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Abstracts of recently accepted papers
A Mid-IR survey of L 1641-N with ISOCAM
Babar Ali1 and Alberto Noriega-Crespo2
1
2

IPAC/Caltech, Pasadena CA 91125 USA
Spitzer Science Center/Caltech, Pasadena, CA 91125, USA

E-mail contact: babar@ipac.caltech.edu
We present an analysis of the L 1641 outflow region using broad-band and narrow-band imaging data at mid-infrared
wavelengths from ISOCAM. We detect a total of 34 sources in the 7.650 x 8.400 region covered by the broad-band
filters. Four of these sources have no reported detection in previous studies of the region. We find that the source
previously identified as the near-IR counter-part to the IRAS detected point-source (IRAS 05338-0624) is not the
brightest source in the wavelength region of the IRAS 12 µm filter. We find instead that a nearby object (within
the beam of IRAS and not detected at near-IR wavelengths) outshines all others sources in the area by a factor of
∼2. We submit that this source is likely to be the IRAS detected point source. A comparison of the near-IR (J-H vs
H-K) and mid-IR (J-K vs [6.7 um]-[14 um]) color-color plots shows only four sources with excess emission at near-IR
wavelengths, but at least 85% of all sources show excess emission at mid-IR wavelengths. The CVF spectra suggest a
range of evolutionary status in the program stars ranging from embedded YSOs to the young disks. When combined
with optical and near-IR age estimates, these results show active current star-formation in the region that has been
on-going for at least 2 Myr.
Accepted by Astrophysical Journal

IRAC Colors of Young Stellar Objects
Lori E. Allen1 , Nuria Calvet1 , Paola D’Alessio2 , Bruno Merin3 , Lee Hartmann1 , S. Thomas Megeath1 ,
Robert A. Gutermuth4 , James Muzerolle5 , Judith L. Pipher4 , Philip C. Myers1 , Giovanni G. Fazio1
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Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
Centro de Radioastronomı́a y Astrofı́sica, Ap.P. 72-3 (Xangari), 58089 Morelia, Michoacán, México
LAEFF, VILSPA, Apartado de Correos 50727, 28080 Madrid, España
Department of Astronomy, University of Rochester, USA
Steward Observatory, University of Arizona, USA

E-mail contact: lallen@cfa.harvard.edu
We compare the infrared colors predicted by theoretical models of protostellar envelopes and protoplanetary disks
with initial observations of young stellar objects made with the Infrared Array Camera (IRAC) on the Spitzer Space
Telescope (Werner et al. 2004, Fazio et al. 2004). Disk and envelope models characterized by infall and/or accretion
rates found in previous studies can quantitatively account for the range of IRAC colors found in four young embedded
clusters: S 140, S 171, NGC 7129, and Cep C. The IRAC color-color diagram ([3.6] − [4.5] vs. [5.8] − [8.0]) can be used
to help to distinguish between young stars with only disk emission and protostars with circumstellar envelopes.
Accepted by Astrophysical Journal
Preprint available at http://xxx.lanl.gov/abs/astro-ph/0406003
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Mid-Infrared and Submillimeter Observations of the Illuminating Source of McNeil’s
Variable Nebula
Sean M. Andrews1 , Barry Rothberg1 and Theodore Simon1
1

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

E-mail contact: andrews@ifa.hawaii.edu
We present post-outburst observations of the mid-infrared spectrum and submillimeter continuum of the illuminating
source of the newly-discovered McNeil’s Nebula in the L1630 region of Orion. The 12 µm flux of this source has
increased by a factor of ∼25 after the outburst, whereas the submillimeter continuum remains at its pre-outburst
level. The bolometric luminosity has increased by at least an order of magnitude, to ∼34 L , and is likely less than
90 L . The mid-infrared spectrum exhibits a strong and red continuum with no emission or absorption features. The
infrared slope of the spectral energy distribution characterizes the illuminating source as a flat-spectrum protostar, in
both its active and quiescent states. New CO spectral line observations show no evidence for a molecular outflow.
Accepted by Astrophysical Journal Letters
preprint available: astro-ph/0406089

Molecular Cloud Formation Behind Shock Waves
Edwin A. Bergin1 , Lee W. Hartmann2 , John C. Raymond2 , and Javier Ballesteros-Paredes3
1
2
3

University of Michigan, 825 Dennison Building, 501 E. University Ave., Ann Arbor, MI 48109-1090, USA
Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
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E-mail contact: ebergin@umich.edu
Motivated by our previous paper, in which we argued for the formation of molecular clouds from large-scale flows in
the diffuse galactic interstellar medium, we examine the formation of molecular gas behind shocks in atomic gas using a
one-dimensional chemical/dynamical model. In our analysis we place particular emphasis on constraints placed on the
dynamical evolution by the chemistry. The most important result of this study is to stress the importance of shielding
the molecular gas from the destructive effects of UV radiation. For shock ram pressures comparable to or exceeding
typical local interstellar medium pressures, self-shielding controls the formation time of molecular hydrogen but CO
formation requires shielding of the interstellar radiation field by dust grains. We find that for typical parameters
the molecular hydrogen fractional abundance can become significant well before CO forms. The timescale for (CO)
molecular cloud formation is not set by the H2 formation rate on grains, but rather by the timescale for accumulating
a sufficient column density or extinction, AV > 0.7.
The local ratio of atomic to molecular gas (4:1), coupled with short estimates for the lifetimes of molecular clouds
(3-5 Myr), suggests that the timescales for accumulating molecular clouds from atomic material typically must be no
longer than about 12-20 Myr. Based on the shielding requirement, this implies that the typical product of pre-shock
density and velocity must be nv > 20 cm−3 kms−1 . In turn, depending upon the shock velocity, this implies shock
ram pressures which are a few times the typical estimated local turbulent gas pressure, and comparable to the total
pressures (gas plus magnetic plus cosmic rays). Coupled with the rapid formation of CO once shielding is sufficient,
flow-driven formation of molecular clouds in the local interstellar medium can occur sufficiently rapidly to account for
observations.
We also provide detailed predictions of atomic and molecular emission and absorption that track the formation of a
molecular cloud from a purely atomic medium, with a view toward helping to verify cloud formation by shock waves.
However, our predictions suggest that the detection of the pre-CO stages will be challenging. Finally, we provide an
analytic solution for time-dependent H2 formation which may be of use in numerical hydrodynamic calculations.
Accepted by Astrophysical Journal
Preprint available at http://xxx.lanl.gov/abs/astro-ph/0405329
or
http://www.astro.lsa.umich.edu/∼ebergin/
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Submillimeter Array multiline observations of the massive star-forming region IRAS 180891732
H. Beuther1 , Q. Zhang1 , T.R. Hunter1 , T.K. Sridharan1 , J.-H. Zhao1 , P. Sollins1 , P.T.P. Ho1,2 , S.-Y.
Liu2 , N. Ohashi2 , Y.N. Su2 , J. Lim2
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Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
Academia Sinica Institute of Astronomy and Astrophysics, No.1, Roosevelt Rd, Sec. 4, Taipei 106, Taiwan, R.O.C.

E-mail contact: hbeuther@cfa.harvard.edu
Submillimeter Array (SMA) observations of the high-mass star-forming region IRAS 18089-1732 in the 1 mm and
850 µm band with 1 GHz bandwidth reveal a wealth of information. We present the observations of 34 lines from
16 different molecular species. Most molecular line maps show significant contributions from the outflow, and only
few molecules are confined to the inner core. We present and discuss the molecular line observations and outline the
unique capabilities of the SMA for future imaging line surveys at high spatial resolution.
Accepted by Astrophysical Journal Letters
preprints available at: http://cfa-www.harvard.edu/ hbeuther/

Spitzer Space Telescope Spectroscopy of Ices toward Low Mass Embedded Protostars
A. C. A. Boogert1 , K. M. Pontoppidan2 , F. Lahuis2,3 , J. K. Jørgensen2 , J.-Ch. Augereau2 , G. A.
Blake4 , T. Y. Brooke1 , J. Brown1 , C. P. Dullemond5 , N. J. Evans, II6 , V. Geers2 , M. R. Hogerheijde2 ,
J. Kessler-Silacci6 , C. Knez6 , P. Morris7 , A. Noriega-Crespo7 , F. L. Schöier2 , E. F. van Dishoeck2 , L. E.
Allen8 , P. M. Harvey6 , D. W. Koerner9 , L. G. Mundy10 , P. C. Myers8 , D. L. Padgett7 , A. I. Sargent1
and K. R. Stapelfeldt11
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E-mail contact: acab@astro.caltech.edu
Sensitive 5-38 µm Spitzer Space Telescope (SST) and ground based 3-5 µm spectra of the embedded low mass protostars
B5 IRS1 and HH46 IRS show deep ice absorption bands superposed on steeply rising mid-infrared continua. The ices
likely originate in the circumstellar envelopes. The CO2 bending mode at 15 µm is a particularly powerful tracer
of the ice composition and processing history. Toward these protostars, this band shows little evidence for thermal
processing at temperatures above 50 K. Signatures of lower temperature processing are present in the CO and OCN−
bands, however. The observed CO2 profile indicates an intimate mixture with H2 O, but not necessarily with CH3 OH,
in contrast to some high mass protostars. This is consistent with the low CH3 OH abundance derived from the ground
based L band spectra. The CO2 /H2 O column density ratios are high in both B5 IRS1 and HH46 IRS (∼ 35%).
Clearly, the SST spectra are essential to study ice evolution in low mass protostellar environments, and to eventually
determine the relation between interstellar and solar system ices.
Accepted by ApJS [Sept. 2004, v154, Spitzer Special issue]
Preprint available at http://www.astro.caltech.edu/∼acab/publ.html
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Mass Accretion Rates of Intermediate Mass T Tauri Stars
Nuria Calvet 1,5 , James Muzerolle 2 , César Briceño
Saucedo 1,4 , and Karl D. Gordon 2
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, Lee Hartmann 1 , Jose Luis
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E-mail contact: ncalvet@cfa.harvard.edu
We present Hubble Space Telescope ultraviolet spectra and supporting ground-based data for a sample of nine intermediate mass T Tauri stars (IMTTS, 1.5M − 4M .) The targets belong to three star-forming regions: T Tau, SU
Aur, and RY Tau in the Taurus clouds, EZ Ori, P2441, and V1044 Ori in the Ori OB1c association surrounding the
Orion Nebula Cluster, and CO Ori, GW Ori, and GX Ori in the ring around λ Ori. The supporting ground-based
observations include nearly simultaneous UBVRc Ic photometry, 6 Å resolution spectra covering the range 3900 Å 7000 Å, optical echelle observations in the range 5800 Å - 8600 Å, and K-band near-infrared spectra. We use these
data to determine improved spectral types and reddening corrections, and to obtain physical parameters of the targets. We find that an extinction law with a weak 2175 Å feature but high values of AU V /AV is required to explain
the simultaneous optical-UV data; the reddening laws for two B-type stars located behind the Taurus clouds, HD
29647 and HD 283809, meet these properties. We argue that reddening laws with these characteristics may well be
representative of cold dense molecular clouds. Spectral energy distributions and emission line profiles of the IMTTS
are consistent with expectations from magnetospheric accretion models. We compare our simultaneous optical-UV
data with predictions from accretion shock models to get accretion luminosities and mass accretion rates (Ṁ ) for
the targets. We find that the average mass accretion rate for IMTTS is ∼ 3 × 10−8 M yr−1 , a factor of ∼ 5 higher
than that for their low mass counterparts. The new data extends the correlation between Ṁ and stellar mass to the
intermediate mass range. Since the IMTTS are evolutionary descendants of the Herbig Ae/Be stars, our results put
limits to the mass accretion rates of their disks. We present luminosities of the UV lines of highly ionized metals and
show they are well above the saturation limit for magnetically active cool stars, but correlate strongly with accretion
luminosity, indicating that they are powered by accretion, in agreement with previous claims but using a sample in
which reddening and accretion luminosities have been determined self-consistently. Finally, we find that the relation
between accretion luminosity and Br γ luminosity found for low-mass T Tauri stars extends to the intermediate mass
regime.
Accepted by Astron. J.
http://cfa-www.harvard.edu/cfa/youngstars/

The effect of dust settling on the appearance of protoplanetary disks
C.P. Dullemond1 and C. Dominik2
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Max Planck Institut für Astrophysik, P.O. Box 1317, D–85741 Garching, Germany
Sterrenkundig Instituut ‘Anton Pannekoek’, Kruislaan 403, NL-1098 SJ Amsterdam, The Netherlands

E-mail contact: dullemon@mpa-garching.mpg.de
We analyze how the process of dust settling affects the spectral energy distribution and optical appearance of protoplanetary disks. Using simple analytic estimates on the one hand, and detailed 1+1-D models on the other hand, we
show that, while the time scale for settling down to the equator may exceed the life time of the disk, it takes much less
time for even small grains of 0.1 µm to settle down to a few pressure scale heights. This is often well below the original
location of the disk’s photosphere, and the disk therefore becomes effectively ’flatter’. If turbulent stirring is included,
a steady state solution can be found, which is typically reached after a few × 105 years. In this state, the downward
settling motion of the dust is balanced by vertical stirring. Dependent on the strength of the turbulence, the shape
of the disk in such a steady state can be either fully flaring, or flaring only up to a certain radius and self-shadowed
beyond that radius. These geometries are similar to the geometries that were found for disks around Herbig Ae/Be
stars in our previous papers (Dullemond 2002; Dullemond & Dominik A&A 2004, henceforth DD04). In those papers,
however, the reason for a disk to turn self-shadowed was by loss of optical depth through dust grain growth. Here we
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show that dust settling can achieve a similar effect without loss of vertical optical depth, although the self-shadowing
in this case only affects the outer regions of the disk, while in DD04 the entire disk outside of the puffed-up inner rim
was shadowed. In reality it is likely that both grain growth and grain settling act simultaneously. The spectral energy
distributions of such self-shadowed — or partly self-shadowed — disks have a relatively weak far-infrared excess (in
comparison to flaring disks). We show here that, when dust settling is the cause of self-shadowing, these self-shadowed
regions of the disk are also very weak in resolved images of scattered light. A reduction in the brightness was already
predicted in DD04, but we find that dust settling is far more efficient than grain growth at dimming the scattered
light image of the disk. Settling is also efficient in steepening the spectral energy distribution at mid- to far-infrared
wavelengths. From the calculations with compact grains it follows that, after about 106 years, most disks should be
self-shadowed. The fact that some older disks are still observed with the characteristics of flaring disks therefore seems
somewhat inconsistent with the time scales predicted by the settling model based on compact grains. This suggests
that perhaps even the small grains (≤ 0.1µm) have a porous or fractal structure, slowing down the settling. Or it
could mean that the different geometries of observed disks is merely a reflection of the turbulent state of these disks.
Accepted by Astronomy & Astrophysics
http://arxiv.org/abs/astro-ph/0405226

Nature of two massive protostellar candidates: IRAS 21307+5049 and IRAS 22172+5549
F. Fontani1 , R. Cesaroni2 , L. Testi2 , S. Molinari3 , Q. Zhang4 , J. Brand5 and M. Walmsley2
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We present observations of continuum and molecular lines towards the protostar candidates IRAS 21307+5049 and
IRAS 22172+5549. Single-dish maps in the CO (2–1), CII (2–1), HCO+ (1–0) lines and 850 µm continuum are
compared with interferometric maps in the CO (1–0) line and 3 mm continuum, and with mid- and near-infrared
images. Also, single-pointing spectra of the ace (6–5), (8–7) and (13–12) lines observed towards IRAS 21307+5049,
and H2 and [FeII] line emission observed towards IRAS 22172+5549, are presented. A plausible interpretation of our
data based on the continuum maps and spectral energy distributions is that two components are present: a compact
molecular core, responsible for the continuum emission at wavelengths longer than ∼ 25 µm, and a cluster of stars
located close to the center of the core, but not spatially coincident with it, responsible for the emission at shorter
wavelengths. The core is approximately located at the center of the associated molecular outflow, detected for both
sources in the CO (1–0) and (2–1) lines. The cores have masses of ∼ 50 M , and luminosities of ∼ 103 L . The
outflows parameters are consistent with those typically found in high-mass young stellar objects. Our results support
the hypothesis that in these sources the luminosity is dominated by accretion rather than by nuclear burning. We
conclude that the sources embedded inside the cores are likely protostars with mass ∼ 5 − 8 M .
Accepted by Astronomy & Astrophysics

Discovery of four new massive and dense cold cores
G. Garay1 , S. Faúndez1 , D. Mardones1 , L. Bronfman1 , R. Chini2 and L.-Å. Nyman3
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Departamento de Astronomı́a, Universidad de Chile, Casilla 36-D, Santiago, Chile
Astronomisches Institut der Ruhr-Universität Bochum, Universitätstr. 150, 44780 Bochum, Germany
European Southern Observatory, Casilla 19001, Santiago 19, Chile

E-mail contact: guido@das.uchile.cl
We report the identification, from a 1.2-mm dust continuum emission survey toward massive star forming regions,
of four strong 1.2-mm sources without counterparts at mid-infrared (Midcourse Space Experiment [MSX]) and farinfrared (IRAS) wavelengths. They have radii in the range 0.2-0.3 pc, dust temperatures ≤ 17 K, masses in the range
4 × 102 − 2 × 103 M and densities of ∼ 2 × 105 cm−3 . We suggest that these objects are massive and dense cold cores
that will eventually collapse to form high-mass stars.
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Accepted by Ap.J.
http://www.journals.uchicago.edu/ApJ/future.html

The NGC 7129 Young Stellar Cluster: A Combined Spitzer, MMT, and 2MASS Census
of Disks, Protostars, and Outflows
Robert A. Gutermuth1 , S. Thomas Megeath2 , James Muzerolle3 , Lori E. Allen2 , Judith L. Pipher1 ,
Philip C. Myers2 , & Giovanni G. Fazio2
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We present the analysis of seven band (1.2 to 8 µm) ground and space-based imaging of the NGC 7129 young stellar
cluster from FLAMINGOS on MMT, 2MASS, and the Infrared Array Camera (IRAC) on the Spitzer Space Telescope.
An analysis of the H − [4.5] vs. J − H colors reveals 84 objects with circumstellar disks. Of these, 42 are located within
the cluster core, a 0.5 pc (10000 ) radius region of enhanced stellar surface density. From a luminosity and extinction
limited sample of the stars within the cluster core boundary we have determined that 54% ± 14% have circumstellar
disks. Finally, we report the detection of several resolved outflows in the IRAC 4.5 µm mosaic.
Accepted to the Spitzer special issue of ApJS
http://xxx.lanl.gov/abs/astro-ph/0406091

Protostellar angular momentum evolution during gravoturbulent fragmentation
A.-K. Jappsen1 and R. S. Klessen1
1

Astrophysikalisches Institut Potsdam, An der Sternwarte 16, D-14482 Potsdam, Germany

E-mail contact: akjappsen@aip.de
Using hydrodynamic simulations we investigate the rotational properties and angular momentum evolution of prestellar
and protostellar cores formed from gravoturbulent fragmentation of interstellar gas clouds. We find the specific angular
momentum j of molecular cloud cores in the prestellar phase to be on average hji = 7 × 1020 cm2 s−1 in our models.
This is comparable to the observed values. A fraction of those cores is gravitationally unstable and goes into collapse
to build up protostars and protostellar systems, which then have hji = 8×1019 cm2 s−1 . This is one order of magnitude
lower than their parental cores and in agreement with observations of main-sequence binaries. The loss of specific
angular momentum during collapse is mostly due to gravitational torques exerted by the ambient turbulent flow as
well as by mutual protostellar encounters in a dense cluster environment. Magnetic torques are not included in our
models, these would lead to even larger angular momentum transport.
The ratio of rotational to gravitational energy β in cloud cores that go into gravitational collapse turns out to be
similar to the observed values. We find, β is roughly conserved during the main collapse phase. This leads to the
correlation j ∝ M 2/3 , between specific angular momentum j and core mass M . Although the temporal evolution
of the angular momentum of individual protostars or protostellar systems is complex and highly time variable, this
correlation holds well in a statistical sense for a wide range of turbulent environmental parameters. In addition, high
turbulent Mach numbers result in the formation of more numerous protostellar cores with, on average, lower mass.
Therefore, models with larger Mach numbers result in cores with lower specific angular momentum. We find, however,
no dependence on the spatial scale of the turbulence. Our models predict a close correlation between the angular
momentum vectors of neighboring protostars during their initial accretion phase. Possible observational signatures
are aligned disks and parallel outflows. The latter are indeed observed in some low-mass isolated Bok globules.
Accepted by A&A

6

KH 15D: A Spectroscopic Binary
John Johnson1 , Geoffrey Marcy1 , Catrina Hamilton2 , William Herbst3 and Christopher Johns-Krull2
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We present the results of a high-resolution spectroscopic monitoring program of the eclipsing pre–main-sequence star
KH 15D that reveal it to be a single-line spectroscopic binary. We find that the best-fit Keplerian model has a period
P = 48.38 days, which is nearly identical to the photometric period. Thus, we find the best explanation for the
periodic dimming of KH 15D is that the binary motion carries the currently visible star alternately above and behind
the edge of an obscuring cloud. The data are consistent with the models involving an inclined circumbinary disk, as
recently proposed by Winn et al. (2004) and Chiang & Murray-Clay (2004). We show that the mass ratio expected
from models of PMS evolution, together with the mass constraints for the visible star, restrict the orbital eccentricity
to 0.68 ≤ e ≤ 0.80 and the mass function to 0.125 ≤ FM / sin3 i ≤ 0.5 M .
Accepted by AJ
For preprints via WWW: http://astron.berkeley.edu/ johnjohn/research.html

Imaging chemical differentiation around the low-mass protostar L483-mm
Jes K. Jørgensen1
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This paper presents a millimeter wavelength aperture-synthesis study of the spatial variations of the chemistry in the
envelope around the deeply embedded low-mass protostar L483-mm on ∼1000 AU (500 ) scales. Lines of 8 molecular
species including CN, C18 O, CS, C34 S, HCN, H13 CN, HCO+ and N2 H+ have been observed using the Owens Valley
Radio Observatory Millimeter Array. Continuum emission at 2.7-3.4 millimeter is well-fit by an envelope model
based on previously reported submillimeter continuum images down to the sensitivity of the interferometer without
introducing a disk/compact source, in contrast to what is seen for other protostellar objects. A velocity gradient in
dense material close to the central protostar is traced by HCN, CS and N2 H+ , and is perpendicular to the largescale CO outflow, with a pattern consistent with rotation around a ∼1 M central object. Velocity gradients in
the propagation direction of the outflow suggest a clear interaction between the outflowing material and “quiescent”
core. Significant differences are observed between the emission morphologies of various molecular species. The C18 O
interferometer observations are fit with a “drop” abundance profile where CO is frozen-out in a region of the envelope
with temperatures lower than 40 K and densities higher than 1.5×105 cm−3 , which is also required to reproduce
previously reported single-dish observations. The N2 H+ emission strongly resembles that of NH3 and is found to be
absent toward the central continuum source. This is a direct consequence of the high CO abundances in the inner
region as illustrated by a chemical model for the L483 envelope. The observed CN emission forms a spatial borderline
between the outflowing and quiescent material probed by, respectively, HCO+ and N2 H+ , and also shows intermediate
velocities compared to these two species. A scenario is suggested in which CN is enhanced in the walls of an outflow
cavity due to the impact of UV irradiation either from the central protostellar system or related to shocks caused by
the outflow.
Accepted by Astronomy & Astrophysics
Preprints available at http://arXiv.org/abs/astro-ph/0405385

Substellar objects in star formation regions: A deep near infrared study in the Serpens
cloud
A. Klotz1 , E. Caux1 , J.–L. Monin2 , 3 and N. Lodieu4
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We present near infrared (J, H and Ks) observations of a 50 × 100 sample field in the Serpens Star Formation region
obtained with SOFI at the NTT. These observations are sensitive enough to detect a 20 MJup brown dwarf through
an extinction of AV ∼ 16 and are used to build an infrared census of this field in the cluster. From photometry
and mass-luminosity models, we have developed a detailed methodology to extract quantitative parameters (distance
modulus, extinction, spectral type, masses) for objects observed towards and inside the Serpens molecular cloud.
An extinction map of the region is derived allowing us to disentangle cloud members from background field objects.
Luminosities and masses for 14 low-mass stars and substellar object candidate members of the cluster are derived.
Three of these objects have masses compatible with the brown dwarf regime and one of them (BD-Ser 1) was observed
spectroscopically with ISAAC at the VLT, confirming its substellar status. Long-term photometric variability of
BD-Ser 1 could be consistent with signs of accretion.
Accepted by Astron. & Astrophys.

Emission of CO, CI, and CII in W3 Main
C. Kramer1 , H. Jakob1 , B. Mookerjea1 , N. Schneider2 , M. Brüll1 and J. Stutzki1
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We used the KOSMA 3m telescope to map the core 70 × 50 of the Galactic massive star forming region W3 Main in the
two fine structure lines of atomic carbon and four mid-J transitions of CO and 13 CO. The maps are centered on the
luminous infrared source IRS 5 for which we obtained ISO/LWS data comprising four high-J CO transitions, CII, and
OI at 63 and 145 µm. In combination with a KAO map of integrated line intensities of CII (Howe et al. 1991), this
data set allows to study the physical structure of the molecular cloud interface regions where the occurence of carbon
is believed to change from C+ to C0 , and to CO. The molecular gas in W3 Main is warmed by the far ultraviolet (FUV)
field created by more than a dozen OB stars. Detailed modelling shows that most of the observed line intensity ratios
and absolute intensities are consistent with a clumpy photon dominated region (PDR) of a few hundred unresolved
clumps per 0.84 pc beam, filling between 3 and 9% of the volume, with a typical clump radius of 0.025 pc (2.200 ), and
typical mass of 0.44 M . The high-excitation lines of CO stem from a 100 − 200 K layer, as also the CI lines. The
bulk of the gas mass is however at lower temperatures.
Accepted by Astron. Astrophys.

A Mushroom-shaped Structure from the Impact of a Cloud with the Galactic Disk
Takahiro Kudoh and Shantanu Basu
Department of Physics and Astronomy, University of Western Ontario, London, Ontario N6A 3K7, Canada
E-mail contact: kudoh@astro.uwo.ca
We propose that the mushroom-shaped structure of the Galactic worm GW 123.4–1.5 is created by a cloud collision
with the Galactic gas disk. A hydrodynamic simulation shows that a mushroom-shaped structure is created after the
cloud crosses the Galactic midplane. The lifetime of the mushroom-shaped structure is of order the dynamical time
scale of the disk, ∼ 107 years. We find that the velocities across the cap of the mushroom-shaped structure in the
simulation are consistent with the observed values. The simulation also predicts a structure on the opposite side of
the Galactic plane which is created by the Kelvin-Helmholtz instability after the cloud passes through the disk.
Accepted by A&A
Preprint and color figures/movies available at http://www.astro.uwo.ca/∼kudoh/mushroom. Preprint in b/w also
at astro-ph/0405165.
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Mid-infrared sizes of circumstellar disks around Herbig Ae/Be stars measured with
MIDI on the VLTI
Ch. Leinert1 , R. van Boekel2 , L.B.F.M. Waters2 , 3, O. Chesneau1 , F. Malbet4 , R. Köhler1 , W. Jaffe5 ,
Th. Ratzka1 , A. Dutrey4 , Th. Preibisch6 , U. Graser1 , E. Bakker5 , G. Chagnon8 , W.D. Cotton9 ,
C. Dominik2 , C.P. Dullemond7 , A.W. Glazenborg-Kluttig10 , A. Glindemann11 , Th. Henning1 , K.-H.
Hofmann6 , J. de Jong5 , R. Lenzen1 , S. Ligori1 , B. Lopez12 , J. Meisner5 , S. Morel11 , F. Paresce11 ,
J.-W. Pel13 , I. Percheron11 , G. Perrin8 , F. Przygodda1 , A. Richichi11 , M. Schöller11 , P. Schuller14 , B.
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7
Max-Planck-Institut für Astrophysik, Karl-Scharzschild-Straße 1, 85741 Garching, Germany
8
Laboratoire d’Etudes Spatiales et d’Instrumentation en Astrophysique, Observatoire de Meudon, 5, place Jules
Janssen, 92190 Meudon, France
9
National Radio Astronomy Observatory, 520 Edgemont Road, Charlottesville, VA 22903-2475, USA
10
ASTRON, Oude Hoogeveesnsedijk 4, P.O. Box 2, 7990 AA Dwingeloo, The Netherlands
11
European Southern Observatory, Karl-Schwarzschild-Strasse 2, D-85748 Garching, Germany
12
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We present the first long baseline mid-infrared interferometric observations of the circumstellar disks surrounding
Herbig Ae/Be stars. The observations were obtained using the mid-infrared interferometric instrument MIDI at the
European Southern Observatory (ESO) Very Large Telescope Interferometer VLTI on Cerro Paranal. The 102 m
baseline given by the telescopes UT1 and UT3 was employed, which provides a maximum full spatial resolution of
20 milli-arcsec (mas) at a wavelength of 10 µm. The interferometric signal was spectrally dispersed at a resolution of
30, giving spectrally resolved visibility information from 8 µm to 13.5 µm. We observed seven nearby Herbig Ae/Be
stars and resolved all objects. The warm dust disk of HD 100546 could even be resolved in single-telescope imaging.
Characteristic dimensions of the emitting regions at 10 µm are found to be from 1 AU to 10 AU. The 10 µm sizes
of our sample stars correlate with the slope of the 10-25 µm infrared spectrum in the sense that the reddest objects
are the largest ones. Such a correlation would be consistent with a different geometry in terms of flaring or flat
(self-shadowed) disks for sources with strong or moderate mid-infrared excess, respectively. We compare the observed
spectrally resolved visibilities with predictions based on existing models of passive centrally irradiated hydrostatic disks
made to fit the SEDs of the observed stars. We find broad qualitative agreement of the spectral shape of visibilities
corresponding to these models with our observations. Quantitatively, there are discrepancies that show the need for
a next step in modelling of circumstellar disks, satisfying both the spatial constraints such as now available from the
MIDI observations and the flux constraints from the SEDs in a consistent way.
Accepted by Astronomy and Astrophysics

Temporal evolution of magnetic molecular shocks
I. Moving grid simulations
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We present time-dependent 1D simulations of multifluid magnetic shocks with chemistry resolved down to the mean
free path. They are obtained with an adaptive moving grid implemented with an implicit scheme. We examine a
broad range of parameters relevant to conditions in dense molecular clouds, with preshock densities 103 cm−3 < n <
−1
105 cm−3 , velocities
< u < 40 kms−1 , and three different scalings for the transverse magnetic field :
p 10 kms
B = 0, 0.1, 1 µG× n/cm−3 .
We first use this study to validate the results of Chièze, Pineau des Forêts & Flower (1998), in particular the long
delays necessary to obtain steady C-type shocks, and we provide evolutionary time-scales for a much greater range of
parameters.
We also present the first time-dependent models of dissociative shocks with a magnetic precursor, including the first
models of stationary CJ shocks in molecular conditions. We find that the maximum speed for steady C-type shocks is
reached before the occurrence of a sonic point in the neutral fluid, unlike previously thought. As a result, the maximum
speed for C-shocks is lower than previously believed.
Finally, we find a large amplitude bouncing instability in J-type fronts near the H2 dissociation limit (u ' 25 −
30 kms−1 ), driven by H2 dissociation/reformation. At higher speeds, we find an oscillatory behaviour of short period
and small amplitude linked to collisional ionisation of H. Both instabilities are suppressed after some time when a
magnetic field is present.
In a companion paper (Lesaffre et al. 2004, hereafter Paper II), we use the present simulations to validate a new
semi-analytical construction method for young low-velocity magnetic shocks based on truncated steady-state models.
Accepted by Astron. Astrophys.

Temporal evolution of magnetic molecular shocks
II. Analytics of the steady state and semi-analytical construction of intermediate ages.
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In the first paper of this series (Lesaffre et al. 2004, hereafter Paper I), we computed time dependent simulations of
multifluid shocks with chemistry and a transverse magnetic field frozen in the ions, using an adaptive moving grid.
In this paper, we present new analytical results on steady-state molecular shocks. Relationships between density and
pressure in the neutral fluid are derived for the cold magnetic precursor, hot magnetic precursor, adiabatic shock front,
and the following cooling layer. The compression ratio and temperature behind a fully dissociative adiabatic shock is
also derived.
To prove that these results may even hold for intermediate ages, we design a test to characterise locally the validity
of the steady state equations in a time-dependent shock simulation. Applying this tool to the results of Paper I, we
show that most of these shocks (all the stable ones) are indeed in a quasi-steady state at all times, i.e. : a given
snapshot is composed of one or more truncated steady shocks. Finally, we use this property to produce a construction
method of any intermediate time of low velocity shocks (u < 20 kms−1 ) with the only means of a steady-state code.
In particular, this method allows to predict the occurrence of steady CJ-type shocks more accurately than previously
proposed criteria.
Accepted by Astron. Astrophys.

10

Methanol as a diagnostic tool of interstellar clouds: I. Model calculations and application
to molecular clouds
S. Leurini1 , P. Schilke1 , K. M. Menten1 , D. R. Flower2 , J. T. Pottage2 and L.-H. Xu3
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We present a detailed analysis of the diagnostic properties of methanol, (CH3 OH), in dense molecular clouds, made
possible by the availability of new (CH3 OH-He) collisional rate coefficients. Using a spherical Large Velocity Gradient
(LVG) model, the dependence on kinetic temperature and spatial density of various millimeter and submillimeter line
bands is investigated over a range of physical parameters typical of high- and low-mass star-forming regions. We find
CH3 OH to be a good tracer of high-density environments and sensitive to the kinetic temperature. Using our LVG
model, we have also developed an innovative technique to handle the problem of deriving physical parameters from
observed multi-line spectra of a molecule, based on the simultaneous fit of all the lines with a synthetic spectrum,
finding the best physical parameters using numerical methods.
Accepted by A&A

Magnetically Regulated Star Formation in Turbulent Clouds
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We investigate numerically the combined effects of supersonic turbulence, strong magnetic fields and ambipolar diffusion on cloud evolution leading to star formation. We find that, in clouds that are initially magnetically subcritical,
supersonic turbulence can speed up star formation, through enhanced ambipolar diffusion in shocks. The speedup
overcomes a major objection to the standard scenario of low-mass star formation involving ambipolar diffusion, since
the diffusion time scale at the average density of a molecular cloud is typically longer than the cloud life time. At the
same time, the strong magnetic field can prevent the large-scale supersonic turbulence from converting most of the
cloud mass into stars in one (short) turbulence crossing time, and thus alleviate the high efficiency problem associated
with the turbulence-controlled picture for low-mass star formation. We propose that relatively rapid but inefficient
star formation results from supersonic collisions of somewhat subcritical gas in strongly magnetized, turbulent clouds.
The salient features of this shock-accelerated, ambipolar diffusion-regulated scenario are demonstrated with numerical
experiments.
Accepted by ApJL
Preprint at astro-ph/0405615

High resolution imaging polarimetry of HL Tau and magnetic field structure
P.W. Lucas1 , Misato Fukagawa2 , Motohide Tamura3 , A.F.Beckford1 , Yoichi Itoh4 , Koji Murakawa5 ,
Hiroshi Suto5 , Saeko S. Hayashi5 , Yumiko Oasa4 , Takahiro Naoi6 , Yoshiyuki Doi5 , Noboru Ebizuka7 ,
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We present high quality near infrared imaging polarimetry of HL Tau at 0.4 to 0.6 arcsec resolution, obtained with
Subaru/CIAO and UKIRT/IRCAM. 3-D Monte Carlo modelling with aligned oblate grains is used to probe the
structure of the circumstellar envelope and the magnetic field, as well as the dust properties. At J band the source
shows a centrosymmetric pattern dominated by scattered light. In the H and K bands the central source becomes visible
and its polarisation appears to be dominated by dichroic extinction, with a position angle inclined by ≈ 40◦ to the disc
axis. The polarisation pattern of the environs on scales up to 200 AU is consistent with the same dichroic extinction
signature superimposed on the centrosymmetric scattering pattern. These data can be modelled with a magnetic
field which is twisted on scales from tens to hundreds of AU, or alternatively by a field which is globally misaligned
with the disc axis. A unique solution to the field structure will require spatially resolved circular polarisation data.
The best fit Monte Carlo model indicates a shallow near infrared extinction law. When combined with the observed
high polarisation and non-negligible albedo these constraints can be fitted with a grain model involving dirty water
ice mantles in which the largest particles have radii slightly in excess of 1 µm. The best fit model has an envelope
structure which is slightly flattened on scales up to several hundred AU. Both lobes of the bipolar outflow cavity
contain a substantial optical depth of dust (not just within the cavity walls). Curved, approximately parabolic, cavity
walls fit the data better than a conical cavity. The small inner accretion disc observed at millimetre wavelengths is
not seen at this spatial resolution.
Accepted by MNRAS
astro-ph/0405387

Constraining the Lifetime of Circumstellar Disks in the Terrestrial Planet Zone: A
Mid-IR Survey of the 30-Myr-old Tucana-Horologium Association
Eric E. Mamajek1 , Michael R. Meyer1 , Philip M. Hinz1 , William F. Hoffmann1 , Martin Cohen2 , Joseph
L. Hora3
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We have conducted an N-band survey of 14 young stars in the ∼30 Myr-old Tucana-Horologium Association to search
for evidence of warm, circumstellar dust disks. Using the MIRAC-BLINC camera on the Magellan I (Baade) 6.5-m
telescope, we find that none of the stars have a statistically significant N-band excess compared to the predicted stellar
photospheric flux. Using three different sets of assumptions, this null result rules out the existence of the following
around these post-T Tauri stars: (a) optically-thick disks with inner hole radii of ≤0.1 AU, (b) optically-thin disks
with masses of >10−6 M⊕ (in ∼1-µm-sized grains) within ≤10 AU of these stars, (c) scaled-up analogs of the solar
system zodiacal dust cloud with >4000× the emitting area. Our survey was sensitive to dust disks in the terrestrial
planet zone with fractional luminosity of log(Ldust /L∗ ) ∼ 10−2.9 , yet none were found. Combined with results from
previous surveys, these data suggest that circumstellar dust disks become so optically-thin as to be undetectable at
N-band before age ∼20 Myr. We also present N-band photometry for several members of other young associations
and a subsample of targets that will be observed with Spitzer Space Telescope by the Formation and Evolution of
Planetary Systems (FEPS) Legacy Science Program. Lastly, we present an absolute calibration of MIRAC-BLINC for
four filters (L, N , 11.6, and Qs ) on the Cohen-Walker-Witteborn system.
Accepted by Astrophysical Journal
http://xxx.lanl.gov/abs/astro-ph/0405271

A Map of OMC-1 in CO J = 9 → 8
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Boston University, Department of Electrical and Computer Engineering, 8 St. Mary’s Street, Boston, MA 02215,
12

USA
4
Current address: RPG Radiometer Physics GmbH, Birkenmaarstrasse 10, 53340 Meckenheim, Germany
5
Current address: GARD/MC2, Fysikgrand 3, Chalmers University of Technology, S-412 96 Gothenburg, Sweden
6
National Radio Astronomy Observatory, 949 North Cherry Avenue, Tucson, AZ 85721, USA
E-mail contact: dmarrone@cfa.harvard.edu
The distribution of 12 C16 O J = 9 → 8 (1.037 THz) emission has been mapped in OMC-1 at 35 points with 8400
resolution. This is the first map of this source in this transition and only the second velocity-resolved ground-based
observation of a line in the terahertz frequency band. There is emission present at all points in the map, a region
roughly 40 by 60 in size, with peak antenna temperature dropping only near the edges. Away from the Orion KL
outflow, the velocity structure suggests that most of the emission comes from the OMC-1 photon-dominated region,
with a typical linewidth of 3-6 km s−1 . Large velocity gradient modeling of the emission in J = 9 → 8 and six
lower transitions suggests that the lines originate in regions with temperatures around 120 K and densities of at least
103.5 cm−3 near θ1 C Ori and at the Orion Bar, and from 70 K gas at around 104 cm−3 southeast and west of the
bar. These observations are among the first made with the 0.8 m Smithsonian Astrophysical Observatory Receiver
Lab Telescope, a new instrument designed to observe at frequencies above 1 THz from an extremely high and dry site
in northern Chile.
Accepted by The Astrophysical Journal
Available at http://xxx.lanl.gov/abs/astro-ph/0405530

Initial Results from The Spitzer Young Stellar Cluster Survey
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We report initial results from IRAC observations of four young stellar clusters. These regions are part of a larger
Spitzer survey of 31 young stellar groups and clusters within 1 kpc of the Sun. In each of the four clusters, there are
between 39 and 85 objects with colors inconsistent with reddened stellar photospheres. We identify these objects as
young stars with significant emission from circumstellar dust. Applying an analysis developed in a companion paper
(Allen et al. 2004), we classify these objects as either pre-main sequence stars with disks (class II) or protostellar
objects (class I). These show that the sites of recent star formation are distributed over multi-parsec size scales. In two
clusters, Cepheus C and S140, we find protostars embedded in filamentary dark clouds seen against diffuse emission
in the IRAC bands.
Accepted by the Astrophysical Journal Supplement (special Spitzer issue
The paper is available at astro-ph/0406008
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We present mid-infrared photometry of three very young brown dwarfs located in the ρ Ophiuchi star-forming region
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– GY5, GY11 and GY310 – obtained with the Subaru 8-meter telescope. All three sources were detected at 8.6 and
11.7µm, confirming the presence of significant mid-infrared excess arising from optically thick dusty disks. The spectral
energy distributions of both GY310 and GY11 exhibit strong evidence of flared disks; flat disks can be ruled out for
these two brown dwarfs. The data for GY5 show large scatter, and are marginally consistent with both flared and
flat configurations. Inner holes a few substellar radii in size are indicated in all three cases (and especially in GY11),
in agreement with magnetospheric accretion models. Finally, our 9.7µm flux for GY310 implies silicate emission from
small grains on the disk surface (though the data do not completely preclude larger grains with no silicate feature).
Our results demonstrate that disks around young substellar objects are analogous to those girdling classical T Tauri
stars, and exhibit a similar range of disk geometries and dust properties.
Accepted by Astrophysical Journal Letters
http://arXiv.org/abs/astro-ph/0404557

The 24-Micron View of Embedded Star Formation in NGC 7129
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We present observations of the star formation region NGC 7129 taken with the Multiband Imaging Photometer for
Spitzer (MIPS). A significant population of sources, likely pre-main sequence members of the young stellar cluster, is
revealed outside the central photoionization region. Combining with Infrared Array Camera (IRAC) and ground-based
near-infrared images, we have obtained colors and spectral energy distributions for some 60 objects. The [3.6]-[4.5] vs.
[8]-[24] color-color plane shows sources clustered at several different loci, which roughly correspond to the archetypal
evolutionary sequence Class 0, I, II, and III. We obtain preliminary classifications for 36 objects, and find significant
numbers of both Class I and II objects. Most of the pre-main sequence candidates are associated with the densest
part of the molecular cloud surrounding the photoionization region, indicating active star formation over a broad area
outside the central cluster. We discuss three Class II candidates that exhibit evidence of inner disk clearing, which
would be some of the youngest known examples of a transition from accretion to optically thin quiescent disks.
Accepted by ApJS for the Spitzer special issue
http://arxiv.org/abs/astro-ph/0406065

Accretion in Brown Dwarfs: an Infrared View
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This paper presents a study of the accretion properties of 19 very low mass objects (M? ∼ 0.01 − 0.1 M ) in the regions
Chamaeleon I and ρ Oph. For 8 objects we obtained high resolution Hα profiles and determined mass accretion rate
Ṁac and accretion luminosity Lac . Paβ is detected in emission in 7 of the 10 ρ Oph objects, but only in one in
Cha I. Using objects for which we have both a determination of Lac from Hα and a Paβ detection, we show that
the correlation between the Paβ luminosity and luminosity Lac , found by Muzerolle et al. 1998 for T Tauri stars in
Taurus, extends to objects with mass ∼ 0.03 M ; L(Paβ) can be used to measure Lac also in the substellar regime.
The results were less conclusive for Brγ, which was detected only in 2 objects, neither of which had an Hα estimate of
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Ṁac . Using the relation between L(Paβ) and Lac we determined the accretion rate for all the objects in our sample
(including those with no Hα spectrum), more than doubling the number of substellar objects with known Ṁac . When
plotted as a function of the mass of the central object together with data from the literature, our results confirm the
trend of lower Ṁac for lower M? , although with a large spread. Some of the spread is probably due to an age effect; our
very young objects in ρ Oph have on average an accretion rate at least one order of magnitude higher than objects of
similar mass in older regions. As a side product, we found that the width of Hα measured at 10% peak intensity is not
only a qualitative indicator of the accreting nature of very low mass objects, but can be used to obtain a quantitative,
although not very accurate, estimate of Ṁac over a large mass range, from T Tauri stars to brown dwarfs. Finally, we
found that some of our objects show evidence of mass-loss in their optical spectra.
Accepted by A&A
Available at http://www.arcetri.astro.it/∼starform/publ2004.htm

An Aggregate of Young Stellar Disks in Lynds 1228 South
Deborah L. Padgett1 , L. M. Rebull1 , A. Noriega-Crespo1 , Sean J. Carey1 , Karl R. Stapelfeldt2 , John
R. Stauffer1 , Martin J. Burgdorf1 , D. M. Cole2 , S. B. Fajardo-Acosta1 , D. T. Frayer1 , G. Helou1 , D.
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Using the MIPS and IRAC instruments on the Spitzer Space Telescope, we have investigated an aggregate of at least
9 candidate bright young stellar objects in the southern region of the Lynds 1228 cloud in Cepheus. The spectral
energy distributions (SEDs) encompass both infrared (IR) Class II and Class III types, and at least one object has no
excess at wavelengths shorter than 24 µm. There are 5 known IRAS sources in the region. We find that the fluxes of
these sources are generally overestimated by IRAS due to confusion, and one appears in both the IRAS Point Source
and Faint Source catalogs. This small group of YSOs provides a good example of the power of Spitzer to resolve
star-forming regions confused in the IRAS catalogs. The SEDs of these sources illustrate that there can be a diversity
of disk evolutionary states within a coeval stellar aggregate.
Accepted by Ap.J.Supp. (Spitzer special issue)
Can be found in astro-ph and on the Spitzer Science Center website

Rotation of the pre-stellar core L1689B
M.P. Redman1,2 , E. Keto3 , J.M.C. Rawlings1 and D.A. Williams1
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Department of Physics and Astronomy, University College London, Gower Street,London WC1E 6BT, UK
School of Cosmic Physics, Dublin Institute for Advanced Studies, 5 Merrion Square, Dublin 2, Ireland
Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge MA 02138, USA

E-mail contact: mpr@cp.dias.ie
The search for the onset of star formation in pre-stellar cores has focussed on the identification of an infall signature
in the molecular line profiles of tracer species. The classic infall signature is a double peaked line profile with an
asymmetry in the strength of the peaks such that the blue peak is stronger. L1689B is a pre-stellar core and infall
candidate but new JCMT HCO+ line profile data, presented here, confirms that both blue and red asymmetric line
profiles are present in this source. Moreover, a dividing line can be drawn between the locations where each type of
profile is found. It is argued that it is unlikely that the line profiles can be interpreted with simple models of infall or
outflow and that rotation of the inner regions is the most likely explanation. A rotational model is developed in detail
with a new 3D molecular line transport code and it is found that the best type of model is one in which the rotational
velocity profile is in between solid body and Keplerian. It is firstly shown that red and blue asymmetric line profiles
can be generated with a rotation model entirely in the absence of any infall motion. The model is then quantitively
compared with the JCMT data and an iteration over a range of parameters is performed to minmize the difference
between the data and model. The results indicate that rotation can dominate the line profile shape even before the
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onset of infall.
Accepted by MNRAS
http://arxiv.org/abs/astro-ph/0405469

The Bias of Molecular Clump Identification Programs:
the Example of the Carina Molecular Clouds
N. Schneider1 and K. Brooks2,3
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2
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OASU/Observatoire de Bordeaux, 33270 Floirac, France
European Southern Observatory, Casilla 19001, Santiago 19, Chile
Departamento de Astronomia, Universidad de Chile, Casilla 36-D, Santiago, Chile

E-mail contact: schneider@obs.u-bordeaux1.fr
A large scale 12 CO J=1→0 molecular line map of the Carina molecular cloud complex was obtained with the Mopra
radiotelescope in order to investigate its spatial and kinematic structure. The data show a complex velocity structure
in two distinct cloud regions - the northern and southern Carina clouds. Two different clump identification methods
(Gaussclumps and Clumpfind) were applied to the data. Though both algorithms find a similar clump mass spectral
index (1.95 and 1.8, respectively), the properties of the clumps (mass, size, virial equilibrium) differ significantly. We
discuss possible explanations for this discrepancy and question the validity of the Larson relations which could be an
artifact of the limited spatial resolution and dynamic range of the observations.
Accepted by PASA (Publications of the Astronomical Society of Australia)
Preprints available at http://www.publish.csiro.au/nid/139/aid/110.htm

Low Mass Stars and Accretion at the Ages of Planet Formation in the CepOB2 Region
Aurora Sicilia-Aguilar1 , Lee Hartmann1 ,Cesar Briceño2 , James Muzerolle3 , and Nuria Calvet1
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Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
Centro de Investigaciones de Astronomı́a (CIDA), Mérida, Venezuela
Steward Observatory, University of Arizona, 933 N. Cherry Ave., Tucson, AZ 85721, USA

E-mail contact: asicilia@cfa.harvard.edu
We present the first identification of low mass (spectral types K-M) stars in the young clusters Tr 37 and NGC 7160,
members of the CepOB2 association. This is part of a program to follow the evolution of protoplanetary accretion
disks through the ages thought to be crucial to understanding disk dissipation and planet formation (∼3-10 Myr).
Combining optical photometry and optical spectroscopy, we have identified ∼40 members in Tr 37, and ∼15 in NGC
7160, using several independent tests for determining the membership (optical colors, optical variability, Hα emission,
and Lithium 6707 Å absorption). We confirm previous age estimates of 1-5 Myr for Tr 37 and 10 Myr for NGC 7160.
We find active accretion in some of the stars in Tr 37, with average accretion rates of ∼ 10−8 M yr−1 , derived from
their U-band excesses. These results expand the existing samples of accreting stars, and are consistent with the models
of viscous accretion disk evolution. No signs of active accretion have been detected so far in the older cluster NGC
7160, suggesting that disk accretion ends before the age of 10 Myr. These results are consistent with those from other
populations and are a clear sign of disk evolution within the CepOB2 region.
We also investigate the spatial asymmetries in Tr 37 and the possible presence of younger populations triggered
by Tr 37 itself, and we outline an efficient method to detect and study the rest of the clusters members and their
characteristics.
Accepted by Astron. J.
http://cfa-www.harvard.edu/cfa/youngstars/

Thermal-IR Detection of Optical Outflow Sources in OMC1 South
Nathan Smith1 , John Bally1 , Ralph Y. Shuping2 , Mark Morris2 , and Thomas L. Hayward3
1
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Center for Astrophysics and Space Astronomy, University of Colorado, 389 UCB, Boulder, CO 80309, USA
Division of Astronomy and Astrophysics, University of California at Los Angeles, Los Angeles, CA 90095, USA
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Gemini Observatory, Association of Universities for Research in Astronomy, Inc., Casilla 603, La Serena, Chile

E-mail contact: nathans@colorado.edu
We present the first thermal-infrared imaging photometry for several embedded sources in the OMC1 South cloud
core in the Orion nebula, and propose that some of these drive optical Herbig-Haro jets emerging from the region.
Thermal-infrared images at 8.8 and 11.7 µm obtained at Gemini South show a handful of sources in OMC1-S with
no visual-wavelength counterparts, although a few can be seen in recent near-infrared data. For the three brightest
mid-infrared sources, we also present 18.75 µm photometry obtained with the Keck telescope. The most prominent
blueshifted outflows in the Orion nebula at visual wavelengths such as HH 202, HH 203/204, HH 529, and HH 269 all
originate from OMC1-S. The brightest infrared source in OMC1-S at 11.7 µm is located at the base of the prominent
jet that powers HH 202 and is likely to be the sought-after driver of this outflow. The second brightest infrared source
is located at the base of the HH 529 jet. We consider the possibility that HH 203/204 and HH 269 trace parts of
a single bent outflow from the third-brightest infrared source. While there may be some lingering ambiguity about
which infrared stars drive specific jets, there is now a sufficient number of embedded sources to plausibly account for
the multiple outflows from OMC1-S.
Accepted by ApJ Letters

First Look at the Fomalhaut Debris Disk with the Spitzer Space Telescope1
K.R. Stapelfeldt2 , E.K. Holmes2,3,4 , C. Chen2,3 , G.H. Rieke5 , K.Y.L. Su5 , D.C. Hines5,6 , M.W. Werner2
C.A. Beichman2 , M. Jura7 , D.L. Padgett8 , J.A. Stansberry5 , G. Bendo5 , J. Cadien5 , M. Marengo9 , T.
Thompson2 , T. Velusamy2 , C. Backus2 , M. Blaylock5 , E. Egami5 C.W. Engelbracht5 , D.T. Frayer8 ,
K.D. Gordon5 , J. Keene2,8 , W.B. Latter8 , T. Megeath9 , K. Misselt5 , J.E. Morrison5 , J. Muzerolle5 , A.
Noriega-Crespo8 , J. Van Cleve10 , E.T. Young5
1

Based on observations with the NASA Spitzer Space Telescope, which is operated by the California Institute of
Technology for NASA.
2
Jet Propulsion Laboratory, California Institute of Technology, 4800 Oak Grove Drive, Pasadena CA 91109 USA
3
National Research Council Resident Research Associate
4
deceased March 23 2004
5
Steward Observatory, University of Arizona, 933 North Cherry Ave, Tucson AZ 85721 USA
6
Space Science Institute, 4750 Walnut Street, Suite 205 Boulder CO 80301 USA
7
Department of Physics and Astronomy, University of California, Los Angeles CA 90095 USA
8
Spitzer Science Center, California Institute of Technology, Pasadena CA 91125 USA
9
Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge MA 02138 USA
10
Ball Aerospace Corporation, 1600 Commerce Street, Boulder CO 80301 USA
E-mail contact: krs@exoplanet.jpl.nasa.gov
We present Spitzer Space Telescope early release observations of Fomalhaut, a nearby A star with dusty circumstellar
debris. The disk is spatially resolved at 24, 70, and 160 µm using the Multiband Imaging Photometer for Spitzer
(MIPS) instrument. While the disk orientation and outer radius is comparable to values measured in the submillimeter,
the disk inner radius cannot be precisely defined: the central hole in the submillimeter ring is at least partially filled in
with emission from warm dust seen in IRS 17.5-34 µm spectra and MIPS 24 µm images. The disk surface brightness
becomes increasingly asymmetric toward shorter wavelengths, with the SSE ansa always brighter than the NNW one.
This asymmetry may reflect perturbations on the disk by an unseen interior planet.
Accepted by Astrophysical Journal Supplement, Spitzer Special Issue
A preprint can be downloaded from http://ssc.spitzer.caltech.edu/pubs/journal2004.html

Multiple Outflows in the LkHα 234 Region
M.A. Trinidad1,2 , S. Curiel2 , J.M. Torrelles3 , L.F. Rodrı́guez4 J. Cantó2 , J.F. Gómez5 , N. Patel6 and
P.T.P. Ho6
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Instituto de Ciencias del Espacio (CSIC) and Institut d’Estudis Espacials de Catalunya,Barcelona, Spain
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Laboratorio de Astrofı́sica Espacial y Fı́sica Fundamental (INTA), Madrid, Spain
Harvard-Smithsonian Center for Astrophysics, Cambridge, MA. USA

E-mail contact: trinidad@inaoep.mx
We report results of radio continuum (1.3 and 3.6 cm) and H2 O maser line observations, carried out with the Very
Large Array (VLA) in its A configuration, toward the star-forming region LkHα 234. We detected five radio continuum
sources (VLA 1, VLA 2, VLA 3A, VLA 3B, and LkHα 234) in a region of ' 500 (' 5000 AU), of which three were
previously unknown (VLA 1, VLA 2 and VLA 3B). VLA 3A and VLA 3B seem to form a close (' 220 AU) binary
system. Their elongated morphologies and positive spectral indices suggest that both, VLA 3A and VLA 3B, could
be thermal radio jets. In addition, we detected three clusters of water masers, which are spatially associated with
VLA 1, VLA 2 and VLA 3B. Based on the analysis of the distribution of the water masers and the characteristics
of the continuum emission, we favor the new radio continuum source VLA 2 as the exciting source of the large-scale
CO/[SII] outflow observed in the region. Moreover, we find that the multiple outflows observed in the region share a
similar orientation. Finally, our data confirm that there is no evidence indicating that the Herbig Be star LkHα 234
is driving any of the outflows in the region.
Accepted by Astrophysical J.

Evaporation of ices near massive stars: models based on laboratory TPD data
Serena Viti1 , Mark P. Collings,2 , John W. Dever,2 , Martin R. S. McCoustra,2 , David A. Williams1
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School of Chemistry, University of Nottingham, University Park, Nottingham, NG7 2RD, U.K.

E-mail contact: sv@star.ucl.ac.uk
Hot cores and their precursors contain an integrated record of the physics of the collapse process in the chemistry of
the ices deposited during that collapse. In this paper, we present results from a new model of the chemistry near high
mass stars in which the desorption of each species in the ice mixture is described as indicated by new experimental
results obtained under conditions similar to those hot cores. Our models show that provided there is a monotonic
increase in the temperature of the gas and dust surrounding the protostar, the changes in the chemical evolution of
each species due to differential desorption are important. The species H2 S, SO, SO2 , OCS, H2 CS, CS, NS, CH3 OH,
HCOOCH3 , CH2 CO, C2 H5 OH show a strong time dependence that may be a useful signature of time evolution in the
warm-up phase as the star moves on to the Main Sequence. This preliminary study demonstrates the consequences of
incorporating reliable TPD data into chemical models.
Accepted by MNRAS
http://arXiv.org/abs/astro-ph/0406054

A GLIMPSE of Star Formation in the Giant H II Region RCW 49
B. A. Whitney1 , R. Indebetouw2 , B. L. Babler2 , M. R. Meade2 , C. Watson2 , M. J. Wolff1 , M. G.
Wolfire3 , D. P. Clemens4 , T. M. Bania4 , R. A. Benjamin5 , M. Cohen6 , K. E. Devine2 , J. M. Dickey7 ,
F. Heitsch8 , J. M. Jackson4 , H. A. Kobulnicky9 , A. P. Marston1 0, J. S. Mathis2 , E. P. Mercer4 , J. R.
Stauffer1 1, S. R. Stolovy1 E. Churchwell2
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E-mail contact: bwhitney@spacescience.org
GLIMPSE imaging using the Infrared Array Camera (IRAC) on the Spitzer Space Telescope indicates that star
formation is ongoing in the RCW 49 giant H II region. A photometric comparison of the sources in RCW 49 to a
similar area to its north finds that at least 300 stars brighter than 13th magnitude in band [3.6] have infrared excesses
inconsistent with reddening due to foreground extinction. These are likely young stellar objects (YSOs) more massive
than 2.5 M suggesting that thousands more low-mass stars are forming in this cloud. Some of the YSOs are massive
(B stars) and therefore very young, suggesting that a new generation of star formation is occurring, possibly triggered
by stellar winds and shocks generated by the older (2-3 Myr) central massive cluster. filamentary, containing both
large evacuated regions and dense has proven to be ideally suited for distinguishing young stars from field stars, and
the GLIMPSE survey of the Galactic Plane will likely find thousands of new star formation regions.
Accepted by ApJS, Spitzer edition
Preprints available at
http://www.astro.wisc.edu/glimpse/glimpsepubs.html

Mie Scattering by Ensembles of Particles with Very Large Size Parameters
S. Wolf1 and N.V. Voshchinnikov2
1

Max Planck Institute for Astronomy, Königstuhl 17, 69117 Heidelberg, Germany
Sobolev Astronomical Institute, St. Petersburg University, Universitetskii prosp. 28, 198504 Stary Peterhof-St. Petersburg, Russia
2

E-mail contact: swolf@mpia.de
We present a computer program for the simulation of Mie scattering in case of arbitrarily large size parameters. The
elements of the scattering matrix, efficiency factors as well as the corresponding cross sections, the albedo and the
scattering asymmetry parameter are calculated. Single particles as well as particle ensembles consisting of several
components and particle size distributions can be considered.
Accepted by Computer Physics Communications
astro-ph/0406118

Abstracts of recently accepted major reviews
Outflow, Infall, and Rotation in High-mass Star Forming Regions
Riccardo Cesaroni
INAF, Osservatorio Astrofisico di Arcetri, Largo Fermi 5, I-50125 Firenze, Italy
E-mail contact: cesa@arcetri.astro.it
According to theory, stars more massive than ∼ 8 M must form while still accreting material from the surrounding
parental cloud: at this stage radiation pressure should reverse the infall thus preventing further growth of the stellar
mass. After illustrating the two models proposed to solve this problem (“accretion” and “coalescence”), we review
the observational evidence pro/contra such models, focusing on the kinematics of the molecular gas where the massive
(proto)stars are embedded as the best tool to shed light on the formation mechanism. Special attention is devoted to
the phenomena of infall, outflow, and rotation, concluding that the recent detection of rotating disks in massive young
stellar objects is the best evidence so far in favour of the accretion model.
Accepted by Ap&SS
http://www.arcetri.astro.it/∼starform/publ2004.htm
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Dissertation Abstracts
Study of envelopes and protoplanetary discs around young stars
Bruno Merı́n Martı́n
Thesis work conducted at: Laboratorio de Astrofı́sica Espacial y Fı́sica Fundamental (INTA), Madrid, Spain
Current address: LAEFF-INTA, P.O. Box 50727, E-28080 Madrid, Spain
Electronic mail: bruno@laeff.esa.es
Ph.D dissertation directed by: Benjamı́n Montesinos
Ph.D degree awarded: March 2004

An analysis of multiwavelength data of young pre-main sequence (PMS) and main sequence (MS) stars with IR excesses
is presented. This work is conducted in the context of the EXPORT international consortium, which has the overall
aim of studying observationally the evolution of the circumstellar (CS) discs around PMS stars towards the “debris”
discs around MS Vega-type stars. Most of the observations analysed in this work were obtained by the EXPORT team
during the 1998 International Time of the Canary Islands observatories.
The data of a sample of 70 stars is homogeneously processed and presented as a catalogue of observations of stars with
IR excesses and different evolutionary stages. The first step for the characterization of the sample is the spectral type
reclassification of the stars with optical spectra taken by EXPORT. The second step is the construction of complete
Spectral Energy Distributions (SEDs) with simultaneous optical and near-IR photometry from EXPORT plus fluxes
from the UV to the centimetre wavelength range taken from satellite archives and from the literature. For many stars
in the sample, we present the most complete SEDs to date. We compute the fractional IR excesses for the stars in
the catalogue and pinpoint the objects in which the presence of hidden binaries or background IR emission may be
distorting the shape of the SEDs. Four groups of similar SEDs were found in the sample, pointing to similar CS
discs. Moreover, we found similarities between stars with well-known CS discs and objects not previously observed in
high spatial resolution. The stellar parameters of the PMS stars are determined by putting them in an HR diagram,
confirming their PMS nature. No clear trend in the IR excess is observed with the stellar age for the PMS stars in
the catalogue.
To analyse the SEDs of the PMS objects, we use physical self-consistent irradiated accretion disc models by D’Alessio
et al. We create a library with ∼ 3000 model SEDs for different physical parameters of the central stars and the
CS discs. This catalogue will be offered to the scientific community through a web page to allow for a physical
characterization of CS discs around PMS stars.
We present a detailed study of the stellar parameters, distances and SEDs of HD 34282 and HD 141569, two A-type
PMS stars with CS discs imaged in millimetre and optical wavelegths, respectively, which appeared below the MS in
the HR diagram. The SED of HD 34282 is compatible with a large CS disc while that of HD 141569 points to an
evolved disc in a intermediate phase towards a Vega-type “debris” disc. We find that both stars are metal-deficient
and solve the problem of their positions in the HR diagram. The SEDs are fitted with physical disc models and the
possible evolutionary connection between both objects is studied.
More information about the EXPORT consortium can be found at http://www.laeff.esa.es/EXPORT.
The complete pdf file can be downloaded from http://www.laeff.esa.es/users/bruno/thesis merin.pdf.
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New Books

Mondes Lointains
À la recherche d’autres systèmes solaires

Claude Bertout
In this engaging and well written book, Claude Bertout presents an overview of how our Sun and the planetary system
formed, at a popular level aimed at the layman. Our evolving view of the place of the Earth in the Universe is followed
up to and including the discovery of extrasolar planets, and in the process the key results in star and planet formation,
covering both observational and theoretical work, are presented.
I. JARDINS D’ÉTOILES
1. Nicolas Copernic, Rebelle Ambigu
2. Passage en Enfer
3. Voyage au Pays où Naissent les Étoiles
II. PLANÈTES EN HERBE
4. Johannes Kepler, L’Astronome Errant
5. Creusets Planétaires
6. Visite Guidée d’une Fabrique de Planètes
III. VERS D’AUTRES TERRES
7. Le Bel Âge des Systèmes Planétaires
8. Ailleurs, Encore et Toujours
ISBN 2-08-210224-6, 234 pages, paperback, published 2003, Euro 20.00
Éditions Flammarion, Paris
http://editions.flammarion.com/catalogue/

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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Meetings
Cores to Clusters
Star formation with the Next Generation Telescopes

A workshop to be held at Centro de Astrofisica da Universidade do Porto during 7–9 October, 2004
http://www.astro.up.pt/c2c/
Electronic mail: c2c@astro.up.pt
Towards the second half of this decade several major telescope facilities operating in the infrared submillimeter and
millimeter wave bands will become operational. These missions are expected to throw much light on our understanding
of the the star formation phenomenon, which is addressed as one of the primary science goals in these wave bands.
”Cores to Clusters” is a workshop to be held at Centro de Astrofisica da Universidade do Porto during 7 - 9 October,
2004 to discuss current and future issues in star formation physics in the light of these Next Generation Telescopes.
Organising Committee: J. Alves (ESO), P. Caselli (Arcetri), M. S. N. Kumar (CAUP, Convenor), M. T. Lago (CAUP),
M. Tafalla (OAN)

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

The Cradle of the Solar System
J. Jeff Hester1 , Steven J. Desch1 , Kevin R. Healy1 and Laurie A. Leshin2
1

Department of Physics & Astronomy, Arizona State University, Tempe, AZ 85287-1504, USA
Department of Geological Sciences and Center for Meteorite Studies, Arizona State University, Tempe, AZ 852871404, USA
2

E-mail contact: jhester@asu.edu
The majority of low-mass stars form in H ii region environments like those surrounding the Orion Nebula and M16.
Recent work on the origins of short-lived radionuclides in meteorites, especially the confirmation of live 60 Fe in the early
Solar System, provides compelling evidence that our own Sun and Solar System formed in just such an environment.
We develop a scenario for low-mass star formation in H ii region environments that begins when a shock driven in
advance of an ionization front compresses preexisting density irregularities in a molecular cloud, initiating gravitational
collapse. A short time (typically ∼ 105 years) later, the advancing ionization front overruns a forming star. As the
YSO is uncovered by the ionization front it passes through a short-lived (∼ 104 year) phase during which the remainder
of the collapsed core is photoevaporated. This is the EGG phase, seen most clearly in HST images of M16. As the
EGG is dispersed the star and disk inside are exposed directly to ultraviolet radiation. The EGG evolves into an
evaporating disk – a proplyd – such as those seen most clearly in HST images of Orion. Within about 104 years
proplyds are also evaporated down to a size of ∼ 30 AU, leaving a young star surrounded by a protoplanetary disk.
The star is now like the majority of low-mass protostars seen in H ii region interiors, which are associated with neither
EGGs nor proplyds. Subsequent evolution of protostars and their disks takes place within the ionized volume of
H ii regions where the disks are directly exposed to ultraviolet radiation from massive stars and to the effects of the
supernovae that occur when those massive stars reach the ends of their brief lives. Our Sun, for example, was adrift
in the interior of an H ii region when an exciting star went supernova, injecting newly synthesized elements including
short-lived radionuclides such as 60 Fe into the Sun’s preexisting protoplanetary disk. In this paper we draw on existing
astrophysical and meteoritic evidence (including HST images of the Trifid Nebula) to develop and support this unified
and predictive scenario for the formation of Sun-like stars in H ii region environments. This scenario has numerous
implications for both astrophysics and planetary science, and provides a context linking studies of star formation,
meteorites, and planets.
Science, Volume 304, p. 1116
The article is available at
http://www.sciencemag.org/cgi/content/full/304/5674/1116
or
http://eagle.la.asu.edu/hester/papers/science perspective.pdf

23

