping of protoplanetary bodies. This extra dissipation might be expected
to enhance shepherding at the expense of scattering, possibly modifying our previous conclusions.

Methods. We employ an N-body code that is linked to a viscous gas disk algorithm capable of simulating: gas accretion
onto the central star; gap formation in the vicinity of the giant planet; type II migration of the giant planet; type I
migration of protoplanets; and the effect of gas drag on planetesimals. We use the code to re-run three scenarios from
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a previous work where type I migration was not included.

Results. The additional dissipation introduced by type I migration enhances the inward shepherding of material but
does not severely reduce scattering. We find that >50% of the solids disk material still survives the migration in
scattered exterior orbits: most of it well placed to complete terrestrial planet formation at <3 AU. The shepherded
portion of the disk accretes into hot-Earths, which survive in interior orbits for the duration of our simulations.

Conclusions. Water-rich terrestrial planets can form in the habitable zones of hot-Jupiter systems and hot-Earths and
hot-Neptunes may also be present. These systems should be targets of future planet search missions.

Published by Astronomy & Astrophysics (Vol. 472, p. 1003)

Coronae in the Coronet: A very deep X-ray look into a stellar nursery
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In order to study the X-ray properties of young stellar objects (YSOs), we analyze an exceptionally sensitive Chandra

dataset of the Coronet cluster in the CrA star-forming region, achieving a limiting luminosity of LX,min ∼ 5 ×

1026 erg/sec for lightly absorbed sources. This dataset represents one of the most sensitive X-ray observations ever
obtained of a star-forming region. The X-ray data are used to investigate the membership status of tentative members
of the region, to derive plasma temperatures and X-ray luminosities of the YSOs, and to investigate variability on
the timescale of several years. 46 of the 92 X-ray sources in the merged Chandra image can be identified with optical
or near/mid-infrared counterparts. X-ray emission is detected from all of the previously known optically visible late-
type (spectral types G to M) stellar cluster members, from five of the eight brown dwarf candidates, and from nine
embedded objects (“protostars”) with class 0, class I, or flat-spectrum SEDs in the field of view. While the Herbig
Ae/Be stars TY CrA and R CrA, a close companion of the B9e star HD 176386, and the F0e star T CrA are detected,
no X-ray emission is found from any of the Herbig-Haro (HH) objects or the protostellar cores without infrared source.
We find indications for diffuse X-ray emission near R CrA / IRS 7. The observed X-ray properties of the Coronet

YSOs are consistent with coronal activity; no soft spectral components hinting towards X-ray emission from accretion
shocks were found. The X-ray emission of the AeBe stars TY CrA and HD 176386 originates probably from close
late-type companions. The Ae star R Cra shows a peculiar X-ray spectrum and an extremely hot plasma temperature.
Finally, we discuss the differences of the X-ray properties of YSOs in different evolutionary stages.

Accepted by A&A
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Oligarchic planetesimal accretion and giant planet formation

A. Fortier1,2, O. G. Benvenuto1,2, and A. Brunini1,2
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Aims. In the context of the core instability model, we present calculations of in situ giant planet formation. The
oligarchic growth regime of solid protoplanets is the model adopted for the growth of the core. This growth regime
for the core has not been considered before in full evolutionary calculations of this kind.

Methods. The full differential equations of giant planet formation were numerically solved with an adaptation of a
Henyey-type code. The planetesimals accretion rate was coupled in a self-consistent way to the envelope’s evolution.

Results. We performed several simulations for the formation of a Jupiter-like object by assuming various surface
densities for the protoplanetary disc and two different sizes for the accreted planetesimals. We first focus our study
on the atmospheric gas drag that the incoming planetesimals suffer. We find that this effect gives rise to a major
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enhancement on the effective capture radius of the protoplanet, thus leading to an average timescale reduction of ∼
30%-55% and ultimately to an increase by a factor of 2 of the final mass of solids accreted as compared to the situation
in which drag effects are neglected. In addition, we also examine the importance of the size of accreted planetesimals
on the whole formation process. With regard to this second point, we find that for a swarm of planetesimals having
a radius of 10 km, the formation time is a factor 2 to 3 shorter than that of planetesimals of 100 km, the factor
depending on the surface density of the nebula. Moreover, planetesimal size does not seem to have a significant impact
on the final mass of the core.

Published by Astronomy & Astrophysics (Vol. 473, p. 311)
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Aims: We investigate the behaviour of dust in protoplanetary disks under the action of gas drag in the presence of a
planet. Our goal is twofold: to determine the spatial distribution of dust depending on grain size and planet mass,
and therefore to provide a framework for interpretation of coming observations and future studies of planetesimal
growth. Method: We numerically model the evolution of dust in a protoplanetary disk using a two-fluid (gas + dust)
Smoothed Particle Hydrodynamics (SPH) code, which is non-self-gravitating and locally isothermal. The code follows
the three dimensional distribution of dust in a protoplanetary disk as it interacts with the gas via aerodynamic drag.
In this work, we present the evolution of a minimum mass solar nebula (MMSN) disk comprising 1% dust by mass
in the presence of an embedded planet. We run a series of simulations which vary the grain size and planetary mass
to see how they affect the resulting disk structure. Results: We find that gap formation is much more rapid and
striking in the dust layer than in the gaseous disk and that a system with a given stellar, disk and planetary mass will
have a completely different appearance depending on the grain size. For low mass planets in our MMSN disk, a gap
can open in the dust disk while not in the gas disk. We also note that dust accumulates at the external edge of the
planetary gap and speculate that the presence of a planet in the disk may enhance the formation of a second planet
by facilitating the growth of planetesimals in this high density region.

Accepted by Astronomy & Astrophysics
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Physical Characteristics of a Dark Cloud in an Early Stage of Star Formation toward
NGC 7538: An Outer Galaxy Infrared Dark Cloud?
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In the inner parts of the Galaxy the Infrared Dark Clouds (IRDCs) are presently believed to be the progenitors
of massive stars and star clusters. Many of them are predominantly devoid of active star formation and for now
they represent the earliest observed stages of massive star formation. Their Outer Galaxy counterparts, if present,
are not easily identified because of a low or absent mid-IR background. We characterize the ambient conditions by
determining physical parameters in the Outer Galaxy IRDC candidate G111.80+0.58, a relatively quiescent molecular
core complex in the vicinity of active star forming regions such as NGC 7538 and S159. We conduct molecular line
observations on a number of dense cores in G111.80+0.58. We analyze the data in terms of excitation temperature,
column and volume density, mass and stability. The temperatures we find (15 – 20K) are higher than expected from
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only cosmic ray heating, but are comparable to those found in massive cores, such as IRDCs. Star forming activity
could be present in some cores, as indicated by the presence of warm gas (NH3,

13CO self-absorption) and Young
Stellar Object candidates. The observed super-thermal line-widths are typical for star forming regions. The velocity
dispersion is consistent with a turbulent energy cascade over the observed size scales of the complex. We do not
find a correlation between the gas temperature and the line-width. The LTE masses we derive are much larger than
the thermal Jeans mass. Therefore, fragmentation is expected and may have occurred already, in which case the
observed lines represent the combined emission of multiple unresolved components. We conclude that G111.80+0.58 is
a molecular core complex with bulk properties very similar to IRDCs in an early, but not pristine, star forming state.
The individual cores are close to virial equilibrium and some contain sufficient material to form massive stars and
star clusters. The ambient conditions suggest that turbulence is involved in supporting the cores against gravitational
collapse, at least down to the observed sizes. Additional high resolution data are necessary to resolve and analyze the
smaller scale properties.

Accepted by A&A
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A new, unbiased Spitzer-MIPS imaging survey (∼ 1.8 square degrees) of the young stellar content of the Vela Molecular
Cloud-D is presented. The survey is complete down to 5 mJy and 250 mJy at 24 µm and 70 µm, respectively. A total
of 849 sources are detected at 24 µm and 52 of them also have a 70 µm counterpart. The VMR-D region is one that
we have already partially mapped in dust and gas millimeter emission, and we discuss the correlation between the
Spitzer compact sources and the mm contours. About half of the 24µm sources are located inside the region delimited
by the 12CO(1-0) contours, corresponding to only one third of the full area mapped with MIPS. Therefore the 24µm
source density increases by about 100% moving from outside to inside the CO contours. For the 70 µm sources, the
corresponding density increase is four times. About 400 sources of these have a 2MASS counterpart, and we have used
this to construct a Ks vs. Ks-[24] diagram and to identify the protostellar population inside the cloud.

We find an excess of Class I sources in VMR-D in comparison with other star forming regions. This result is reasonably
biased by the sensitivity limits at 2.2 and 24 µm, or, alternatively, may reflect a very short lifetime (≤106 yr) of the
protostellar content in this molecular cloud. The MIPS images have identified embedded cool objects in most of the
previously identified starless cores in the region; in addition, there are 6 very young, possibly Class 0 objects identified.
Finally we report finding of the driving sources for a set of five out of six very compact protostellar jets that had been
previously discovered in near-infrared images of VMR-D.

Accepted by ApJ
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Results are presented of a survey of SiO 5→4 emission observed with the James Clerk Maxwell Telescope (JCMT)
towards a sample of outflows from massive young stellar objects. The sample is drawn from a single-distance study by
Ridge & Moore and allows the reasons that govern the detectability of SiO to be explored without the bias introduced
by observing sources at different distances. This is the first such unbiased survey of SiO emission from massive
outflows. In a sample of 12 sources, the 5→4 line was detected in 5, a detection rate of 42 per cent. This detection
rate is higher than that found for a sample of low-luminosity outflow sources, although for sources of comparable
luminosity, it is in good agreement with the results of a previous survey of high luminosity sources. For most of the
detected sources, the 5→4 emission is compact or slightly extended along the direction of the outflow. NGC 6334I
shows a clear bipolar flow in the 5→4 line. Additional data were obtained for W3-IRS5, AFGL 5142 and W75N for the
2→1 transition of SiO using the Berkeley-Illinois-Maryland Association (BIMA) millimetre interferometer. There is
broad agreement between the appearance of the SiO emission in both lines, though there are some minor differences.
The 2→1 emission in AFGL 5142 is resolved into two outflow lobes which are spatially coincident on the sky, in good
agreement with previous observations. In general the SiO emission is clearly associated with the outflow. Simple
analysis and radiative transfer modelling of the detected sources yield similar SiO column densities. The abundance of
SiO is ∼ 0.1–7.0× 10−9, and the H2 number density is within a factor of two of 105 cm−3. However, the temperature
is not constrained over the range 50–150K. The primary indicator of SiO 5→4 detectability is the outflow velocity, i.e.
the presence of SiO is an indicator of a high velocity outflow. This result is consistent with the existence of a critical
shock velocity required to disrupt dust grains and subsequent SiO formation in post-shock gas. There is also weak
evidence that higher luminosity sources and denser outflows are more likely to be detected.
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Integral-field spectroscopy of molecular hydrogen in the optical wavelength region and complementary long-slit near-
infrared spectroscopy are presented towards HH91A.The detection of some 200 H2 lines arising from ro-vibrational
levels up to v’=8 ranging between 7700A and 2.3 microns is reported. The emission arises from thermally excited gas
where the bulk of the material is at 2750 K and where 1% is at 6000 K. The total column density of shocked gas is
N(H2) = 1018 cm−2. Non-thermal excitation scenarios such as UV-fluorescence do not contribute to the excitation
of H2 towards HH91A. The emission is explained in terms of a slow non-dissociative J-shock which propagates into
a low-density medium which has been swept-up by previous episodes of outflows which have occurred in the evolved
HH90/91 complex.
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Context. Classical T Tauri stars are young solar-type stars accreting material from their circumstellar disks. Thanks
to a favorable inclination of the system, the classical T Tauri star AATau exhibits periodic optical eclipses as the
warped inner disk edge occults the stellar photosphere.
Aims. We intend to observe the X-ray and UV emission of AATau during the optical eclipses with the aim of localizing
these emitting regions on the star.
Methods. AATau was observed for about 5 h per XMM-Newton orbit (2 days) over 8 successive orbits, which covers
two optical eclipse periods (8.22 days). The XMM-Newton optical/UV monitor simultaneously provided UV photom-
etry (UVW2 filter at 206 nm) with a ∼15min sampling rate. Some V -band photometry was also obtained from the
ground during this period in order to determine the dates of the eclipses.
Results. Two X-ray and UV measurements were secured close to the center of the eclipse (∆V ∼ 1.5mag). The UV
flux is the highest just before the eclipse starts and the lowest towards the end of it. UV flux variations amount to a
few 0.1mag on a timescale of a few hours and up to 1 mag on a timescale of a week, none of which are correlated with
the X-ray flux. We model it with a weekly modulation (inner disk eclipse), plus a daily modulation, which suggests a
non-steady accretion, but needs a longer observation to be confirmed. No such eclipses are detected in X-rays. Within
each 5 h-long observation, AATau has a nearly constant X-ray count rate. On a timescale of days to weeks, the X-ray
flux varies by a factor of 2–8, except for one measurement where the X-ray count rate was nearly 50 times higher
than the minimum observed level even though photoelectric absorption was the highest at this phase, and the plasma
temperature reached 60MK, i.e. a factor of 2–3 higher than in the other observations. This X-ray event, observed
close to the center of the optical eclipse, is interpreted as an X-ray flare.
Conclusions. We explain the variable column density with the low-density accretion funnel flows blanketing the magne-
tosphere. The lack of X-ray eclipses indicates that X-ray emitting regions are located at high latitudes. Furthermore,
the occurrence of a strong X-ray flare near the center of the optical eclipse suggests that the magnetically active areas
are closely associated with the base of the high-density accretion funnel flow. We speculate that the impact of this
free-falling accretion flow onto the strong magnetic field of the stellar corona may boost the X-ray emission.

Accepted by Astronomy & Astrophysics
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Using the HiVIS spectropolarimeter built for the Haleakala 3.7m AEOS telescope, we have obtained a large number of
high precision spectropolarimetrc observations (284) of Herbig AeBe stars collected over 53 nights totaling more than
300 hours of observing. Our sample of five HAeBe stars: AB Aurigae, MWC480, MWC120, MWC158 and HD58647,
all show systematic variations in the linear polarization amplitude and direction as a function of time and wavelength
near the Hα line. In all our stars, the Hα line profiles show evidence of an intervening disk or outflowing wind,
evidenced by strong emission with an absorptive component. The linear polarization varies by 0.2to 1.5% with the
change typically centered in the absorptive part of the line profile. These observations are inconsistent with a simple
disk-scattering model or a depolarization model which produce polarization changes centered on the emmissive core.
We speculate that polarized absorption via optical pumping of the intervening gas may be the cause.

Published by The Astrophysical Journal Letters (Vol. 667, p. L89)
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3 CRAL, Observatoire de Lyon, 9 Avenue Charles André, 69561 St-Genis Laval Cedex, France; CNRS, UMR 5574;
ENS Lyon
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We study numerically the formation of molecular clouds in large-scale colliding flows including self-gravity. The models
emphasize the competition between the effects of gravity on global and local scales in an isolated cloud. Global gravity
builds up large-scale filaments, while local gravity – triggered by a combination of strong thermal and dynamical
instabilities – causes cores to form. The dynamical instabilities give rise to a local focusing of the colliding flows,
facilitating the rapid formation of massive protostellar cores of a few 100 M⊙. The forming clouds do not reach an
equilibrium state, though the motions within the clouds appear comparable to “virial”. The self-similar core mass
distributions derived from models with and without self-gravity indicate that the core mass distribution is set very
early on during the cloud formation process, predominantly by a combination of thermal and dynamical instabilities
rather than by self-gravity.
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It is important for the star formation process to understand the collapse of a prestellar dense core. We investigate
the effect of the magnetic field during the first collapse up to the formation of the first core, focusing particularly on
the magnetic braking and the launching of outflows. We perform 3D AMR high resolution numerical simulations of
a magnetically supercritical collapsing dense core using the RAMSES MHD code and develop semi-analytical models
that we compare with the numerical results. We study in detail the various profiles within the envelope of the
collapsing core for various magnetic field strengths. Even modest values of magnetic field strength modify the collapse
significantly. This is largely due to the amplification of the radial and toroidal components of the magnetic field by
the differential motions within the collapsing core. For a weak magnetic intensity corresponding to an initial mass-
to-flux over critical mass-to-flux ratio, µ equals to 20, a centrifugally supported disk forms. The strong differential
rotation triggers the growth of a slowly expanding magnetic tower. For a higher magnetic field strengths corresponding
to µ = 2, the collapse occurs primarily along the field lines, therefore delivering weaker angular momentum in the
inner part whereas at the same time, strong magnetic braking occurs. As a consequence no centrifugally supported
disk forms. An outflow is launched from the central thermally supported core. Detailed comparisons with existing
analytical predictions indicate that it is magneto-centrifugally driven. For cores having a mass-to-flux over critical
mass-to-flux radio µ < 5, the magnetic field appears to have a significant impact. The collapsing envelope is denser and
flatter than in the hydrodynamical case and no centrifugally supported disk forms. For values µ < 20, the magnetic
field drastically modifies the disk evolution. In a companion paper, the influence of the magnetic field on the dense
core fragmentation is studied.
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High-Resolution Spectroscopy of Ne II Emission from TW Hya

Gregory J. Herczeg1, Joan Najita2, Lynne A. Hillenbrand1 and Ilaria Pascucci3

1 Caltech, MC105-24, 1200 E. California Blvd., Pasadena, CA 91125, USA
2 National Optical Astronomy Observatory, Tucson, AZ 85719, USA
3 Steward Observatory, The University of Arizona, Tucson, AZ 85721, USA

E-mail contact: gregoryh at astro.caltech.edu

We present high-resolution echelle spectra of [Ne II] 12.81 micron emission from the classical T Tauri star (CTTS)
TW Hya obtained with MICHELLE on Gemini North. The line is centered at the stellar radial velocity and has an
intrinsic FWHM of 21 ± 4 km s−1. The line width is broader than other narrow emission lines typically associated
with the disk around TW Hya. If formed in a disk, the line broadening could result from turbulence in a warm disk
atmosphere, Keplerian rotation at an average distance of 0.1 AU from the star, or a photoevaporative flow from the
optically-thin region of the disk. We place upper limits on the [Ne II] emission flux from the CTTSs DP Tau and BP
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Astrometry of Water Maser Sources in Nearby Molecular Clouds with VERA — II.
SVS 13 in NGC 1333
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We report on the results of multi-epoch VLBI observations with VERA (VLBI Exploration of Radio Astrometry) of
the 22 GHz H2O masers associated with the young stellar object SVS 13 in the NGC 1333 region. We have carried out
phase-referencing VLBI astrometry and measured an annual parallax of the maser features in SVS 13 of 4.25±0.32 mas,
corresponding to the distance of 235±18 pc from the Sun. Our result is consistent with a photometric distance of
220 pc previously reported. Even though the maser features were detectable only for 6 months, the present results
provide the distance to NGC 1333 with much higher accuracy than photometric methods. The absolute positions and
proper motions have been derived, revealing that the H2O masers with the LSR (local standard of rest) velocities of
7-8 km s−1 are most likely associated with VLA4A, which is a radio counterpart of SVS 13. The origin of the observed
proper motions of the maser features are currently difficult to attribute to either the jet or the rotating circumstellar
disk associated with VLA4A, which should be investigated through future high-resolution astrometric observations of
VLA4A and other radio sources in NGC 1333.

Accepted by PASJ (2008, Vol. 60, No. 1)
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We are presenting a wide-field image of the Mon R2 star forming region obtained with WFCAM on UKIRT in the
2.12 µm filter centered on the H2 1–0 S(1) emission line. We report the discovery of 15 new H2 jets in Mon R2 and
two in L 1646 and confirm most of these discoveries using archival Spitzer IRAC 4.5 µm and 8.0 µm images. We find
that many of these protostellar jets are found in projection against the outflow cavities of the huge CO outflow in
Mon R2, suggesting that the jets may be associated with an episode of star formation in Mon R2 triggered by this
large, but now fossil, outflow. We also study the spatial distribution of small, localized reflection nebulae and find
that these are distributed in the same way as photometrically identified Class I sources.

Accepted by The Astronomical Journal
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Evidence for Accretion in the High-resolution X-ray Spectrum of the T Tauri Star
System Hen 3-600
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We present high-resolution X-ray spectra of the multiple T Tauri star system Hen 3-600, obtained with the High Energy
Transmission Grating Spectrograph on the Chandra X-ray Observatory. Two binary components were detected in the
zeroth-order image. Hen 3-600-A, which has a large mid-infrared excess, is a 2-3 times fainter in X-rays than Hen 3-
600-B, due to a large flare on B. The dispersed X-ray spectra of the two primary components overlap spatially; spectral
analysis was performed on the combined system. Analysis of the individual spectra was limited to regions where the
contributions of A and B can be disentangled. This analysis results in two lines of evidence indicating that the X-ray
emission from Hen 3-600 is derived from accretion processes: line ratios of O VII indicate that the characteristic
density of its X-ray-emitting plasma is large; a significant component of low-temperature plasma is present and is
stronger in component A. These results are consistent with results obtained from X-ray gratings spectroscopy of more
rapidly accreting systems. All of the signatures of Hen 3-600 that are potential diagnostics of accretion activity —
X-ray emission, UV excess, H-alpha emission, and weak infrared excess — suggest that its components represent a
transition phase between rapidly accreting, classical T Tauri stars and non-accreting, weak-lined T Tauri stars.
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Embedded Star Formation in the Eagle Nebula with Spitzer GLIMPSE
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We present new Spitzer photometry of the Eagle Nebula (M16, containing the optical cluster NGC 6611) combined
with near-infrared photometry from 2MASS. We use dust radiative transfer models, mid-infrared and near-infrared
color-color analysis, and mid-infrared spectral indices to analyze point-source spectral energy distributions, select
candidate YSOs, and constrain their mass and evolutionary state. Comparison of the different protostellar selection
methods shows that mid-infrared methods are consistent, but as has been known for some time, near-infraredonly
analysis misses some young objects. We reveal more than 400 protostellar candidates, including one massive YSO that
has not been previously highlighted. The YSO distribution supports a picture of distributed low-level star formation,
with no strong evidence of triggered star formation in the “pillars.” We confirm the youth of NGC 6611 by a large
fraction of infrared excess sources and reveal a younger cluster of YSOs in the nearby molecular cloud. Analysis of the
YSO clustering properties shows a possible imprint of the molecular cloud’s Jeans length. Multiwavelength mid-IR
imaging thus allows us to analyze the protostellar population, to measure the dust temperature and column density,
and to relate these in a consistent picture of star formation in M16.

Published by The Astrophysical Journal (Vol. 666, p. 321)

The Monitor project: JW 380 a 0.26-, 0.15-M⊙, pre-main-sequence eclipsing binary in
the Orion nebula cluster
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We report the discovery of a low-mass (0.26 ± 0.02, 0.15 ± 0.01 M⊙) pre-main-sequence (PMS) eclipsing binary (EB)
with a 5.3 d orbital period. JW 380 was detected as part of a high-cadence time-resolved photometric survey (the
Monitor project) using the 2.5-m Isaac Newton Telescope and Wide Field Camera for a survey of a single field in
the Orion nebula cluster (ONC) region in V and i bands. The star is assigned a 99 per cent membership probability
from proper motion measurements, and radial velocity observations indicate a systemic velocity within 1σ of that of
the ONC. Modelling of the combined light and radial velocity curves of the system gave stellar radii of 1.19+0.04

−0.18 and

0.90+0.17
−0.03 R⊙ for the primary and the secondary, with a significant third light contribution which is also visible as

a third peak in the cross-correlation functions used to derive radial velocities. The masses and radii appear to be
consistent with stellar models for 23 Myr age from several authors, within the present observational errors. These
observations probe an important region of massradius parameter space, where there are currently only a handful of
known PMS EB systems with precise measurements available in the literature.

Published by Monthly Notices of the Royal Astronomical Society (Vol. 380, p. 541)
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The radii of young pre-main-sequence (PMS) stars in the Orion Nebula Cluster (ONC) have been estimated using
their rotation periods and projected equatorial velocities. Stars at a given effective temperature have a spread in their
geometrically estimated projected radii that is larger than can be accounted for with a coeval model, observational
uncertainties and randomly oriented rotation axes. It is shown that the required dispersion in radius (a factor of
2–3 full width half maximum) can be modelled in terms of a spread in stellar ages larger than the median age of the
cluster, although the detailed star formation history cannot be uniquely determined using present data. This technique
is relatively free from systematic uncertainties (binarity, extinction, variability, distance) that have hampered previous
studies of the ONC star formation history using the conventional Hertzsprung-Russell diagram. However, the current
ONC rotational data are biased against low luminosity objects, so the deduced dispersions in radius and inferred age
are probably underestimates. In particular, the ages of a tail of PMS stars that appear to be ≥ 10Myr old in the
Hertzsprung-Russell diagram cannot be verified with present data. If projected equatorial velocities were measured
for these objects it could easily be checked whether their radii are correspondingly smaller than the bulk of the ONC
population.

Accepted by MNRAS
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Rapid planetesimal formation in turbulent circumstellar discs
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The initial stages of planet formation in circumstellar gas discs proceed via dust grains that collide and build up
larger and larger bodies (Safronov 1969). How this process continues from metre-sized boulders to kilometre-scale
planetesimals is a major unsolved problem (Dominik et al. 2007): boulders stick together poorly (Benz 2000), and
spiral into the protostar in a few hundred orbits due to a head wind from the slower rotating gas (Weidenschilling 1977).
Gravitational collapse of the solid component has been suggested to overcome this barrier (Safronov 1969; Goldreich &
Ward 1973, Youdin & Shu 2002). Even low levels of turbulence, however, inhibit sedimentation of solids to a sufficiently
dense midplane layer (Weidenschilling & Cuzzi 1993; Dominik et al. 2007), but turbulence must be present to explain
observed gas accretion in protostellar discs (Hartmann 1998). Here we report the discovery of efficient gravitational
collapse of boulders in locally overdense regions in the midplane. The boulders concentrate initially in transient high
pressures in the turbulent gas (Johansen, Klahr, & Henning 2006), and these concentrations are augmented a further
order of magnitude by a streaming instability (Youdin & Goodman 2005; Johansen, Henning, & Klahr 2006; Johansen
& Youdin 2007) driven by the relative flow of gas and solids. We find that gravitationally bound clusters form with
masses comparable to dwarf planets and containing a distribution of boulder sizes. Gravitational collapse happens
much faster than radial drift, offering a possible path to planetesimal formation in accreting circumstellar discs.

Published by Nature (Vol. 448, p. 1022)
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We present 3D gasdynamic simulations of the Herbig Haro object HH 555. HH 555 is a bipolar jet emerging from the
tip of an elephant trunk entering the Pelican Nebula from the adjacent molecular cloud. Both beams of HH 555 are
curved away from the center of the H II region. This indicates that they are being deflected by a side-wind probably
coming from a star located inside the nebula or by the expansion of the nebula itself. HH 555 is most likely an
irradiated jet emerging from a highly embedded protostar, which has not yet been detected.

In our simulations we vary the incident photon flux, which in one of our models is equal to the flux coming from a star
1 pc away emitting 5×1048 ionizing (i. e., with energies above the H Lyman limit) photons per second. An external,
plane-parallel flow (a “side-wind”) is coming from the same direction as the photoionizing flux. We have made four
simulations, decreasing the photon flux by a factor of 10 in each simulation. We discuss the properties of the flow and
we compute Hα emission maps (integrated along lines of sight). We show that the level of the incident photon flux has
an important influence on the shape and visibility of the jet. If the flux is very high, it causes a strong evaporation
of the neutral clump, producing a photoevaporated wind traveling in the direction opposite to the incident flow. The
interaction of the two flows creates a double shock “working surface” around the clump protecting it and the jet from
the external flow. The jet only starts to curve when it penetrates through the working surface.

Accepted by The Astrophysical Journal
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We present a method for simulating the evolution of HII regions driven by point sources of ionizing radiation in
magnetohydrodynamic media, implemented in the three-dimensional Athena MHD code. We compare simulations
using our algorithm to analytic solutions and show that the method passes rigorous tests of accuracy and convergence.
The tests reveal several conditions that an ionizing radiation-hydrodynamic code must satisfy to reproduce analytic
solutions. As a demonstration of our new method, we present the first three-dimensional, global simulation of an
HII region expanding into a magnetized gas. The simulation shows that magnetic fields suppress sweeping up of gas
perpendicular to magnetic field lines, leading to small density contrasts and extremely weak shocks at the leading edge
of the HII region’s expanding shell.
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We present a survey of mid-infrared gas-phase lines toward a sample of 76 circumstellar disks around low mass pre-
main sequence stars from the Spitzer ”Cores to Disks” legacy program. We report the first detections of [Ne II] and
[Fe I] toward classical T Tauri stars in ∼ 20% respectively ∼ 9 % of our sources. The observed [Ne II] line fluxes and
upper limits are consistent with [Ne II] excitation in an X-ray irradiated disk around stars with X-ray luminosities
LX = 1029 − 1031 erg s−1. [Fe I] is detected at ∼ 10−5 − 10−4 L⊙, but no [S I] or [Fe II] is detected down to ∼ 10−6 L⊙.
The [Fe I] detections indicate the presence of gas-rich disks with masses of ≥ 0.1MJ. No H2 0-0 S(0) and S(1) disk
emission is detected, except for S(1) toward one source. These data give upper limits on the warm (T ∼ 100− 200K)
gas mass of a few Jovian masses, consistent with recent T Tauri disk models which include gas heating by stellar
radiation. Compact disk emission of hot (T ≥ 500K) gas is observed through the H2 0-0 S(2) and/or S(3) lines toward
∼ 8 % of our sources. The line fluxes are, however, higher by more than an order of magnitude than those predicted by
recent disk models, even when X-ray and excess UV radiation are included. Similarly the [Ne II]/H2 0-0S(2) ratios for
these sources are lower than predicted, consistent with the presence of an additional hot molecular gas component not
included in current disk models. Oblique shocks of stellar winds interacting with the disk can explain many aspects
of the hot gas emission, but are inconsistent with the non-detection of [S I] and [Fe II] lines.
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We present molecular line observations of L1251B, a small group of pre- and protostellar objects, and its immediate
environment in the dense C18O core L1251E. These data are complementary to near-infrared, submillimeter and
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millimeter continuum observations reported by Lee et al. (2006, ApJ, 648, 491; Paper I). The single-dish data
of L1251B described here show very complex kinematics including infall, rotation and outflow motions, and the
interferometer data reveal these in greater detail. Interferometer data of N2H+ 1-0 suggest a very rapidly rotating
flattened envelope between two young stellar objects, IRS1 and IRS2. Also, interferometer data of CO 2-1 resolve the
outflow associated with L1251B seen in single-dish maps into a few narrow and compact components. Furthermore,
the high resolution data support recent theoretical studies of molecular depletions and enhancements that accompany
the formation of protostars within dense cores. Beyond L1251B, single-dish data are also presented of a dense core
located 150” to the east that, in Paper I, was detected at 850 micron but has no associated point sources at near-
and mid-infrared wavelengths. The relative brightness between molecules, which have different chemical timescales,
suggests it is less chemically evolved than L1251B. This core may be a site for future star formation, however, since
line profiles of HCO+, CS, and HCN show asymmetry with a stronger blue peak, which is interpreted as an infall
signature.
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Tsiganis et al. [Tsiganis, K., Gomes, R., Morbidelli, A., Levison, H.F., 2005. Nature 435, 459461] have proposed that
the current orbital architecture of the outer Solar System could have been established if it was initially compact and
Jupiter and Saturn crossed the 2:1 orbital resonance by divergent migration. The crossing led to close encounters among
the giant planets, but the orbital eccentricities and inclinations were damped to their current values by interactions
with planetesimals. Brunini [Brunini, A., 2006. Nature 440, 11631165] has presented widely publicized numerical
results showing that the close encounters led to the current obliquities of the giant planets. We present a simple
analytic argument which shows that the change in the spin direction of a planet relative to an inertial frame during
an encounter between the planets is very small and that the change in the obliquity (which is measured from the orbit
normal) is due to the change in the orbital inclination. Since the inclinations are damped by planetesimal interactions
on timescales much shorter than the timescales on which the spins precess due to the torques from the Sun, especially
for Uranus and Neptune, the obliquities should return to small values if they are small before the encounters. We have
performed simulations using the symplectic integrator SyMBA, modified to include spin evolution due to the torques
from the Sun and mutual planetary interactions. Our numerical results are consistent with the analytic argument for
no significant remnant obliquities.
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We present observations of a circumstellar disk that is inclined close to edge-on around a young brown dwarf in the
Taurus star-forming region. Using data obtained with SpeX at the NASA Infrared Telescope Facility, we find that
the slope of the 0.82.5 µm spectrum of the brown dwarf 2MASS J04381486+2611399 cannot be reproduced with
a photosphere reddened by normal extinction. Instead, the slope is consistent with scattered light, indicating that
circumstellar material is occulting the brown dwarf. By combining the SpeX data with mid-infrared photometry and
spectroscopy from the Spitzer Space Telescope and previously published millimeter data from Scholz and coworkers,
we construct the spectral energy distribution (SED) for 2MASS J04381486+2611399 and model it in terms of a young
brown dwarf surrounded by an irradiated accretion disk. The presence of both silicate absorption at 10 µm and silicate
emission at 11 µm constrains the inclination of the disk to be ∼ 70◦, i.e., ∼ 20◦ from edge-on. Additional evidence
of the high inclination of this disk is provided by our detection of asymmetric bipolar extended emission surrounding
2MASS J04381486+2611399 in high-resolution optical images obtained with the Hubble Space Telescope. According
to our modeling for the SED and images of this system, the disk contains a large inner hole that is indicative of a
transition disk (Rin ≈ 58R⋆ ≈ 0.275 AU) and is somewhat larger than expected from embryo ejection models (Rout

= 2040 AU vs. Rout < 1020 AU).
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The Ophiuchus molecular cloud complex has produced in Lynds 1688 the richest known embedded cluster within ∼300
pc of the Sun. Unfortunately, distance estimates to the Oph complex vary by nearly ∼40% (∼120-165 pc). Here I
calculate a new independent distance estimate of 135± 8 pc to this benchmark star-forming region based on Hipparcos
trigonometric parallaxes to stars illuminating reflection nebulosity in close proximity to Lynds 1688. Combining this
value with recent distance estimates from reddening studies suggests a consensus distance of 139± 6 pc (4% error),
situating it within ∼11pc of the centroid of the ∼5 Myr old Upper Sco OB subgroup of Sco OB2 (145 pc). The
velocity vectors for Oph and Upper Sco are statistically indistinguishable within ∼1 km s−1 in each vector component.
Both Oph and Upper Sco have negligible motion (<1 km s−1) in the Galactic vertical direction with respect to the
Local Standard of Rest, which is inconsistent with the young stellar groups having formed via the high velocity cloud
impact scenario.
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lision Afterglow

Eric E. Mamajek1 and Michael R. Meyer2

1 Harvard-Smithsonian Center for Astrophysics, 60 Garden St., MS-42, Cambridge MA 02138
2 Steward Observatory, The University of Arizona, 933 N. Cherry Ave., Tucson AZ 85721

E-mail contact: emamajek at cfa.harvard.edu

We introduce an alternative hypothesis to explain the very low luminosity of the cool (L-type) companion to the
∼25 MJup ∼8 Myr-old brown dwarf 2M1207A. Recently, Mohanty et al. (2007) found that effective temperature
estimates for 2M1207B (1600± 100 K) are grossly inconsistent with its lying on the same isochrone as the primary,
being a factor of ∼10 underluminous at all bands between I (0.8µm) and L′ (3.6µm). Mohanty et al. explain this
discrepency by suggesting that 2M1207B is an 8 MJup object surrounded by an edge-on disk comprised of large dust
grains producing 2.5m of achromatic extinction. We offer an alternative explanation: the apparent flux reflects the
actual source luminosity. Given the temperature, we infer a small radius (∼49,000 km), and for a range of plausible
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densities, we estimate a mass < MJup. We suggest that 2M1207B is a hot protoplanet collision afterglow and show
that the radiative timescale for such an object is > ∼1% the age of the system. If our hypothesis is correct, the surface
gravity of 2M1207B should be an order of magnitude lower than predicted by Mohanty et al. (2007).

Accepted by ApJ Letters

http://arxiv.org/abs/0709.0456

Planet dispersal in binary systems during transient multiple star phases
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Aims. If a significant fraction of binary star systems spent some time as inclined triple systems, either during their
formation process or as the outcome of several close dynamical encounters in a crowded stellar environment, then
the number of planets in binaries would be significantly lower than around single stars. The stellar chaotic phase
preceding the instability of the triple system and the wide oscillations in eccentricity and inclination of the companion
star due to the high mutual inclination between the companion and the singleton would quickly eject planets orbiting
the binary in S-type orbits.

Methods. We perform numerical simulations of the dynamical evolution of hierarchical triple star systems with planets
hosted around the primary star of the inner binary. Different values of mutual inclination, binary separation and
singleton initial semimajor axis are explored in a statistical way.

Results. We find that a significant mutual inclination im between the singleton and the binary is a key factor for
instability of the planetary system. When im is larger than ∼ 40◦ the fraction of planets in the binary surviving the
chaotic phase of the triple declines dramatically. The combination of eccentricity and inclination oscillations of the
binary companion induced by the secular perturbations of the singleton and the sequence of close encounters preceding
the ejection of one star fully destabilize a planetary system extending beyond 1 AU from the star. For im around 90◦

the percentage of surviving planets is lower than 20% for all binaries with a semimajor axis smaller than 200 AU.

Conclusions. The frequency of planets in binaries with low separation may be strongly reduced by the residence of
the pair in the past in a temporary inclined hierarchical triple.

Published by Astronomy & Astrophysics (Vol. 472, p. 643)

SUBARU Near-Infrared Multi-Color Images of ClassII Young Stellar Object, RNO91

Satoshi Mayama1,2, Motohide Tamura1,3, Masahiko Hayashi1,2, Yoichi Itoh4, Miki Ishii2, Misato Fukagawa5,
Saeko S. Hayashi1,2, Yumiko Oasa4 and Tomoyuki Kudo1,3

1 School of Mathematical and Physical Science, Graduate University for Advanced Studies, 650 North A’ohoku Place,
Hilo, HI96720, U.S.A.
2 SUBARU Telescope, National Astronomical Observatory of Japan, 650 North A’ohoku Place, Hilo, HI96720, U.S.A.
3 Optical and Infrared Astronomy Division, National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka,
Tokyo 181-8588, Japan
4 Graduate School of Science and Technology, Kobe University, 1-1 Rokkodai, Nada, Kobe 657-8501, Japan
5 Division of Particle and Astrophysical Sciences, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8602, Japan

E-mail contact: mayamast at subaru.naoj.org

We conducted sub-arcsecond near-infrared imaging observations of RNO91 with CIAO mounted on the SUBARU 8.2
m telescope. We present our JHK band data along with optical images, which when considered together reveal a
complex circumstellar structure. We examined the colors of associated nebula and compared the geometry of the
outflow/disk system suggested by our data with that already proposed on the basis of previous studies. Our K-band
image shows bright circumstellar nebulosity detected within 2”(300AU) around the central source while it is less
conspicuous at shorter wavelengths such as J and optical. P.A. and size of this red color nebulosity in our H-K color
image agree with those of the previously detected polarization disk. These data agreement indicate that this bright
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circumstellar nebulosity region which follows the reddening law might be attributed to a disk-like structure. At J
and optical wavelengths, several blue knot-like structures are detected around and beyond the bright circumstellar
nebulosity. We suggest that these knotty reflection nebulae may represent disintegrating fragments of an infalling
envelope. The three-color composite image has an appearance of arc-shaped nebulosity extending to the north and
to the east through the central source. On the other end of this arc-shaped structure, the nebula appears to become
more extended (2.”3 long) to the southwest. We interpret these structures as roots of bipolar cavities opening to the
northeast and southwest. The complex distribution of reflection nebulosity seen around RNO91 appears to confirm
the interpretation of this source as an object dispersing its molecular envelope while transitioning from protostar to
T Tauri star.

Accepted by PASJ
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The Effect of Binarity on Stellar Rotation: Beyond the Reach of Tides
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We present a comparison between the rotation period distributions of solar-type single stars and primary stars in
close binaries (0.1 AU <

∼ a <
∼ 5 AU) in the young (∼150 Myr) open cluster M35 (NGC 2168). We find that the

primary stars in the close binaries rotate faster than the single stars, on average. The differences in the means and
medians between the period distributions are statistically significant at the 99.9% level or higher. The faster rotation
among the primary stars in close binaries is not due to tidal synchronization as tidally evolved stars are excluded from
the comparison. We discuss this result in the context of different early-evolution accretion processes and star-disk
interactions for single stars and stars in close binaries.

Published by The Astrophysical Journal Letters (Vol. 665, p. L155)

12 and 18 µm Images of Dust Surrounding HD 32297
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We present the first subarcsecond-resolution images at multiple mid-IR wavelengths of the thermally emitting dust
around the A0 star HD 32297. Our observations with T-ReCS at Gemini South reveal a nearly edge-on resolved disk at
both 11.7 and 18.3 µm that extends ∼150 AU in radius. The mid-IR is the third wavelength region in which this disk
has been resolved, following coronagraphic observations by others of the source at optical and near-IR wavelengths.
The global mid-IR colors and detailed consideration of the radial colortemperature distribution imply that the central
part of the disk out to ∼80 AU is relatively deficient in dust.

Published by The Astrophysical Journal Letters (Vol. 666, p. L109)

Massive star-formation in G24.78+0.08 explored through VLBI maser observations
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Context. Previous interferometric observations have demonstrated that, across a distance of a few 0.1 pc, the high-
mass star forming region (SFR) G24.78+0.08 contains at least four distinct centers of massive star formation, possibly
in different evolutionary stages.

Aims. This study aims to provide a detailed picture of the physical environment and the gas kinematics in a cluster
of high-mass YSOs.

Methods. Using EVN (single epoch) and VLBA (four epochs) phase-referenced observations, we have derived the
absolute positions and velocities for 6.7 GHz methanol and 22.2 GHz water masers, respectively. Using the BIMA
and VLA interferometers, positions and line of sight velocities of 95 GHz and 44 GHz methanol masers, are also
obtained. The derived interferometric and VLBI maser maps are compared with previous sub-arcsecond maps of the
G24.78+0.08 region, observed in thermal continuum and molecular line tracers.

Results. In the hot molecular cores G24 A1 and G24 A2, 6.7 GHz methanol and 22.2 GHz water masers are emerging
at similar positions and line of sight velocities, which suggests that in both cores a same YSO is responsible for the
excitation of the two types of maser emission. At the center of the G24 A1 core, water masers distribute along an arc
at the border of a hyper-compact HII region (of size ≈1000 AU) and expand away from the center of the HII region
with high velocities (≈40 km s−1). We think that such a fast expansion is driven by a strong stellar wind emitted by
the star exciting the hyper-compact HII region. This outflowing motion might dominate the gas kinematics of G24
A1 also at larger (≈0.1 pc) scale, where a well defined velocity gradient in the CH3CN line and 6.7 GHz masers is
observed. Alternatively, water masers might mark the border of the dynamical interaction between the evolving star
and harboring core, and the gas surrounding the hyper-compact HII region, not yet affected by the expansion of the
ionized gas, might be still rotating and, perhaps, slightly contracting. In the G24 C core, water maser spots show
very fast (100-200 km s−1) and nearly parallel proper motions, which might indicate that the water maser emission is
tracing a collimated jet.

Published by Astronomy & Astrophysics (Vol. 472, p. 867)

The RMS Survey: Mid-Infrared Observations of Candidate Massive YSOs in the South-
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Context: The Red MSX Source (RMS) survey is an ongoing effort to return a large, well-selected sample of massive
young stellar objects (MYSOs) within our Galaxy. 2000 candidates have been colour-selected from the Mid-course
Space Experiment (MSX) point source catalogue (PSC). A series of ground-based follow-up observations are being
undertaken in order to remove contaminant objects (ultra-compact HII (UCHII) regions, planetary nebulae (PN),
evolved stars), and to begin characterising these MYSOs.

Aims: As a part of these follow-up observations, high resolution (∼1′′) mid-IR imaging aids the identification of
contaminant objects which are resolved (UCHII regions, PN) as opposed to those which are unresolved (YSOs, evolved
stars) as well as identifying YSOs near UCHII regions and other multiple sources.

Methods: We present 10.4µm imaging observations for 346 candidate MYSOs in the RMS survey in the Southern
Hemisphere, primarily outside the region covered by the GLIMPSE Spitzer Legacy Survey. These were obtained
using TIMMI2 on the ESO 3.6m telescope in La Silla, Chile. Our photometric accuracy is of order 0.05Jy, and our
astrometric accuracy is 0.8′′, which is an improvement over the nominal 2′′ accuracy of the MSX PSC.

Results: Point sources are detected in 64% of our observations, which are expected to be either YSOs or evolved stars.
24% contain only sources of extended emission, which are likely to be either UCHII regions or, in a few cases, PN. This
is confirmed by comparison with radio continuum observations. We find that, as expected for a dusty HII region, the
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strength of 10.4µm and radio continuum emission is related. The remaining targets (12%) result in non-detections.
While for 63% of our targets we detect only one mid-infrared source, 25% show multiple sources. In these cases, our
observations will allow the apportioning of the flux from larger beam measurements between the different sources.
Within these multiple source targets, we find some point sources on or near UCHII regions. Our improved astrometric
information will allow more accurate targeting of spectroscopy, which will be used to identify unresolved sources in
cases where it is not clear whether they are YSOs or evolved stars.

Accepted by A&A

Preprint available at http://arxiv.org/abs/0709.2040

Orbital solution and fundamental parameters of σ Scorpii
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The first orbital solution for the spectroscopic pair in the multiple star system σ Scorpii, determined from measurements
with the Sydney University Stellar Interferometer, is presented. The primary component is of β Cephei variable type
and has been one of the most intensively studied examples of its class. The orbital solution, when combined with radial
velocity results found in the literature, yields a distance of 174+23

−18 pc, which is consistent with, but more accurate
than the Hipparcos value. For the primary component we determine 18.4 ± 5.4 M⊙, 4.12 ± 0.34 mag and 12.7 ± 1.8
R⊙ for the mass, absolute visual magnitude and radius, respectively. A B1 dwarf spectral type and luminosity class
for the secondary is proposed from the mass determination of 11.9±3.1 M⊙ and the estimated system age of 10 Myr.

Published by Monthly Notices of the Royal Astronomical Society (Vol. 380, p. 1276)

The Spitzer c2d Survey of Large, Nearby, Interstellar Clouds: VII. Ophiuchus Observed
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Deborah Padgett1, Luisa Rebull1, Karl Stapelfeldt2, Nicholas Chapman3, Shih-Ping Lai4, Lee Mundy3,
Neal Evans5, Tim Brooke1, Lucas Cieza5, William Spiesman5, Alberto Noreiga-Crespo1, Caer-Eve
McCabe1, Lori Allen6, Geoffrey Blake7, Paul Harvey5, Tracy Huard6, Jes Jorgensen8, David Koerner9,
Philip Myers6, Anneila Sargent10, Peter Teuben3, Ewine van Dishoeck11, Zahed Wahhaj12 and Kaisa
Young13

1 Spitzer Science Center, California Institute of Technology, Pasadena, CA, USA
2 Jet Propulsion Laboratory, Pasadena, CA, USA
3 Department of Astronomy, University of Maryland, College Park, MD, USA
4 Academia Sinica Institute of Astronomy and Astrophysics, Hsinchu, Taiwan
5 Department of Astronomy, University of Texas at Austin, Austin, TX, USA
6 Harvard-Smithsonian Center for Astrophysics, Cambridge, MA, USA
7 Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena, CA, USA
8 Argelander-Institut fur Astronomie Auf dem Haugel, Bonn, Germany
9 Department of Physics and Astronomy, Northern Arizona University, Flagstaff, AZ, USA
10 Division of Physics, Mathematics, and Astronomy, California Institute of Technology, Pasadena, CA, USA
11 Leiden Observatory, Leiden, The Netherlands
12 Institute for Astronomy, University of Hawaii, Honolulu, HI, USA
13 Department of Physical Sciences, Nicholls State University, Thibodaux, LA, USA

E-mail contact: dlp at ipac.caltech.edu

We present maps of 14.4 sq deg of the Ophiuchus dark clouds observed by the Spitzer Space Telescope Multiband
Imaging Photometer for Spitzer (MIPS). These high quality maps depict both numerous point sources as well as
extended dust emission within the star-forming and non-star-forming portions of these clouds. Using PSF-fitting
photometry, we detect 5779 sources at 24 um and 81 sources at 70 um at the 10 sigma level of significance. Three
hundred twenty-three candidate young stellar objects (YSOs) were identified according to their positions on the
MIPS/2MASS K versus K−[24] color-magnitude diagrams as compared to 24 um detections in the SWIRE extragalactic
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survey. We find that more than half of the YSO candidates, and almost all the ones with protostellar Class I spectral
energy distributions, are confined to the known cluster and aggregates.

Accepted by Astrophysical Journal
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We present an analysis of the properties of the 6.7 GHz methanol maser sample detected in the Arecibo Methanol
Maser Galactic Plane Survey. The distribution of the masers in the Galaxy, and statistics of their multi-wavelength
counterparts is consistent with the hypothesis of 6.7 GHz maser emission being associated with massive young stellar
objects. Using the detection statistics of our survey, we estimate the minimum number of methanol masers in the
Galaxy to be 1275. The l − v diagram of the sample shows the tangent point of the Carina-Sagittarius spiral arm to
be around a Galactic longitude of 49.6 degrees, and suggests occurrence of massive star formation along the extension
of the Crux-Scutum arm. A Gaussian component analysis of the maser spectra shows the mean line-width to be 0.38
km/s which is more than a factor of two larger than what has been reported in the literature. We also find no evidence
that faint methanol masers have different properties than those of their bright counterparts.

Accepted by ApJ
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Do O-stars form in isolation?
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Around 4 per cent of O-stars are observed in apparent isolation, with no associated cluster, and no indication of having
been ejected from a nearby cluster. We define an isolated O-star as a star >17.5 M⊙ in a cluster with total mass
<100 M⊙ which contains no other massive (>10 M⊙) stars. We show that the fraction of apparently isolated O-stars
is reproduced when stars are sampled (randomly) from a standard initial mass function and a standard cluster mass
function of the form N(M) ∝ M−2.

This result is difficult to reconcile with the idea that there is a fundamental relationship between the mass of a cluster
and the mass of the most massive star in that cluster. We suggest that such a relationship is a typical result of star
formation in clusters, and that ‘isolated O-stars’ are low-mass clusters in which massive stars have been able to form.

Published by Monthly Notices of the Royal Astronomical Society (Vol. 380, p. 1271)

The potential for Earth-mass planet formation around brown dwarfs
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Recent observations point to the presence of structured dust grains in the discs surrounding young brown dwarfs,
thus implying that the first stages of planet formation take place also in the sub-stellar regime. Here, we investigate
the potential for planet formation around brown dwarfs and very low mass stars according to the sequential core
accretion model of planet formation. We find that, for a brown dwarfs mass 0.05M⊙, our models predict a maximum
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planetary mass of ∼ 5M⊕, orbiting with semi-major axis ∼ 1AU. However, we note that the predictions for the mass
- semi-major axis distribution are strongly dependent upon the models chosen for the disc surface density profiles
and the assumed distribution of disc masses. In particular, if brown dwarf disc masses are of the order of a few
Jupiter masses, Earth-mass planets might be relatively frequent, while if typical disc masses are only a fraction of
Jupiter mass, we predict that planet formation would be extremely rare in the sub-stellar regime. As the observational
constraints on disc profiles, mass dependencies and their distributions are poor in the brown dwarf regime,we advise
caution in validating theoretical models only on stars similar to the Sun and emphasise the need for observational data
on planetary systems around a wide range of stellar masses. We also find that, unlike the situation around solar-like
stars, Type-II migration is totally absent from the planet formation process around brown dwarfs, suggesting that
any future observations of planets around brown dwarfs would provide a direct measure of the role of other types of
migration.

Accepted by Monthly Notices of the Royal Astronomical Society
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Aims. We present the results of hydrodynamical simulations of low mass protoplanets embedded in circumbinary
accretion disks. The aim is to examine the migration and long term orbital evolution of the protoplanets, in order to
establish the stability properties of planets that form in circumbinary disks.

Methods. Simulations were performed using a grid-based hydrodynamics code. First we present a set of calculations
that study how a binary interacts with a circumbinary disk. We evolve the system for ∼ 105 binary orbits, which is
the time needed for the system to reach a quasi-equilibrium state. From this time onward the apsidal lines of the disk
and the binary are aligned, and the binary eccentricity remains essentially unchanged with a value of eb ∼ 0.08. Once
this stationary state is obtained, we embed a low mass protoplanet in the disk and let it evolve under the action of
the binary and disk forces. We consider protoplanets with masses of mp = 5, 10 and 20 M⊕.

Results. In each case, we find that inward migration of the protoplanet is stopped at the edge of the tidally truncated
cavity formed by the binary. This effect is due to positive corotation torques, which can counterbalance the net
negative Lindblad torques in disk regions where the surface density profile has a sufficiently large positive gradient.
Halting of migration occurs in a region of long-term stability, suggesting that low mass circumbinary planets may be
common, and that gas giant circumbinary planets should be able to form in circumbinary disks.

Published by Astronomy & Astrophysics (Vol. 472, p. 993)
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Recent extinction studies of the Pipe Nebula (d=130 pc) reveal many cores spanning a range in mass from 0.2 to
20.4 M⊙. These dense cores were identified via their high extinction and comprise a starless population in a very
early stage of development. Here we present a survey of NH3 (1,1), NH3 (2,2), CCS (21–10), and HC5N (9,8) emission
toward 46 of these cores. An atlas of the 2MASS extinction maps is also presented. In total, we detect 63% of the cores
in NH3 (1,1), 22% in NH3 (2,2), 28% in CCS, and 9% in HC5N emission. We find the cores are associated with dense
gas (∼ 104 cm−3) with 9.5 ≤ TK ≤ 17 K. Compared to C18O, we find the NH3 linewidths are systematically narrower,
implying that the NH3 is tracing the dense component of the gas and that these cores are relatively quiescent. We find
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no correlation between core linewidth and size. The derived properties of the Pipe cores are similar to cores within
other low-mass star-forming regions: the only differences are that the Pipe cores have weaker NH3 emision and most
show no current star formation as evidenced by the lack of embedded infrared sources. Such weak NH3 emission could
arise due to low column densities and abundances or reduced excitation due to relatively low core volume densities.
Either alternative implies that the cores are relatively young. Thus, the Pipe cores represent an excellent sample of
dense cores in which to study the initial conditions for star formation and the earliest stages of core formation and
evolution.

Accepted by ApJS
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We have carried out a major survey for visual binaries towards the Orion Nebula Cluster, using images obtained with
the Advanced Camera for Surveys on the Hubble Space Telescope through an Hα filter. Among 1051 stars more than
60′′ from θ1 Ori C, we have selected 781 stars that fulfill criteria for membership in the Orion Nebula Cluster. Among
these, we find 78 multiple systems (75 binaries and 3 triples), of which 55 are new discoveries, in the range from 0.1′′

to 1.5′′. We perform a statistical study of the 72 binaries and 3 triples that have separations in the limited range
0.15′′ to 1.5′′, within which we need no incompleteness correction. An analysis of the stellar density in our images
suggests that of these binaries, 9 are line-of-sight associations. When corrected for this, we find a binary fraction of
8.8%±1.1% within the limited separation range from 67.5 to 675 AU (counting the 3 triples as 6 binaries). The field
binary fraction in the same range from Duquennoy & Mayor (1991) is a factor 1.5 higher. Within the range 150 AU
to 675 AU that overlaps with the study of binaries in T Tauri associations by Reipurth & Zinnecker (1993), we find
that the associations have a factor 2.2 more binaries than the Orion Nebula Cluster, in approximate agreement with
earlier results based on data from the inner Trapezium region with small-number statistics. The binary separation
distribution function of the Orion Nebula Cluster shows unusual structure, with a sudden steep decrease in the number
of binaries as the separation increases beyond 0.5′′, corresponding to 225 AU. We have measured the ratio of binaries
wider than 0.5′′ to binaries closer than 0.5′′ as a function of distance from the Trapezium, and find that this ratio is
significantly depressed in the inner region of the Orion Nebula Cluster. The deficit of binaries with larger separations
in the central part of the cluster is likely due to dissolution or orbital change of the wider binaries during their passage
through the potential well of the inner cluster region. All of our primaries appear to be T Tauri stars with the exception
of one Herbig Ae/Be star, and there are indications that a substantial number of secondaries could be brown dwarfs.

Accepted by Astron. J.
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We study the viscous evolution of protoplanetary discs driven by the combined action of magnetohydrodynamic
turbulence, resulting from the magneto-rotational instability (MRI), self-gravity torques, parametrized in terms of
an effective viscosity and an additional viscous agent of unspecified origin. The distribution of torques driving the
evolution of the disc is calculated by analysing where in the disc the MRI develops and, to incorporate the effect of
self-gravity, calculating the Toomre parameter. We find that, generally, discs rapidly evolve towards a configuration
where the intermediate regions, from a fraction of an au to a few au, are stable against the MRI due to their low-
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ionization degree. As an additional source of viscosity is assumed to operate in those regions, subsequent evolution
of the disc is eruptive. Brief episodes of high mass accretion ensue as the criterion for the development of the MRI
is met in the low-ionization region. The radial distribution of mass and temperature in the disc differs considerably
from disc models with constant parameter or layered accretion models, with potentially important consequences on
the process of planet formation.

Published by Monthly Notices of the Royal Astronomical Society (Vol. 380, p. 311)
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The desorption of molecular species from ice mantles back into the gas phase in molecular clouds results from a variety
of very poorly understood processes. We have investigated three mechanisms; desorption resulting from H2 formation
on grains, direct cosmic ray heating and cosmic ray induced photodesorption. Whilst qualitative differences exist
between these processes (essentially deriving from the assumptions concerning the species-selectivity of the desorption
and the assumed threshold adsorption energies, Et) all three processes are found to be potentially very significant in
dark cloud conditions. It is therefore important that all three mechanisms should be considered in studies of molecular
clouds in which freeze-out and desorption are believed to be important.

Employing a chemical model of a typical static molecular core and using likely estimates for the quantum yields of the
three processes we find that desorption by H2 formation probably dominates over the other two mechanisms. However,
the physics of the desorption processes and the nature of the dust grains and ice mantles are very poorly constrained.
We therefore conclude that the best approach is to set empirical constraints on the desorption, based on observed
molecular depletions - rather than try to establish the desorption efficiencies from purely theoretical considerations.
Applying this method to one such object (L1689B) yields upper limits to the desorption efficiencies that are consistent
with our understanding of these mechanisms.
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A FLAMINGOS Deep Near Infrared Imaging Survey of the Rosette Complex I: Iden-
tification and Distribution of the Embedded Population
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We present the results of a deep near-infrared imaging survey of the Rosette Complex made with the Florida Multi-
Object Imaging Spectrograph (FLAMINGOS) at the 2.1m telescope at Kitt Peak National Observatory. We studied
the distribution of young embedded sources using a variation of the Nearest Neighbor Method applied to a carefully
selected sample of near-infrared excess (NIRX) stars which trace the latest episode of star formation in the complex.
Our analysis confirmed the existence of seven clusters previously detected in the molecular cloud, and identified four
more clusters across the complex. We determined that 60% of the young stars in the complex and 86% of the stars
within the molecular cloud are contained in clusters, implying that the majority of stars in the Rosette formed in
embedded clusters. Also, half of the young embedded population is contained in four clusters that coincide with the
central core of the cloud, where the main interaction between with the HII region is taking place. We compare the
sizes, infrared excess fractions and average extinction towards individual clusters to investigate their early evolution
and expansion. In particular, the size and degree of central condensation within the clusters appear to be related to
the degree of infrared excess and mean extinction in a way that suggests that the clusters form as compact entities
and then quickly expand after formation. We found that the average infrared excess fraction of clusters increases as
a function of distance from NGC 2244, implying a temporal sequence of star formation across the complex. This
sequence appears to be primordial, possibly resulting from the formation and evolution of the molecular cloud and not
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from the interaction with the HII region. Instead, the main influence of the HII region could be to enhance or inhibit
the underlying pattern of star formation in the cloud.

Accepted by Astrophysical Journal
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Aims. Elongated jets from young stellar objects typically present a nodular structure, formed by a chain of bright
knots of enhanced emission with individual proper motions. Though it is generally accepted that internal shocks play
an important role in the formation and dynamics of such structures, their precise origin and the mechanisms behind
the observed proper motions is still a matter of debate. Our goal is to study numerically the origin, dynamics, and
emission properties of such knots.

Methods. Axisymmetric simulations are performed with a shock-capturing code for gas dynamics, allowing for molec-
ular, atomic, and ionized hydrogen in non-equilibrium concentrations subject to ionization/recombination processes.
Radiative losses in [S II] lines are computed, and the resulting synthetic emission maps are compared with observations.

Results. We show that a pattern of regularly spaced internal oblique shocks, characterized by individual proper
motions, is generated by the pressure gradient between the propagating jet and the time variable external cocoon. In
the case of under-expanded, light jets the resulting emission knots are found to move downstream with the jet flow,
with increasing velocity and decaying brightness toward the leading bow shock. This suggests that the basic properties
of the knots observed in stellar jets can be reproduced even without invoking ad hoc pulsating conditions at the jet
inlet, though an interplay between the two scenarios is certainly possible.

Published by Astronomy & Astrophysics (Vol. 472, p. 855)
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We have detected the J = 76, 87, and 1514 lines of C6H
− toward a low-mass star-forming region of L1527. We have

also detected the J = 15/213/2 and 33/231/2 lines of the corresponding neutral species, C6H, and the 81,871,7 line of
C6H2 in L1527. This is the first detection of these three species in star-forming regions. The column density of C6H

−

is (5.8 ± 1.8) ×1010 cm−2, which is comparable to that in TMC-1, although the column density of C6H in L1527
is about 1/5 of that in TMC-1. Hence, the N(C6H

−)/N(C6H) ratio is 0.093 ± 0.029, which is higher than that in
TMC-1 by a factor of 4. This high anion-to-neutral ratio is discussed in terms of a simplified chemical model.

Published by The Astrophysical Journal Letters (Vol. 667, p. L65)
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We present the observational results of Galactic HII region Sh2-294, using optical photometry, narrow-band imaging
and radio continuum mapping at 1280 MHz, together with archival data from 2MASS, MSX and IRAS surveys. The
stellar surface density profile based on 2MASS data indicates that the radius of the cluster associated with the Sh2-
294 region is ∼ 2.3′. We found an anomalous reddening law for the dust inside the cluster region and the ratio of
total-to-selective extinction (RV ) is found to be 3.8 ± 0.1. We estimate the minimum reddening E(B − V ) = 1.35
mag and distance of 4.8 ± 0.2 kpc to the region from optical color-color and color-magnitude diagrams. We identified
the ionizing source of the HII region, and spectral type estimates based on different methods are consistent with a star
of spectral type ∼ B0 V. The 2MASS JHKs images reveal a partially embedded cluster associated with the ionizing
source along with a small cluster towards the eastern border of Sh2-294. The ionization front seen along the direction
of small cluster in radio continuum and Hα images, might be due to the interaction of ionizing sources with the nearby
molecular cloud. We found an arc shaped diffuse molecular hydrogen emission at 2.12 µm and a half ring of MSX dust
emission which surrounds the ionized gas in the direction of the ionization front. The HIRES processed IRAS maps
show two clumpy structures of high optical depth (τ100) and low color temperature (T (60/100)) at the eastern border
of the nebula. Self consistent radiative transfer model of mid- to far-infrared continuum emission detected near small
cluster is in good agreement with the observed spectral energy distribution of a B1.5 ZAMS star. The morphological
correlation between the ionised and molecular gas, along with probable time scale involved between the ionising star,
evolution of HII region and small cluster, indicates that the star-formation activity observed at the border is probably
triggered by the expansion of HII region.
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The Gould Belt (GB) is a system of gas and young, bright stars distributed along a plane that is inclined with respect
to the main plane of the Milky Way. Observational evidence suggests that the GB is our closest star formation
complex, but its true nature and origin remain rather controversial. In this work we analyze the fractal structure
of the stellar component of the GB. In order to do this, we tailor and apply an algorithm that estimates the fractal
dimension in a precise and accurate way, avoiding both boundary and small data set problems. We find that early OB
stars (of spectral types earlier than B4) in the GB have a fractal dimension very similar to that of the gas clouds in
our Galaxy. On the contrary, stars in the GB of later spectral types show a larger fractal dimension, similar to that
found for OB stars of both age groups in the local Galactic disk (LGD). This result seems to indicate that while the
younger OB stars in the GB preserve the memory of the spatial structure of the cloud where they were born, older
stars are distributed following a similar morphology as that found for the LGD stars. The possible causes for these
differences are discussed.
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Aims. We studied the thermal properties and chemical composition of the X-ray emitting plasma of a sample of
bright members of the Taurus Molecular Cloud to investigate possible differences among classical and weak-lined
T Tauri stars, and possible dependences of the abundances on the stellar activity level and/or on the presence of
accretion/circumstellar material.

Methods. We used medium-resolution X-ray spectra obtained with the sensitive EPIC/PN camera in order to analyze
the possible sample. The PN spectra of 20 bright (LX ∼ 1030 − 1031 erg s−1) Taurus members, with at least ∼ 4500
counts, were fitted using thermal models of optically thin plasma with two components and variable abundances of O,
Ne, Mg, Si, S, Ar, Ca, and Fe. Extensive preliminary investigations were employed to study the performances of the
PN detectors regarding abundance determinations, and finally to check the results of the fittings.

Results. We found that the observed X-ray emission of the studied stars can be attributed to coronal plasma having
similar thermal properties and chemical composition both in the classical and in the weak-lined T Tauri stars. The
results of the fittings did not reveal a correlation between the abundance patterns and activity or accretion/disk
presence. The iron abundance of these active stars is significantly lower than the solar photospheric value (∼ 0.2
solar). An indication of slightly different coronal properties in stars with different spectral type is found in this study.
G-type and early K-type stars have, on average, slightly higher Fe abundances (Fe ∼ 0.24 solar) than stars with later
spectral type (Fe ∼ 0.15 solar), confirming previous findings from high-resolution X-ray spectroscopy. Stars of the
former group are also found to have, on average, hotter coronae.

Published by Astronomy & Astrophysics (Vol. 473, p. 589)
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We numerically investigate the possibility of planetesimal accretion in circumbinary discs, under the coupled influence
of both stars’ secular perturbations and friction due to the gaseous component of the protoplanetary disc. We focus
on one crucial parameter: the distribution of encounter velocities between planetesimals in the 0.5100 km size range.
An extended range of binary systems with differing orbital parameters is explored. The resulting encounter velocities
are compared to the threshold velocities below which the net outcome of a collision is accumulation into a larger
body instead of mass erosion. For each binary configuration, we derive the critical radial distance from the binary
barycentre beyond which planetesimal accretion is possible. This critical radial distance is smallest for equal-mass
binaries on almost circular orbits. It shifts to larger values for increasing eccentricities and decreasing mass ratio. The
importance of the planetesimals’ orbital alignments of planetesimals due to gas drag effects is discussed.
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The distance to the well-known bipolar nebula S106 and its associated molecular cloud is highly uncertain. Values
between 0.5 and 2 kpc are given in the literature, favoring a view of S106 as an isolated object at 600 pc distance
as part of the ’Great Cygnus Rift’. However, there is evidence that S106 is physically associated with the Cygnus X
complex at a distance of ∼1.7 kpc (Schneider et al. 2006). In this case, S106 is a more massive and more luminous
star forming site as previously thought. We aim to understand the large-scale distribution of molecular gas in the S106
region, its possible association with other clouds in the Cygnus X south region, and the impact of UV radiation on the
gas. This will constrain the distance to S106. We employ a part of an extended 13CO and C18O 1→0 survey, performed
with the FCRAO, and data from the MSX and Spitzer satellites to study the spatial distribution and correlation of
molecular cloud/PDR interfaces in Cygnus X south. The 2MASS survey is used to obtain a stellar density map of
the region. We find evidence that several molecular clouds including S106 are directly shaped by the UV radiation
from members of several Cygnus OB clusters, mainly NGC 6913, and are thus located at a distance of ∼1.7 kpc in
the Cygnus X complex. The definition of OB associations in terms of spatial extent and stellar content in the Cygnus
X south region is revised.
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Observations by the Cores to Disk Legacy Team with the Spitzer Space Telescope have identified a low-luminosity,
mid-infrared source within the dense core, Lynds 1014, which was previously thought to harbor no internal source.
Follow-up near-infrared and submillimeter interferometric observations have confirmed the protostellar nature of this
source by detecting scattered light from an outflow cavity and a weak molecular outflow. In this paper, we report the
detection of centimeter continuum emission with the VLA. The emission is characterized by a quiescent, unresolved 90
µJy 6 cm source within 0.2′′ of the Spitzer source. The spectral index of the quiescent component is α = 0.37 ± 0.34
between 6 and 3.6 cm. A factor of 2 increase in 6 cm emission was detected during one epoch and circular polarization
was marginally detected at the 5 σ level with Stokes V/I = 48% ± 16%. We have searched for 22 GHz H2O maser
emission toward L1014-IRS, but no masers were detected during seven epochs of observations between 2004 June and
2006 December. L1014-IRS appears to be a low-mass, accreting protostar, which exhibits centimeter emission from a
thermal jet or a wind, with a variable nonthermal emission component. The quiescent cm radio emission is noticeably
above the correlation of 3.6 and 6 cm luminosity versus bolometric luminosity, indicating more radio emission than
expected. In this paper, we characterize the centimeter continuum emission in terms of observations of other low-mass
protostars, including updated correlations of centimeter continuum emission with bolometric luminosity and outflow
force, and discuss the implications of recent larger distance estimates on the physical attributes of the protostar and
dense molecular core.

Published by The Astrophysical Journal (Vol. 667, p. 329)

Brown dwarf formation by gravitational fragmentation of massive, extended protostellar
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We suggest that low-mass hydrogen-burning stars like the Sun should sometimes form with massive extended discs; and
we show, by means of radiation hydrodynamic simulations, that the outer parts of such discs (R >

∼
100 AU) are likely
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to fragment on a dynamical timescale (103 to 104 yr), forming low-mass companions: principally brown dwarfs (BDs),
but also very low-mass hydrogen-burning stars and planetary-mass objects. A few of the BDs formed in this way
remain attached to the primary star, orbiting at large radii. The majority are released into the field, by interactions
amongst themselves; in so doing they acquire only a low velocity dispersion (<

∼
2 kms−1), and therefore they usually

retain small discs, capable of registering an infrared excess and sustaining accretion. Some BDs form close BD/BD
binaries, and these binaries can survive ejection into the field. This BD formation mechanism appears to avoid some
of the problems associated with the ‘embryo ejection’ scenario, and to answer some of the questions not yet answered
by the ‘turbulent fragmentation’ scenario.
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The surface density of the star formation rate in different galaxies, as well as in different parts of a single galaxy,
scales nonlinearly with the surface density of the total gas. This observationally established relation is known as the
Kennicutt-Schmidt star formation law. The slope of the star formation law has been shown to change with the density
of the gas against which the star formation rate is plotted. This dependence implies a nonlinear scaling between the
dense gas and the total gas surface densities within galaxies. Here, we explore a possible interpretation of this scaling
as a property of the geometry of the interstellar medium (ISM), and we find that it arises naturally if the topology
of the ISM is multifractal. Under the additional assumption that, at very high densities, the star formation timescale
is roughly constant, the star formation law itself can also be recovered as a consequence of the multifractal geometry
of the ISM. The slope of the scaling depends on the width of the global probability density function (PDF), and is
between 1.5 and 1.6 for wide PDFs relevant to high-mass systems, while it is higher for narrower PDFs appropriate
for lower-mass dwarf galaxies, in agreement with observations.
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We present sensitive and high angular resolution (∼ 1′′) 1.3mm continuum observations of the dusty core D-MM1
in the Spokes cluster in NGC 2264 using the Submillimeter Array. A dense micro-cluster of seven Class 0 sources
was detected in a 20′′× 20′′ region with masses between 0.4 to 1.2M⊙ and deconvolved sizes of about 600AU. We
interpret the 1.3mm emission as arising from the envelopes of the Class 0 protostellar sources. The mean separation
of the 11 known sources (SMA Class 0 and previously known infrared sources) within D-MM1 is considerably smaller
than the characteristic spacing between sources in the larger Spokes cluster and is consistent with hierarchical thermal
fragmentation of the dense molecular gas in this region.
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Detection of Water Ice in Edge-on Protoplanetary Disks: HK Tauri B and HV Tauri C
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We report the first detection of 3 µm water ice absorption in a protoplanetary disk. Low-resolution spectroscopy with
Subaru IRCS was carried out for two T Tauri stars with an edge-on disk, HK Tau B and HV Tau C. A 3 µm deep
water ice absorption (τ ≥ 1) toward both objects was detected. Contribution by foreground cloud material to the
ice absorption should be small, since AV ≤ 3 toward HK Tau A and HV Tau A, HV Tau B. Although HV Tau C is
reported to have a small amount of envelope material, its mass is insufficient to produce the large optical depth of the
detected water ice. In addition, HK Tau B does not have any significant envelope mass. Therefore, the water ice exists
inside the disks of these objects. The optical depth profile of the water ice absorption in the protoplanetary disks
does not show any significant difference from those of protostellar sources. The water ice optical depth for HV Tau
C showed a large variation (∆τ = 0.59) in two observing epochs separated by 2.32 yr. Assuming the ice absorption
comes from a spherical cloud at 100 AU and Keplerian rotation, it suggests that a Pluto mass gas and dust cloud with
a size of 1.4 AU may have passed by the line of sight. The lack of variability of the continuum level of HV Tau C at
the two epochs implies that the dust grains with an icy mantle are segregated from the grains without an icy mantle.
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The non-thermal 3.6 cm radio continuum emission from the naked T Tauri stars Hubble 4 and HDE 283572 in Taurus
has been observed with the Very Long Baseline Array (VLBA) at 6 epochs between September 2004 and December
2005 with a typical separation between successive observations of 3 months. Thanks to the remarkably accurate
astrometry delivered by the VLBA, the trajectory described by both stars on the plane of the sky could be traced very
precisely, and modeled as the superposition of their trigonometric parallax and uniform proper motion. The best fits
yield distances to Hubble 4 and HDE 283572 of 132.8 ± 0.5 and 128.5 ± 0.6 pc, respectively. Combining these results
with the other two existing VLBI distance determinations in Taurus, we estimate the mean distance to the Taurus
association to be 137 pc with a dispersion (most probably reflecting the depth of the complex) of about 20 pc.
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Context: The Red MSX Source (RMS) survey is an ongoing multi-wavelength observational programme designed
to return a large, well-selected sample of massive young stellar objects (MYSOs). We have identified ∼2000 MYSOs
candidates located within our Galaxy by comparing the colours of MSX and 2MASS point sources to those of known
MYSOs. The aim of our follow-up observations is to identify other contaminating objects such as ultra compact (UC)
HII regions, evolved stars and planetary nebulae (PNe) and distinguish between genuine MYSOs and nearby low-mass
YSOs.
Aim: A critical part of our follow-up programme is to conduct 13CO molecular line observations in order to determine
kinematic distances to all of our MYSO candidates. These distances will be used in combination with far-IR and
(sub)millimetre fluxes to determine bolometric luminosities which will allow us to identify and remove nearby low-
mass YSOs. In addition these molecular line observations will help in identifying evolved stars which are weak CO
emitters.
Method: We have used the 22 m Mopra telescope, the 15 m JCMT and the 20 m Onsala telescope to conduct molecular
line observations towards 854 MYSOs candidates located in the 3rd and 4th quadrants. These observations have been
made at the J=1–0 (Mopra and Onsala) and J=2–1 (JCMT) rotational transition frequency of 13CO molecules and
have a spatial resolution of ∼20′′–40′′, a sensitivity of T ∗

A ≃ 0.1 K and a velocity resolution of ∼0.2 km s−1.
Results: We detect 13CO emission towards a total of 752 of the 854 RMS sources observed (∼ 88%). In total 2132
emission components are detected above 3σ level (typically T ∗

A ≥ 0.3 K). Multiple emission profiles are observed
towards the majority of these sources – 461 sources (∼60%) – with an average of ∼4 molecular clouds detected along
the line of sight. These multiple emission features make it difficult to assign a kinematic velocity to many of our sample.
We have used archival CS (J=2–1) and maser velocities to resolve the component multiplicity towards 82 sources and
have derived a criterion which is used to identify the most likely component for a further 218 multiple component
sources. Combined with the single component detections we have obtained unambiguous kinematic velocities towards
591 sources (∼80% of the detections). The 161 sources for which we have not been able to determine the kinematic
velocity will require additional line data. Using the rotation curve of Brand and Blitz (1993) and their radial velocities
we calculate kinematic distances for all components detected.
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2 Université Bordeaux 1, CNRS, Laboratoire Astrophysique de Bordeaux , BP89 33270 Floirac, France
3 Ohio State University, Department of Physics, 174 West 18th Avenue, Columbus, OH 43210-1106 USA
4 Ural State University, ul. Lenina 51, Yekatirinburg, 620083, Russia

E-mail contact: semenov at mpia.de

We study how uncertainties in the rate coefficients of chemical reactions in the RATE 06 database affect abundances
and column densities of key molecules in protoplanetary disks. We randomly varied the gas-phase reaction rates
within their uncertainty limits and calculated the time-dependent abundances and column densities using a gas-grain
chemical model and a flaring steady-state disk model. We find that key species can be separated into two distinct
groups according to the sensitivity of their column densities to the rate uncertainties. The first group includes CO,
C+, H+

3 , H2O, NH3, N2H
+, and HCNH+. For these species, the column densities are not very sensitive to the rate

uncertainties but the abundances in specific regions are. The second group includes CS, CO2, HCO+, H2CO, C2H, CN,
HCN, HNC and other, more complex species, for which high abundances and abundance uncertainties co-exist in the
same disk region, leading to larger scatters in the column densities. However, even for complex and heavy molecules,
the dispersion in their column densities is not more than a factor of ∼ 4. We perform a sensitivity analysis of the
computed abundances to rate uncertainties and identify those reactions with the most problematic rate coefficients.
We conclude that the rate coefficients of about a hundred of chemical reactions need to be determined more accurately
in order to greatly improve the reliability of modern astrochemical models. This improvement should be an ultimate
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goal for future laboratory studies and theoretical investigations.

Accepted by ApJ
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Spatial simulations of the Kelvin-Helmholtz instability in astrophysical jets: A partial
stabilization mechanism for weakly magnetized transonic flows
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Aims. The long term magnetohydrodynamic stability of magnetized transonic/supersonic jets is numerically inves-
tigated using a spatial approach. We focus on two-dimensional linearly-unstable slab configurations where the jet is
embedded in a flow-aligned uniform magnetic field of weak amplitude. We compare our results with previous studies
using a temporal approach where longitudinally periodic domains were adopted.

Methods. The finite-volume based versatile advection code is used to solve the full set of ideal compressible MHD
equations. We follow the development of Kelvin-Helmholtz modes that are driven by a white noise perturbation
continuously introduced at the jet inlet.

Results. No noticeable difference is observed in spatial simulations versus analogous temporal ones during the linear
and early non-linear evolution of the configuration. However, in the case of transonic flows, a different long-term
scenario occurs in our spatial runs. Indeed, after the large-scale disruption of the flow, a sheath region of enhanced
magnetic field encompassing the jet core forms along the whole flow. This provides a partial stabilization mechanism
leading to enhanced stability for later times, which is almost independent of the initial magnitude of the magnetic
field. The implication of this mechanism for the stability of astrophysical jets is discussed.

Published by Astronomy & Astrophysics (Vol. 473, p. 1)
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Context. The interstellar medium contains warm clouds that are embedded in a hot dilute gas produced by supernovae.
Because both gas phases are in contact, an interface forms where mass and energy are exchanged. Whether heat
conduction leads to evaporation of these clouds or whether condensation dominates has been analytically derived.
Both phases behave differently dynamically so that their relative motion has to be taken into account.

Aims. Real clouds in static conditions that experience saturated heat conduction are stabilized against evaporation
if self-gravity and cooling play a role. Here, we investigte to what extent heat conduction can hamper the dynamical
disruption of clouds embedded in a streaming hot plasma.

Methods. To examine the evolution of giant molecular clouds in the stream of a hot plasma we performed two-
dimensional hydrodynamical simulations that take full account of self-gravity, heating and cooling effects and heat
conduction by electrons. We use the thermal conductivity of a fully ionized hydrogen plasma proposed by Spitzer
and a saturated heat flux according to Cowie & McKee in regions where the mean free path of the electrons is large
compared to the temperature scaleheight.

Results. Significant structural and evolutionary differences occur between simulations with and without heat conduc-
tion. Dense clouds in pure dynamical models experience dynamical destruction by Kelvin-Helmholtz (KH) instability.
In static models heat conduction leads to evaporation of such clouds. Heat conduction acting on clouds in a gas stream
smooths out steep temperature and density gradients at the edge of the cloud because the conduction timescale is
shorter than the cooling timescale. This diminishes the velocity gradient between the streaming plasma and the cloud,
so that the timescale for the onset of KH instabilities increases, and the surface of the cloud becomes less susceptible
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to KH instabilities. The stabilisation effect of heat conduction against KH instability is more pronounced for smaller
and less massive clouds. As in the static case more realistic cloud conditions allow heat conduction to transfer hot
material onto the cloud’s surface and to mix the accreted gas deeper into the cloud.

Conclusions. In contrast to pure dynamical models of clouds in a plasma and to analytical considerations of heat
conduction that can evaporate such clouds embedded in a hot plasma, our realistic numerical simulations demonstrate
that this destructive effect of KH instability is significantly slowed by heat conduction so that clouds can survive their
passage through hot gas.
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We present a numerical model for the evolution of a protostellar disc that has formed self-consistently from the collapse
of a molecular cloud core. The global evolution of the disc is followed for several million years after its formation.
The capture of a wide range of spatial and temporal scales is made possible by use of the thin-disc approximation.
We focus on the role of gravitational torques in transporting mass inward and angular momentum outward during
different evolutionary phases of a protostellar disc with disc-to-star mass ratio of order 0.1. In the early phase, when the
infall of matter from the surrounding envelope is substantial, mass is transported inward by the gravitational torques
from spiral arms that are a manifestation of the envelope-induced gravitational instability in the disc. In the late
phase, when the gas reservoir of the envelope is depleted, the distinct spiral structure is replaced by ongoing irregular
nonaxisymmetric density perturbations. The amplitude of these density perturbations decreases with time, though
this process is moderated by swing amplification aided by the existence of the disc’s sharp outer edge. Our global
modelling of the protostellar disc reveals that there is typically a residual nonzero gravitational torque from these
density perturbations, i.e. their effects do not exactly cancel out in each region. In particular, the net gravitational
torque in the inner disc tends to be negative during first several million years of the evolution, while the outer disc
has a net positive gravitational torque. Our global model of a self-consistently formed disc shows that it is also
self-regulated in the late phase, so that it is near the Toomre stability limit, with a near-uniform Toomre parameter
Q ≈ 1.5 − 2.0. Since the disc also has near-Keplerian rotation, and comparatively weak temperature variation, it
maintains a near-power-law surface density profile proportional to r−3/2.
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New ammonia masers towards NGC6334I
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We report the detection of new ammonia masers in the non-metastable (8,6) and (11,9) transitions towards the
massive star forming region NGC 6334 I. Observations were made with the ATCA interferometer and the emitting
region appears unresolved in the 2.7” × 0.8” beam, with deconvolved sizes less than an arcsecond. We estimate peak
brightness temperatures of 7.8 × 105 and 1.2 × 105 K for the (8,6) and (11,9) transitions, respectively. The masers
appear coincident both spatially and in velocity with a previously detected ammonia (6,6) maser. We also suggest
that emission in the (10,9), (9,9) and (7,6) transitions may also be masers, based on their narrow line widths and
overlapping velocity ranges with the above masers, as observed with the single-dish Mopra radiotelescope.

Accepted by MNRAS
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The James Clerk Maxwell Telescope Legacy Survey of Nearby Star-forming Regions in
the Gould Belt
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Basu6, I. Bonnell7, J. Bowey8, C. Brunt3, J. Buckle9, H. Butner10, B. Cavanagh11, A. Chrysostomou11,12,
E. Curtis9, C. J. Davis11, W. R. F. Dent13, E. van Dishoeck4, M. G. Edmunds1, M. Fich14, J. Fiege15,
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H. Moriarty-Schieven2,11, D. Naylor23, R. Padman9, R. Plume24, J. M. C. Rawlings8, R. O. Redman2,
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This paper describes a James Clerk Maxwell Telescope (JCMT) legacy survey that has been awarded roughly 500 hr
of observing time to be carried out from 2007 to 2009. In this survey, we will map with SCUBA-2 (Submillimetre
Common-User Bolometer Array 2) almost all of the well-known low-mass and intermediate-mass star-forming regions
within 0.5 kpc that are accessible from the JCMT. Most of these locations are associated with the Gould Belt. From
these observations, we will produce a flux-limited snapshot of star formation near the Sun, providing a legacy of
images, as well as point-source and extended-source catalogs, over almost 700 deg2 of sky. The resulting images
will yield the first catalog of prestellar and protostellar sources selected by submillimeter continuum emission, and
should increase the number of known sources by more than an order of magnitude. We will also obtain with the
array receiver HARP (Heterodyne Array Receiver Program) CO maps, in three CO isotopologues, of a large typical
sample of prestellar and protostellar sources. We will then map the brightest hundred sources with the SCUBA-2
polarimeter (POL-2), producing the first statistically significant set of polarization maps in the submillimeter. The
images and source catalogs will be a powerful reference set for astronomers, providing a detailed legacy archive for
future telescopes, including ALMA, Herschel, and JWST
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The development of a protoplanetary disk from its natal envelope
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Class 0 protostars, the youngest type of young stellar objects, show many signs of rapid development from their
initial, spheroidal configurations, and therefore are studied intensively for details of the formation of protoplanetary
disks within protostellar envelopes. At millimetre wavelengths, kinematic signatures of collapse have been observed in
several such protostars, through observations of molecular lines that probe their outer envelopes. It has been suggested
that one or more components of the proto-multiple system NGC 1333IRAS 4 may display signs of an embedded region
that is warmer and denser than the bulk of the envelope. Here we report observations that reveal details of the core
on Solar System dimensions. We detect in NGC 1333IRAS 4B a rich emission spectrum of H2O, at wavelengths 2037
µm, which indicates an origin in extremely dense, warm gas. We can model the emission as infall from a protostellar
envelope onto the surface of a deeply embedded, dense disk, and therefore see the development of a protoplanetary
disk. This is the only example of mid-infrared water emission from a sample of 30 class 0 objects, perhaps arising from
a favourable orientation; alternatively, this may be an early and short-lived stage in the evolution of a protoplanetary
disk.
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Using the IRAM 30 m telescope, a mapping survey in optically thick and thin lines was performed towards 46 high
mass star-forming regions. The sample includes UC Hii precursors and UC Hii regions. Seventeen sources are found
to show “blue profiles”, the expected signature of collapsing cores. The excess of sources with blue over red profiles
([Nblue – Nred]/Ntotal) is 29% in the HCO+ J=1–0 line, with a probability of 0.6% that this is caused by random
fluctuations. UC Hii regions show a higher excess (58%) than UC Hii precursors (17%), indicating that material is
still accreted after the onset of the UC Hii phase. Similar differences in the excess of blue profiles as a function of
evolutionary state are not observed in low mass star-forming regions. Thus, if confirmed for high mass star-forming
sites, this would point at a fundamental difference between low- and high-mass star formation. Possible explanations
are inadequate thermalization, stronger influence of outflows in massive early cores, larger gas reserves around massive
stellar objects or different trigger mechanisms between low- and high- mass star formation.
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Light-induced disassembly of dusty bodies in inner protoplanetary discs: implications
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Laboratory experiments show that a solid-state greenhouse effect in combination with thermophoresis can efficiently
erode a dust bed in a low-pressure gaseous environment. The surface of an illuminated, light absorbing dusty body is
cooler than the dust below the surface (solid-state greenhouse effect). This temperature gradient leads to a directed
momentum transfer between gas and dust particles and the dust particles are subject to a force towards the surface
(thermophoresis). If the thermophoretic force is stronger than gravity and cohesion, dust particles are ejected. Applied
to protoplanetary discs, dusty bodies smaller than several kilometres in size which are closer to a star than ∼ 0.4
au are subject to a rapid and complete disassembly to submillimetre size dust aggregates by this process. While
an inward-drifting dusty body is destroyed, the generated dust is not lost for the disc by sublimation or subsequent
accretion on to the star but can be reprocessed by photophoresis or radiation pressure. Planetesimals cannot originate
through aggregation of dust inside the erosion zone. If objects larger than several kilometres already exist, they prevail
and further grow by collecting dust from disassembled smaller bodies. The pile-up of solids in a confined inner region
of the disc, in general, boosts the formation of planets. Erosion is possible in even strongly gas-depleted inner regions
as observed for TW Hya. Reprocessing of dust through light-induced erosion offers one possible explanation for growth
of large cores of gas-poor giant planets in a gas-starved region as recently found around HD 149026b.
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Large-scale star formation in disk galaxies is hypothesized to be driven by global gravitational instability. The
observed gas surface density is commonly used to compute the strength of gravitational instability, but according
to this criterion star formation often appears to occur in gravitationally stable regions. One possible reason is that
the stellar contribution to the instability has been neglected. We have examined the gravitational instability of the
Large Magellanic Cloud (LMC) considering the gas alone, and considering the combination of collisional gas and
collisionless stars. We compare the gravitationally unstable regions with the on-going star formation revealed by
Spitzer observations of young stellar objects. Although only 62% of the massive young stellar object candidates are
in regions where the gas alone is unstable, some 85% lie in regions unstable due to the combination of gas and stars.
The combined stability analysis better describes where star formation occurs. In agreement with other observations
and numerical models, a small fraction of the star formation occurs in regions with gravitational stability parameter
Q > 1. We further measure the dependence of the star formation timescale on the strength of gravitational instability,
and quantitatively compare it to the exponential dependence expected from numerical simulations.
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We present high-resolution spectroscopic mid-infrared observations of the circumstellar disk around the Herbig Ae star
HD 97048 with the VLT Imager and Spectrometer for the mid-InfraRed (VISIR). We detect the S(1) pure rotational
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line of molecular hydrogen (H2) at 17.035 µm arising from the disk around the star. This detection reinforces the
claim that HD 97048 is a young object surrounded by a flared disk at an early stage of evolution. The emitting warm
gas is located within the inner 35 AU of the disk. The line-to-continuum flux ratio is much higher than expected
from models of disks at local thermodynamic equilibrium. We investigate the possible physical conditions, such as a
gas-to-dust mass ratio higher than 100 and different excitation mechanisms of molecular hydrogen (e.g., X-ray heating,
shocks), that would explain the detection. We tentatively estimate the mass of warm gas to be in the range from 10−2

to nearly 1 MJup. Further observations are needed to better constrain the excitation mechanisms as well as the mass
of gas.
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Aims. We searched for infrared flux excesses of planetary-mass candidates in the σ Orionis cluster (∼ 3 Myr, ∼ 350
pc).

Methods. Using IJHKs data from the literature and the [3.6], [4.5], [5.8], and [8.0] IRAC images of the σ Orionis
cluster from the Spitzer Space Telescope public archives, we constructed colour-colour diagrams and spectral energy
distributions from 0.8 to 8.0 µm of cluster candidates fainter than J = 18.0 mag, i.e. the planetary-mass borderline
for σ Orionis.

Results. Infrared flux excesses are detected longward of 5 µm in seven objects (S Ori 54, 55, 56, 58, 60, S Ori
J053956.8-025315 and S Ori J053858.6-025228) with masses estimated in the range 7-14 MJup. Emission at shorter
wavelengths (4.5 µm) in excess of the photosphere is probably observed in S Ori 56 and S Ori J053858.6-025228. The
faintest and least massive object, S Ori 60, exhibits flux excess only at 8 µm. We ascribe these infrared excesses to the
presence of circumsubstellar warm discs, providing additional confirmation for the objects’ membership of σ Orionis.
The observed incidence of inner discs around planetary-mass objects is ≥50%, which is consistent with the measured
inner disc frequency among cluster brown dwarfs and low-mass stars, suggesting that these objects share a common
origin. However, there is a trend for the inner disc rate to increase with decreasing mass (from 10 M⊙ through the
substellar domain), which may be due to a mass-dependent timescale for the dissipation of the interior discs.
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Context. To investigate the process of star formation triggered by the expansion of an H II region, we present a
multi-wavelength analysis of the Galactic H II region RCW 120 and its surroundings. The collect and collapse model
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predicts that the layer of gas and dust accumulated between the ionization and shock fronts during the expansion of
the H II region collapses and forms dense fragments, giving rise to potential sites of massive-star formation.

Aims. The aim of our study is to look for such massive fragments and massive young stars on the borders of RCW
120. Methods.We mapped the RCW 120 region in the cold dust continuum emission at 1.2 mm to search for these
fragments. We supplemented this study with the available near- (2MASS) and mid-IR (GLIMPSE) data to locate the
IR sources observed towards this region and to analyse their properties. We then compared the observational results
with the predictions of Hosokawa & Inutsuka’s model (2005, ApJ, 623, 917; 2006, ApJ, 646, 240).

Results. At 1.2 mm we detected eight fragments towards this region, five located on its borders. The largest fragment
has a mass of about 370 M⊙. Class I and Class II young stellar objects are detected all over the region, with some
observed far from the ionization front. This result emphasises the possible importance of distant interactions between
the radiation, escaping from the ionized region, and the surrounding medium.
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In the sequential accretion model, planets form through the sedimentation of dust, cohesive collisions of planetesimals,
and coagulation of protoplanetary embryos prior to the onset of efficient gas accretion. As progenitors of terrestrial
planets and the cores of gas giant planets, embryos have comparable masses and are separated by the full width of
their feeding zones after the oligarchic growth. Within this context, we investigate the orbit-crossing time (Tc) of
protoplanetary systems with equal planetary masses and initial separation k0 scaled by their mutual Hill radii (“EMS
systems”). In a gas-free environment, log [Tc/(1 yr)] ≃ A + B log (k0/2.3), where A and B are functions of the
planetary masses and initial eccentricities. This power law is caused by a random-walk diffusion of velocity dispersion
σ(t) in the EMS systems. The diffusion also leads to (1) a Rayleigh distribution of eccentricities with probability
P(t) = (e/σ2) exp [-e2/(2σ2)] at time t and (2) an evolution of average eccentricity ∝ t1/2. As evidence of this
chaotic diffusion, the observed eccentricities of known extrasolar planets obey a Rayleigh distribution. In a gaseous
environment, as embryos become well separated (with k0 ≃ 6-12), their orbit-crossing tendency is suppressed by tidal
drag, and their growth is stalled as their orbits are circularized. We evaluate the isolation masses of the embryos,
which determine the probability of gas giant formation, as a function of the dust and gas surface densities.
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The solar and extrasolar gas giants appear to have diverse internal structure and metallicities. We examine a potential
cause for these dispersions in the context of the conventional sequential accretion formation scenario. In principle,
gas accretion onto cores with masses below several times that of the Earth is suppressed by the energy released from
the bombardment of residual planetesimals. Due to their aerodynamical and tidal interaction with the nascent gas
disk, planetesimals on eccentric orbits undergo slow orbital decay. We show that these planetesimals generally cannot
pass through the mean motion resonances of the cores, and the suppression of planetesimal bombardment rate enables
the cores to accrete gas with little interruption, thus shortening the timescale of gas giant formation. During growth
from the cores to protoplanets, resonances overlap with each other, which strongly enhances the eccentricity excitation
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of the trapped planetesimals. Subsequent gas drag induces the planetesimals to migrate to the proximity of the
protoplanets and collide with them. This process leads to the resumption and a surge of planetesimal bombardment
during the advanced stage of the protoplanet growth. Intruder planetesimals with different masses can either be
resolved in the envelope or reach the core of the protoplanets. This mechanism may account for the diversity of the
core-envelope structure between Jupiter, Saturn, and the metallicity dispersion inferred from the transiting extrasolar
planets. During the final formation stage of the protogas giants, gap opening in gas disk leads to the accumulation of
planetesimals outside the feeding zone of the protoplanets. The surface density enhancement promotes the subsequent
buildup of cores for secondary gas giant planets outside the orbit of the first-born protoplanets and the formation of
eccentric multiple planet systems.

Published by The Astrophysical Journal (Vol. 666, p. 447)

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), Abstracts of recently

accepted major reviews (not standard conference contributions), Dissertation Abstracts (presenting
abstracts of new Ph.D dissertations), Meetings (announcing meetings broadly of interest to the star
and planet formation and early solar system community), New Jobs (advertising jobs specifically aimed
towards persons within the areas of the Newsletter), and Short Announcements (where you can inform
or request information from the community).

Latex macros for submitting abstracts and dissertation abstracts (by e-mail to
reipurth@ifa.hawaii.edu) are appended to each issue of the newsletter. You can also submit
via the Newsletter web interface at http://www2.ifa.hawaii.edu/star-formation/index.cfm
.

The Star Formation Newsletter is available on the World Wide Web at
http://www.ifa.hawaii.edu/users/reipurth or at http://www.eso.org/gen-fac/pubs/starform/ .

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

Observational studies of gas in protoplanetary disks

Andrés Carmona Gonzalez

Thesis work conducted at: European Southern Observatory, Garching, Germany
& Max-Planck Institute for Astronomy, Heidelberg, Germany

Current address: ISDC/Observatoire de Geneve, Ch. d’Ecogia 16, 1290 Versoix, Switzerland

Electronic mail: carmona at mpia.de

Ph.D dissertation directed by: Prof. Dr. Thomas Henning (MPIA) & Dr. Mario van den Ancker (ESO)

Ph.D degree awarded: July 2007

The gas dominates the mass and dynamics of protoplanetary disks. However, very few observational constraints exist
about the physical properties of the gas in the planet forming region of the disks. This thesis presents an ensemble of
new observational projects aimed at studying the gas in the disks of selected nearby Herbig Ae/Be stars (HAEBES)
and classical T Tauri stars (CTTS). In the first chapter we present a search for CO 4.7 µm ro-vibrational emission from
HAEBES using ISAAC, ESO’s first generation VLT near-infrared spectrograph. In the second chapter, we describe a
project in which we intended to probe the outer cold gas of protoplanetary disks, by measuring gas absorption features
of the disk superimposed on the optical spectra of close (<1.5”) visual companions of nearby HAEBES utilizing
FORS2, ESO’s VLT optical spectrograph. In the third chapter, we present a large observational effort to detect H2

fundamental rotational emission at 12.278 and 17.035 µm from HAEBES employing VISIR, ESO’s new high-resolution
mid-infrared spectrograph. In the fourth chapter, we describe the first results of a sensitive search for near-infrared
H2 ro-vibrational emission at 2.1218, 2.2233 and 2.2477 µm in the CTTS LkHα 264 and the debris disk 49 Cet using
CRIRES, ESO’s new VLT near-infrared high-resolution spectrograph. From our observations (detections and non-
detections), we derive important constraints on the physical properties of the studied disks (e.g. mass, column density,
temperature, age, excitation mechanism, inclination). We show that high-resolution infrared spectroscopy is a crucial
tool for future studies of the structure of protoplanetary disks.
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1-10 Myr-old Low Mass Stars and Brown Dwarfs in Nearby Star
Forming Regions

Catherine Slesnick

California Institute of Technology, Dept. of Astronomy

Caltech Astronomy, MC 105-24, Pasadena, CA 91125, USA

Address as of 1 Oct 2007: Carnegie Institute of Washington, Department of Terrestrial Magnetism, 5241 Broad
Branch Road, NW, Washington, DC 20015

Electronic mail: cls at astro.caltech.edu

Ph.D dissertation directed by: Lynne Hillenbrand

Ph.D degree awarded: July 2007

My thesis research has focused primarily on identifying and characterizing pre-main sequence stars in nearby star-
forming regions. To this end, I carried out wide-field (∼150–250 deg2) optical photometric and spectroscopic surveys
in and near the star forming regions of Taurus and Upper Scorpius.

In Taurus, the aim of my optical photometric/spectroscopic survey was specifically to probe for a population of
intermediate-age pre-main sequence stars outside of the young subclusters that are known to contain most of the
young Taurus population. From this work, I found tens of young (∼1–3 Myr) and intermediate-age (∼5–10 Myr)
stars both near the known Taurus population and to the east, but relatively few pre-main sequence stars of any age
to the west. I argued that the new pre-main sequence stars identified far from Taurus can not have originated from
the vicinity of the 1-2 Myr-old subclusters, and I proposed instead that they comprise a new, previously undiscovered
region of recent star formation.

In USco, the aim of my optical photometric/spectroscopic survey was to probe beyond previously explored regions
to identify large numbers of 5 Myr-old low mass stars. From the spectroscopic data, I have discovered 145 low mass
members of USco. Using Monte Carlo simulations I showed that, taking into account known observational errors, the
observed age dispersion for the low mass population in USco is consistent with all stars forming in a single burst ∼5
Myr ago. I also derived the first spectroscopic mass function for USco that extends into the substellar regime, and
compared results to similar mass functions derived for stars in four other young clusters and associations.
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New Jobs

Star Formation Postdoctoral Fellowship, University of Florida

UNIVERSITY OF FLORIDA, Attention: Jonathan Tan
Dept. of Astronomy, 211 Bryant Space Science Center, PO Box 112 055, Gainesville, FL 32611-2055, USA
Tel: 352 392 2052 ext 254; Fax: 352 392 5089
Email Inquiries: (Jonathan Tan) jt at astro.ufl.edu
URL1: http://www.astro.ufl.edu/starformation.html
URL2: http://www.astro.ufl.edu/theory

The Department of Astronomy at the University of Florida (UF) invites applications for a Star Formation Postdoctoral
Fellowship. The successful applicant will submit a research proposal to work in one or more of the following areas:
local Galactic star and star cluster formation, global star formation activity of disk galaxies, star formation near AGN
and the Galactic Center, and star formation in the early universe. Both observational and theoretical applications will
be considered. Research proposals with potential for collaborations with the UF star formation and/or theory groups
are encouraged.

UF faculty involved in star formation research include Steve Eikenberry, Elizabeth Lada, Jonathan Tan, and Charlie
Telesco. Theoretical work includes analytic and numerical calculations of the formation of massive star formation,
giant molecular cloud formation, and galactic scale star formation (Tan). Observational programs involve a wide range
of star formation topics and facilities, including GEMINI-FLAMINGOS-2 surveys of embedded star clusters (Lada)
and the Galactic Center (Eikenberry), and a variety of Gran-Telescopio Canarias (10m optical/IR) projects.

The position is an annual appointment, renewable for up to three years based on satisfactory performance, starting in
or around Aug. 2008, with a salary of $45,000. Applicants should have a recent PhD., preferably in a star formation
related field. Further information is available from Jonathan Tan (jt at astro.ufl.edu).

Application materials (CV, bibliography, statement of research interests and plans [no more than 3 pages plus 2 pages
for figures], and three letters of reference [candidates are responsible for having their reference letters sent to UF])
should be mailed to the above address or emailed to Jonathan Tan (jt at astro.ufl.edu) by 15th December 2007.

The University of Florida is an Equal Opportunity Institution.

Postdoctoral Fellowship on Young Stellar Objects, their Surroundings
and Jets

Expires: October 30, 2007

INAF - Osservatorio Astronomico di Palermo (Italy) will appoint one fellow in the area of ”Young Stellar Objects,
their Surroundings and Jets”, under a Marie Curie Transfer of Knowledge grant. The fellowship is expected to start
before the end of 2007 (negotiable) and to last 24 months. The successful candidate is expected to have ex-
perience on data analysis and emission processes in the radio and/or infrared and/or optical and/or
X-ray bands.

Candidates should have a PhD or at least four years of full-time research experience at postgraduate level in a relevant
field. In either case the candidate cannot have more than ten years of research experience.
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Gross salary is fixed at 3889.25 Euro per month, for the duration of the contract, plus a mobility allowance.

Female candidates are explicitly encouraged to apply.

For eligibility and application details please check the PHOENIX website
http://www.astropa.unipa.it/̃ orlando/PHOENIX/POSITION/

All documents should arrive by October 30, 2007 at:

INAF - Osservatorio Astronomico di Palermo
Marie Curie Fellowship Selection (PHOENIX)
Piazza del Parlamento 1
I-90134 Palermo,
ITALY

For further information contact:
Salvatore Orlando - orlando at astropa.inaf.it
or visit
http://www.astropa.unipa.it/̃ orlando/PHOENIX

Meetings

Astrobiology Science Conference 2008 Topical Session: Chemical
Constraints on the Formation and Evolution of Habitable Worlds

This session will focus on understanding the origin and evolution of organic molecules and other volatiles in planet-
forming disks, and the processes that lead to the formation of a habitable planetary system including topics such
as: a) constraining the major element composition and the origin of volatiles in terrestrial planets; b) the evolution
of organic compounds in primordial gas-rich disks, which are the initial conditions of habitable planetary systems;
and c) predicting the diverse characteristics of terrestrial planets based on the protoplanetary environments in which
they are formed. We invite contributions from the astronomical, cosmochemical, astrochemical, and planetary science
communities. The deadline for submission of abstracts is December 3, 2007. Authors will be notified of final abstract
status by February 1, 2008. Instructions for registration and abstract submission can be found at the meeting website:
http://abscicon.seti.org/

57



New Books

Jets from Young Stars I: Models and Constraints
Edited by Jonathan Ferreira, Catherine Dougados, Emma Whelan

Springer Lecture Notes in Physics Vol. 723

JETSET is a four year Marie Curie research training network on jet simulations, observations, experiments and theory.
As part of a commitment to the training of young researchers, the training network has organised a number of schools
covering areas relevant to the study of jet phenomena. This book “Jets from Young Stars I: Models and Constraints”
is the first in a series that will be published by Springer. The first half of the book is devoted to general observational
constraints, covering the outflow phenomenon in young stars, the identification of magneto-centrifugal processes as
the main jet driving mechanism, and the magnetic interaction between the star and its accretion disc. The second
half of the book is devoted to theoretical knowledge of magneto-hydrodynamic processes pertinent to the jet launching
mechanism in young stars. This comprises a general introduction to magneto-hydrodynamics, a description of the role
of MHD processes in Standard Accretion Discs, and the physics of steady state MHD outflows, from the basic concepts
and equations to modern self-similar solutions. Further lectures detail the various classes of steady magnetic-wind
models currently discussed in the context of protostellar jets.

The book contains the following articles based on the lectures given at the first JETSET school:

Part I: Observational Constraints

The First Three Million Years, Tom Ray

Jets from Young Stars: The Need for MHD Collimation and Acceleration Processes, Sylvie Cabrit

Star-disk Interaction in Classical T Tauri Stars, Silvia Alencar

Part II: Magneto-Hydrodynamic Models

Introduction to Magneto-Hydrodynamics, Guy Pelletier

Theory and Models of Standard Accretion Disks, Caroline Terquem

Theory of MHD Jets and Outflows, Kanaris Tsinganos

Transit Flows and Jet Asymptotics, Thibaut Lery

MHD Disc Winds, Jonathan Ferreira

Stellar Wind Models, Christophe Sauty

The second in the series of books “Jets from Young Stars II: Clues from High Angular Resolution Observations” is
expected to be published by the end of the year. For further information please see www.springer.com or contact
ewhelan at cp.dias.ie

Springer verlag

ISBN 978-3-540-68033-8, hardbound, 228 pages, 2007
Euro 59.95 from Springer or US$59.95 from Amazon:

http://www.springer.com/east/home/generic/search/results?SGWID=5-40109-22-173707334-0

or

http://www.amazon.com/Jets-Young-Stars-Constraints-Lecture/dp/3540680330/
ref=sr 1 3/103-3190904-4192641?ie=UTF8&s=books&qid=1190629053&sr=1-3
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