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Abstracts of recently accepted papers
Detection of Knots and Jets in IRAS 06061+2151
B.G. Anandarao1 , A. Chakraborty2 D.K. Ojha3 and L. Testi4
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We report detection of a Young Stellar Object with an evidence for an outflow in the form of knots in the molecular
hydrogen emission line (2.121µm) towards the massive star forming region IRAS 06061+2151. Near-infrared images
reveal IRAS 06061+2151 to be a cluster of at least five sources, four of which seem to be early B type young stellar
objects, in a region of 12 arcsecs surrounded by a nebulosity. The presence of the knots that are probably similar to
the HH objects in the optical wavelengths, suggests emerging jets from one of the cluster members. These jets appear
to excite a pair of knot-like objects (Knot-NW and Knot-SE) and extend over a projected size of 0.5pc. The driving
source for the jets is traced back to a member of the cluster whose position in the H-Ks/J-H color-color diagram
indicates that it is a Class I type pre-mainsequence star. We also obtained K band spectra of the brightest source in
the cluster and of the nearby nebular matter. The spectra show molecular hydrogen emission lines but do not show
Br γ line (2.167µm). These spectra suggest that the excitation of the molecular hydrogen lines is probably due to a
mild shock.
Accepted by Astron. & Astrophys.
http://arXiv.org/abs/astro-ph/0402352

The substellar population of the young cluster lambda Orionis
David Barrado y Navascues1 , J.R. Stauffer2 , J. Bouvier3 , R. Jayawardhana4 , Jean-Charles Cuillandre5
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CFHT, Hawaii, USA

E-mail contact: barrado@laeff.esa.es
By collecting optical and infrared photometry and low resolution spectroscopy, we have identified a large number
of low mass stars and brown dwarf candidates belonging to the young cluster (∼5 Myr) associated with the binary
star lambda Orionis. The lowest mass object found is a M8.5 with an estimated mass of 0.02 Msun (∼0.01 Msun
for objects without spectroscopic confirmation). For those objects with spectroscopy, the measured strength of the
Halpha emission line follows a distribution similar to other clusters with the same age range, with larger equivalent
widths for cooler spectral types. Three of the brown dwarfs have Halpha emission equivalent widths of order 100 Å,
suggestive that they may have accretion disks and thus are the substellar equivalent of Classical T Tauri stars. We
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have derived the Initial Mass Function for the cluster. For the substellar regime, the index of the mass spectrum is
alpha=0.60±0.06, very similar to other young associations.
Accepted by Astrophysical Journal.
http://arXiv.org/abs/astro-ph/0404072

High resolution spectroscopy of Brown Dwarfs in Taurus: Detection of accretion in
KPNO Tau 3
David Barrado y Navascues1
1

Laboratorio de Astrofisica Espacial y Fisica Fundamental, LAEFF-INTA, Spain

E-mail contact: barrado@laeff.esa.es
We present high resolution optical spectroscopy of three candidate members of the Taurus-Auriga star forming region.
Based on the spectral type, the strength, profile and width of the Hα line, the detected lithium at 6708 Å, the location
of these objects in a H-R diagram and the comparison with similar objects belonging to young stellar associations, we
determine that they are bona fide members of the SFR, with about ∼3 Myr, have masses at or below the substellar
limit and, at least in one case, there is active accretion from a circum(sub)stellar disk. This result suggests that high
mass brown dwarfs go through a Classical TTauri phase and form like stars, from colapse and fragmentation of a
molecular cloud.
Accepted by Astronomy & Astrophysics
http://arXiv.org/abs/astro-ph/0403302

Formation and Collapse of Nonaxisymmetric Protostellar Cores in Planar Magnetic
Molecular Clouds
Shantanu Basu1 and Glenn E. Ciolek2
1
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We extend our earlier work on ambipolar diffusion induced formation of protostellar cores in isothermal sheet-like
magnetic interstellar clouds, by studying nonaxisymmetric collapse for the physically interesting regime of magnetically
critical and supercritical model clouds (mui ≥ 1, where mui is the initial mass-to-magnetic flux ratio in units of the
critical value for gravitational collapse). Cores that form in model simulations are effectively triaxial, with shapes that
are typically closer to being oblate, rather than prolate. Infall velocities in the critical model (mui = 1) are subsonic;
in contrast, a supercritical model (mui = 2) has extended supersonic infall that may be excluded by observations.
For the magnetically critical model, ambipolar diffusion forms cores that are supercritical (muc > 1) and embedded
within subcritical envelopes (muenv < 1). Cores in our models have density profiles that eventually merge into a
near-uniform background, which is suggestive of observed properties of cloud cores.
Accepted by Ap J Letters
Preprint available at http://www.astro.uwo.ca/∼basu/pub.html and astro-ph/0404008.

On the fragmentation of magnetized cloud cores
Alan P. Boss
DTM, Carnegie Institution of Washington, 5241 Broad Branch Road, NW, Washington, DC 20015-1305, USA
E-mail contact: boss@dtm.ciw.edu
Recent calculations with a two-fluid smoothed particle hydrodynamics (SPH) code of the collapse of a magnetized
dense core have found little evidence for fragmentation. These calculations have been interpreted as implying that
magnetic braking by magnetic tension forces is sufficient to inhibit fragmentation, contrary to a suggestion by Boss
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(2000) that magnetic fields might encourage fragmentation. However, the type of fragmentation considered by Boss
did not require the presence of significant rotation, contrary to the case with the SPH calculations, so the relevance
of magnetic braking to Boss’s suggestion is unclear. The SPH calculations used a barotropic equation of state which
tended to produce a single central clump that resisted fragmentation in clouds where the Eddington approximation
radiative transfer used by Boss (2000) led to fragmentation. While a definitive calculation has yet to be accomplished,
fragmentation seems to remain as a possible outcome of the collapse of magnetic clouds.
Accepted by MNRAS
Preprint available at http://www.ciw.edu/boss/ftp/bfrag2/

Convective Cooling of Protoplanetary Disks and Rapid Giant Planet Formation
Alan P. Boss
DTM, Carnegie Institution of Washington, 5241 Broad Branch Road, NW, Washington, DC 20015-1305, USA
E-mail contact: boss@dtm.ciw.edu
The rapid formation of self-gravitating clumps of gas and dust in a marginally gravitationally unstable disk requires a
reasonably efficient means of cooling the disk gas. Clumps form on the dynamical time scale of a few orbital periods in
the disk instability scenario. Radiative transfer is not able to cool the midplanes of optically thick protoplanetary disks
fast enough to permit the disk instability mechanism to form dense clumps. However, vertically-oriented convective
cells, driven by the temperature gradient between the disk’s midplane and surface, appear to be capable of cooling
the disk midplanes on the desired time scale. We demonstrate this possibility by analyzing in detail the vertical
convective energy fluxes in the first three dimensional radiative hydrodynamics model of clump formation by disk
instability, presented by Boss (2001). Similarly robust convective fluxes occur in the models presented by Boss
(2002a,b). Transient convective cells can be seen in all of these simulations, with vertical velocities (∼ 0.1 km s−1 )
and energy fluxes large enough to cool the outer disk at the desired rate.
Accepted by Astrophys. J.
Preprint available at http://www.ciw.edu/boss/ftp/convec/

Modeling the millimeter emission from the Cepheus A young stellar cluster: Evidence
for large scale collapse
Sandrine Bottinelli1 and Jonathan P. Williams1
1
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E-mail contact: sandrine@ifa.hawaii.edu
Evidence for a large scale flow of low density gas onto the Cepheus A young stellar cluster is presented. Observations
of K-band near-infrared and multi-transition CS and N2 H+ millimeter line emission are shown in relation to a submillimeter map of the cool dust around the most embedded stars. The near-infrared emission is offset from the dust
peak suggesting a shift in the location of star formation over the history of the core. The CS emission is concentrated
toward the core center but N2 H+ peaks in two main cores offset from the center, opposite to the chemistry observed
in low mass cores. A starless core with strong CS but weak N2 H+ emission is found toward the western edge of
the region. The average CS(2–1) spectrum over the cluster forming core is asymmetrically self-absorbed suggesting
infall. We analyze the large scale dynamics by applying a one-dimensional radiative transfer code to a model spherical
core with constant temperature and linewidth, and a density profile measured from an archival 850 µm map of the
region. The best fit model that matches the three CS profiles requires a low CS abundance in the core and an outer,
infalling envelope with a low density and undepleted CS abundance. The integrated intensities of the two N2 H+ lines
is well matched with a constant N2 H+ abundance. The envelope infall velocity is tightly constrained by the CS(2–1)
asymmetry and is sub-sonic but the size of the infalling region is poorly determined. The picture of a high density
center with depleted CS slowly accreting a low density outer envelope with normal CS abundance suggests that core
growth occurs at least partially by the dissipation of turbulent support on large scales.
Accepted by Astronomy and Astrophysics
http://arxiv.org/abs/astro-ph/0404215
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McNeil’s Nebula in Orion: The Outburst History
César Briceño1 , A. Katherina Vivas1 , Jesus Hernández1 , Nuria Calvet2, Lee Hartmann2 , Tome Megeath2 ,
Perry berlind2 , Mike Calkins2 and Sergio D. Hoyer3
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E-mail contact: briceno@cida.ve
We present a sequence of I-band images obtained at the Venezuela 1m Schmidt telescope during the outburst of the
nebula recently discovered by J.W. McNeil in the Orion L1630 molecular cloud. We derive photometry spanning the
pre-outburst state and the brightening itself, a unique record including 14 epochs and spanning a time scale of ∼ 5
years. We constrain the beginning of the outburst at some time between Oct. 28 and Nov. 15, 2003. The light curve
of the object at the vertex of the nebula, the likely exciting source of the outburst, reveals that it has brightened
∼ 5 magnitudes in about 4 months. The time scale for the nebula to develop is consistent with the light travel time,
indicating that we are observing light from the central source scattered by the ambient cloud into the line of sight.
We also show recent FLWO optical spectroscopy of the exciting source and of the nearby HH 22. The spectrum of the
source is highly reddened; in contrast, the spectrum of HH 22 shows a shock spectrum superimposed on a continuum,
most likely due to reflected light from the exciting source reaching the HH object through a much less reddened path.
The blue portion of this spectrum is consistent with an early B spectral type, similar to the early outburst spectrum of
the FU Ori variable V1057 Cyg; we estimate a luminosity of L ∼ 219L . The eruptive behavior of the McNeil nebula
source, its spectroscopic characteristics and luminosity, suggest we may be witnessing an FU Ori event on its way to
maximum. Further monitoring of this object will decide whether it qualifies as a member of this rare class of objects.
Accepted by Astroph. J. Letters

Detection of H2 D+ : Measuring the midplane degree of ionization in the disks of DM
Tau and TW Hya
C. Ceccarelli1 , C. Dominik2 , B. Lefloch1 , P. Caselli3 , E. Caux4
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We report the first detection of the ground transition of the ortho H2 D+ molecule towards one disk source, DM Tau,
a tentative detection towards TW Hya, and an upper limit towards LkCa15. The three observed sources possess
young, gas rich disks with large CO depletion factors. We argue that the observed ground ortho-H2 D+ line originates
in the outer disk midplane gas, which is cold and depleted of CO. Since H2 D+ is likely the most abundant ion, the
measured line intensity allows to estimate the ionization degree in the midplane gas of the outer disk. In DM Tau the
electron abundance is 7 × 10−10 , in TW Hya it is about 4 × 10−10 , and in LkCa15 it is less than about 2 × 10−9 . This
implies that the ionization in the disks is large enough for the magneto-rotational instability to operate. The required
ionization rate, 5 × 10−17 s−1 , in TW Hya is consistent, within the associated uncertainty, with normal cosmic ray
irradiation, whereas in DM Tau it is a factor ten lower than the canonical value.
Accepted by Ap.J. Letters
http://www-laog.obs.ujf-grenoble.fr/∼ceccarel/

Multifluid, Magnetohydrodynamic Shock Waves with Grain Dynamics II. Dust and the
Critical Speed for C Shocks
Glenn E. Ciolek1,2 , Wayne G. Roberge1,2 and Telemachos Ch. Mouschovias3
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This is the second in a series of papers on the effects of dust on multifluid, magnetohydrodynamic shock waves in
weakly-ionized molecular gas. We investigate the influence of dust on the critical shock speed, vcrit , above which C
shocks cease to exist. Chernoff showed that vcrit cannot exceed the grain magnetosound speed, Vgms , if dust grains
are dynamically well coupled to the magnetic field. Since Vgms ' 5 km s−1 in a dense cloud or core, the potential
implications for models of shock emission are profound. We present numerical simulations of steady shocks where
the grains may be well- or poorly coupled to the field. We use a time-dependent, multifluid MHD code that models
the plasma as a system of interacting fluids: neutral particles, ions, electrons, and various “dust fluids” comprised
of grains with different sizes and charges. Our simulations include grain inertia and grain charge fluctuations but to
highlight the essential physics we assume adiabatic flow, single-size grains, and neglect the effects of chemistry. We
show that the existence of a phase speed vφ does not necessarily mean that C shocks will form for all shock speeds vs
less than vφ . When the grains are weakly coupled to the field, steady, adiabatic shocks resemble shocks with no dust:
the transition to J type flow occurs at vcrit ≈ 2.76VnA , where VnA is the neutral Alfvén speed, and steady shocks with
vs > 2.76VnA are J shocks with magnetic precursors in the ion-electron fluid. When the grains are strongly coupled to
the field, vcrit = min (2.76VnA , Vgms ). Shocks with vcrit < vs < Vgms have magnetic precursors in the ion-electron-dust
fluid. Shocks with vs > Vgms have no magnetic precursor in any fluid. We present time-dependent calculations to
study the formation of steady multifluid shocks. The dynamics differ qualitatively depending on whether or not the
grains and field are well coupled.
Accepted by The Astrophysical Journal
http://arxiv.org/abs/astro-ph/0404209

Search for class II methanol masers at 23.1 GHz
D.M. Cragg1 , A.M. Sobolev2 , J.L. Caswell3 , S.P. Ellingsen4 and P.D. Godfrey1
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In the early days of methanol maser discoveries the 92 − 101 A+ transition at 23.1 GHz was found to exhibit maser
characteristics in the northern star-forming region W3(OH), and probable maser emission in two other sources. Attention subsequently turned to the 6.6-GHz 51 − 60 A+ methanol maser transition, which has proved a valuable tracer of
early high-mass star formation. We have undertaken a new search for 23.1-GHz methanol masers in 50 southern star
formation regions using the Parkes radiotelescope. The target sources all exhibit class II methanol maser emission at
6.6 GHz, with 20 sources also displaying maser features in the 107.0-GHz 31 − 40 A+ methanol line. Strong emission
at 23.1 GHz in NGC 6334F was confirmed, but no emission was detected in the remaining sources. Thus the 23.1-GHz
methanol masers are rare.
A maser model in which methanol molecules are pumped to the second torsionally excited state by radiation from warm
dust can account for class II maser activity in all the transitions in which it is observed. According to this model the
23.1-GHz maser is favoured by conditions representing low gas temperature, high external dust temperature, low gas
density, and high column density of methanol; the scarcity of this maser indicates that such combinations of conditions
are uncommon. We have undertaken new model calculations to examine the range of parameters compatible with
the upper limits on 23.1-GHz emission from our survey. Further constraints apply in sources with upper limits to
maser emission at 107.0 GHz, and the combination of data for the two transitions delineates a narrow range of gas
density and methanol abundance if the dust temperature is 175 K or greater. While the results are subject to the
uncertainties of the chosen model, they may be applicable to the majority of methanol maser sites in the vicinity of
newborn high-mass stars, in which methanol masers other than the 6.6- and 12.1-GHz transitions are not detected.
Accepted by MNRAS

5

Observations of L1521F: a highly evolved starless core
A. Crapsi1,2 , P. Caselli3 , C.M. Walmsley3 , M. Tafalla4 , C.W. Lee5 , T.L. Bourke6 , P.C. Myers2
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We observed the pre–stellar core L1521F in dust emission at 1.2mm and in two transitions each of N2 H+ , N2 D+ ,
C18 O and C17 O in order to increase the sample of well studied centrally concentrated and chemically evolved starless
cores, likely on the verge of star formation, and to determine the initial conditions for low–mass star formation in
the Taurus Molecular Cloud. The dust observation allows us to infer the density structure of the core and together
with measurements of CO isotopomers gives us the CO depletion. N2 H+ and N2 D+ lines are good tracers of the
dust continuum and thus they give kinematic information on the core nucleus. We derived in this object a molecular
hydrogen number density n(H2 )∼ 106 cm−3 and a CO depletion factor, integrated along the line of sight, fD ≡
9.5×10−5 /xobs (CO) ∼ 15 in the central 2000 , similar to the pre–stellar core L1544. However, the N (N2 D+ )/N (N2 H+ )
column density ratio is ∼ 0.1, a factor of about 2 lower than that found in L1544. The observed relation between the
deuterium fractionation and the integrated CO depletion factor across the core can be reproduced by chemical models
if N2 H+ is slightly (factor of ∼2 in fractional abundance) depleted in the central 3000 AU. The N2 H+ and N2 D+
linewidths in the core center are ∼ 0.3 km s−1 , significantly larger than in other more quiescent Taurus starless cores
but similar to those observed in the center of L1544. The kinematical behaviour of L1521F is more complex than seen
in L1544, and a model of contraction due to ambipolar diffusion is only marginally consistent with the present data.
Other velocity fields, perhaps produced by accretion of the surrounding material onto the core and/or unresolved
substructure, are present. Both chemical and kinematical analyses suggest that L1521F is less evolved than L1544,
but, in analogy with L1544, it is approaching the “critical” state.
Accepted by A&A
http://arxiv.org/abs/astro-ph/0403517
http://www.arcetri.astro.it/∼starform/publ2004.htm

High resolution observations of 6.7-GHz methanol masers with the LBA
R. Dodson1,3 , R. Ojha2 and S.P. Ellingsen3
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We have used the Australian Long Baseline Array (LBA) to produce milliarcsecond images of five sites of methanol
(CH3 OH) maser emission at 6.7 GHz. These are all sites that have linear morphologies at arcsecond resolutions,
which have been hypothesised to be due to the masers forming in edge-on circumstellar disks. We find that a simple
disk model cannot explain the observations. We discuss various alternatives, and suggest a new model which explains
how linear velocity gradients can be produced in methanol masers that arise in planar shocks propagating nearly
perpendicular to the line of sight.
Accepted by MNRAS
http://arxiv.org/abs/astro-ph/0403430

6

New light on the S235A-B star forming region
Marcello Felli1 , Fabrizio Massi1 , Alessandro Navarrini2,3 , Roberto Neri3 , Riccardo Cesaroni1 , and Tim
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The S235A-B star forming region has been extensively observed in the past from the radio to the near IR, but what
was happening in the immediate surroundings of the water maser, placed in between the two nebulosities, was still
unclear because of insufficient resolution especially in the spectral range from the Far IR to the mm, even though
there were sound indications that new young stellar objects (YSOs) are being formed there. We present here new high
resolution maps at mm wavelengths in different molecules (HCO+ , C34 S, H2 CS, SO2 and CH3 CN), as well as in the
1.2 and 3.3 mm continuum obtained with the Plateau de Bure interferometer, and JCMT observations at 450 µm and
850 µm that unambiguously reveal the presence of new YSOs placed in between the two HII regions S235A and S235B
and associated with the water maser. A molecular core and an unresolved source in the mm and in the sub-mm are
centred on the maser, with indication of mass infall onto the core. Two molecular bipolar outflows and a jet originate
from the same position. Weak evidence is found for a molecular rotating disk perpendicular to the direction of the
main bipolar outflow. The derived parameters indicate that one of the YSOs is an intermediate luminosity object
(L ∼ 103 L ) in a very early evolutionary phase, embedded in a molecular core of ∼ 100 M , with a temperature of 30
K. The main source of energy for the YSO could come from gravitational infall, thus making this YSO a rare example
of intermediate luminosity protostar representing a link between the earliest evolutionary phases of massive stars and
low mass protostars of class 0–I.
Accepted by Astronomy & Astrophysics
http://www.arcetri.astro.it/∼fmassi/projects/pub.html

Spiral Structure in the Circumstellar Disk around AB Aurigae
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We present a near-infrared image of the Herbig Ae star AB Aur obtained with the coronagraphic camera CIAO
mounted on the Subaru Telescope. The image shows a circumstellar emission extending out to a radius of r = 580 AU,
with a double spiral structure detected at r =200–450 AU. The surface brightness decreases as r−3.0±0.1 , steeper than
the radial profile of the optical emission possibly affected by the scattered light from the envelope surrounding AB Aur.
This result, together with the size of the infrared emission similar to that of the 13 CO (J = 1 − 0) disk, suggests
that the spiral structure is indeed associated with the circumstellar disk but is not part of the extended envelope. We
identified four major spiral arms, which are trailing if the brighter, southeastern part of the disk is the near side. The
weak gravitational instability, maintained for millions of years by continuous mass supply from the envelope, might
explain the presence of the spiral structure at the relatively late phase of the pre-main-sequence period.
Accepted by Astrophys. J. Letters
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EVN observations of H2 O masers towards the high-mass young stellar object in AFGL
5142
C. Goddi1 , L. Moscadelli1 , W. Alef2 and J. Brand3
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We have conducted multi-epoch EVN observations of the 22.2 GHz water masers towards the high-mass young stellar
object in AFGL 5142. With four observing epochs, spanning a time of ∼1 year, 12 distinct maser features have
been detected, 7 of which were detected in more than one epoch. The positions and velocities of the VLBI features
agree well with those of the emission centers previously identified by means of VLA observations. For a few features,
persistent over three or four epochs, accurate values of the proper motions are derived. The observed proper motions
have an amplitude of 15–20 km s−1 , significantly larger than the range of variation of the line-of-sight velocities (±4
km s−1 around the systemic velocity). On the basis of their spatial distribution, the observed maser features can be
divided into two groups. A model fit to the positions and velocities of the maser features of Group I, detected in the
same region (within ∼500 mas) where the massive YSO should be located, demonstrates that these might arise on
the surface of a nearly edge-on Keplerian disk, rotating around a massive young stellar object. The maser features of
Group II, found at large distances from the YSO (≥ 100 ), have positions and line-of-sight velocities in agreement with
the blue-shifted lobe of a large-scale molecular outflow (traced by the HCO+ and SiO emission), and might result
from the interaction between the gas flowing away from the young stellar object and the ambient gas of the progenitor
molecular core.
Accepted by Astronomy & Astrophysics

High Angular Resolution Mid-infrared Imaging of Young Stars in Orion BN/KL
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We present Keck LWS images of the Orion BN/KL star forming region obtained in the first multi-wavelength study
to have 0.00 3-0.00 5 resolution from 4.7µm to 22µm. The young stellar objects designated infrared source n and radio
source I are believed to dominate the BN/KL region. We have detected extended emission from a probable accretion
disk around source n but infer a stellar luminosity on the order of only 2000 L . Although source I is believed to be
more luminous, we do not detect an infrared counterpart even at the longest wavelengths. However, we resolve the
closeby infrared source, IRc2, into an arc of knots ∼ 103 AU long at all wavelengths. Although the physical relation of
source I to IRc2 remains ambiguous, we suggest these sources mark a high density core (107 -108 pc−3 over ∼ 103 AU)
within the larger BN/KL star forming cluster. The high density may be a consequence of the core being young and
heavily embedded. We suggest the energetics of the BN/KL region may be dominated by this cluster core rather than
one or two individual sources.
Accepted by ApJ Letters
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LkHα 312 has been observed serendipitously with the ACIS-I detector on board the Chandra X-ray Observatory with
26 h continuous exposure. This Hα emission line star belongs to M 78 (NGC 2068), one of the star-forming regions of
the Orion B giant molecular cloud at a distance of 400 pc. From the optical and the near-infrared (NIR) data, we
show that LkHα 312 is a pre-main sequence (PMS) low-mass star with a weak NIR excess. This genuine T Tauri star
displayed an X-ray flare with an unusual long rise phase (∼8 h). The X-ray emission was nearly constant during the
first 18 h of the observation, and then increased by a factor of 13 during a fast rise phase (∼2 h), and reached a factor
of 16 above the quiescent X-ray level at the end of a gradual phase (∼6 h) showing a slower rise. To our knowledge this
flare, with ∼0.4–∼0.5 cts s−1 , has the highest count rate observed so far with Chandra from a PMS low-mass star. By
chance, the source position, 8.20 off-axis, protected this observation from pile-up. We make a spectral analysis of the
X-ray emission versus time, showing that the plasma temperature of the quiescent phase and the flare peak reaches
29 MK and 88 MK, respectively. The quiescent and flare luminosities in the energy range 0.5–8 keV corrected from
absorption (NH ≈ 1.7 1021 cm−2 ) are 6 1030 erg s−1 and ∼1032 erg s−1 , respectively. The ratio of the quiescent X-ray
luminosity on the LkHα 312 bolometric luminosity is very high with log(LX /Lbol ) = −2.9, implying that the corona of
LkHα 312 reached the ‘saturation’ level. The X-ray luminosity of the flare peak reaches ∼2% of the stellar bolometric
luminosity. The different phases of this flare are finally discussed in the framework of solar flares, which leads to the
magnetic loop height from 3.1 1010 to 1011 cm (0.2–0.5 R? , i.e., 0.5–1.3 R ).
Accepted by Astronomy & Astrophysics
http://arxiv.org/abs/astro-ph/0402672
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We have observed five classical T Tauri stars known to have strong forbidden line emission with STIS in slitless mode
on the Hubble Space Telescope. This technique makes it possible to image jets within a few tens of AU of their exciting
sources, a region of great interest for models of accretion disks and jets. Slitless images generate emission line images
at all wavelengths, including those where no narrowband filters exist. Images of the forbidden line regions around each
object, constructed by subtracting the stellar continuum and combining observations taken at different orientations,
show [O I] jets from CW Tau, HN Tau, UZ Tau-E, DF Tau, and the primary of DD Tau. Jets exist on both sides of
the close binary DF Tau, either as a jet and its counterjet or as separate jets from the primary and secondary. Several
emission lines not previously seen in jets close to the star exist in the HN Tau jet; the [Fe II] 7155Å/ 8617Å ratio is
particularly useful because it measures the electron density in the densest regions of stellar jets, where log(Ne ) >∼
6. Electron densities in the inner 30 AU of the HN Tau jet range from log Ne = 6.2 to 6.9. We construct diagnostic
diagrams for the density, temperature, and ionization fraction in jets close to their stars using various emission lines
of O I and O II. The red auroral [O II] lines are bright close to HN Tau, indicating that the emitting regions of the
inner 35 AU of the jet have a substantial ionized component – 20% if the emission comes from a shock, and 50% for
an isothermal flow. We discuss mass loss rates and filling factors for these two cases. The intensity of the HN Tau jet
in [O I] 6300Å declines exponentially with distance beyond ∼ 15 AU. The superior continuum subtraction with slitless
data as compared with narrowband images makes it possible to resolve widths of jets at distances as close as ∼ 15 AU
of the star. The two best examples, HN Tau and UZ Tau-E, have jets that expand with distance. When projected back
to the source, the width of the jet in HN Tau is a few AU at the 3-sigma level, while the jet in UZ Tau-E is spatially
unresolved. The new images of CW Tau reveal proper motions in this jet, which ejected at least two knots since 1980.
There is no indication that CW Tau brightened when it ejected the largest of these knots, but the photometric record
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of this star over the last two decades is fragmentary.
Accepted by Ap. J.
http://sparky.rice.edu/∼hartigan/pub.html

High Resolution Near-Infrared Spectroscopy of FU Ori Objects
Lee Hartmann1 , Kenneth Hinkle2 and Nuria Calvet1
1
2

Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge, MA 02138, USA
National Optical Astronomy Observatory, P.O. Box 26732, Tucson, AZ 85726, USA

E-mail contact: hartmann@cfa.harvard.edu
We present an analysis of recent near-infrared, high-resolution spectra of the variable FU Ori objects. During a phase
of rapid fading in optical brightness during 1997, V1057 Cyg exhibited shell absorption in first-overtone (v 00 −v 0 = 2−0)
CO lines, blue shifted by about 50km s−1 from the system velocity. This shell component had not been seen previously,
nor was it present in 1999, although some blue shifted absorption asymmetry is seen at the latter epoch. The
appearance of this CO absorption shell is connected with the roughly contemporaneous appearance of blue-shifted,
low-excitation optical absorption lines with comparable low velocities; we suggest that this shell was also responsible
for some of the peculiar emission features seen in red-optical spectra of V1057 Cyg. FU Ori continues to exhibit broad
CO lines, with some evidence for the double-peaked profiles characteristic of an accretion disk; the line profiles are
consistent with previous observations. Both FU Ori and V1057 Cyg continue to exhibit lower rotational broadening at
2.3 µm than at optical wavelengths, in agreement with the prediction of differentially-rotating disk models; we have a
marginal detection of the same effect in V1515 Cyg. The relative population of the first overtone CO rotational levels
in the FU Ori objects suggests low excitation temperatures. We compare disk models to the observations and find
agreement with overall line strengths and rotational broadening, but the observed line profiles are generally less doublepeaked than predicted. We suggest that the discrepancy in line profiles is due to turbulent motions in FU Ori disks,
of an effect qualitatively predicted by recent simulations of the magnetorotational instability in vertically-stratified
accretion disks.
Accepted by Ap. J.
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We present a search for water maser emission at 22 GHz associated with young low-mass protostars in six HII regions
— M16, M20, NGC 2264, NGC 6357, S125, and S140. The survey was conducted with the NRAO Very Large Array
from 2000 to 2002. For several of these HII regions, ours are the first high-resolution observations of water masers.
We detected 16 water masers: eight in M16, four in M20, three in S140, and one in NGC 2264. All but one of these
were previously undetected. No maser emission was detected from NGC 6357 or S125. There are two principle results
to our study. (1) The distribution of water masers in M16 and M20 does not appear to be random but instead is
concentrated in a layer of compressed gas within a few tenths of a parsec of the ionization front. (2) Significantly fewer
masers are seen in the observed fields than expected based on other indications of ongoing star formation, indicating
that the maser-exciting lifetime of protostars is much shorter in HII regions than in regions of isolated star formation.
Both of these results confirm predictions of a scenario in which star formation is first triggered by shocks driven in
advance of ionization fronts, and then truncated ∼ 105 years later when the region is overrun by the ionization front.
Accepted by Astrophysical Journal
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High-angular resolution CO observations of small-area molecular structures (SAMS) are presented. The feature-less
structures seen in the single-dish measurements break up into several smaller clumps in the interferometer map. At an
adopted distance of 100pc their sizes are of order a few hundred AU, some of which are still unresolved at an angular
resolution of about 300 . The clumps have a fractal structure with a fractal index between 1.7 and 2.0. Their kinetic
temperature is between 7 K and 18 K. Adopting standard conversion factors masses are about 1/10 MJupiter for
individual clumps and densities are higher than 20000 cm−3 . The clumps are highly overpressured and it is unknown
what creates or maintains such structures.
Accepted by Astroph. J. Letters
preprints: astro-ph/0403514
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In an effort to understand unusual power-law spectral slopes observed in some hypercompact HII regions, we consider
the radio continuum energy distribution from an ensemble of spherical clumps. An analytic expression for the free-free
emission from a single spherical clump is derived. The radio continuum slope (with Fν ∝ ν α ) is governed by the
population of clump opticaldepths N (τ ), such that (a) at frequencies where all clumps are thick, a continuum slope
of +2 is found, (b) at frequencies where all clumps are optically thin, a flattened slope of −0.11 is found, and (c) at
intermediate frequencies, a power-law segment of significant bandwidth with slopes between these two limiting values
can result. For the ensemble distribution, we adopt a power-law distribution N (τ ) ∝ τ −γ , and find that significant
power-law segments in the SED with slopes from +2 to −0.11 result only for a relatively restricted range of γ values
of 1 to 2. Further, a greater range of clump optical depths for this distribution leads to a wider bandwidth over which
the intermediate power-law segment exists. The model is applied to the source W49N-B2 with an observed slope of
α ≈ +0.9, but that may be turning over to become optically thin around 2 mm. An adequate fit is found in which
most clumps are optically thin and there is little “shadowing” of rearward clumps by foreground clumps (i.e., the
geometrical covering factor C  1). The primary insight gained from our study is that in the Rayleigh-Jeans limit for
the Planck function that applies for the radio band, it is the distribution in optical depth of the clump population that
is solely responsible for setting the continuum shape, with variations in the size and temperature of clumps serving to
modulate the level of free-free emission.
Accepted by ApJ
www.etsu.edu/physics/ignace/pubs.html
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We present results from an ISOCAM survey in the two broad band filters LW2 (5-8.5 µm) and LW3 (12-18 µm) of a
0.13 square degree coverage of the Serpens Main Cloud Core. A total of 392 sources were detected in the 6.7 µm band
and 139 in the 14.3 µm band to a limiting sensitivity of ∼ 2 mJy. We identified 58 Young Stellar Objects (YSOs) with
mid-IR excess from the single colour index [14.3/6.7], and 8 additional YSOs from the H − K/K − m6.7 diagram. Only
32 of these 66 sources were previously known to be YSO candidates. Only about 50% of the mid-IR excess sources
show excesses in the near-IR J − H/H − K diagram. In the 48 square arc minute field covering the central Cloud
Core the Class I/Class II number ratio is 19/18, i.e. about 10 times larger than in other young embedded clusters
such as ρ Ophiuchi or Chamaeleon. The mid-IR fluxes of the Class I and flat-spectrum sources are found to be on
the average larger than those of Class II sources. Stellar luminosities are estimated for the Class II sample, and its
luminosity function is compatible with a coeval population of about 2 Myr which follows a three segment power-law
IMF. For this age about 20% of the Class IIs are found to be young brown dwarf candidates. The YSOs are in general
strongly clustered, the Class I sources more than the Class II sources, and there is an indication of sub-clustering. The
sub-clustering of the protostar candidates has a spatial scale of 0.12 pc. These sub-clusters are found along the NW-SE
oriented ridge and in very good agreement with the location of dense cores traced by millimeter data. The smallest
clustering scale for the Class II sources is about 0.25 pc, similar to what was found for ρ Ophiuchi. Our data show
evidence that star formation in Serpens has proceeded in several phases, and that a “microburst” of star formation
has taken place very recently, probably within the last 105 yrs.
Accepted by A&A
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The influence of the ionisation rate on the chemical composition of dense cores of dark
molecular clouds
M. Kirsanova1 and D. Wiebe2
1
2

Ural State University, Ekaterinburg, Russia
Institute of Astronomy of the RAS, Moscow, Russia

E-mail contact: m.kirsanova@mail.ru, dwiebe@inasan.ru
We study the influence of variation in the rate ζ of ionization of neutral chemical species by cosmic rays on abundances
of some observable molecules in dense cores of dark molecular clouds. Changes in molecular abundances, accompanying
the increased (decreased) ionization rate, are caused by the single cause, namely, the acceleration (deceleration) of
processes, which are affected directly or indirectly by chemical reactions with charged species. Apart from affecting
the gas-phase chemistry, increased cosmic ray flux not only leads to more effective destruction of dust grain mantles,
but also accelerates the freeze-out of some components. In particular, in the model with increased ζ destruction of a
volatile molecule N2 by ionized helium causes rapid accumulation of nitrogen atoms in the dust phase ammonia, which
has the higher desorption energy in comparison with N2 desorption energy. As a result, the gas-phase abundance of
NH3 and N2 H+ decreases significantly. This mechanism is able to explain the unusual chemical structure of some
dense globules, e. g., B68, where surprizingly low abundances of N-bearing molecules is observed along with the central
depression in NH3 and N2 H+ column densities. It is shown that cloud observations in HCN and HNC lines are able
to discriminate between the two possible reasons of decreased NH3 and N2 H+ abundances, namely, the influence of
the increased cosmic ray flux or N2 freeze-out due to higher desorption energy of this molecule.
Accepted by Astron. Reports (English translation of Astron. Zhurnal)
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cluster
Ryuichi Kurosawa, Tim J. Harries, Matthew R. Bate and Neil H. Symington
School of Physics, University of Exeter, Stocker Road, Exeter EX4 4QL, UK
E-mail contact: rk@astro.ex.ac.uk
We present three-dimensional Monte Carlo radiative transfer models of a very young (< 105 years old) low mass
(50 M ) stellar cluster containing 23 stars and 27 brown dwarfs. The models use the density and the stellar mass
distributions from the large-scale smoothed particle hydrodynamics (SPH) simulation of the formation of a low-mass
stellar cluster by Bate, Bonnell and Bromm. Using adaptive mesh refinement, the SPH density is mapped to the
radiative transfer grid without loss of resolution. The temperature of the ISM and the circumstellar dust is computed
using Lucy’s Monte Carlo radiative equilibrium algorithm. Based on this temperature, we compute the spectral energy
distributions of the whole cluster and the individual objects. We also compute simulated far-infrared Spitzer Space
Telescope (SST ) images (24, 70, and 160 µm bands) and construct colour-colour diagrams (near-infrared HKL and
SST mid-infrared bands). The presence of accretion discs around the light sources influences the morphology of
the dust temperature structure on a large scale (up to a several 104 au). A considerable fraction of the interstellar
dust is underheated compared to a model without the accretion discs because the radiation from the light sources
is blocked/shadowed by the discs. The spectral energy distribution (SED) of the model cluster with accretion discs
shows excess emission at λ = 3–30 µm and λ > 500 µm, compared to that without accretion discs. While the former
is caused by the warm dust present in the discs, the latter is cause by the presence of the underheated (shadowed)
dust. Our model with accretion discs around each object shows a similar distribution of spectral index (2.2–20 µm)
values (i.e. Class 0–III sources) as seen in the ρ Ophiuchus cloud. We confirm that the best diagnostics for identifying
objects with accretion discs are mid-infrared (λ = 3–10 µm) colours (e.g. SST IRAC bands) rather than HKL colours.
Accepted by MNRAS
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I investigate the self-irradiation of intensively accreting circumstellar discs (backwarmed discs). It is modelled using
the two-layer disc approach by Lachaume et al. (2003) that includes heating by viscous dissipation and by an external
source of radiation. The disc is made of a surface layer directly heated by the viscous luminosity of the central parts
of the disc, and of an interior heated by viscosity as well as by reprocessed radiation from the surface. This model
convincingly accounts for the infrared excess of some FU Orionis objects in the range 1-200 microns and supports the
backwarmed disc hypothesis sometimes invoked to explain the mid- and far-infrared excesses whose origins are still
under debate. Detailed simulation of the vertical radiative transfert in the presence of backwarming is still needed to
corroborate these results and spectroscopically constrain the properties of intensively accreting discs.
Accepted by Astronomy & Astrophysics
Preprint download: http://arxiv.org/abs/astro-ph/0404094
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We present a new infrared extinction study of Globule 2, the most opaque molecular cloud core in the Coalsack
complex. Using deep near-infrared imaging observations obtained with the ESO NTT we are able to examine the
structure of the globule in significantly greater detail than previously possible. We find the most prominent structural
feature of this globule to be a strong central ring of dust column density which was not evident in lower resolution
studies of this cloud. This ring represents a region of high density and pressure that is likely a transient structure.
For a spherical cloud geometry the ring would correspond to a dense inner shell of high pressure that could not be
in dynamical equilibrium with its surroundings since there appear to be no sources of pressure in the central regions
of the cloud that could support the shell against gravity and prevent its inward implosion. The timescale for the
inward collapse of the ring would be less than 2 x 105 years, suggesting that this globule is in an extremely early
stage of evolution, and perhaps caught in the process of forming a centrally condensed dense core or Bok globule.
Outside its central regions the globule displays a well-behaved density profile whose shape is very similar to that of
a stable Bonnor-Ebert sphere. Using SEST we also obtained a C18 O spectrum toward the center of the cloud. The
CO observation indicates that the globule is a gravitationally bound object. Analysis of the CO line profile reveals
significant non-thermal gas motions likely due to turbulence. As a whole the globule may be evolving to a global state
of quasi-static dynamical equilibrium in which thermal and turbulent pressure balance gravity.
Accepted by ApJ
Preprints can be downloaded from http://cfa-www.harvard.edu/∼clada/preprints.html
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We present measurements of the [C18 O]/[C17 O] abundance ratio based on observations of J = (1 → 0) lines of these
isotopomers toward star-forming cores in the Taurus molecular cloud. Our data set includes measurements along 648
lines of sight through these clouds, covering both low and high column density regions. We compare the integrated
intensity ratio for each line of sight with a simple model of emission from a dense cloud to determine this abundance
ratio. Using this model, we find a [C18 O]/[C17 O] abundance ratio of 4.0 ± 0.5 is consistent with the data. However, at
low column densities, it appears that a higher abundance ratio may be more appropriate. We examine ways in which the
abundance ratio might be changed in the outer parts of molecular clouds and conclude that selective photodissociation
of C17 O by external ultraviolet light can increase the abundance ratio. A two-phase model, incorporating a C17 O-free
“sheath” of cloud material surrounding a self-shielded inner cloud region, is fit to the data. Using this model and an
assumed sheath H2 column density of 4 × 1021 cm−2 , we find a lower abundance ratio of 2.8 ± 0.4 for the material
in the shielded inner cloud. This new result is consistent with recent results from ultraviolet absorption spectroscopy
through translucent clouds and measurements of the [13 C18 O]/[13 C17 O] ratio in the Ophiuchus molecular cloud.
Accepted by Astrophys. J.
Preprint available at: http://www.eg.bucknell.edu/physics/astronomy/people/ladd/abundances/
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In this paper we examine the issue of characterising the transport associated with gravitational instabilities in relatively
cold discs, discussing in particular the conditions under which it can be described within a local, viscous framework.
We present the results of global, three-dimensional, SPH simulations of self-gravitating accretion discs, in which the
disc is cooled using a simple parametrisation for the cooling function. Our simulations show that the disc settles in a
“self-regulated” state, where the axisymmetric stability parameter Q ≈ 1 and where transport and energy dissipation
are dominated by self-gravity. We have computed the gravitational stress tensor and compared our results with
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expectations based on a local theory of transport. We find that, as long as the disc mass is smaller than 0.25M?
and the aspect ratio H/R ≤ 0.1, transport is determined locally, thus allowing for a viscous treatment of the disc
evolution.
Accepted by MNRAS
http://arXiv.org/abs/astro-ph/0403185
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Four Bok globules were studied in the Near-Infrared, through narrow-band filters, centered at the 1.644 µm line of
[FeII], the H2 -line at 2.122 µm, and the adjacent continuum. We report the discovery of [FeII] and H2 protostellar
jets and knots in the globules CB3 and CB230. The [FeII]-jet in CB230 is defined by a continuous elongated emission
feature, superimposed on which two knots are seen; the brighter one lies at the tip of the jet. The jet is oriented in
the same direction as the large-scale CO outflow, and emerges from the nebulosity in which a Young Stellar Object is
embedded. The H2 emission associated with this jet is fainter and wider than the [FeII] emission, and is likely coming
from the walls of the jet-channel. In CB3 four H2 emission knots are found, all towards the blue-shifted lobe of the
large-scale outflow. There is a good correspondence between the location of the knots and the blue-shifted SiO(5−4)
emission, confirming that SiO emission is tracing the jet-like flow rather well. No line emission is found in the other
two targets, CB188 and CB205, although in CB205 faint line emission may have been hidden in the diffuse nebulosity
near the IRAS position. Around this position a small group of (≥ 10) stars is found, embedded in the nebula. A
diffuse jet-like feature near this group, previously reported in the literature, has been resolved into individual stars.
Accepted by Astronomy & Astrophysics
http://www.arcetri.astro.it/∼fmassi/papers
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We critically examine the theory of disk locking, which assumes that the angular momentum deposited on an accreting
protostar is exactly removed by torques carried along magnetic field lines connecting the star to the disk. In this Letter,
we consider that the differential rotation between the star and disk naturally leads to an opening (i.e., disconnecting)
of the magnetic field between the two. We find that this significantly reduces the spin-down torque on the star by the
disk. Thus, disk-locking cannot account for the slow rotation (∼10% of breakup speed) observed in several systems
and for which the model was originally developed.
Accepted by ApJ Letters
http://arxiv.org/abs/astro-ph/0403635
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Previous studies of young stellar objects (YSOs) have uncovered a number of associated parsec - scale optical outflows,
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the majority of which are driven by low - mass, embedded Class I sources. Here we examine more evolved Classical
T Tauri stars (CTTSs), i.e. Class II sources, to determine whether these are also capable of driving parsec - scale
outflows. Five such sources are presented here - CW Tau, DG Tau, DO Tau, HV Tau C and RW Aur, all of which
show optical evidence for outflows of the order of 1pc (240 at the distance of Taurus - Auriga). These sources were
previously known only to drive “micro - jets” or small - scale outflows < ∼10 in length. A parsec - scale outflow from
a less evolved source (DG Tau B) which was noted in the course of this work is also included here. Examination of
the five newly discovered large - scale outflows from CTTSs shows that they have comparable morphologies, apparent
dynamical timescales and degrees of collimation to those from less evolved sources. There is also strong evidence that
these outflows have blown out of their parent molecular clouds. Finally we note that the “fossil record” provided by
these outflows suggests their sources could have undergone FU Orionis - type outbursts in the past.
Accepted by Astron. Astrophys.
Preprints are available at
http://www.dias.ie/dias/cosmic/astrophysics/general/Staff/homepages/fmcg/publications.html.

The interaction of a planet with a disc with MHD turbulence IV: Migration rates of
embedded protoplanets
Richard P. Nelson & John C.B. Papaloizou
Astronomy Unit, Queen Mary, University of London, Mile End Rd, London E1 4NS, U.K.
E-mail contact: R.P.Nelson@qmul.ac.uk
We present the results of global cylindrical disc simulations and local shearing box simulations of protoplanets interacting with a disc undergoing MHD turbulence. The specific emphasis of this paper is to examine and quantify the
magnitude of the torque exerted by the disc on the embedded protoplanets as a function of the protoplanet mass, and
thus to make a first study of the induced orbital migration of protoplanets resulting from their interaction with magnetic, turbulent discs. This issue is of crucial importance in understanding the formation of gas giant planets through
the so–called core instability model, and the subsequent orbital evolution post formation prior to the dispersal of the
protostellar disc. Current estimates of the migration time of protoplanetary cores in the 3 – 30 Earth mass range in
standard disc models are τmig ' 104 – 105 yr, which is much shorter than the estimated gas accretion time scale of
Jupiter type planets.
The global simulations were carried out for a disc with aspect ratio H/r = 0.07 and protoplanet masses of Mp = 3, 10, 30
Earth masses, and 3 Jupiter masses. The local shearing box simulations were carried out for values of the dimensionless
parameter (Mp /M∗ )/(H/R)3 = 0.1, 0.3, 1.0, and 2.0, with M∗ , R and H being the central mass, the orbital radius and
the local disc semi-thickness, respectively. These allow both embedded and gap forming protoplanets for which the
disc response is non linear to be investigated.
In all cases the instantaneous net torque experienced by a protoplanet showed strong fluctuations on an orbital time
scale, and in the low mass embedded cases oscillated between negative and positive values. Consequently, in contrast
to the laminar disc type I migration scenario, orbital migration would occur as a random walk. Running time averages
for embedded protoplanets over typical run times of 20 – 25 orbital periods, indicated that the averaged torques from
the inner and outer disc took on values characteristic of type I migration. However, large fluctuations occurring on
longer than orbital time scales remained, preventing convergence of the average torque to well defined values or even
to a well defined sign for these lower mass cases.
Fluctuations became relatively smaller for larger masses indicating better convergence properties, to the extent that
in the 30M⊕ simulation consistently inward, albeit noisy, migration was indicated.
Both the global and local simulations showed this trend with increasing protoplanet mass which is due to its perturbation on the disc increasing to become comparable to and then dominate the turbulence in its neighbourhood. This
then becomes unable to produce very large long term fluctuations in the torques acting on the protoplanet. Eventually
gap formation occurs and there is a transition to the usual type II migration at a rate determined by the angular
momentum transport in the distant parts of the disc.
The existence of significant fluctuations occurring in the turbulent discs on long time scales is an important unexplored
issue for the lower mass embedded protoplanets, that are unable to modify the turbulence in their neighbourhood, and
which have been studied here. If significant fluctuations occur on the longest disc evolutionary time scales, convergence
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of torque running averages for practical purposes will not occur and the migration behaviour of low mass protoplanets
considered as an ensemble would be very different from predictions of type I migration theory for laminar discs. The
fact that noise levels were relatively smaller in the local simulations may indicate the presence of long term global
fluctuations, but the issue remains an important one for future investigation.
Accepted by M.N.R.A.S.
Preprint available from: www.maths.qmul.ac.uk/∼rpn/preprints/index.html

Observations of the Brackett decrement in the Class I source HH100 IR
Brunella Nisini1 , Simone Antoniucci2,1 and Teresa Giannini1
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The Brackett decrement in the Class I source HH100 IR has been observed and analyzed to set constraints on the
origin of the IR HI emission in this young object. We have used both low resolution (R∼800) observations of the
Brackett lines from Brγ, to Br24, and medium resolution (R∼9000) spectra of the Brγ, Br12 and Br13 lines. The
dereddened fluxes indicates that the lines remain moderately thick up to high quantum numbers. Moreover, the
profiles of the three lines observed in medium resolution are all broad and nearly symmetric, with a trend for the lines
at high n-number to be narrower than the Brγ, line. With the assumption that the three lines have different optical
depths and consequently trace zones at different physical depths, we interprete the observed profiles as evidence that
the ionized gas velocity in the HI emitting region is increasing as we move outwards, as expected in an accelerating
wind more than in an infalling gas.
We have modelled the observed line ratios and velocities with a simplified model for the HI excitation from a circumstellar gas with a velocity law V = V0 +(Vmax −V0 )(1−(ri /r)α ). Such a comparison indicates that the observations are
consistent with the emission coming from a very compact region of 4-6 R , where the gas has been already accelerated
to velocities of the order of 200 km s−1 , with an associated mass flow rate of the ionized component of the order of
10−7 M yr−1 . This implies that the observed lines should originate either from a stellar wind or from the inner part
of a disk wind, providing that the disk inner truncation radius is close to the stellar surface. It is also expected that
the gas ionization fraction is relatively high as testified by the high rate of ionized mass loss derived. Our analysis,
however, does not resolve the problem of how to reproduce the observed symmetrical line profiles, which at present
are apparently difficult to model by both wind and accretion models. This probably points to the fact that the real
situation is more complicated than described in the simple model presented here.
Accepted by A&A
Preprint available at http://www.mporzio.astro.it/∼bruni/publ.html or http://xxx.lanl.gov/abs/astro-ph/0404042

A near-infrared study of the bow shocks within the L1634 protostellar outflow
B. O’Connell1,2 , M.D. Smith1 , C.J. Davis3 , K.W. Hodapp4 , T. Khanzadyan5 and T. Ray6
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The L1634 bright-rimmed globule contains an intriguing arrangement of shock structures: two series of aligned molecular shock waves associated with the Herbig-Haro flows HH 240 and HH 241. We present near-infrared spectroscopy
and narrow-band imaging in the (1,0) S(1) and (2,1) S(1) emission lines of molecular hydrogen. These observations
yield the spatial distributions of both the molecular excitation and velocity, which demonstrate distinct properties for
the individual bow shocks. Bow shock models are applied, varying the shock physics, geometry, speed, density and
magnetic field properties to fit two prominent bow shocks. The models predict that both bows move at 60◦ to the
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plane of the sky. High magnetic fields and low molecular fractions are implied. The advancing compact bow HH 240C
is interpreted as a J-type bow (frozen-in magnetic field) with the flanks in transition to C-type (field diffusion). It is
a paraboloidal bow of speed ∼ 42 km s−1 entering a medium of quite high density (2 × 104 cm−3 ). The following bow
HH 240A is faster despite a lower excitation, moving through a lower density medium. We find a C-type bow shock
model to fit all the data for HH 240A. The favoured bow models are then tested comprehensively against published H2
emission line fluxes and CO spectroscopy. We conclude that, while the CO emission originates from cloud gas directly
set in motion, the H2 emission is generated from shocks sweeping through an outflow. Also considering optical data,
we arrive at a global outflow model involving episodic slow-precessing twin jets.
Accepted by Astronomy and Astrophysics
http://star.arm.ac.uk/preprints

New Aspects of the Formation of the β Pictoris Moving Group
V. G. Ortega 1 , R. de la Reza 1 , E. Jilinski
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In a previous work (Ortega et al. 2002) we explored the possibility that the β Pictoris moving group (BPMG),
consisting of low mass Post-T Tauri stars, was formed near the Scorpius-Centaurus OB Association. The cause of
the formation could be a type II supernova exploding either in Lower Centaurus Crux (LCC) or in Upper Centaurus
Lupus (UCL), the two older subgroups of that association. Here we present new results for BPMG. A more detailed
analysis of the orbit confinement in this group leads to a star distribution pattern at birth which can be considered as
a representation of the density distribution in the natal cloud. We also propose a plausible origin for the supernova
which could have triggered the star formation in BPMG by finding the past position of the runaway star HIP 46950.
We find that this scenario is capable to explain the origin of all the members of BPMG proposed by Zuckerman et al.
(2001) and by Song et al. (2003) with the exception of HIP 79881, probably an old main sequence interloper.
Accepted by Astrophys. J.

The interaction of a planet with a disc with MHD turbulence III: Flow morphology and
conditions for gap formation in local and global simulations
John C.B. Papaloizou, Richard P. Nelson & Mark D. Snellgrove
Astronomy Unit, Queen Mary, University of London, Mile End Rd, London E1 4NS, U.K.
E-mail contact: R.P.Nelson@qmul.ac.uk
We present the results of both global cylindrical disc simulations and local shearing box simulations of protoplanets
interacting with a disc undergoing MHD turbulence with zero net flux magnetic fields. We investigate the nature
of the disc response and conditions for gap formation. This issue is an important one for determining the type and
nature of the migration of the protoplanet, with the presence of a deep gap being believed to enable slower migration.
For both types of simulation we find a common pattern of behaviour for which the main parameter determining the
nature of the response is Mp R3 /(M∗ H 3 ), with Mp , M∗ , R, and H being the protoplanet mass, the central mass, the
orbital radius and the local disc semi–thickness respectively. We find that as Mp R3 /(M∗ H 3 ) is increased to ∼ 0.1 the
presence of the protoplanet is first indicated by the appearance of the well known trailing wake which, although it may
appear to be erratic on account of the turbulence, appears to be well defined. Once Mp R3 /(M∗ H 3 ) exceeds a number
around unity a gap starts to develop inside which the magnetic energy density tends to be concentrated in the high
density wakes. This condition for gap formation can be understood from simple dimensional considerations of the
conditions for nonlinearity and the balance of angular momentum transport due to Maxwell and Reynolds’ stresses
with that due to tidal torques applied to the parameters of our simulations.
An important result is that the basic flow morphology in the vicinity of the protoplanet is very similar in both the
local and global simulations. This indicates that, regardless of potentially unwanted effects arising from the periodic
boundary conditions, local shearing box simulations, which are computationally less demanding, capture much of the
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physics of disc–planet interactions. Thus they may provide a useful tool for studying the local interaction between
forming protoplanets and turbulent, protostellar discs.
Accepted by M.N.R.A.S.
Preprint available from: www.maths.qmul.ac.uk/∼rpn/preprints/index.html

Predicted rotation signatures in MHD disc winds and comparison to DG Tau observations
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Motivated by the first detections of rotation signatures in the DG Tau jet (Bacciotti et al. 2002), we examine possible
biases affecting the relation between detected rotation signatures and true azimuthal velocity for self-similar MHD
disc winds, taking into account projection, convolution as well as excitation gradients effects. We find that computed
velocity shifts are systematically smaller than the true underlying rotation curve. When outer slower streamlines
dominate the emission, we predict observed shifts increasing with transverse distance to the jet axis, opposite to
the true rotation profile. Determination of the full transverse rotation profile thus requires high angular resolution
observations (< 5 AU) on an object with dominant inner faster streamlines. Comparison of our predictions with
HST/STIS observations of DG Tau clearly shows that self-similar, warm MHD disc wind models with λ = 13 and an
outer radius of the disc ' 3 AU are able to reproduce detected velocity shifts, while cold disc wind models (λ > 50)
are ruled out for the medium-velocity component in the DG Tau jet.
Accepted by A&A
http://arxiv.org/abs/astro-ph/0403236

Imaging the Disk around TW Hya with the Submillimeter Array
Chunhua Qi1 , Paul T.P. Ho1 , David J. Wilner1 , Shigehisa Takakuwa2 , Naomi Hirano3 , Nagayoshi Ohashi2,3 ,
Tyler L. Bourke2 , Qizhou Zhang1 , Geoffrey A. Blake4 , Michiel Hogerheijde5 , Masao Saito2,6 , Minho Choi3,8 ,
& Ji Yang7
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We present ∼200 -400 aperture synthesis observations of the circumstellar disk surrounding the nearby young star TW Hya
in the CO J=2–1 and J=3–2 lines and associated dust continuum obtained with the partially completed Submillimeter
Array. The extent and peak flux of the 230 and 345 GHz dust emission follow closely the predictions of the irradiated
accretion disk model of Calvet et. al. (2002). The resolved molecular line emission extends to a radius of at least 200
AU, the full extent of the disk visible in scattered light, and shows a clear pattern of Keplerian rotation. Comparison of
the images with 2D Monte Carlo models constrains the disk inclination angle to 7◦ ± 1◦ . The CO emission is optically
thick in both lines, and the kinetic temperature in the line formation region is ∼20 K. Substantial CO depletion, by
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an order of magnitude or more from canonical dark cloud values, is required to explain the characteristics of the line
emission.
Accepted by ApJ Letters
astro-ph/0403412

The HCO+ Emission Excess in Bipolar Outflows
J.M.C Rawlings1 , M.P. Redman1 , E. Keto2 and D.A. Williams1
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A plausible model is proposed for the enhancement of the abundance of molecular species in bipolar outflow sources.
In this model, levels of HCO+ enhancement are considered based on previous chemical calculations, that are assumed
to result from shock-induced desorption and photoprocessing of dust grain ice mantles in the boundary layer between
the outflow jet and the surrounding envelope. A radiative transfer simulation that incorporates chemical variations
within the flow shows that the proposed abundance enhancements in the boundary layer are capable of reproducing
the observed characteristics of the outflow seen in HCO+ emission in the star forming core L1527. The radiative
transfer simulation also shows that the emission lines from the enhanced molecular species that trace the boundary
layer of the outflow exhibit complex line profiles indicating that detailed spatial maps of the line profiles are essential
in any attempt to identify the kinematics of potential infall/outflow sources. This study is one of the first applications
of a full three dimensional radiative transfer
Accepted by MNRAS
http://arxiv.org/abs/astro-ph/0403471

IRAS 05436–0007 and the Emergence of McNeil’s Nebula
Bo Reipurth1 and Colin Aspin2
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We present a study of McNeil’s Nebula, a newly appeared reflection nebula in the L1630 cloud, together with photometry and spectroscopy of its source. New IR photometry compared to earlier 2MASS data shows that the star has
brightened by about 3 magnitudes in the near-infrared, changing its location in a J-H/H-K0 diagram precisely along
a reddening vector. A Gemini NIRI K-band spectrum shows strong CO-bandhead emission and Brγ is in emission,
indicative of strong accretion. A Gemini GMOS optical spectrum shows only a red, heavily veiled continuum, with Hα
strongly in emission and displaying a pronounced P Cygni profile, with an absorption trough reaching velocities up to
600 km s−1 . This implies significant mass loss in a powerful wind. However, no evidence is found for any shocks, as
commonly seen in collimated outflows from young stars. Apparently the eruption has dispersed a layer of extinction
and this, together with the intrinsic brightening of the IRAS source, has allowed an earlier outflow cavity to be flooded
with light, thus creating McNeil’s Nebula.
Accepted by ApJ Letters
astro-ph/0403667

Hyperfine Structure in H13 CO+ and
the study of dark clouds

13

CO: measurement, analysis, and consequences for
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The magnetic moment of the 13 C nucleus is shown to provide a potentially useful tool for analysing quiescent cold
molecular clouds. We report discovery of hyperfine structure in the lowest rotational transition of H13 CO+ . The
doublet splitting in H13 CO+ , observed to be of width 38.5±5.2 kHz or 0.133 km s−1 , is confirmed by quantum
chemical calculations which give a separation of 39.8 kHz and line strength ratio 3:1 when H and 13 C nuclear spinrotation and spin-spin coupling between both nuclei are taken into account. We improve the spectroscopic constants
of H13 CO+ and determine the hitherto uncertain frequencies of its low-J spectrum to better precision by analysing
the dark cloud L 1512. Attention is drawn to potentially high optical depths (3 to 5 in L 1512) in quiescent clouds,
and examples are given for the need to consider the (1 – 0) line’s doublet nature when comparing to other molecular
species, redirecting or reversing conclusions arrived at previously by single-component interpretations.
We further confirm the hyperfine splitting in the (1 – 0) rotational transition of 13 CO that had already been theoretically
predicted, and measured in the laboratory, to be of width about 46 kHz or, again, 0.13 km s−1 . By applying hyperfine
analysis to the extensive data set of the first IRAM key-project we show that 13 CO optical depths can as for H13 CO+
be estimated in narrow linewidth regions without recourse to other transitions nor to assumptions on beam filling
factors, and linewidth and velocity determinations can be improved. Thus, for the core of L 1512 we find an inverse
proportionality between linewidth and column density, resp. linewidth and square root of optical depth, and a
systematic inside-out increase of excitation temperature and of the 13 CO:C18 O abundance ratio. Overall motion
toward the innermost region is suggested.
Accepted by Astronomy & Astrophysics
http://arxiv.org/abs/astro-ph/0403059

Rotation and accretion of very low mass objects in the σ Ori cluster
Alexander Scholz1 and Jochen Eislöffel1
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We report on two photometric monitoring campaigns of Very Low Mass (VLM) objects in the young open cluster
around σ Orionis. Our targets were pre-selected with multi-filter photometry in a field of 0.36 sqdeg. For 23 of these
objects, spanning a mass range from 0.03 to 0.7 M , we detect periodic variability. Of these, 16 exhibit low-level
variability, with amplitudes of less than 0.2 mag in the I-band, which is mostly well-approximated by a sine wave.
These periodicities are probably caused by photospheric spots co-rotating with the objects. In contrast, the remaining
variable targets show high-level variability with amplitudes ranging from 0.25 to 1.1 mag, consisting of a periodic
light variation onto which short-term fluctuations are superimposed. This variability pattern is very similar to the
photometric behaviour of solar-mass, classical T Tauri stars. Low-resolution spectra of a few of these objects reveal
strong Hα and Ca-triplet emission, indicative of ongoing accretion processes. This suggests that 5-7% of our targets
still possess a circumstellar disk. In combination with previous results for younger objects, this translates into a disk
lifetime of 3-4 Myr, significantly shorter than for solar mass stars. The highly variable objects rotate on average slower
than the low-amplitude variables, which is expected in terms of a disk-locking scenario. There is a trend towards faster
rotation with decreasing mass, which might be caused by shortening of the disk lifetimes or attenuation of magnetic
fields.
Accepted by Astronomy & Astrophysics
http://www.tls-tautenburg.de/research/tls-research/pub2004.html

Synchrotron emission from circumstellar disks around massive stars
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We argue that the interaction of stellar wind with the surface of a circumstellar accretion (or protoplanetary) disk can
result in the acceleration of relativistic electrons in an external layer of the disk, and produce synchrotron radiation.
Conservative estimates give a total synchrotron luminosity Ls ∼ 10−5 L for a central star with Ṁ = 10−6 M yr−1 ,
comparable with the value observed around the TW object in the W3(OH) region.
Accepted by Astronomy and Astrophysics

A new mid-infrared map of the BN/KL region using the Keck telescope
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We present a new mid-infrared (12.5 µm) map of the BN/KL high-mass star-forming complex in Orion using the LWS
instrument at Keck I. Despite poor weather we achieved nearly diffraction-limited images (FWHM = 0.38 arcsec) over
a roughly 25 arcsec×25 arcsec region centered on IRc2 down to a flux limit of ≈ 250 mJy. Many of the known infrared
(IR) sources in the region break up into smaller sub-components. We have also detected 6 new mid-IR sources. Nearly
all of the sources are resolved in our mosaic. The near-IR source “n” is slightly elongated in the mid-IR along a
NW–SE axis and perfectly bisects the double-peaked radio source “L”. Source n has been identified as a candidate
for powering the large IR luminosity of the BN/KL region (L = 10L ). We postulate that the 12 µm emission arises
in a circumstellar disk surrounding source n. The morphology of the mid-IR emission and the Orion “hot core” (as
seen in NH3 emission), along with the location of water and OH masers, is very suggestive of a bipolar cavity centered
on source n and aligned with the rotation axis of the hypothetical circumstellar disk. IRc2, once thought to be the
dominant energy source for the BN/KL region, clearly breaks into 4 sub-sources in our mosaic, as seen previously
at 3.8 – 5.0 µm. The anti-correlation of mid-IR emission and NH3 emission from the nearby hot core indicates that
the IRc2 sources are roughly coincident (or behind) the dense hot core. The nature of IRc2 is not clear: neither
self-luminous sources (embedded protostars) nor external heating by source I can be definitively ruled out. We also
report the discovery of a new arc-like feature SW of the BN object, and some curious morphology surrounding near-IR
source “t”.
Accepted by The Astronomical Journal (July 2004)
Preprints available on astro-ph: 0404115.

Resolving the Host Galaxy of the Nearby QSO I Zw 1 with Sub-Arcsecond MultiTransition Molecular Line Observations
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We present the first sub-kpc (∼ 0.700 ≈ 850 pc) resolution 12 CO(1-0) molecular line observations of the ISM in the
host galaxy of the QSO I Zw 1. The observations were obtained with the BIMA mm-interferometer in its compact
A configuration. The BIMA data are complemented by new observations of the 12 CO(2-1) and 13 CO(1-0) line with
IRAM Plateau de Bure mm-interferometer (PdBI) at 0.900 and 1.900 resolution, respectively. These measurements,
which are part of a multi-wavelength study of the host galaxy of I Zw 1, are aimed at comparing the ISM properties of
a QSO host with those of nearby galaxies as well as to obtain constraints on galaxy formation/evolution models. Our
images of the 12 CO(1-0) line emission show a ring-like structure in the circumnuclear molecular gas distribution with
an inner radius of about 1.2 kpc. The presence of such a molecular gas ring was predicted from earlier lower angular
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resolution PdBI 12 CO(1-0) observations. A comparison of the BIMA data with IRAM PdBI 12 CO(2-1) observations
shows variations in the excitation conditions of the molecular gas in the innermost 1.500 comprising the nuclear region
of I Zw 1. The observed properties of the molecular cloud complexes in the disk of the host galaxy suggest that they
can be the sites of massive circumnuclear star formation, and show no indications of excitation by the nuclear AGN.
This all indicates that the molecular gas in a QSO host galaxy has similar properties to the gas observed in nearby
low luminosity AGNs.
Accepted by ApJ
http://xxx.lanl.gov/abs/astro-ph/0403538

Radiative transfer models of non-spherical prestellar cores
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We present 2D Monte Carlo radiative transfer simulations of prestellar cores. We consider two types of asymmetry:
disk-like asymmetry, in which the core is denser towards the equatorial plane than towards the poles; and axial
asymmetry, in which the core is denser towards the south pole than the north pole. In both cases the degree of
asymmetry is characterized by the ratio e between the maximum optical depth from the centre of the core to its
surface and the minimum optical depth from the centre of the core to its surface. We limit our treatment here to mild
asymmetries with e = 1.5 and 2.5 . We consider both cores which are exposed directly to the interstellar radiation
field and cores which are embedded inside molecular clouds.
The SED of a core is essentially independent of the viewing angle, as long as the core is optically thin. However,
the isophotal maps depend strongly on the viewing angle. Maps at wavelengths longer than the peak of the SED
(e.g. 850 µm) essentially trace the column-density. This is because at long wavelengths the emissivity is only weakly
< 2). Thus, for
dependent on temperature, and the range of temperature in a core is small (typically Tmax /Tmin ∼
instance, cores with disk-like asymmetry appear elongated when mapped at 850 µm from close to the equatorial plane.
However, at wavelengths near the peak of the SED (e.g. 200 µm), the emissivity is more strongly dependent on
the temperature, and therefore, at particular viewing angles, there are characteristic features which reflect a more
complicated convolution of the density and temperature fields within the core.
These characteristic features are on scales 1/5 to 1/3 of the overall core size, and so high resolution observations are
needed to observe them. They are also weaker if the core is embedded in a molecular cloud (because the range of
temperature within the core is then smaller), and so high sensitivity is needed to detect them. Herschel, to be launched
in 2007, will in principle provide the necessary resolution and sensitivity at 170 to 250 µm.
Accepted by A&A
http://www.astro.cf.ac.uk/pub/Dimitrios.Stamatellos/publications/

X-ray Properties of Pre–Main-Sequence Stars in the Orion Nebula Cluster with Known
Rotation Periods
Keivan G. Stassun1 , David R. Ardila2 , Mary Barsony3 , Gibor Basri4 and Robert D. Mathieu5
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Vanderbilt University, Physics & Astronomy Dept., Nashville, TN 37235, USA
Johns Hopkins University, Baltimore, MD, USA
San Francisco State University, CA, USA
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E-mail contact: keivan.stassun@vanderbilt.edu
We re-analyze all archival Chandra/ACIS observations of the Orion Nebula Cluster (ONC) to study the X-ray properties of a large sample of pre–main-sequence (PMS) stars with optically determined rotation periods. Our goal is
to elucidate the origins of X-rays in PMS stars by seeking out connections between the X-rays and the mechanisms
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most likely driving their production—rotation and accretion. Stars in our sample have LX /Lbol near, but below,
the “saturation” value of 10−3 . In addition, in this sample X-ray luminosity is significantly correlated with stellar
rotation, in the sense of decreasing LX /Lbol with more rapid rotation. These findings suggest that stars with optical
rotation periods are in the “super-saturated” regime of the rotation-activity relationship, consistent with their Rossby
numbers. However, we also find that stars with optical rotation periods are significantly biased to high LX . This is
not the result of magnitude bias in the optical rotation-period sample but rather to the diminishingly small amplitude
of optical variations in stars with low LX . Evidently, there exists in the ONC a population of stars whose rotation
periods are unknown and that possess lower average X-ray luminosities than those of stars with known rotation periods. These stars may sample the linear regime of the rotation-activity relationship. Accretion also manifests itself
in X-rays, though in a somewhat counterintuitive fashion: While stars with spectroscopic signatures of accretionshow
harder X-ray spectra than non-accretors, they show lower X-ray luminosities and no enhancement of X-ray variability.
We interpret these findings in terms of a common origin for the X-ray emission observed from both accreting and nonaccreting stars, with the X-rays from accreting stars simply being attenuated by magnetospheric accretion columns.
This suggests that X-rays from PMS stars have their origins primarily in chromospheres, not accretion.
Accepted by Astron. J.
Preprints: people.vanderbilt.edu/∼keivan.stassun/pubs.htm

Decay of Alfvén Waves in a Filamentary Cloud
Kanako Sugimoto1 , Tomoyuki Hanawa2 and Naoya Fukuda3
1

Department of Astrophysics, Graduate School of Science, Nagoya University, Chikusa-ku, Nagoya 464-8602, Japan
Center for Frontier Science, Chiba University, Yayoi-cho, Inage-ku, Chiba 263-8522, Japan
3
Department of Computer Simulation, Faculty of Informatics, Okayama University of Science, 1-1 Ridai-cho, Okayama
700-0005, Japan
2

E-mail contact: kana@astro.s.chiba-u.ac.jp
The decay of Alfvén waves in a filamentary molecular cloud is investigated through three-dimensional numerical
simulations. We have considered a filamentary molecular cloud supported in part by the Alfvén wave against the selfgravity. Our attention has been focused on the basic physical mechanism for the decay. The decay rate is obtained as
a function of the wavelength and amplitude. It is found that when the wave is circularly polarized, the decay e-folding
timescale is several times the fast wave crossing timescale for the filament and independent of the wavelength, whereas
when the wave is linearly polarized, the amplitude of the wave decreases inversely proportional to time. It is also
found that the decay of Alfvén waves induces rotation and shear flow in the filamentary cloud. The propagation of
two Alfvén waves in the medium results in the excitation of daughter waves due to nonlinear coupling between mother
waves. The wavenumber of the daughter waves is the sum or difference between those of the mother waves, and below
a critical wavenumber of the daughter wave, the filamentary cloud fragments due to Jeans instability. The fragments
collapse to form high-density rotating magnetized disks. In contrast, below a critical wavenumber of the mother wave,
the cloud becomes a dense helical filament after the decay of the Alfvén waves. The present models are compared with
previous simulations and observations with regard to the rotation, fragmentation, and helical structure of filamentary
clouds.
Accepted by The Astrophysical Journal
http://www.journals.uchicago.edu/ApJ/journal/preprints/ApJ59240.preprint.pdf

Methanol in W3(H2 O) and Surrounding Regions
E.C. Sutton1 , A.M. Sobolev2 , S.V. Salii2 , A.V. Malyshev2 , A.B. Ostrovskii2 and I.I. Zinchenko3
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University of Illinois, 1002 W. Green St., Urbana, IL 61801, USA
Astronomical Observatory, Ural State University, Lenin Street 51, Ekaterinburg 620083, Russia
Institute of Applied Physics, Nizhny Novgorod 603950, Russia

E-mail contact: sutton@astro.uiuc.edu, Andrej.Sobolev@usu.ru
We present the results of an interferometric study of 38 millimeter-wave lines of 12 CH3 OH in the vicinity of the massive
star forming region W3(OH/H2 O). These lines cover a wide range of excitation energies and line strengths, allowing
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for a detailed study of excitation mechanisms and opacities. In this paper we concentrate on the region around the
water maser source W3(H2 O) and a region extending about 30 arcsec to the south and west of the hydroxyl maser
source W3(OH).
The methanol emitting region around W3(H2 O) has an extent of 2.0 x 1.2 arcsec (4400 x 2600 AU). The density is of
order 107 cm−3 , sufficient to thermalize most of the methanol lines. The kinetic temperature is approximately 140 K
and the methanol fractional abundance greater than 10−6 , indicative of a high degree of grain mantle evaporation. The
W3(H2 O) source contains sub-structure, with peaks corresponding to the TW source and Wyrowski’s B/C, separated
by 2500 AU in projection. The kinematics are consistent with these being distinct protostellar cores in a wide binary
orbit and a dynamical mass for the region of a few tens of M .
The extended methanol emission to the southwest of W3(OH) is seen strongly only from the lowest excitation lines and
from lines known elsewhere to be class I methanol masers, namely the 84.5 GHz 5−1 –40 E and 95.2 GHz 80 –71 A+ lines.
This suggests that this region, like class I maser sources, is dominated by collisional excitation. Within this region
there are two compact clumps, which we denote as swA and swB, each about 15 arcsec (0.16 pc projected distance)
away from W3(OH). Excitation analysis of these clumps indicates the presence of lines with inverted populations
but only weak amplification. The sources swA and swB appear to have kinetic temperatures of order 50–100 K and
densities of order 105 –106 cm−3 . The methanol fractional abundance for the warmer clump is of order 10−7 , suggestive
of partial grain mantle evaporation. The clumping occurs on mass scales of order 1 M .
Accepted by Astrophys. J.

The Becklin-Neugebauer Object as a Runaway B Star,
Ejected 4000 years ago from the θ1 C system
Jonathan C. Tan1
1

Princeton University Observatory, Peyton Hall, Princeton, NJ 08544, USA

E-mail contact: jt@astro.princeton.edu
We attempt to explain the properties of the Becklin-Neugebauer (BN) object as a runaway B star, as originally
proposed by Plambeck et al. (1995). This is one of the best-studied bright infrared sources, located in the Orion
Nebula Cluster — an important testing ground for massive star formation theories. From radio observations of BN’s
proper motion, we trace its trajectory back to Trapezium star θ1 C, the most massive (45M ) in the cluster and a
relatively tight (17 AU) visual binary with a B star secondary. This origin would be the most recent known runaway
B star ejection event, occurring only ∼ 4000 yr ago and providing a unique test of models of ejection from multiple
systems of massive stars. Although highly obscured, we can constrain BN’s mass (' 7M ) from both its bolometric
luminosity and the recoil of θ1 C. Interaction of a runaway B star with dense ambient gas should produce a compact
wind bow shock. We suggest that X-ray emission from this shocked gas may have been seen by Chandra: the offset
from the radio position is ' 300 AU in the direction of BN’s motion. Given this model, we constrain the ambient
density, wind mass-loss rate and wind velocity. BN made closest approach to the massive protostar, source “I”, 500 yr
ago. This may have triggered enhanced accretion and thus outflow, consistent with previous interpretations of the
outflow being a recent (∼ 103 yr) “explosive” event.
Accepted by Astrophysical Journal Letters
http://www.arXiv.org/abs/astro-ph/0401552

Detection of D2 H+ in the dense interstellar medium
Charlotte Vastel1 , T.G. Phillips1 and H. Yoshida2
1

California Institute of Technology, Downs Laboratory of Physics, MS 320-47, 1200 East California Boulevard,
Pasadena, CA 91125, USA
2
Caltech Submillimeter Observatory, 111 Nowelo Street, Hilo, HI 96720, USA
E-mail contact: vastel@submm.caltech.edu
The 692 GHz para ground-state line of D2 H+ has been detected at the Caltech Submillimeter Observatory towards the
pre-stellar core 16293E. The derived D2 H+ abundance is comparable to that of H2 D+ , as determined by observations
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of the 372 GHz line of ortho-H2 D+ . This is an observational verification of recent theoretical predictions (Roberts,
Herbst & Millar 2003), developed to explain the large deuteration ratios observed in cold, high-density regions of the
interstellar medium associated with low mass pre-stellar cores and protostars. This detection confirms expectations
that the multiply deuterated forms of H3 + were missing factors of earlier models. The inclusion of D2 H+ and D3 + in
the models leads to predictions of higher values of the D/H ratio in the gas phase.
Accepted by Astrophysical Journal
astro-ph/0403537

On the influence of uncertainties in chemical reaction rates on results of the astrochemical modelling
A. Vasyunin1 , A. Sobolev1 , D. Wiebe2 and D. Semenov3
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E-mail contact: vasyunin@mail.ru, andrej.sobolev@usu.ru, dwiebe@inasan.ru, semenov@mpia-hd.mpg.de
With the chemical reaction rate database UMIST 95, we analyse how errors in rate constants of gas-phase chemical
reactions influence the modelling of the time-dependent molecular abundances in the interstellar medium. Random
variations are introduced into the rate constants to estimate the scatter in theoretical abundances for dark and
translucent molecular clouds. All the species are divided into 6 sensitivity groups according to the value of the scatter
in their modelled abundances computed with varied rate constants. Distribution of species over these groups depends
on the adopted physical conditions. Logarithmic abundances of simple molecules vary within 0.5–1. As the number
of atoms in a molecule becomes greater, the scatter in abundances significantly increases as well. A simple method
is suggested, which allows to single out reactions that are most important for the evolution of a given species. The
method is based on the investigation of correlations between the species abundance and reaction rate constants and
allows to estimate how the increased accuracy of the rate constant for a particular reaction will decrease the uncertainty
in the species abundance.
Accepted by Astron. Letters (English translation of Pisma v Astron. Zhurnal)

The Structure of Brown Dwarf Circumstellar Disks
Christina Walker1 , Kenneth Wood1 , C.J. Lada2 , Thomas Robitaille1 , J.E. Bjorkman3
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Ritter Observatory, Department of Physics & Astronomy, University of Toledo, Toledo, OH 43606, USA
Space Science Institute, 3100 Marine Street, Suite A353, Boulder, CO 80303, USA

E-mail contact: cw26@st-andrews.ac.uk, kw25@st-andrews.ac.uk
We present synthetic spectra for circumstellar disks that are heated by radiation from a central brown dwarf. Under
the assumption of vertical hydrostatic equilibrium, our models yield scaleheights for brown dwarf disks in excess of
three times those derived for classical T Tauri (CTTS) disks. If the near-IR excess emission observed from brown
dwarfs is indeed due to circumstellar disks, then the large scaleheights we find could have a significant impact on the
optical and near-IR detectability of such systems. Our radiation transfer calculations show that such highly flared
disks around brown dwarfs will result in a large fraction of obscured sources due to extinction of direct starlight by
the disk over a wide range of sightlines. The obscured fraction for a ’typical’ CTTS is less than 20%. We show that
the obscured fraction for brown dwarfs may be double that for CTTS, but this depends on stellar and disk mass. We
also comment on possible confusion in identifying brown dwarfs via color-magnitude diagrams: edge-on CTTS display
similar colors and magnitudes as a face-on brown dwarf plus disk systems.
Accepted by MNRAS
http://arxiv.org/abs/astro-ph/0403276
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Formation of Chondritic Refractory Inclusions: The Astrophysical Setting
John A. Wood1
1

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

E-mail contact: jwood@cfa.harvard.edu
This study attempts to identify the astrophysical setting in which properties of the Ca,Al-rich inclusions (CAIs) found
in chondritic meteorites are best understood. Importance is attached to the short time period in which most or all
of the CAIs were formed (¡ 0.5 Myr, corresponding to the observed dispersion of values of initial 26Al/27Al about
the canonical value of 5e-05), a constraint that has been overlooked. This period is dissimilar to the time scale of
evolution of T Tauri stars, 10 Myr; it corresponds instead to the time scale of Class 0 and Class I young stellar objects,
protostars as they exist during the massive infall of interstellar material that creates stars. The innermost portion of
the sunpidly-accreting nebular disk, kept hot during that period by viscous dissipation, is the most plausible site for
CAI formation. Once condensed, CAIs must be taken out of that hot zone fairly promptly in order to preserve their
specialized mineralogical compositions, and they must be transported to the radial distance of the asteroid belt to be
available for accretion into the chondrites that contain them today. Though this paper is critical of some aspects of the
x-wind model of CAI formation, something akin to the x-wind may be the best way of understanding this extraction
and transport of CAIs.
Accepted by Geochim. Cosmochim. Acta
A pdf preprint can be downloaded from http://cfa-www.harvard.edu/∼jwood/
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New Jobs
Postdoctoral appointment in Extrasolar Planet Physics at the University of Hawaii
A NASA-funded postdoctoral position is available in the Department of Geology and Geophysics at the University of
Hawaii at Manoa. The successful applicant will conduct research on the appearance of extrasolar planets at visible and
infrared wavelengths, with a focus on variations with orbital phase and season that could be detected by future space
observatories. A second research focus concerns the effects of atmospheric escape on planet evolution and detection.
Appointment is for one year, with renewal for a total duration of 2.5 years subject to satisfactory performance. A
background in astrophysics, climatology, or atmospheric physics and experience in programming (C, Fortran, IDL,
etc.) is highly desirable. The appointee will interact with the interdisciplinary University of Hawaii Astrobiology
center that includes investigators from the fields of astronomy, chemistry, computer science, geology, oceanography
and has access to the premier observatories on Mauna Kea. Competitive stipend and the opportunity to live in one of
the highest quality-of-life locations in the U.S. E-mail CV, publication list, and names and contact information of two
references to Dr. Eric Gaidos at: gaidos@hawaii.edu. Applications received by May 30 will receive full consideration.
Eric Gaidos
Assistant Professor of Geobiology
University of Hawaii
Voice: 1-808-956-7897
FAX: 1-808-956-5512

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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New Books
Magnetohydrodynamic Turbulence
Dieter Biskamp
MHD turbulence plays an important role in many areas of astrophysics, and our understanding of the interstellar
medium, molecular clouds, star formation, and the evolution of disks is profoundly dependent on turbulence. In this
textbook, Dieter Biskamp first offers an overview of the basic concepts, followed by a discussion of the theory of
incompressible turbulence. Then the areas of two-dimensional turbulence and compressible turbulence is treated, and
the book ends with a discussion of three areas where MHD turbulence plays a particular role: the solar wind, accretion
disks, and the interstellar medium.
The book is divided into the following sections and sub-sections:
1. Introduction
2. Magnetohydrodynamics
2.1 MHD equations
2.2 Incompressibility and the Boussinesq approximation
2.3 Conservation laws
2.4 Equilibrium configurations
2.5 Linear waves
2.6 Elsässer fields and Alfvén time normalization
3. Transition to turbulence
3.1 Singularities of the ideal equations
3.2 Instabilities
4. Macroscopic turbulence theory
4.1 One-point closure
4.2 Self-organization processes
5. Spectral properties and phenomenology
5.1 Homogeneous isotropic turbulence
5.2 Ideal systems and turbulent cascades
5.3 Spectra in dissipative MHD turbulence
6. Two-point closure theory
6.1 Quasi-normal-type approximations
6.2 The EDQNM theory of MHD turbulence
6.3 Shortcomings of closure approximations
7. Intermittency
7.1 Self-similarity versus intermittency
7.2 Structure functions
7.3 Exact turbulence relations
7.4 Phenomenological models of intermittency
7.5 Intermittency in MHD turbulence
8. Two-dimensional turbulence
8.1 Two-dimensional hydrodynamic turbulence
8.2 Two-dimensional MHD turbulence
9. Compressible turbulence and turbulent convection
9.1 MHD shock waves
9.2 Compressible homogeneous turbulence
9.3 Turbulent convection
10. Turbulence in the solar wind
10.1 Mean properties of the solar wind
10.2 MHD fluctuations in the solar wind
11. Turbulence in accretion disks
11.1 Basic properties of accretion disks
11.2 The standard disk model
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11.3 Hydrodynamic stability of accretion disks
11.4 Magnetorotational instability
12. Interstellar turbulence
12.1 The main properties of the interstellar medium
12.2 Observational results on molecular clouds
12.3 Stability of molecular clouds
ISBN 0 521 81011 6, 297 pages, hardbound, published 2003, price US$95
Published by Cambridge University Press,
100 Brook Hill Drive, West Nyack,
NY 10994-2133, USA
http://www.cambridge.org

Astromineralogy
Edited by Th. Henning
Interstellar dust has long played an important role in star formation studies, but with the launch of ISO, the increased
sophistication of laboratory studies of meteorites, and the development of powerful infrared spectrographs, the field
has developed new prominence. The new field of astromineralogy ties together a number of areas related to star and
planet formation. In this book, a group of experts review our current understanding of minerals in interplanetary
dust, cometary dust, interstellar dust in meteorites, and their relation to dust in circumstellar disks and outflows.
The book contains the following chapters:
From Dust Astrophysics towards Dust Mineralogy J. Dorschner
Formation and Evolution of Minerals in Accretion Disks and Stellar outflows H.-P. Gail
The Mineralogy of Interstellar and Circumstellar Dust F.J. Molster, L.B.F.M. Waters
The Mineralogy of Cometary Dust M.S. Hanner
The In-situ Study of Solid Particles in the Solar System I. Mann & E.K. Jessberger
The Astromineralogy of Interplanetary Dust Particles J. Bradley
The Most Primitive Material in Meteorites U. Ott
Laboratory Astrophysics of Cosmic Dust Analogues Th. Henning
ISBN 3-540-44323-1, 281 pages, hardbound, published 2003, price US$82.80
Published by Springer-Verlag
TiergartenStrasse 17
D-69121 Heidelberg
E-mail: service books@springer.de
Web site: http://www.springer.de/phys/
or Springer-Verlag New York, Inc.
175 Fifth Avenue, New York, NY 10010, USA
E-mail: service@springer-ny.com
Web site: http://www.springer-ny.com

30

The Cold Universe
A. Blain, F. Combes, & B. Draine
For more than thirty years, the Saas-Fee courses organized by the Swiss Society for Astrophysics and Astronomy have
offered in-depth lectures to a mostly young international audience on key topics in astrophysics. Held in the Swiss
Alps, the Saas-Fee courses provide an unforgettable experience for anybody who has ever participated. The latest
book presents three lecture series covering observations of the cold Universe as detected by infrared and sub-millimeter
techniques and related theoretical developments.
Galaxy Evolution in the Cold Universe Andrew W. Blain
1. Introduction
2. Radiation from the Cool ISM in Galaxies
3. Evolution of Low-Redshift Galaxies
4. Cosmology
5. The Cosmic Microwave Background
6. The Evolution of High-Redshift Galaxies
7. Properties of High-redshift Dusty Galaxies
8. Galaxy Evolution: A Global, Multiwavelength View
9. Future Observations of the Distant Cold Universe
10. Summary
Molecules in Galaxies at All Redshifts Francoise Combes
1. How to Observe the H2 Component?
2. Molecular Component in the Milky Way
3. The Fractal Structure of the Molecular Gas
4. Stability and Formation of the Fractal
5. H2 in External Galaxies
6. Molecules in ULIRGS, and High Density Tracers
7. Molecules Traced in Absorption
8. Molecules at High Redshift, Perspectives
9. History of the Molecular Component
Astrophysics of Dust in Cold Clouds Bruce T. Draine
1. Introduction to Interstellar Dust
2. Optics of Interstellar Dust Grains
3. IR and Far-IR Emission from Interstellar Dust
4. Charging of Interstellar Dust
5. Dynamics of Interstellar Dust
6. Rotational Dynamics of Interstellar Dust
7. Alignment of Interstellar Dust
8. Evolution of the Grain Population
9. Effects of Dust on Interstellar Gas
10. Concluding Remarks
Saas-Fee Advanced Course 32
ISBN 3-540-40838-X, 308 pages, hardbound, published 2004, price US$99
Published by Springer-Verlag, see contact information on the previous page
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The Orion Nebula - Where Stars are Born
C. Robert O’Dell
One of the leading authorities on the Orion Nebula here presents an overview of this important star forming region
aimed at readers without a professional background in astronomy. For everybody working in star formation, the book
is an excellent gift for those friends and family who may wonder why we spend so much time contemplating star birth.
The book is divided into the following chapters:
1. Enter the Hunter
2. Views of Our Universe
3. Henry Draper and the Photographic Revolution
4. The Toolbox of the Astronomer
5. Opaque Skies on the Clearest Night
6. Why is a Star a Star?
7. Bengt Strömgren’s Spheres
8. The Explorer’s Set Sail
9. Where Did All These Stars Come From?
10. The Hubble Space Telescope
11. What Orion really Looks Like
12. What is Happening in the Orion Nebula?
13. Are We Alone?
14. Outsmarting the Fickle Goddess of Science
ISBN 0-674-01183-X, 170 pages, hardbound, published 2003, price US$27.95
Harvard University Press
Web: http://www.hup.harvard.edu/books.html
E-mail: customer.care@triliteral.org
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New Worlds in the Cosmos - The Discovery of Exoplanets
Michel Mayor and Pierre-Yves Frei

This is the personal account of the quest for extrasolar planets as told by the discoverer of the first exoplanet. In 1995,
Michel Mayor and Didier Queloz announced that 51 Pegasi is orbited by a planet. Since then more than a hundred
exoplanets have been discovered. In this charming book, aimed at a general readership, the long road from speculation
to fact is described, ending with a discussion of expectations for future studies and the possibility of one day finding
life on other planets.
The book contains the following chapters:
1. The quest begins
2. Infinity and beyond
3. New arrivals in the Solar System
4. Why stars wobble
5. Neutron planets
6. Brown dwarfs in the headlines
7. Sirens in the Cosmos
8. Foreign planets different to our home-grown ones
9. Destination: earths!
10. Further yet: life
ISBN 0 521 81207 0, 248 pages, hardbound, published 2003, price US$30
Cambridge University Press,
100 Brook Hill Drive, West Nyack
NY 10994-2133, USA
http://www.cambridge.org
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Meetings
Low-mass stars and brown dwarfs: IMF, accretion and activity
A 3 days workshop to be held on October 17-19, 2004 in Volterra, Tuscany, Italy
Recently, new observational facilities (e.g Chandra, XMM, Spitzer and large ground based telescopes) have started to
provide a wealth of observational results. They are expected to constrain theories of formation and early evolution
of low-mass stars, brown-dwarfs and planetary mass objects. The goal of this workshop is to bring together a small
number of experts in the field, both theorists and observers to discuss the recent progress in this area and the perspective
in the near future. The workshop venue and format are designed to stimulate discussions among the participants in a
friendly and lively setting.
The workshop is organized within a network program between italian groups working in this field, supported by the
italian Ministry of Research.
Volterra is an ancient etrurian city in the heart of Tuscany, famous for alabaster and the beautiful countryside. More
information on Volterra can be found at http://www.volterratur.it
Attached below is a first sketch of the topics we wish to cover. Please let us know if you can attend the Volterra
workshop and to which topics you would like to contribute.
More informations on the workshop, including the pre-registration form, details on the accomodation and facilities are
available on the web page: http://www.arcetri.astro.it/∼volt04
Note the pre-registration deadline: May 10, 2004.
Scientific Organizing Committee:
Silvano Massaglia
Salvatore Sciortino
Leonardo Testi (chair)
Alberto Vittone
Scientific Program:
I - The IMF and the search for low-mass objects
II - Formation Mechanisms: theories and observational tests
III - Disks: statistics and properties
IV - Accretion-related activity
V - Jets, winds and outflows
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