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Abstracts of recently accepted papers
Detection of Molecular Hydrogen Orbiting a “Naked” T Tauri Star
Jeffrey S. Bary1 , David A. Weintraub1 and Joel H. Kastner2
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2
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Astronomers have established that for a few million years newborn stars possess disks of orbiting gas and dust. Such
disks, which are likely sites of planet formation, appear to disappear once these stars reach ages of 5-10 × 106 yr;
yet, ≥ 107 yr is thought necessary for giant planet formation. If disks dissipate in less time than is needed for giant
planet formation, such planets may be rare and those known around nearby stars would be anomalies. Herein, we
report the discovery of H2 gas orbiting a weak-lined T Tauri star heretofore presumed nearly devoid of circumstellar
material. We estimate that a significant amount of H2 persists in the gas phase, but only a tiny fraction of this mass
emits in the near-infrared. We propose that this star possesses an evolved disk that has escaped detection thus far
because much of the dust has coagulated into planetesimals. This discovery suggests that the theory that disks are
largely absent around such stars should be reconsidered. The widespread presence of such disks would indicate that
planetesimals can form quickly and giant planet formation can proceed to completion before the gas in circumstellar
disks disperses.
Accepted by Astrophysical Journal Letters

Variability of Southern T Tauri Stars (VASTT) III:
The Continuum Flux Changes of the TW Hya Bright Spot
Celso Batalha1 , Natalie M. Batalha2 , Silvia H.P. Alencar3 , Dalton F. Lopes1 and Eduardo S. Duarte1
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E-mail contact: celso@on.br
We have collected low resolution spectrophotometric data of the classical T Tauri star TW Hya in an effort to detect
and to follow the excess continuum emission (veiling) and the line changes at λ < 5100 Å. The de-veiled and calibrated
flux distribution resembles that of a 30 Myr K7-M1 star, of radius R/R = 0.8, mass M/M = 0.7 and log g = 4.5.
The anticorrelation between the veiling (in the B-band) and the observed Balmer jump, found by previous authors
based on large samples of classical T Tauri stars, is confirmed in TW Hya. The line emission luminosities of the H,
CaII and HeI lines correlate with one another throughout the series, supporting the claims that the bulk of the line
emission is formed in a single region or their growth is controlled by a common mechanism. Surprisingly, the line
emission fluxes do not correlate with the veiling at 4250 Å (B-band). The line luminosities are in general less than
1% of the continuum luminosities.
The veiling time series presents a cyclic behavior at 4.4 ± 0.4 days. We collected all of the archival photometric data
and analyzed the B-band observations using different algorithms. We found solutions at either the 4.4-day timescale
1

or one half of this value. The latter data sets yield double-peaked light curves when folded at the 4.4-day timescale.
We interpret the 4.4-day solution as the rotation period of the star.
The veiling and the line emission measurements yield accretion luminosities for the series. We model the impacted
area in the photosphere by an isothermal gas of a given density, temperature and size whose parameters change as
the star rotates. Estimations of the total spot area (δ), as a percentage of the stellar projected area, lie within the
range 2.5 < δ < 6.0. The accretion luminosity of the impacted region does not remain constant throughout the series.
The mass accretion rate (Ṁacc ) that governs the luminosity, varies within 1.0 x 10−9 M yr−1 < Ṁacc < 4.8 x 10−8
M yr−1 . The spot luminosity and the associated Ṁacc are tightly correlated to the projected spot area, and change
their absolute values as the star spins. If most of the accretion is channeled to a single spot, its colatitude will be
larger than 70o , indicating that the magnetic dipole is largely inclined.
Accepted by The Astrophysical Journal
Preprint available at http://www.fisica.ufmg.br/∼silvia/artigos/twhya2.html

Accretion in stellar clusters and the collisional formation of massive stars
Ian A. Bonnell1 and Matthew R. Bate2
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We present results from a numerical simulation of gas accretion in a cluster containing 1000 stars. The accretion forces
the cluster to contract, leading to the development of a high-density core with a maximum density 105 times the mean
stellar density. This density is sufficient for a significant number of stellar collisions to occur, resulting in the most
massive stars being formed through a combination of gas accretion and stellar mergers. In the simulation, nineteen
mergers occur, generally where a binary is forced to merge due to the interaction with another star in a small-N group.
These small-N groups form due to the self-gravity of the gas and constitute the highest density regions in the cluster.
Binary formation in these groups is common, occurring through dynamical three-body capture. The massive stars
are thus generally in binary systems, which can be relatively wide. The self-gravity of the gas also forms significant
structure in the vicinity of the cluster core, while continuing infall forms a circumbinary disc around the most massive
star. This structure may be the source of collimation for the observed outflows from young massive stars. Finally,
the resultant IMF from the combination of gas accretion and stellar mergers is indistinguishable from a Salpeter mass
function.
Accepted by MNRAS
http://star-www.st-and.ac.uk/astronomy/Welcome.html

The Initial Mass Function in the Taurus Star Forming Region
César Briceño1 , Kevin Luhman & Lee Hartmann2 , John Stauffer3 and Davy Kirkpatrick4
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By combining a deep optical imaging (I, z 0 ) survey of 8 deg2 in the Taurus star-forming region with data from the
Two-Micron All-Sky Survey (2MASS) and followup spectroscopy, we have performed a search for low-mass Taurus
members that is complete to 0.02 M for reddenings of AV <
∼ 4. We report the discovery of nine new members with
spectral types of M5.75-M9.5, corresponding to masses of 0.1-0.015 M by recent evolutionary models. The new M9.5
member is the least massive brown dwarf found to date in the Taurus star-forming region. We derive an Initial Mass
Function (IMF) for the fields surveyed in this work and in our previous studies, which encompass 54% of the known
Taurus membership. We compare the Taurus IMF with a similarly derived one for the Trapezium Cluster and to mass
functions for the M35 and Pleiades open clusters. While the IMFs in all of these regions flatten near ∼ 0.8 M , the

2

mass function in Taurus is more narrow and sharply peaked at this mass. Our survey indicates that Taurus has ∼ 2×
fewer brown dwarfs at 0.02-0.08 M than the Trapezium. We discuss the implications of these results for theories of
the IMF, and suggest that the lower frequency of brown dwarfs in Taurus relative to the Trapezium may result from
the low-density star-forming environment, leading to larger minimum Jeans masses.
Accepted by Astroph. J.

Millimeter and Infrared observations of deuterated molecules
Cecilia Ceccarelli1,2
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This contribution reviews the observations of deuterated molecules in the millimeter to far infrared wavelengths. It
starts by reviewing the few observations in the literature of the two major reservoirs of deuterium, namely HD and
atomic D, from which estimates of the elemental D/H ratio can be obtained. Then follows a review of the observations
of less abundant molecules, where large degrees of deuteration (≥ 1%) have been observed for almost 30 years. Singly
deuterated molecules were the first to be observed and studied. More recently, doubly deuterated formaldehyde and
ammonia have been discovered to be extremely abundant (≥ 1% with respect to H2 CO and CH3 OH respectively),
much more abundant than the singly deuterated species squared and any present model would predict. The importance
of these observations is described in length, both in terms of the comprehension of the mechanisms leading to the
observed deuteration and of the possible applications of the theory. Particular emphasis is given to the most recent
observations of doubly deuterated molecules and to the many questions that they arise.
Accepted by PSS
http://www.observ.u-bordeaux.fr/

Mid-Infrared Imaging of NGC 6334 I
James M. De Buizer1 , James T. Radomski2 , Robert K. Pina2 and Charles M. Telesco2
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We present high-resolution (<0.500 ) mid-infrared Keck II images of individual sources in the central region of NGC
6334 I. We compare these images to images at a variety of other wavelengths from the near infrared to cm radio
continuum and speculate on the nature of the NGC 6334 I sources. We assert that the cometary shape of the UCHII
region here, NGC 6334 F, is due to a champagne-like flow from a source on the edge of a molecular clump and not
a due to a bow shock caused by the supersonic motion of the UCHII region through the interstellar medium. The
mid-infrared emission is concentrated into an arc of dust that defines the boundary between the UCHII region and
the molecular clump. This dust arc contains a majority of the masers in the region. We discuss the nature of the
four near-infrared sources associated with IRS-I 1, and suggest that one of the sources, IRS1E, is responsible for the
heating and ionizing of the UCHII region and the mid-infrared dust arc. Infrared source IRS-I 2, which has been
thought to be a circumstellar disk associated with a linear distribution of methanol masers, is found not to be directly
coincident with the masers and elongated at a much different position angle. IRS-I 3 is found to be a extended source
of mid-infrared emission coming from a cluster of young dusty sources seen in the near-infrared.
Accepted by ApJ.
http://www.ctio.noao.edu/∼debuizer

Abundances of Molecular Species in Barnard 68
James Di Francesco1 , Michiel R. Hogerheijde1 , William J. Welch1 , & Edwin A. Bergin2
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E-mail contact: jdifran@astron.berkeley.edu
Abundances for 5 molecules (C18 O, CS, NH3 , H2 CO, and C3 H2 ) and 1 molecular ion (N2 H+ ) and upper limits for the
abundances of 1 molecule (13 CO) and 1 molecular ion (HCO+ ) are derived for gas within the Bok globule Barnard
68 (B68). The abundances were determined using our own BIMA millimeter interferometer data and single-dish data
gathered from the literature, in conjunction with a Monte Carlo radiative transfer model. Since B68 is the only starless
core to have its density structure strongly constrained via extinction mapping, a major uncertainty has been removed
from these determinations. All abundances for B68 are lower than those derived for translucent and cold dense clouds,
but perhaps only significantly for N2 H+ , NH3 , and C3 H2 . Depletion of CS toward the extinction peak of B68 is hinted
at by the large offset between the extinction peak and the position of maximum CS line brightness. Abundances derived
here for C18 O and N2 H+ are consistent with other, recently determined values at positions observed in common.
Accepted by Astron. J.
http://astron.berkeley.edu/ jdifran/prof/b68.ps

Two massive star-forming regions at early evolutionary stages
G. Garay1 , K. J. Brooks2 , D. Mardones1 , R. P. Norris3 and M. G. Burton4
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We report sensitive ATCA radio continuum observations toward IRAS 15596−5301 and 16272−4837, two luminous
objects (L > 2 × 104 L ) thought to represent massive star forming regions in early stages of evolution (due to
previously undetected radio emission at the 1σ level of 2 mJy per beam). Also reported are 1.2 millimeter continuum
and a series of molecular line observations made with the SEST telescope.
The radio continuum observations toward IRAS 15596−5301 reveal the presence of three distinct compact sources,
with angular sizes of 2.700 to 8.800 (FWHM ), all located within a region of 3000 in diameter. Assuming that these are
regions of ionized gas, we find that they have diameters of 0.06-0.2 pc, electron densities of 8 × 102 − 2 × 103 cm−3 ,
and that they are excited by early B-type stars. The 1.2-mm observations show that the dust emission arises from
a region of 4200 × 2500 (FWHM) with a total flux of 5.8 Jy, implying a mass o f 1.4 × 103 M . The line observations
indicate that IRAS 15596−5301 is associated with a molecular cloud with a FWHM angular size of 3700 (∼ 0.4 pc
radius at the distance of 4.6 kpc), a molecular hydrogen density of ∼ 4 × 105 cm−3 and a rotational temperature of
∼ 27 K. We suggest that the massive dense core associated with IRAS 15596−5301 contains a cluster of B stars which
are exciting compact HII regions that are in pressure equilibrium with the dense molecular surroundings.
No radio continuum emission was detected from IRAS 16272−4837 up to a 3σ limit of 0.2 mJy. However, the 1.2-mm
observations show strong dust emission arising from a region of 4100 × 2500 (FWHM) with a total flux of 13.8 Jy,
implying a mass of 2.0 × 103 M . The line observations indicate the presence of an elongated molecular cloud with
FWHM major and minor axes of 6100 and 4200 (0.50 × 0.35 pc in radius at the distance of 3.4 kpc), a molecular hydrogen
density of ∼ 2 × 105 cm−3 and a rotational temperature of ∼ 27 K. The high luminosity (2.4 × 104 L ) and lack of radio
emission from this massive core suggest that it hosts an embedded young massive protostar that is still undergoing an
intense accretion phase. This scenario is supported by the observed characteristics of the line profiles and the presence
of a bipolar outflow detected from observations of the SiO emission. We suggest that IRAS 16272−4837 is a bona-fide
massive star forming region in a very early evolutionary stage, being the precursor of an ultra compact HII region.
Accepted by the Astrophysical Journal
Preprint available at http://arXiv.org/abs/astro-ph/0207570
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Spectroscopic Detection of a Stellar-like Photosphere in an Accreting Protostar
Thomas Greene1 and Charles Lada2
1
2
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We present high-resolution (R ' 18, 000), high signal-to-noise 2 µm spectra of two luminous, X-ray flaring Class I
protostars in the ρ Ophiuchi cloud acquired with the NIRSPEC spectrograph of the Keck II telescope. We present
the first spectrum of a highly veiled, strongly accreting protostar which shows photospheric absorption features and
demonstrates the stellar nature of its central core. We find the spectrum of the luminous (Lbol = 10 L ) protostellar
source, YLW 15, to be stellar-like with numerous atomic and molecular absorption features, indicative of a K5 IV/V
spectral type and a continuum veiling rk = 3.0. Its derived stellar luminosity (3 L ) and stellar radius (3.1 R ) are
consistent with those of a 0.5 M pre-main-sequence star. However, 70% of its bolometric luminosity is due to mass
accretion, whose rate we estimate to be 1.6 × 10−6 M yr−1 onto the protostellar core. We determine that excess
infrared emission produced by the circumstellar accretion disk, the inner infalling envelope, and accretion shocks at
the surface of the stellar core of YLW 15 all contribute significantly to its near-IR continuum veiling. Its projected
rotation velocity v sin i = 50 km s−1 is comparable to those of flat-spectrum protostars but considerably higher than
those of classical T Tauri stars in the ρ Oph cloud. The protostar may be magnetically coupled to its circumstellar
disk at a radius of 2 R∗ . It is also plausible that this protostar can shed over half its angular momentum and evolve
into a more slowly rotating classical T Tauri star by remaining coupled to its circumstellar disk (at increasing radius)
as its accretion rate drops by an order of magnitude during the rapid transition between the Class I and Class II
phases of evolution.
The spectrum of WL 6 does not show any photospheric absorption features, and we estimate that its continuum veiling
is rk ≥ 4.6. Its low bolometric luminosity (2 L ) and high veiling dictate that its central protostar is very low mass,
M ∼ 0.1 M .
Accepted by The Astronomical Journal
Available from http://xxx.lanl.gov/abs/astro-ph/0207515

Flows, Fragmentation, and Star Formation. I. Low-mass Stars in Taurus
Lee Hartmann
Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge, MA 02138, USA
E-mail contact: hartmann@cfa.harvard.edu
The remarkably filamentary spatial distribution of young stars in the Taurus molecular cloud has significant implications for understanding low-mass star formation in relatively quiescent conditions. The large scale and regular
spacing of the filaments suggests that small-scale turbulence is of limited importance, which could be consistent with
driving on large scales by flows which produced the cloud. The small spatial dispersion of stars from gaseous filaments
indicates that the low-mass stars are generally born with small velocity dispersions relative to their natal gas, of order
the sound speed or less. The spatial distribution of the stars exhibits a mean separation of about 0.25 pc, comparable
to the estimated Jeans length in the densest gaseous filaments, and is consistent with roughly uniform density along
the filaments. The efficiency of star formation in filaments is much higher than elsewhere, with an associated higher
frequency of protostars and accreting T Tauri stars. The protostellar cores generally are aligned with the filaments,
suggesting that they are produced by gravitational fragmentation, resulting in initially quasi-prolate cores. Given the
absence of massive stars which could strongly dominate cloud dynamics, Taurus provides important tests of theories
of dispersed low-mass star formation and numerical simulations of molecular cloud structure and evolution.
Accepted by Ap. J.
http://cfa-www.harvard.edu/cfa/youngstars/
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Fine Structure in the Circumstellar Environment of a Young, Solar-like Star: the Unique
Eclipses of KH 15D
William Herbst 1 , Catrina M. Hamilton1 , 2, Frederick J. Vrba3 , Mansur A. Ibrahimov4 , Coryn A. L.
Bailer-Jones5 , Reinhard Mundt5 , Markus Lamm5 , Tsevi Mazeh6 , Zodiac T. Webster7 , Karl E. Haisch8 ,
Eric C. Williams1 , Andrew H. Rhodes1 , Thomas J. Balonek9 , Alexander Scholz10 , and Arno Riffeser11
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Results of an international campaign to photometrically monitor the unique pre-main sequence eclipsing object KH
15D are reported. An updated ephemeris for the eclipse is derived that incorporates a slightly revised period of 48.36
d. There is some evidence that the orbital period is actually twice that value, with two eclipses occurring per cycle.
The extraordinary depth (∼3.5 mag) and duration (∼18 days) of the eclipse indicate that it is caused by circumstellar
matter, presumably the inner portion of a disk. The eclipse has continued to lengthen with time and the central
brightness reversals are not as extreme as they once were. V-R and V-I colors indicate that the system is slightly
bluer near minimum light. Ingress and egress are remarkably well modeled by the passage of a knife-edge across a
limb-darkened star. Possible models for the system are briefly discussed.
Accepted by P.A.S.P.

New Tests of Magnetospheric Accretion in T Tauri Stars
Christopher M. Johns–Krull1,2 and April D. Gafford1,3
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We examine 3 analytic theories of magnetospheric accretion onto classical T Tauri stars under the assumption that
the magnetic field strength does not vary appreciably from star to star. From these investigations we derive predicted
relationships among the stellar mass, radius, rotation period, and disk accretion rate. Data from 5 studies of the
accretion parameters of CTTSs are used to test the predicted correlations. We generally find that the data do not
display the predicted correlations except for that predicted by the model of Shu et al. (1994) as detailed by Ostriker
and Shu (1995) and extended here to include non-dipole field topologies. Their identification of the trapped flux as an
important quantity in the model appears to be critical for reconciling the observed data to the theory. While the data
do generally support the extended Ostriker and Shu predictions, only one of the two studies for which the requisite
data exist show the highest correlation when considering all the relevant parameters. This suggests great care must
be taken when trying to use existing observations to test the theory.
Accepted by Astrophys. J.
http://xxx.lanl.gov/abs/astro-ph/0205190
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Dusty Rings: Signposts of Recent Planet Formation
Scott J. Kenyon1 and Benjamin C. Bromley2
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Many nearby stars are surrounded by a bright ring or disk of cold dust. Our calculations show that these disks and
rings of dust are signposts of recent planet formation. Bright rings appear because dust associated with the formation
of a planet absorbs and scatters light from the central star. The calculations explain the rings observed so far and
predict that all nascent solar systems have dusty rings.
Accepted by Astrophys. J. (Letters)
preprints: http://xxx.lanl.gov/abs/astro-ph/0208155

Disk–Halo Model for Flat-Spectrum T Tauri Stars
Nobuhiro Kikuchi1 , Taishi Nakamoto2 and Koji Ogochi3
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We explore the origin of the flat spectrum seen in some T Tauri stars by considering a three-component structure:
a central star, a circumstellar disk, and a dusty halo. The radiative energy transport is faithfully treated by solving
the angle- and frequency-dependent radiative transfer equation in two space dimensions assuming axisymmetry, and
hence the radiative equilibrium temperature in the disk and halo is determined simultaneously. The disk is effectively
heated by the scattering and reprocessing of stellar radiation through the halo. The large mid- to far-infrared excess
originates from the photosphere of the warmed disk, resulting in a flat spectrum, as observed. The halo which we
consider is observed as a compact reflection nebula, and is discriminated from extended, disk-like envelopes around
flat-spectrum T Tauri stars. We show that the overall spectral shape of flat-spectrum T Tauri stars can be reproduced
by the present disk–halo model.
Accepted by Publ. Astron. Soc. Japan (to appear in Vol. 54, No. 4)
astro-ph/0207421

Close Binaries in the η Cha Cluster
Rainer Köhler1 and Monika G. Petr-Gotzens2
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E-mail contact: rkoehler@ucsd.edu, mpetr@mpifr-bonn.mpg.de
We used speckle interferometry and adaptive optics observations to search for multiple systems among 13 stars in
the η Chamaeleontis cluster. We discovered two previously unknown sub-arcsecond binaries. Placing the components
in infrared color-magnitude diagrams shows that most members of η Cha are coeval. Repeated observations of the
binary RECX 1 allow us to determine a preliminary orbit and derive a system mass of about 2 M .
Accepted by Astron. J., scheduled for November 2002 issue
Available at http://hex.ucsd.edu/koehler/Papers/index.html
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Analyses of UV spectra of T Tauri stars observed with HST: the estimation of interstellar extinction and relative contribution of accretion shock to emission continuum
formation.
A.S.Kravtsova, S.A.Lamzin
Sternberg Astronimical Institute, Moscow, 119992 Russia
E-mail contact: lamzin@sai.msu.ru
We analysed ultraviolet (1200-3100 ÅÅ) HST/STIS spectra of 8 Classical T Tauri stars (T Tau, RY Tau, CO Ori, EZ
Ori, GW Ori, GX Ori, V1044 Ori, SU Aur) and derived upper limits of interstellar extinction AV for them. In all
cases upper limits appeared to be lower than AV found from optical observations by different authors and we discuss
possible reasons of this discrepancy.
We also estimated luminocity, mass and radius of T Tau and RY Tau as well as bolometric luminocities of their veiling
continuum emission, which is presumbly originated due to disk accretion process. It appeared that the main portion
of veiling emission is concentrated longward 1 mkm.
For these two stars we also derived the ratio of C IV 1550 line flux to that of veiling continuum emission and found
that it is ∼ 100 times less than value predicted by Lamzin (1998) and/or Calvet & Gullbring (1998) accretion shock
models. We conclude therefore that in the case of T Tau and RY Tau continuum emission is originated predominantly
in the accretion disk and/or boundary layer rather than in the accretion shock. It means that only tiny portion of
accreted matter passes throught the stellar magnetosphere and accretion shock while the main portion reaches the
star in equatorial region passing throught the boundary layer. Previously we reach the same conclusion in the case of
DR Tau (Kravtsova & Lamzin, 2002).
Accepted by Astron. Letters

On the mass function of star clusters
Pavel Kroupa 1 , Christian Boily
1
2
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Clusters that form in total 103 < N < 105 stars (type II clusters) lose their gas within a dynamical time as a result
of the photo-ionising flux from O stars. Sparser (type I) clusters get rid of their residual gas on a timescale longer or
comparable to the nominal crossing time and thus evolve approximately adiabatically. This is also true for massive
embedded clusters (type III) for which the velocity dispersion is larger than the sound speed of the ionised gas. On
expelling their residual gas, type I and III clusters are therefore expected to lose a smaller fraction of their stellar
component than type II clusters. We outline the effect this has on the transformation of the mass function of embedded
clusters (ECMF), which is directly related to the mass function of star-cluster-forming molecular cloud cores, to the
“initial” MF of bound gas-free star clusters (ICMF). The resulting ICMF has, for a featureless power-law ECMF, a
turnover near 104.5 M and a peak near 103 M . The peak lies around the initial masses of the Hyades, Praesepe
and Pleiades clusters. We also find that the entire Galactic population II stellar spheroid can be generated if star
formation proceeded via embedded clusters distributed like a power-law MF with exponent 0.9 < β < 2.6.
Accepted by MNRAS
http://xxx.uni-augsburg.de/abs/astro-ph/0207514

The Photoionization of a Star-Forming Core in the Trifid Nebula
B. Lefloch1 , J. Cernicharo2 , L. F. Rodrı́guez3 , M.A. Miville-Deschênes4 , D. Cesarsky5 , A. Heras6
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We have carried out a comprehensive multiwavelength study of Bright-Rimmed Globule TC2 in the Trifid Nebula,
using the IRAM 30m telescope, the VLA centimeter array and the Infrared Space Observatory (ISO). TC2 is one of
the very few globules to exhibit signs of active ongoing star formation while being photoevaporated by the Ly-c flux of
the exciting star of the nebula (∼ 1010 cm−2 s−1 ). The globule consists of a cold dense core of mass 27 M surrounded
by a lower density envelope of molecular gas. The impinging Ly-c photons induce the propagation of an ionization
front into the globule. The evaporation of the ionized gas forms a thin layer of density ne = 1 − 2 × 103 cm−3 around
the globule, which could be mapped with the VLA. The globule is illuminated mainly on its rear side, by a FUV
field of intensity G0 ' 1000. It creates a Photon-Dominated Region (PDR) below the surface, which was mapped
and characterized with the ISOCAM Circular Variable Filter and the Short Wavelength Spectrometer (SWS) onboard
the Infrared Space Observatory. The physical conditions derived from the analysis of the far-infrared lines [OI] 63µm,
145µm and [CII] 158µm, and the continuum emission are in good agreement with some recent PDR models. The
emission of the PAHs band at 6.2, 7.7, 8.6 and 11.3µm is detected over the whole globule. The relative intensity
variations observed across the globule, in the PDR and the photoionized envelope, are consistent with the changes
in the ionization fraction. In the head of TC2, we find a second kinematic component which is the signature of
the radiatively-driven collapse undergone by the globule. This component indicates that the PDR propagates at
low velocity inside the body of TC2. The molecular emission suggests that the star formation process was probably
initiated a few 105 yr ago, in the large burst which led to the formation of the nebula. The globule has already
evaporated half the mass of its envelope. However, the ionization timescale of the globule is long enough (∼ 2 Myr) to
let the newly born objects reach smoothly the ultimate stages of protostellar evolution. The impact of photoionization
on the star formation process appears limited.
Accepted by Astrophys. J.
http://arXiv.org/abs/astro-ph/0208119

The precession of the giant HH34 outflow: a possible jet deceleration mechanism
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The giant jets represent a fundamental trace of the historical evolution of the outflow activity over timescales of ∼ 104
yr, i.e. a timescale comparable to the accretion time of the outflow sources in their main protostellar phase. The study
of such huge jets provides the possibility of retrieving important elements related to the life of the outflow sources.
In this paper, we study the role of precession (combined with jet velocity-variability and the resulting enhanced
interaction with the surrounding environment) as a deceleration mechanism for giant jets using a numerical approach.
This thesis was proposed for the first time by Devine et al. (1997) but it could not be numerically explored until now
because it is intrinsically difficult to reproduce, at the same time, the large range of scales from ∼ 100 AU up to a
few parsecs. In the present paper, we obtain predictions of Hα intensity maps and position-velocity diagrams from
3D simulations of the giant HH 34 jet (including an appropriate ejection velocity time-variability and a precession
of the outflow axis), and we compare them with previously published observations of this object. Our simulations
represent a step forward from previous numerical studies of HH objects, in that the use of a 7-level, binary adaptive
grid has allowed us to compute models which appropriately cover all relevant scales of a giant jet, from the ∼ 100 AU
jet radius close to the source to the ∼ 1 pc length of the outflow. A good qualitative and quantitative agreement is
found between the model predictions and the observations, indicating that a precession of the jet axis can indeed be
the probable cause of the deceleration of the giant jets. Moreover, we show that a critical parameter for obtaining a
better or worse agreement with the observations is the ratio ρj /ρa between the jet and the environmental densities.
The implications of this result in the context of the current star formation models are discussed.
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The absence of the 10 µm silicate feature in the isolated Herbig Ae star HD100453.
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We analyse the optical and IR spectra, as well as the spectral energy distribution (UV to mm) of the candidate Herbig
Ae star HD100453. This star is particular, as it shows an energy distribution similar to that of other isolated Herbig
Ae/Be stars (HAEBEs), but unlike most of them, it does not have a silicate emission feature at 10 µm, as is shown in
Meeus (2001). We confirm the HAEBE nature of HD100453 through an analysis of its optical spectrum and derived
location in the H-R diagram. The IR spectrum of HD100453 is modelled by an optically thin radiative transfer code,
from which we derive constraints on the composition, grain-size and temperature distribution of the circumstellar
dust. We show that it is both possible to explain the lack of the silicate feature as (1) a grain-size effect - lack of
small silicate grains, and (2) a temperature effect - lack of small, hot silicates, as proposed by Dullemond (2001),
and discuss both possibilities.
Accepted by Astronomy and Astrophysics
Preprints available at http://arXiv.org/abs/astro-ph/0206475

On the Interferometric Sizes of Young Stellar Objects
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Long-baseline optical interferometers can now detect and resolve hot dust emission thought to arise at the inner edge
of circumstellar disks around young stellar objects (YSOs). We argue that the near-infrared sizes being measured
are closely related to the radius at which dust is sublimated by the stellar radiation field. We consider how realistic
dust optical properties and gas opacity dramatically affect the predicted location of this dust destruction radius, an
exercise routinely done in other contexts but so far neglected in the analysis of near-infrared sizes of YSOs. We also
present the accumulated literature of near-infrared YSO sizes in the form of a “size-luminosity diagram” and compare
> 1.0 µm) dust grains predominate in the inner disks of
with theoretical expectations. We find evidence that large (∼
T Tauri and Herbig Ae/Be stars, under the assumption that the inner-most gaseous disks are optically-thin at visible
wavelengths.
Accepted by Astrophysical Journal
http://cfa-www.harvard.edu/ jmonnier/Publications/HerbigSizes.pdf

A dynamical study of the circumstellar gas in UX Orionis
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We present the results of a high spectral resolution (λ/∆λ = 49000) study of the circumstellar (CS) gas around the
intermediate mass, pre-main sequence star UX Ori. The results are based on a set of 10 échelle spectra covering
the spectral range 3800 – 5900 Å, monitoring the star on time scales of months, days and hours. A large number
of transient blueshifted and redshifted absorption features are detected in the Balmer and in many metallic lines. A
multigaussian fit is applied to determine for each transient absorption the velocity, v, dispersion velocity, ∆v, and
the parameter R, which provides a measure of the absorption strength of the CS gas. The time evolution of those
parameters is presented and discussed. A comparison of intensity ratios among the transient absorptions suggests a
solar-like composition of the CS gas. This confirms previous results and excludes a very metal-rich environment as
the cause of the transient features in UX Ori. The features can be grouped by their similar velocities into 24 groups,
of which 17 are redshifted and 7 blueshifted. An analysis of the velocity of the groups allows us to identify them as
signatures of the dynamical evolution of 7 clumps of gas, of which 4 represent accretion events and 3 outflow events.
Most of the events decelerate at a rate of tenths of m s−2 , while 2 events accelerate at approximately the same rate;
one event is seen experiencing both an acceleration and a deceleration phase and lasts for a period of few days. This
time scale seems to be the typical duration of outflowing and infalling events in UX Ori. The dispersion velocity and
the relative aborption strength of the features do not show drastic changes during the lifetime of the events, which
suggests they are gaseous blobs preserving their geometrical and physical identity. These data are a very useful tool
for constraining and validating theoretical models of the chemical and physical conditions of CS gas around young
stars; in particular, we suggest that the simultaneous presence of infalling and outflowing gas should be investigated in
the context of detailed magnetospheric accretion models, similar to those proposed for the lower mass T Tauri stars.
Accepted by A&A
Preprints available at: http://export.ft.uam.es/export-public/Export results.html

Exploring Brown Dwarf Disks in ρ–Oph
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This paper discusses evidence for and properties of disks associated to brown dwarfs in the star-forming region ρ–Oph.
We selected nine objects from the ISOCAM survey of Bontemps et al. (2001) that have detections in the two midinfrared bands (6.7 and 14.3 µm), relatively low extinction and low luminosity. We present low-resolution near-infrared
spectra in the J, H and K bands, and determine for each source spectral type, extinction, effective temperature and
luminosity by comparing the spectra to those of field dwarfs and to the most recent model stellar atmospheres. The
results indicate that eight objects have spectral types M6–M7.5, effective temperature of 2600–2700 K, one has a later
spectral type (M8.5) and lower temperature (about 2400 K). The derived extinctions range between AV ∼2 and 8
mag. The location of the objects on the HR diagram, in spite of the uncertainties of the evolutionary tracks for young
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objects of substellar mass, indicates that all the objects are very young and have masses below about 0.08 M . The
coolest object in our sample has mass in the range 8-12 MJup (0.008–0.012 M ). In all cases, the mid-infrared excess
is consistent with the predictions of models of disks irradiated by the central object, showing that circumstellar disks
are commonly associated to young brown dwarfs and planetary-mass objects. Finally, we discuss possible variations
of the disk geometry among different objects, as well as the possibility of using these data to discriminate between
various formation scenarios.
Accepted by A&A
http://www.arcetri.astro.it/∼lt/preprints/preprints.html

HST NICMOS Images of the HH 7/11 Outflow in NGC1333
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We present near infrared images in H2 at 2.12µm of the HH 7/11 outflow and its driving source SVS 13 taken with
Hubble Space Telescope NICMOS 2 camera, as well as archival Hα and [S II] optical images obtained with the WFPC2
camera. The NICMOS high angular resolution observations confirm the nature of a small scale jet arising from SVS
13, and resolve a structure in the HH 7 working surface that could correspond to Mach disk H2 emission. The H2 jet
has a length of 430 AU (at a distance of 350 pc), an aspect ratio of 2.2 and morphologically resembles the well known
DG Tau optical micro-jet. The kinematical age of the jet (∼ 10 yr) coincides with the time since the last outburst from
SVS 13. If we interpret the observed H2 flux density with molecular shock models of 20-30 km s−1 , then the jet has a
density as high as 105 cm−3 . The presence of this small jet warns that contamination by H2 emission from an outflow
in studies searching for H2 in circumstellar disks is possible. At the working surface, the smooth H2 morphology of
the HH 7 bowshock indicates that the magnetic field is strong, playing a major role in stabilizing this structure. The
H2 flux density of the Mach disk, when compared with that of the bowshock, suggests that its emission is produced
by molecular shocks of less than 20 km s−1 . The WFPC2 optical images display several of the global features already
inferred from groundbased observations, like the filamentary structure in HH 8 and HH 10, which suggests a strong
interaction of the outflow with its cavity. The H2 jet is not detected in [S II] or Hα , however, there is a small clump
at ∼ 5 00 NE of SVS 13 that could be depicting the presence either of a different outburst event or the north edge of
the outflow cavity.
Accepted by ApJ
http://arXiv.org/abs/astro-ph/0207605

Detection of doubly-deuterated methanol in the solar-type protostar IRAS16293−2422
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We report the first detection of doubly-deuterated methanol (CHD2 OH), as well as firm detections of the two singlydeuterated isotopomers of methanol (CH2 DOH and CH3 OD), towards the solar-type protostar IRAS16293−2422.
From the present multifrequency observations, we derive the following abundance ratios: [CHD2 OH]/[CH3 OH] =
0.2 ± 0.1, [CH2 DOH]/[CH3 OH] = 0.9 ± 0.3, [CH3 OD]/[CH3 OH] = 0.04 ± 0.02. The total abundance of the deuter12

ated forms of methanol is greater than that of its normal hydrogenated counterpart in the circumstellar material of
IRAS16293−2422, a circumstance not previously encountered. Formaldehyde, which is thought to be the chemical
precursor of methanol, possesses a much lower fraction of deuterated isotopomers (∼ 20%) with respect to the main
isotopic form in IRAS16293−2422. The observed fractionation of methanol and formaldehyde provides a severe challenge to both gas-phase and grain-surface models of deuteration. Two examples of the latter model are roughly in
agreement with our observations of CHD2 OH and CH2 DOH if the accreting gas has a large (0.2-0.3) atomic D/H
ratio. However, no gas-phase model predicts such a high atomic D/H ratio, and hence some key ingredient seems to
be missing.
Accepted by A&A Letters

Stellar Companions to Stars with Planets
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A combination of high-resolution and wide-field imaging reveals two binary stars and one triple star system among
the sample of the first 11 stars with planets detected by radial velocity variations. High resolution speckle or adaptive
optics (AO) data probe subarcsecond scales down to the diffraction limit of the Keck 10-m or Lick 3-m, and direct
images or AO images are sensitive to a wider field, extending to 10” or 38”, depending upon the camera. One of
the binary systems – HD 114762 – was not previously known to be a spatially resolved multiple system; additional
data taken with the combination of Keck adaptive optics and NIRSPEC are used to characterize the new companion.
The second binary system – Tau Boo – was a known multiple with two conflicting orbital solutions; the current
data will help constrain the discrepant estimates of periastron time and separation. Another target – 16 Cyg B –
was a known common proper motion binary, but the current data resolve a new third component, close to the wide
companion 16 Cyg A. Both the HD 114762 and 16 Cyg B systems harbor planets in eccentric orbits, while the Tau Boo
binary contains an extremely close planet in a tidally-circularized orbit. Although the sample is currently small, the
proportion of binary systems is comparable to that measured in the field over a similar separation range. Incorporating
the null result from another companion search project lowers the overall fraction of planets in binary systems, but the
detections in our survey reveal that planets can form in binaries separated by less than 50 AU.
Accepted by Ap. J.
preprints available on astro-ph: http://xxx.lanl.gov/abs/astro-ph/0207538

Hydrodynamical simulations of the decay of high-speed molecular turbulence. I. Dense
molecular regions
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We present the results from three dimensional hydrodynamical simulations of decaying high-speed turbulence in dense
molecular clouds. We compare our results, which include a detailed cooling function, molecular hydrogen chemistry
and a limited C and O chemistry, to those previously obtained for decaying isothermal turbulence.
After an initial phase of shock formation, power-law decay regimes are uncovered, as in the isothermal case. We find
that the turbulence decays faster than in the isothermal case because the average Mach number remains higher, due
to the radiative cooling. The total thermal energy, initially raised by the introduction of turbulence, decays only a
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little slower than the kinetic energy.
We discover that molecule reformation, as the fast turbulence decays, is several times faster than that predicted for a
non-turbulent medium. This is caused by moderate speed shocks which sweep through a large fraction of the volume,
compressing the gas and dust. Through reformation, the molecular density and molecular column appear as complex
patterns of filaments, clumps and some diffuse structure. In contrast, the molecular fraction has a wider distribution
of highly distorted clumps and copious diffuse structure, so that density and molecular density are almost identically
distributed during the reformation phase. We conclude that molecules form in swept-up clumps but effectively mix
throughout via subsequent expansions and compressions.
Accepted by MNRAS
http://star.arm.ac.uk/preprints/381.ps

Bright CO ro-vibrational emission lines in the class I source GSS 30 IRS1: Probing the
inner disk of a young embedded star
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We present a 4.5 − 4.85 µm R = 5 000 spectrum of the low mass class I young stellar object GSS 30 IRS1 (L = 25 L )
in the ρ Ophiuchus core, observed with the infrared spectrometer (ISAAC) on the Very Large Telescope (VLT-UT1).
Strong line emission from the ro-vibrational transitions of 12 CO and 13 CO is detected. In total more than 40 distinct
lines are seen in the covered region. The line emission is spatially extended and detected up to 200 = 320 AU from the
central source but is spectrally unresolved (∆v < 30 km s−1 ). This is the first time strong emission in the fundamental
ro-vibrational band from CO has been observed from an embedded young stellar object. The line fluxes were modeled
using a 1-dimensional full radiative transfer code, which shows that the emission is fully consistent with a gas in LTE
at a single well constrained temperature (T = 515 ± 5 K). Furthermore, the ratios between lines from the two detected
isotopic species of CO show that the 12 CO lines must be optically thick. However, this is inconsistent with the observed
spatial extent of the emission, since this implies such low CO column densities that the lines are optically thin. A
likely solution to the discrepancy is that the lines are emitted by a smaller more dense region and then scattered in
the bipolar cavity present around the central star. This gives a rough estimate of the total molecular gas mass of
1 − 100 M⊕ and a physical extent of ∼ 20 − 100 AU. We propose that the most likely origin of the line emission
is post-shocked gas in a dense dissociative accretion shock from the inner 10 − 50 AU of a circumstellar disk. The
presence of a shock capable of dissociating molecules in the disk will have implications for the chemical evolution of
disks around young low mass stars.
Accepted by A&A
astro-ph/0207391

The X-ray luminosities of Herbig-Haro objects
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The recent detection of X-ray emission from HH 2 and HH 154 with the Chandra and XMM-Newton satellites
(respectively) have opened up an interesting, new observational possibility in the field of Herbig-Haro objects. In
order to be able to plan further X-ray observations of other HH objects, it is now of interest to be able to estimate
their X-ray luminosities in order to choose which objects to observe. This paper describes a simple, analytic model
for predicting the X-ray luminosity of a bow shock from the parameters of the flow (i. e., the size of the bow shock,
its velocity, and the pre-shock density). The accuracy of the analytic model is analyzed through a comparison with
the predictions obtained from axisymmetric, gasdynamic simulations of the leading working surface of an HH jet. We
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find that our analytic model reproduces the observed X-ray luminosities of HH 2 and HH 154, and we propose that
HH 80/81 is a good candidate for future observations with Chandra.
Accepted by ApJ Letters
http://arXiv.org/abs/astro-ph/0208079
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The southern lobe of HH 34 and the western lobe of HH 111 show remarkable similarities. Both objects have a chain
of well aligned knots, ending in well defined bow shocks (HH 34S and HH 111V, respectively). In this paper, we
derive the past ejection velocity histories from previously published radial velocity measurements of the HH 34 and
HH 111 jets. This is done under the assumption that the flows are ballistic. From these reconstructed ejection velocity
variabilities, we compute axisymmetric gasdynamic simulations of the two flows, and find that we do obtain large
working surfaces at the positions of the HH 34S and HH 111V bow shocks for the time at which these objects are
being observed. This appears to be quite definite proof that these bow shocks are indeed the result of an ejection
velocity time-variability. Also, there is the observational fact that the HH 34S bow shock is huge, being wider than
HH 111V by a factor of ∼ 3. We find that we can reproduce this difference in size by choosing an appropriate value for
the density of the ambient medium. Finally, from our small sample of two reconstructed ejection velocity variability
histories, we attempt to make some statements about the general nature of these variabilites, and their implications
on the possible ejection/collimation mechanisms.
Accepted by Astroph. J.
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In the course of a long-term radial velocity survey of about 100 southern pre-main sequence stars, we have discovered
two spectroscopic pre-main sequence binaries. One is the weak-lined T Tauri star Haro 1-14c in the Ophiuchus clouds,
which has a spectral type of K3 and is a member of the visual Haro 1-14 binary with a separation of 12.9 arcseconds.
Haro 1-14c is a single-lined spectroscopic binary with a very long period of 591 days. The other is Parenago 2494, a
weak lined T Tauri star with a spectral type of K0 located in the Orion cluster. It is a double-lined spectroscopic binary
with a period of 19.5 days. Our photometric monitoring shows that P2494 is a low-amplitude variable with a period
of 5.77 days. We have determined accurate orbital elements for both binaries. We further discuss 5 low-amplitude
velocity variable stars, which are possibly additional spectroscopic PMS binaries.
Accepted by Astron. J.

Shock tracers in molecular cloud G1.6-0.025
S.V. Salii, A.M. Sobolev and N.D. Kalinina
Astronomical Observatory of Ural State University, Lenin street 51, Ekaterinburg 620083, Russia
E-mail contact: Svetlana.Salii@usu.ru Andrej.Sobolev@usu.ru
The paper describes observations of molecular cloud G1.6-0.025 in series of lines CH3 OH 2K −1K , CH3 OH J0 −J−1 E
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and single lines CH3 OH 5−1 − 40 E, SiO (2 − 1), SiO(3 − 2), HN CO 7−7 − 6−6 . Maps of extended cloud with
Vlsr ∼ 50 km/s, high-velocity clump with Vlsr ∼ 160 km/s and newly found clump with Vlsr ∼ 0 km/s are presented.
The extended cloud and high velocity clump have inhomogeneous structure. Line widths of all clouds are characteristic
of the Galactic Center with the values about 20 — 35 km/s. Emission with velocities in the range -10 — 75 km/s
and 40 — 160 km/s is observed toward some directions which are close to the boundaries of the clumps. This implies
connection between the clumps and the extended cloud. Emission from the extended cloud in CH3 OH 5−1 − 40 line
probably contains great contribution from a compact maser sources. NLTE modelling of methanol emission shows
that both the extended cloud and the high velocity clump have relatively low density < 104 cm−3 ; specific column
density of methanol in the extended cloud is ≥ 6 × 108 cm−3 c and in the high velocity clump is 4 × 108 − 6 × 109 cm−3 c;
kinetic temperatures of the extended cloud and the high velocity clump are estimated as < 80 K and 150 − 200 K,
correspondingly. Possible mechanisms of connection between the extended cloud and the clumps with Vlsr ∼ 0 km/s
and ∼ 160 km/s are briefly discussed.
Accepted by Astronomy Reports

The young intermediate-mass stellar object AFGL 490 – A disk surrounded by a cold
envelope
K. Schreyer1 , Th. Henning2 , F.F.S. van der Tak3 , A.M.S. Boonman4 , E.F. van Dishoeck4
1

Astrophysical Institute and University Observatory (AIU), Friedrich Schiller University Jena, Schillergäßchen 2–3,
D-07745 Jena, Germany
2
Max-Planck-Institut für Astronomie, Königstuhl 17, D-69117 Heidelberg, Germany
3
Max-Planck-Institut für Radioastronomie, Auf dem Hügel 69, D-53121 Bonn, Germany
4
Leiden Observatory, P.O. Box 9513, 2300 RA Leiden, The Netherlands
E-mail contact: martin@astro.uni-jena.de
AFGL 490 is a key target of the class of deeply embedded intermediate-mass young stellar objects in a transition stage
to Herbig Be stars (L = 2.2–4.0 103 L ). In this paper, we present a comprehensive set of single-dish line data which
characterize the envelope of the source. In addition, observations of CS J = 2→1 and the corresponding continuum at
97.98 GHz have been obtained with the Plateau de Bure (PdB) interferometer, which are sensitive to the small-scale
structure around the stellar source.
The PdB line data show a bar-like elongated gas structure of 22 000 AU × 6 000 AU size with a position angle of ≈
–45◦. This bar represents the flattened inner envelope surrounding a disk-like structure (radius ≤500 AU) for which
we find evidence very close to the young B star.
Due to strong (self-)absorption in the velocity range vlsr = –12.5 ... –15 km s−1, only the outer line wings can be used
to study the gas motion. Maps of the integrated red and blue line wing emission show two well-separated gas blobs
around AFGL 490, which are interpreted as a disk. The 3 mm continuum interferometer map shows a point source at
the position of AFGL 490 with a flux of 240 mJy. This flux translates into a total mass of 3–6 M of the disk which
is comparable to the stellar mass of about 8 M . This configuration is unstable and will disappear in 103 –104 years
due to gravitational instabilities.
Photometric data from ISOPHOT and spectroscopic data from ISO-SWS have been obtained. Together with submillimetre continuum data a very complete spectral energy distribution of the envelope could be compiled.
Analysis of the data shows that the central region of AFGL 490 has a steeper density gradient compared with the
outer molecular envelope. All data clearly point to a low temperature (25–35 K) of this envelope.
To determine the chemical state of the object, we determined the abundances of 13 molecules towards AFGL 490.
The molecular line and ISO-SWS data are used to derive the gas-solid abundance ratios for H2 O, CO, and CO2 . The
chemical results, such as the relatively low gas-to-solid ratios and the low CH3 OH excitation, emphasize the presence
of a cold molecular envelope.
We found evidence for other outflow systems in the envelope around AFGL 490. Red-shifted and blue-shifted gas blobs
with a separation of about 20 000 AU were detected. Their centre is located roughly 300 to the south of AFGL 490,
and their morphology implies that a deeply embedded low-mass object drives a jet which enters the denser envelope
material at such a large distance. Two further outflow systems in the close neighbourhood of AFGL 490 could be
identified. All these data point to the formation of a group of low-mass stars around AFGL 490. It is very remarkable
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that these outflows do not influence the global physical and chemical structure of the envelope.
Accepted by Astron. & Astrophys.
http://www.astro.uni-jena.de/Users/martin/publi.html

Molecular Clouds and Infrared Stellar Clusters in the Far-Outer Galaxy
Ronald L. Snell1 , John M. Carpenter2 and Mark H. Heyer1
1
2

Department of Astronomy, LGRT 619, University of Massachusetts, Amherst, MA 01003, USA
Department of Astronomy, California Institute of Technology, MS 105-24, Pasadena, CA 91125, USA

E-mail contact: snell@astro.umass.edu
We present a study of the molecular cloud content and star formation activity in the far-outer Galaxy at galactocentric
radii greater than 13.5 kpc. The properties of star forming regions associated with far-outer Galaxy clouds are examined
within a 60 deg2 area toward the second galactic quadrant based on the FCRAO CO Survey of the Outer Galaxy, the
IRAS Point Source Catalog, and follow-up 13 CO(J=1-0) and K 0 -band near-infrared imaging. This region contains 63
far-outer Galaxy molecular clouds; the most massive clouds have molecular masses of ∼ 104 M . The K 0 -band imaging
of 10 IRAS point sources associated with the far-outer Galaxy clouds resulted in the detection of 11 stellar clusters
with galactocentric distances between 13.5 and 17.3 kpc. Several of these clusters are comparable to the well-studied
clusters found within 1 kpc of the sun in terms of the number of stars. We have also examined a much larger sample
of far-outer Galaxy molecular clouds using the entire FCRAO CO survey. The mass spectrum of 246 far-outer Galaxy
clouds found within a 300 deg2 area has a power-law slope of -1.88, similar to, although slightly steeper than that
found for molecular clouds inside the solar circle. Global measures of the star formation activity, as traced by the
ratio of far-infrared luminosity to molecular cloud mass, indicate that these far-outer Galaxy clouds are equally active
sites of massive star formation as molecular clouds associated with the W3/W4/W5 region and clouds found in the
inner Galaxy. Therefore, despite the different environment expected in the far-outer Galaxy, the cloud mass spectrum
and star formation activity per unit mass are similar to that found throughout the Galaxy. Finally, based on 2MASS
data, we identify 31 additional candidate far-outer Galaxy star forming regions within the larger survey area.
Accepted by Astrophysical Journal

Orbital migration and the frequency of giant planet formation
David E. Trilling1 , Jonathan I. Lunine2 and Willy Benz3
1
2
3

Department of Physics and Astronomy, University of Pennsylvania, 209 S. 33rd St., Philadelphia, PA 19104, USA
Lunar and Planetary Laboratory, University of Arizona, Tucson, AZ 85721, USA
Physikalisches Institut, Universitaet Bern, Sidlerstrasse 5, CH-3012 Bern, Switzerland

E-mail contact: trilling@hep.upenn.edu
We present a statistical study of the post-formation migration of giant planets in a range of initial disk conditions.
For given initial conditions we model the evolution of giant planet orbits under the influence of disk, stellar, and mass
loss torques. We determine the mass and semi-major axis distribution of surviving planets after disk dissipation, for
various disk masses, lifetimes, viscosities, and initial planet masses. The majority of planets migrate too fast and are
destroyed via mass transfer onto the central star. Most surviving planets have relatively large orbital semi-major axes
of several AU or larger. We conclude that the extrasolar planets observed to date, particularly those with small semimajor axes, represent only a small fraction (∼25% to 33%) of a larger cohort of giant planets around solar-type stars,
and many undetected giant planets must exist at large (>1-2 AU) distances from their parent stars. As sensitivity
and completion of the observed sample increases with time, this distant majority population of giant planets should
be revealed. We find that the current distribution of extrasolar giant planet masses implies that high mass (more than
1-2 Jupiter masses) giant planet formation must be relatively rare. Finally, our simulations imply that the efficiency
of giant planet formation must be high: at least 10% and perhaps as many as 80% of solar-type stars possess giant
planets during their pre-main sequence phase. These predictions, including those for pre-main sequence stars, are
testable with the next generation of ground- and space-based planet detection techniques.
Accepted by A&A
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ISO-LWS observations of C+ and O0 lines in absorption toward Sgr B2
Charlotte Vastel1 , Edward Polehampton2 , Jean-Paul Baluteau3 , Bruce Swinyard2 , Emmanuel Caux4
and Pierre Cox5
1
2
3
4
5

Downs Laboratory of Physics, 320-47, California Institute of Technology, Pasadena, CA 91125, USA
RAL, Chilton, Didcot, Oxon, UK
LAS, CNRS & Université de Provence, BP 8, F-13004 Marseille, France
CESR CNRS-UPS, BP 4346, F-31028 - Toulouse Cedex 04, France
IAS, Université de Paris-Sud, F-91405 Orsay Cedex, France

E-mail contact: vastel@submm.caltech.edu
High spectral resolution Fabry-Pérot observations of the [OI] 63.2 and 145.5 µm and [CII] 157.7 µm fine structure lines
are presented for the center of the Sagittarius B2 complex (Sgr B2). The data were obtained with the Long Wavelength
Spectrometer on board the Infrared Space Observatory (ISO). Both the [OI] 63.2 µm and the [CII] 157.7 µm lines are
detected in absorption. The upper state level of atomic oxygen at 145.5 µm is in emission. Whereas the [OI] 63.2 µm
line is seen in absorption over the entire wavelength range −200 to 100 km s−1 , the [CII] 157.7 µm line displays a
more complex profile: absorption occurs at velocities < 20 km s−1 and emission comes from the Sgr B2 complex at
velocities greater than 20 km s−1 . Using observations of the CO isotopes and of the HI lines, absorption components
can be associated with many clouds along the Sagittarius B2 line of sight. From these data, we were able to disentangle
three different layers which contain atomic oxygen. These layers, as predicted by PDR models, are characterized by
different forms of carbon in the gas phase, i.e. the C+ external layer, the C+ to C0 transition and the CO internal
layer. We derive lower limits for the column densities of atomic carbon and oxygen of the order of ∼ 1018 cm−2 and 3
× 1019 cm−2 , respectively. An O0 /CO ratio of around 2.5 is computed in the internal cores of the clouds lying along
the line of sight, which means that ∼ 70% of gaseous oxygen is in the atomic form and not locked into CO. The fact
that the [CII] 157.7 µm line is detected in absorption implies that the main cooling line of the interstellar medium can
be optically thick especially in the direction of large star-forming complexes or in the nuclei of galaxies. This could
partially account for the deficiency in the [CII] 157.7 µm line which has been recently found toward infrared bright
galaxies in ISO data.
Accepted by Astrophysical Journal

Supernova Remnant OH Masers: Signposts of Cosmic Collision
Mark Wardle1 and F. Yusef-Zadeh2
1
2

Research Centre for Theoretical Astrophysics, School of Physics A28, University of Sydney, NSW 2006, Australia
Department of Physics and Astronomy, Northwestern University, Evanston, IL 60208, USA

E-mail contact: wardle@physics.usyd.edu.au
A supernova explosion, the final death throe of a massive star, creates an expanding bubble of hot gas that overruns
up the surrounding medium. When a supernova remnant encounters a dense interstellar cloud, the compression may
trigger gravitational collapse and the formation of a new generation of stars. This event can be detected through
intense stimulated emission in the 1720-megahertz transition of the hydroxyl radical, OH, which yields unique insights
into the physical processes and conditions occurring during the interaction.
Accepted by Science)
http://www.physics.northwestern.edu/research/zadeh/papers.html

MC3D - 3D Continuum Radiative Transfer, Version 2
Sebastian Wolf
California Institute of Technology, 1200 E California Blvd, Mail Code 220-6, Pasadena CA 91125, USA
E-mail contact: swolf@ipac.caltech.edu
A revised and greatly improved version of the 3D continuum radiative transfer code MC3D is presented. It is based on
the Monte-Carlo method and solves the radiative transfer problem self-consistently. It is designed for the simulation of
dust temperatures in arbitrary geometric configurations and the resulting observables: spectral energy distributions,
18

wavelength-dependent images, and polarization maps. The main objective is the investigation of “dust-dominated”
astrophysical systems such as young stellar objects surrounded by an optically thick circumstellar disk and an optically
thin(ner) envelope, debris disks around more evolved stars, asymptotic giant branch stars, the dust component of the
interstellar medium, and active galactic nuclei.
Accepted by “Computer Physics Communications”
Preprint available at: http://arxiv.org/abs/astro-ph/0207374
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Dissertation Abstracts
Structure Formation in Disk Galaxies via Gravitational Instability
Woong-Tae Kim
Thesis work conducted at: University of Maryland, USA
Current address: Department of Astronomy, University of Maryland,
College Park, MD 20742, USA
Address as of September 1, 2002: Harvard-Smithsonian Center for Astrophysics,
60 Garden Street, Cambridge, MA 02138, USA
Electronic mail: kimwt@astro.umd.edu
Ph.D dissertation directed by: Eve C. Ostriker
Ph.D degree awarded: August 2002

Disk galaxies abound with intermediate-scale structures in a close geometrical association with spiral arms. Various
mechanisms have been proposed as candidates for their origin, but a comprehensive theory should encompass nonlinear
effects as well as fundamental physical agents such as self-gravity, magnetic fields, galactic differential rotation, and
spiral arms, all of which are known to exist in disks galaxies. Allowing for all these physical elements in this thesis,
we use three sets of local, magnetohydrodynamic simulations to investigate the susceptibility of galactic gas disks to
the formation of self-gravitating condensations. Our objectives are to understand how self-gravitating modes grow in
various environments and thus to assess their consequences for galactic structure formation.
The first set of simulations is for razor-thin, featureless disk models. In such disks, swing amplification that arises
under outer galaxy rotation curves is subject to threshold behavior as a consequence of nonlinear effects, with systems
of Q < Qc ∼ 1.2 − 1.4 undergoing gravitational runaway, where the Toomre stability parameter Q is defined by
Q ≡ κcs /πGΣ in terms of the epicyclic frequency κ, the sound speed cs , and a total gas surface density Σ. Destabilizing,
nonlinear secondary processes include parallel fragmentation of filaments, collisions of sheared patches, and rejuvenated
swing amplification. Although our finding for Qc is similar to the observed star formation threshold values, the long
formation time of clouds makes pure swing amplification an unlikely mechanism for the regulation of galactic star
formation. On the other hand, regions of weak shear as in inner galaxies are unstable to magneto-Jeans instability
(MJI) in which magnetic tension forces resist the stabilizing Coriolis force, possibly explaining starburst activity in
central parts of galaxies.
The second set of simulations is for razor-thin disks with stellar spiral potentials. MJI occurring in shearing and
expanding flows off spiral arms develops spur structures in the direction perpendicular to the arms. Spurs are regularly
distributed along the arms at an interval about two or three times the local Jeans length at the spiral density peak.
In highly nonlinear stages, spurs fragment into dense clumps with masses corresponding to the local Jeans mass at
the density peak, possibly evolving into bright arm and interarm H II regions.
The final set of simulations is for three-dimensional, featureless disks. We show that the Parker instability, even
combined with self-gravity and galactic shear, is not the main formation mechanism for intermediate-scale structures.
By producing in the saturated state mild velocity fluctuations at only 10% of sound speed, the Parker instability is
insufficient to generate the observed level of interstellar turbulence as well.
Putting together all the results of our numerical study, we conclude that MJI is at least partly responsible for the
formation of intermediate-scale structures in disk galaxies.
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New Jobs
Postdoctoral Position
The Centre for Astrophysics of the University of Porto (CAUP) accepts applications for a postdoctoral position for 1
year, starting in September 2002. Depending upon future financing, this period can be extended up to 3 years This
post-doctoral position is opened under the Project entitled ”Stellar Astrophysics” that covers the following topics:
• star formation
• activity and variability in Young Stellar Objects
• solar activity
• stellar winds, jets and HH objects
• stellar atmospheres
• internal structure of stars.
CAUP is an upcoming Research Institute with a staff of 19 researchers, several Ph.D. students and two Master
Programs (involving more than 40 students). It is located at the University Campus of Campo Alegre, sharing a
building with the town Planetarium. CAUP has an extensive set of collaborations with international partners on
research and teaching projects. Portugal is a full member of ESO and ESA, which grants to CAUP researchers access
to their observing facilities.
Any inquiries about this position may be directed to jlima@astro.up.pt . Applicants should forward to Dr. João Lima,
at the address below, the following elements:
• Curriculum Vitae;
• list of publications;
• a brief description of past experience and of research interests;
• proposed working plan;
• the name/address of 3 referees.
The evaluation of the applications will be based on the scientific merit of the candidate and on the proposed working
plan. The monthly salary will be 1.495 Euros, net. There will also be a settlement allowance of 1.000 Euros, paid once
at the beginning of the grant. Travel allowances for conferences/observing trips are usually accommodated within the
budget of the Project.
All complete applications sent between 25th July and 16th August 2002 will be considered.
Applications should be sent to:
Dr. João Lima
Centro de Astrofisica da Universidade do Porto
Rua das Estrelas
P-4150-762 Porto, PORTUGAL
Tel: +351-226 089 830
Fax: +351-226 089 831
email: jlima@astro.up.pt
URL: http://www.astro.up.pt
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Meetings

FIRST ANNOUNCEMENT

Open Issues in Local Star Formation and Early Stellar Evolution
April 05-10, 2003, Ouro Preto, Brazil

Pre-registration: http://www.astro.iag.usp.br/∼ystars/
Scientific Organising Committee:
Celso Batalha (Brazil), Nuria Calvet (USA), Ramino de la Reza (Brazil), Bruce Elmegreen (USA), Gabriel Franco
(Brazil), Jane Gregorio-Hetem (Brazil), Charles Lada (USA), Jacques Lépine (Brazil), Bo Reipurth (USA), Carlos
Alberto Torres (Brazil), Hans Zinnecker (Germany).
[Email contact: ystars@astro.iag.usp.br]
Scientific Rationale: This meeting will focus on (i) the physics of young stellar objects, which are being observed with
increasing angular resolution provided by the new generation of telescopes, and (ii) the processes that triggered large
scale star-formation in the solar neighborhood. However, the scientific presentations will not be limited to these main
topics. Many new interesting results related to Star Formation are being obtained around the world, from observations,
theory and numerical simulations. Since the field of Star Formation is moving quickly, meetings on related topics are
still far from saturation.
The motivation for organizing a Colloquium on Star Formation at Ouro Preto in 2003 is the growing interest of the
Brazilian community in this field. This interest was triggered in part by the Pico dos Dias Survey (PDS). The PDS
discovered a large number of new T Tauri and Herbig Ae/Be stars together with isolated groups of T Tauri stars.
Different groups of researchers devoted efforts to understand the mechanisms of star-formation, and attempted to
confront the available models with the observed space motions. Other members of the community have directed their
research towards individual objects, studying their spectral energy distribution, the evolution of circumstellar disks,
the mechanism of outflows, and performing simulations of Herbig-Haro objects. We expect the first light of the SOAR
(4m) telescope in 2003. This telescope, installed close to Gemini-South, which is already operating, is expected to
boost the research of young stellar objects in Brazil by delivering high-quality data.
We are expecting a very lively meeting and we hope to encourage discussion of new ideas in the field of Star Formation.
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