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The Cygnus X region is one of the richest known
regions of star formation in the Galaxy. Because
of the high extinction to the region, it is rather
unremarkable at optical wavelengths, but in the in-
frared the full scale of star formation activity is re-
vealed. The image shows a Spitzer mosaic, from
the Spitzer Cygnus X Legacy Survey, of a region
several pc wide at the assumed distance of 1.7 kpc
(blue 3.6 � m, aqua 4.5� m, green 8� m, red 24� m).
The pillars and globules face towards the center of
the Cygnus OB2 association, which harbors about
a hundred O stars and many thousands of young
low mass stars. Several generations of young stars
are found with an age spread from� 1 Myr to 5-
7 Myr. An infrared dark cloud to the upper right
shows ongoing star formation. A stellar wind bub-
ble surrounds a massive star.
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Ben Zuckerman
in conversation with Bo Reipurth

Q: You spent the �rst 15 or so years of your research career
in radio astronomy. How did that come about?

A : I began my research in astronomy in 1965 as a grad-
uate student at Harvard University. Senior Research As-
tronomer Alan Maxwell apparently thought I was 
oun-
dering, so he steered me to the radio astronomical research
group of Professor A. Edward Lilley. Ed's graduate stu-
dent Ellen Gundermann had just discovered OH maser
emission as part of her Ph.D. thesis research and Hoglund
& Mezger had announced in Science the �rst convincing
detection of a radio recombination line (n = 110 ! 109)
from Galactic HII regions. So spectral line radio astron-
omy was hopping and I was glad to become part of it.
During the 1970s discovery and study of interstellar and
circumstellar molecules was rather akin to discovery and
study of extrasolar planets now.

Q: As regards star formation, what was the observational
situation at the onset of your career?

A : In 1965 what we knew about star formation came pri-
marily from theory, there was little observational data.
Bart Bok (my academic grandfather) found isolated dark
clouds ('Bok globules') that could be progenitors to stars,
and George Herbig had identi�ed numerous T Tauri stars
associated with dark clouds, but the interstellar dust grains
placed strict limits on what these optical astronomers could
hope to accomplish on the actual star formation process.
I remember how people would talk of the North Amer-
ica Nebula as a site of recent star formation, but it was
only after infrared and radio telescopes were pointed there
that we all fully appreciated that current star formation
was taking place in the dark 'Gulf of Mexico' and not in
the famous glowing nebula itself.

Q: As observations relevant to star formation began to
catch up with and eventually overtake theory, what were a

few major problems that astronomers were wrestling with?

A : To answer this question, I took a look at my 1974
ARAA article with Pat Palmer. I was only 30 when we
wrote that article on interstellar molecules and recall think-
ing how thankful I was that Alan Maxwell had steered me
to such a blossoming place in modern astronomy.

In the late 1960s the new �eld of infrared astronomy, along
with maser emission from OH and water molecules, en-
abled astronomers to peer into the depths of dark clouds
{ some of which were found to be much more massive than
any known previously { right at protostars. Maser sizes
could be measured with long baseline interferometers that
were just coming into their own then. My 1968 Ph.D.
thesis was a study of thermal and maser OH emission.

The path from formation of a giant molecular cloud, to
fragmentation into clusters of protostars, and then to the
mechanisms for collapse of an individual protostar occu-
pied the e�orts of many of us. The last stages in this chain
were accompanied by both accretion and bi-polar mass
out
ow. Tom and Eva Kuiper and I wrote the earliest
published paper on an observed, high velocity, molecular
out
ow, focusing on the Orion molecular cloud behind the
Orion Nebula. In 1973 I wrote a paper titled 'A model of
the Orion Nebula' that married massive molecular clouds
to HII regions in ways that had not previously been done.
The paper was generally well received and it soon earned
me an all-expenses paid trip to a memorable meeting at
a ski resort in the Austrian Alps. I was greatly impressed
by how much beer some astronomers could consume with-
out sliding under the table; Nick Scoville and Eric Becklin
come to mind.

The interior of the Grand Canyon is my favorite place on
Earth. So perhaps it is �tting that one of my favorite
papers of my nearly 50-year research career was hatched
while I was hiking in 1973 in the Canyon with my wife.
The issue at hand was how to explain the large velocity
widths of molecular lines seen coming from giant molecular
clouds. Some very smart astronomers, including theorist
Peter Goldreich and an observational team led by Arno
Penzias and Bob Wilson, apparently preferred overall free-
fall collapse of the clouds due to their self-gravity. Peter
and his graduate student John Kwan wrote a lovely paper
explaining the line pro�les in this way.

But I was unhappy with this model and, while walking
in the Canyon, hit upon some problems with free-fall col-
lapse. At that time I was a visiting researcher at UC
Berkeley and was working with Neal Evans who was Char-
lie Townes' graduate student. Neal and I published a 1974
paper \Models of Massive Molecular Clouds" that con-
tained two principal conclusions: (1) if massive molecular
clouds were collapsing at all, then it was at velocities much
less than free-fall, and (2) turbulence was the likely mech-
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anism that was slowing the collapse. Conclusion #1 was
accepted quickly by the star formation community. The
same could not be said for conclusion #2. The unusual ci-
tation history of our paper illustrates the prevailing ideas
in the �eld over the next nearly 40 years, right up to the
present day. For decades the favored mechanism to slow
cloud collapse was interstellar magnetism and our paper
was hardly cited. But, in recent years, turbulence has
made a comeback and the situation is still hotly debated
today. Our paper was published in 1974 but received, by
far, its most citations, 38 years later, in 2012.

Q: In the late 1970s and early 1980s you drifted away from
the study of interstellar molecular clouds and away from
radio astronomy. Why?

A : Some �rst-rate astronomers have spent their entire ca-
reers focused on one area of astronomy. But after a decade
or so of radio study of interstellar molecules and star for-
mation my attention began to wane and I �rst shifted into
millimeter wavelength study of mass loss from red giant
stars and planetary nebulae and then into high-resolution
(speckle) infrared astronomy as it was just beginning.

Another decade passed and I became interested in search-
ing for brown dwarfs in the infrared. In the late 1980s Eric
Becklin and I found the �rst identi�ed L-type dwarf object
GD 165B (which might or might not be a brown dwarf).
For a brief while we also thought we had found a brown
dwarf in orbit around the white dwarf G29-38. But James
Graham and colleagues soon demonstrated convincingly
that the excess infrared emission was due to heated dust
rather than a brown dwarf companion. At the time I was
sorely disappointed. But now I'm at peace, because the
infrared excess at G29-38 was the very �rst salvo in an
ongoing story that has by now revealed the presence of
extensive planetary systems in orbit around at least 25%
of all white dwarfs.

In addition to white dwarf planetary systems, my principal
interests during the past decade or so have been infrared
investigation of dusty (and gaseous) debris disks at nearby
main sequence stars, direct high-resolution infrared imag-
ing of extrasolar planets, and identi�cation of young stars
near the Sun { such stars are an essential component of
all direct imaging searches. Since these young stars have
ages from 10 to 100 Myr they represent the very last stage
of star and planet formation and, thus, I've come almost
full circle back to my roots in astronomy.

It seems as if every four years I've been fortunate to be
involved with a notable discovery at these young stars. In
2004 our French-American team reported the �rst object
of planetary mass (2M1207b) to be imaged in orbit around
an object not our Sun. In 2008 a team with a substan-
tial UCLA connection obtained the �rst image of a multi-
planet extrasolar planetary system (at HR 8799). And in

2012 my former graduate student Carl Melis led our team
as we watched a massive extrasolar zodiacal-cloud analog
mysteriously vanish in a space of only 1.5 years.

Q: You have written a number of ARAA articles. Have
these tracked your changing astronomical interests?

A : I've had 4 ARAA articles between 1974 and 2004 and
am not anxious to write any more; they are a lot of work!
I'm happy to say that the �rst one, on interstellar molecules,
has had some legs and is still being cited. My 1980 arti-
cle on mass loss from red giants appeared shortly before
the launch of IRAS, which revolutionized our knowledge
of the �eld, and soon made my article obsolete. The third
ARAA article, on dusty circumstellar disks, appeared in
2001 and was in large part a tribute to IRAS. The article
appeared shortly before the launch of Spitzer whose re-
sults transformed the �eld of debris disks and again made
my article mostly obsolete { a bit of d�ej�a vu.

The most recent, 2004, article was with Inseok Song and
was about young stars near the Sun. So far it is not ob-
solete. During my career I've studied all major stages in
the life span of stars that do not supernova, from their
origins in molecular clouds, through the T Tauri and post
T Tauri phases, onto the main sequence with debris disks
and imaging of planets, then to �rst ascent giant stars
(studied with Carl Melis), then AGB stars and planetary
nebulae, and �nally white dwarfs.

Q: In a paper you just published with Inseok Song, you
discuss two 30-40 Myr old stars with gas-rich circumstellar
disks and suggest they are evidence for cometary collisions
in massive Kuiper Belts. Are these pathological cases, or
examples of a more general phenomenon?

A : A 1995 Nature paper written with Thierry Forveille
and my former student Joel Kastner reported (among other
things) CO rotational emission from the A-type star 49
Ceti. As regards CO emission, for 16 years 49 Ceti was
unique and its age, and the nature of the emission, myste-
rious. Some researchers suggested an age of< 10 Myr and
a star in transition between a protoplanetary and a debris
disk. This year I �nally �gured out that 49 Ceti is � 40
Myr old; thus too old to still retain a protoplanetary disk.
Inseok and I suggest a model where 49 Ceti and A-type
star HD 21997, found in 2011 to have CO emission, are
surrounded by massive comet clouds that contain grow-
ing Pluto-like objects that dynamically excite CO- and
CO2-rich comets into collisions that release the CO and
CO2 (that is then photodissociated to CO). An alterna-
tive model (liked by Jane Greaves) involves excitation by
a major planet that is moving into the comet cloud (sim-
ilar to the Nice model for the late heavy bombardment).
In any event, I anticipate that 49 Ceti and HD 21997 are
just the most massive tip of the iceberg and more such
gas-rich debris systems will be found with ALMA.
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My Favorite Object

CFBDSIR2149-0403:
a free-
oating planet ?

by Philippe Delorme

Discovering CFBDSIR2149 was one of these moments that
make scienti�c research such a rewarding enterprise, not
because you �nd the object you have been looking for
many years, but because Nature provides you something
unexpected. For years we have been looking for cool �eld
brown dwarfs in a wide �eld survey called CFBDSIR (De-
lorme et al., 2010). The aims were to contrain their mass-
luminosity function and to characterize their atmospheric
properties in constant feedback with atmosphere mod-
ellers such as the Lyon team. We did not expect to dis-
cover something like CFBDSIR2149 or rather, we never
expected to be able to identify with any certainty a free

oating planet if we were lucky enough to have one within
our survey area. There are mainly two reasons for that,
one being that we were not targeting a particular area
of the sky, so the surface density of young objects was
not supposed to be specially favourable and the other
being that atmospheric physic below � 1500K is so de-
generated that it is very di�cult to have an idea of the
gravity through a spectrum only and hence di�erentiate
between a brown dwarf mass object and a planetary mass
object. Our theoretical understanding of cool atmospheric
physics, despite huge improvement in the past decade,
is currently not comprehensive enough to be able to ro-
bustly assign a single set of e�ective temperature, gravity,
metallicity, dust settling and non-equilibrium chemistry
strength from a single spectrum, regardless of the signal-
to-noise ratio.

However, as soon as we got some near infrared photometry
of CFBDSIR2149, with its J � K S colour much redder than
regular T7 dwarfs, we knew it was a peculiar object, and it
was con�rmed by its X-Shooter spectrum (see Fig. 1). We

could therefore add it to the long list of late T dwarfs dis-
covered all over the world (see e.g. Burgasser et al., Burn-
ingham et al., and Cushing et al.) which do not exactly �t
the expected trend. In fact, so many late T are peculiar,
that one should wonder if there is any actually "normal"
late T dwarf. The physical reason is that a diversity of
vastly di�erent substellar objects can reach the e�ective
temperature typical of a late T dwarf at some stage of
their life, from a young Jupiter of � 10 Myr to a just sub-
stellar brown dwarf of 70 Jupiter masses aged 10 Gyr, and
including objects such as CFBDSIR2149 which is proba-
bly a 4-7 Jupiter mass object aged 100Myr. Just imagine
the mess if stars from 0.1M� to 7M� were not neatly ar-
ranged from B,A,F,G,K,M spectral types during most of
their lifetime but were constanly switching spectral type
and could all have a quite similar spectral signature at
some point. This why it so challenging to bring strong
observational constraints to modellers in the �eld of cool
atmospheres and why one should always be cautious with
the mass estimates of substellar objects.

Of course, things are a bit easier if you know the age of
the system, but age does not come easily when one stud-
ies �eld objects. Hopefully for the 4 to 7 Jupiter mass
estimate I provide above, you can somewhat trust it, be-
cause we managed to put strong constraints on the age
of CFBDSIR2149. Ironically, this was possible only be-
cause I stopped working full time on brown dwarfs and
started working on exoplanet imaging in 2010, giving spe-
cial attention to the expected spectral signatures of the
T-type exoplanets that are prime targets of the upcom-
ing exoplanet imagers such as SPHERE or GPI. And the
CFBDSIR2149 spectrum was looking more like a T-type
exoplanet spectrum (see Fig. 1) than any brown dwarf I
know, save Ben Burningham's ROSS458C, which is also
very probably a young planetary mass object. This was
one clue. The other also came from the exoplanet side of
my research, through a fruitful collaboration with Mon-
treal University, notably Lison Malo, Etienne Artigau and
Jonathan Gagn�e, who identify new members of young
moving group through their proper motion. Such objects
are prime targets for exoplanet direct imaging because
they are young and their exoplanets still emit enough light
to be detectable. And it appeared that CFBDSIR2149's
proper motion was very similar to that of the young mov-
ing group AB-Doradus (see Fig. 2). This was not yet a
smoking gun evidence since the Bayesian tool developed by
the Montreal team was only designed to determine which
targets, among many, that were the best candidates for
young moving group membership (i.e. a relative member-
ship probability, and not an absolute one), with the aim
to con�rm their status afterwards through parallax and
radial velocity follow-up observations. Getting a paral-
lax for CFBDSIR is doable { and ongoing {, but it takes
several years, and getting any accurate measurement of
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Figure 1: Comparison of CFBDSIR2149 full spectrum at R=225 with BT-Settl models. left: Field object with
log g=5.0 and Tef f =800 K) right, a free-
oating planet with log g=3.75 and T ef f =650 K)

Figure 2: Vectors representing the norm and direction
of the proper motion of CFBDSIR2149 compared to the
map of ABDMG members proper motions.
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radial velocity for such a faint and template-less object is
probably beyond what is currently possible. We therefore
had to constrain the age of CFBDSIR2149 only through
proper motion and rough photometric distance estimate,
and this was possible only by modifying the Bayesian tool
of the Montreal University so that it could provide ab-
solute membership probabilities rather than relative ones.
The main obstacle was to take into account that �eld stars
are much more numerous than young moving group stars
and that it could be more probable that CFBDSIR2149
was a �eld star with a weird motion than CFBDSIR2149
being an AB Doradus star with a very regular proper mo-
tion. This was done by including �eld star population
statistics from the Besancon galaxy model (Robin et al.,
2003) in the Bayesian prior.

The resulting 87% membership probability to the AB Do-
radus moving group, 6% to the Beta Pictoris moving group
and � 3% probabilty that CFBDSIR2149 belongs to the
younger part (< 150Myr) of the thin disc, made it very
probable (96%) that it is a younger than 150Myr plane-

tary mass object with the most likely hypothesis (87%)
that it is a 4 to 7 Jupiter masses AB Doradus member.
And let's call it a free-
oating planet because it has plan-
etary mass, is isolated, sounds much better than IPMO,
and because a debate on what is really a planet and what
is actually a brown dwarf is particularly welcome at a time
when we discover brown dwarf-mass planets (e.g. Deleuil
et al., 2008) and planetary-mass brown dwarfs (e.g. Pe~na
Ram��rez et al., 2012).

More importantly, and regardless of its formation mecha-
nism, CFBDSIR2149 should have very similar atmospheric
properties to any regular, 4 to 7 Jupiter mass, 100Myr old
exoplanet orbiting at moderate to large separation of its
host star. Since it is not a�ected by the glare of a host star,
it is comparatively easy to obtain relatively high signal-
to-noise ratio, moderate-resolution spectroscopic informa-
tion, making CFBDSIR2149 an extremely precious proto-
type for understanding the physics of massive exoplanet
atmospheres.

I want to �nish by acknowledging my many esteemed col-
leagues who have accompanied and guided me on this
journey of discovery, particularly Thierry Forveille, Xavier
Delfosse, Andrew Cameron, Anne-Marie Lagrange, Gael
Chauvin, Celine Reyl�e, Emmanuel Bertin, Etienne Arti-
gau, Loic Albert, Jonathan Gagn�e, Lison Malo, France
Allard and Derek Homeier.

References:
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Philosophical Transactions Series A,370, 2765
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Deleuil et al., 2008, A&A, 491, 889
Delorme, P., Albert, L., Forveille, T., et al. 2010, A&A, 518 , A39
Malo, L., Doyon, R., Lafreni�ere, D., et al. 2013, ApJ 762, 88 M
Pe~na Ram��rez, K. et al. 2012, ApJ 754, 30P
Robin, A. C. et al. 2003, A&A, 409, 523
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Perspective
The Luminosity of Protostars

by Isabelle Bara�e

� The luminosity of very young objects provide key
information about their formation process and their early
stages of evolution. During the embedded phases, when
accretion is strong and builds the mass of a nascent ob-
ject, energy is produced by the infalling material in the
central object's gravitational potential. A fraction of this
energy is radiated away, producing an "accretion lumi-
nosity", which allows an estimation of the accretion rate.
When accretion process weakens, the luminosity radiated
away from a young object is powered by the loss of its
internal and gravitational energies and eventually by the
production of nuclear energy in its most central regions.

This luminosity can be used to estimate fundamental prop-
erties, such as age and mass, with the help of theoretical
models. Determination of the age provides information on
the formation process timescale. Knowledge of the mass
allows the derivation of the initial stellar mass function.
Those are two key quantities of star formation theory since
they provide stringent constraints that any formation sce-
nario/model has to reproduce.

It is the purpose of this article to link the luminosity to
various physical processes characterising star/planet for-
mation and early evolution. I will focus here on low mass
objects, involving low mass stars, brown dwarfs and plan-
ets, those objects being currently one of my major cen-
tres of interest and being actively studied through many
observational surveys in star forming regions and young
clusters.

� Is there a problem?

A very broad picture of star formation starts with a molec-

ular cloud which collapses and fragments, giving birth to
prestellar cores which in turn collapse and produce central
protostars surrounded by an envelope and an accretion
disk. The details are much more complex (see MacKee
& Ostriker 2007 and Luhman 2012) and are still inten-
sively studied. A standard picture until recently describes
the prestellar core collapse as a quasi-static process, giv-
ing rise to a constant accretion ratec3

s=G � 10� 6M � yr � 1,
with cs the speed of sound andG the gravitational con-
stant (see the review of McKee & Ostriker 2007). An
important failure of the standard model is the well known
"luminosity problem" related to the fact that accretion at
such rates produces accretion luminosities (L acc / GM ? _M

R ?
,

where M ? and R? are respectively the mass and luminos-
ity of the central accreting object) factors of 10-100 higher
than typically observed for protostars embedded within a
massive envelope. This classic problem was recently aggra-
vated by large surveys of star forming regions based on the
Spitzer Space Telescope which revealed the presence of a
large population of low luminosity embedded sources. The
observed protostar luminosity distributions in all surveyed
star forming regions are found to be strongly inconsistent
with the standard model. They are better explained by
non-steady accretion processes, with long quiescent phases
of accretion interrupted by short episodes of high accretion
(see e.g. Evans et al. 2009 and references therein).

The idea of non steady accretion is certainly not new, since
the peculiar FU Ori objects, known for decades, undergo
very strong bursts of accretion. They provide evidence
for the existence of short episodes of rapid accretion at
early stages of evolution, with rates much larger than pre-
dicted by the standard model (Hartmann & Kenyon 1996).
But I think that those recent Spitzer observations, more
than any others, represented a turning point in the star
formation community, instilling the idea that non steady
(episodic) accretion has to play a dominant role during
the formation of low-mass stars. This new paradigm is
now superseding the standard picture of steady or slowly-
varying accretion as a function of time.

� Luminosity spread or age spread?

Episodic accretion may not only solve the classic lumi-
nosity problem of embedded sources (with typical ages
<< 1 Myr), but also another intriguing feature observed
in young clusters of a few Myr, namely the luminosity
spread observed in their luminosity - e�ective tempera-
ture diagram (the Hertzsprung-Russell diagram). The ori-
gin of this luminosity spread, illustrated in Figure 1, is
highly controversial. Whether it arises from observational
uncertainties, physical processes or stems from a real age
spread among young objects belonging to the same cluster,
are crucial questions for the understanding of star forma-
tion. The interpretation of the luminosity spread as an age
spread is used as an argument in favour of slow star forma-
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Figure 3: Illustration of the observed luminosity spread in
a star forming region. Several isochrones and evolutionary
tracks are over-plotted (from Bayo et al. 2011). Courtesy
A. Bayo.

tion process, taking several Myr to tens of Myr. This view
con
icts with our current understanding of star formation
characterised by much shorter timescales, typical of shock-
dominated turbulence. In a series of papers, my collabo-
rators and I recently suggested the idea that non steady
accretion at very early stages of evolution, during the em-
bedded phases, could still strongly impact the structure
of young objects even after a few Myr, i.e. after the main
phase of accretion. Those e�ects are not only able to pro-
duce a luminosity spread, as illustrated in Figure 2, similar
to the observed one but can also explain other observa-
tional features in young clusters and star forming regions
(see Bara�e et al. 2012 for details). This scenario thus
provides an explanation to the luminosity spread which is
a better concept than the idea of an age spread, being in
better agreement with current observations and with cur-
rent understanding of star formation. But the e�ects of
accretion that I describe above are still debated, relying
on some modelling assumptions and requiring now more
robust physical foundations. The origin of the luminosity
spread is thus still an open issue, which should motivate
further theoretical and observational studies, given its im-
pact on the global understanding of star formation. In
particular, on the observational front, it is now crucial to
study a variety of star forming environments and the prop-
erties of their young members combining alternative age
indicators (position in the HRD, abundance of lithium, ro-
tational properties, properties of accretion disks, etc...) to
test current ideas about the luminosity spread and early

accretion.

Figure 4: Illustration of the luminosity spread obtained
from theoretical models including e�ects of episodic ac-
cretion. The coloured symbols show the position of ob-
jects having the same age but having undergone di�erent
accretion histories. They thus correspond to a coeval pop-
ulation of low mass objects. The two long-dashed curves
indicate 1 Myr and 10 Myr isochrones (from Bara�e et al.
2012).

� Luminous or faint?

Another topical debate involving the luminosity of young
objects is whether this fundamental quantity tells us some-
thing about the formation process of very low mass ob-
jects. The idea was 
oated with the work of Marley et al.
(2007) suggesting that young planets, formed in a proto-
planetary disk through the core accretion model, a widely
accepted planet formation scenario, should be faint. This
stems from the assumption that all the energy liberated
in the accretion shock produced by matter falling onto
the forming planet's surface is radiated away and does
not contribute to the planet's energy balance (and thus to
its luminosity). On the other hand, brown dwarfs form-
ing like stars via gravitational collapse, as described in
the previous sections, should be signi�cantly more lumi-
nous. Assuming that a fraction of the accretion energy is
absorbed by the proto-brown dwarf and contributes to its
intrinsic luminosity, brown dwarfs should start from a high
initial speci�c entropy state, the so-called "hot start".

Within this scenario, the measured luminosity of young
planetary mass objects (provided their age can be esti-
mated) could thus reveal key information on their forma-
tion process. The idea is obviously exciting since it would
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provide a way to disentangle a brown dwarf from a giant
planet, a key problem in the �eld since those two astro-
physical objects, despite being formed di�erently, share
a similar mass domain, between a fewM Jup and tens of
M Jup .

Unfortunately, the scenario described above is not as straight-
forward (see e.g. Mordasini et al. 2012). It should be clear
that accretion processes onto forming planets and forming
brown dwarfs, despite operating under very di�erent con-
ditions, may share similar properties regarding the frac-
tion of accretion energy radiated away and absorbed by
the central object. My word of caution regarding those
issues is that the luminosity of young planetary mass ob-
jects certainly tells something about the physics of the
accretion process. But I am very skeptical about whether
the luminosity can reveal anything about the formation
process itself (i.e. gravitational collapse versus core accre-
tion).

More work on those aspects is clearly needed. Clear di-
agnostics to distinguish a genuine planet from a brown
dwarf still need to be found (see Chabrier et al. 2007
and Bara�e et al. 2010). This is another exciting �eld
of research to develop in the future given the increasing
number of direct detections of young planetary mass ob-
jects and the existing doubts on their origin. The �eld of
direct imaging of planetary mass objects is going to thrive
with the new generations of adaptive optics systems, such
as VLT-SPHERE or the Gemini Planet Imager (GPI), or
with the coming successor of the Hubble Space telescope
(the JWST) and with the perspective of the European
Extremely Large Telescope (EELT).

To conclude, questions about the luminosity of young ob-
jects have an exciting and bright future.
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Abstracts of recently accepted papers

Rotation in NGC 2264: a study based on CoRoT photometric obse rvations
Laura A�er 1, Giuseppina Micela 1, Fabio Favata 2, Ettore Flaccomio 1 and Jerome Bouvier 3

1 Istituto Nazionale di Astro�sica - Osservatorio Astronomico di Pa lermo G. S. Vaiana, Piazza del Parlamento 1,
90134 Palermo, Italy
2 European Space Agency, 8-10 rue Mario Nikis, 75738 Paris Cedex 15, France
3 UJF-Grenoble 1/CNRS-INSU, Institut de Plantologie et d'Astrophy sique de Grenoble (IPAG) UMR 5274, Grenoble,
F-38041, France

E-mail contact: a�er at astropa.inaf.it

Rotation is one of the key stellar parameters which undergo substantial evolution during the stellar lifetime, in
particular during the early stages. Stellar rotational periods can be determined on the basis of the periodic modulation
of starlight produced by non-uniformities on the surface of the stars, due to manifestation of stellar activity. We present
the results of an extensive search for rotational periods among NGC 2264 cluster members, based on photometric
monitoring using the CoRoT satellite, with a particular attention to th e distribution of classical and weak-line T-
Tauri stars. NGC 2264 is one of the nearest and best studied starforming region in the solar neighbourhood,
with an estimated age of 3 Myr, and is the object of a recent simultaneous multiband campaign including a new
CoRoT observation with the aim to assess the physical origin of the observed variability. We �nd that the rotational
distributions of classical and weak-line T-Tauri star are di�erent, suggesting a di�erence in the rotational properties
of accreting and non-accreting stars.

Accepted by Monthly Notices of the Royal Astronomical Society

Does a prestellar core always become protostellar? Tracing the evolution of cores from
the prestellar to protostellar phase
S. Anathpindika 1 and J. Di Francesco 2

1 Indian Institute of Astrophysics, Bangalore 560034, India
2 Department of Astronomy & Physics, University of Victoria, P.O. Bo x 355, STN CSC, Victoria, BC, V8W 3P6,
Canada

E-mail contact: sumedh a at iiap.res.in

Recently, a subset of starless cores whose thermal Jeans mass isapparently overwhelmed by the mass of the core
has been identi�ed, e.g., the coreL183. In literature, massive cores such as this one are often referredto as "super-
Jeans cores". As starless cores are perhaps on the cusp of forming stars, a study of their dynamics will improve our
understanding of the transition from the prestellar to the protostellar phase. In the present work we use non-magnetic
polytropes belonging originally to the family of the Isothermal sphere. For the purpose, perturbations were applied to
individual polytropes, �rst by replacing the isothermal gas with a gas that was cold near the centre of the polytrope
and relatively warm in the outer regions, and second, through a slight compression of the polytrope by raising the
external con�ning pressure. Using this latter con�guration we identify thermodynamic conditions under which a core
is likely to remain starless. In fact, we also argue that the attribute "super-Jeans" is subjective and that these cores do
not formally violate the Jeans stability criterion. On the basis of our t est results we suggest that gas temperature in a
star-forming cloud is crucial towards the formation and evolution of a core. Simulations in this work were performed
using the particle-based Smoothed Particle Hydrodynamics algorithm. However, to establish numerical convergence
of the results we suggest similar tests with a grid-scheme, such as the Adaptive mesh re�nement.

Accepted by MNRAS

http://arxiv.org/pdf/1301.0240
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Variable Accretion Outbursts in Protostellar Evolution
Jaehan Bae 1, Lee Hartmann 1, Zhaohuan Zhu 2 and Charles Gammie 3;4

1 Dept. of Astronomy, University of Michigan, 500 Church St., Ann Ar bor, MI 48105, USA
2 Department of Astrophysical Sciences, Princeton University, 4 Ivy Lane, Peyton Hall, Princeton, NJ 08544, USA
3 Dept. of Astronomy, University of Illinois Urbana-Champaign, 1002 W. Green St., Urbana, IL 61801, USA
4 Dept. of Physics, University of Illinois Urbana-Champaign, USA

E-mail contact: jaehbaeat umich.edu

We extend the one-dimensional, two-zone models of long-term protostellar disk evolution with infall of Zhu et al. to
consider the potential e�ects of a �nite viscosity in regions where the ionization is too low for the magnetorotational
instability (MRI) to operate (the "dead zone"). We �nd that the pr esence of a small but �nite dead zone viscosity,
as suggested by simulations of strati�ed disks with MRI-active outer layers, can trigger inside-out bursts of accretion,
starting at or near the inner edge of the disk, instead of the previously-found outside-in bursts with zero dead zone
viscosity, which originate at a few AU in radius. These inside-out bursts of accretion bear a qualitative resemblance to
the outburst behavior of one FU Ori object, V1515 Cyg, in contrast to the outside-in burst models which more closely
resemble the accretion events in FU Ori and V1057 Cyg. Our resultssuggest that the type and frequency of outbursts
are potentially a probe of transport e�ciency in the dead zone. Simulations must treat the inner disk regions, R < 0:5
AU, to show the detailed time evolution of accretion outbursts in general and to observe the inside-out bursts in
particular.

Accepted by The Astrophysical Journal

http://arxiv.org/pdf/1212.6454

Exploring organic chemistry in planet-forming zones
Jeanette E. Bast 1, Fred Lahuis 1;2, Ewine F. van Dishoeck 1;3 and Alexander G.G.M. Tielens 1

1 Leiden Observatory, Leiden University, P.O. Box 9513, 2300 RA Leiden, The Netherlands
2 SRON Netherlands Institute for Space Research, P.O. Box 800, 9700 AV Groningen, The Netherlands
3 Max Planck Institute for Extraterrestrial Physics, Giessenbachstrasse 1, 85748 Garching, Germany

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

Context: Over the last few years, the chemistry of molecules other than CO inthe planet-forming zones of disks is
starting to be explored with Spitzer and high-resolution ground-based data. However, these studieshave focused only
on a few simple molecules.
Aim: The aim of this study is to put observational constraints on the presence of more complex organic and sulfur-
bearing molecules predicted to be abundant in chemical models of disks and to simulate high resolution spectra in
view of future missions.
Methods: High signal to noise (S=N) Spitzer spectra of the near edge-on disks IRS 46 and GV Tau are used to search
for mid-infrared absorption bands of various molecules. These disks are good laboratories because absorption studies
do not su�er from low line/continuum ratios that plague emission data . Simple local thermodynamic equilibrium
(LTE) slab models are used to infer column densities (or upper limits) and excitation temperatures.
Results: Mid-infrared bands of HCN, C2H2 and CO2 are clearly detected toward both sources. The HCN and C2H2

absorption arises in warm gas with excitation temperatures of 400{700 K, whereas the CO2 absorption originates in
cooler gas of� 250 K. Column densities and their ratios are comparable for the two sources. No other absorption
features are detected at the 3� level. Column density limits of the majority of molecules predicted to beabundant in
the inner disk | C 2H4, C2H6, C6H6, C3H4, C4H2, CH3, HNC, HC3N, CH3CN, NH3 and SO2 | are determined and
compared with disk models.
Conclusions: The inferred abundance ratios and limits with respect to C2H2 and HCN are roughly consistent with
models of the chemistry in high temperature gas. Models of UV irradiated disk surfaces generally agree better with the
data than pure X-ray models. The limit on NH 3/HCN implies that evaporation of NH 3-containing ices is only a minor
contributor. The inferred abundances and their limits also comparewell with those found in comets, suggesting that
part of the cometary material may derive from warm inner disk gas. The high resolution simulations show that future
instruments on the James Webb Space Telescope (JWST), the Extremely Large Telescopes (ELTs), the Stratospheric
Observatory for Infrared Astronomy (SOFIA) and the Space Infrared Telescope for Cosmology and Astrophysics
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(SPICA) can probe up to an order of magnitude lower abundance ratios and put important new constraints on the
models, especially if pushed to highS=N ratios.

Accepted by Astronomy and Astrophysics

http://arxiv.org/pdf/1212.3297v2

Shocks, cooling and the origin of star formation rates in spi ral galaxies
Ian A. Bonnell 1, Clare L. Dobss 2 and Rowan J. Smith 3

1 University of St Andrews, Physics and Astronomy, St Andrews, KY16 9SS, UK
2 University of Exeter, School of Physics, Stocker Road, Exeter,EX4 4QL
3 Zentrum f•ur Astronomie der Universit•at Heidelberg, Institut f• ur Theoretische Astrophysik, Albert-Ueberle-Str. 2,
69120 Heidelberg, Germany

E-mail contact: iab1 at st-and.ac.uk

Understanding star formation is problematic as it originates in the large scale dynamics of a galaxy but occurs on
the small scale of an individual star forming event. This paper presents the �rst numerical simulations to resolve
the star formation process on sub-parsec scales, whilst also following the dynamics of the interstellar medium (ISM)
on galactic scales. In these models, the warm low density ISM gas 
ows into the spiral arms where orbit crowding
produces the shock formation of dense clouds, held together temporarily by their external pressure. Cooling allows
the gas to be compressed to su�ciently high densities that local regions collapse under their own gravity and form
stars. The star formation rates follow a Schmidt-Kennicutt � SFR / � 1:4

gas type relation with the local surface density
of gas while following a linear relation with the cold and dense gas. Coolingis the primary driver of star formation
and the star formation rates as it determines the amount of cold gas available for gravitational collapse. The star
formation rates found in the simulations are o�set to higher values relative to the extragalactic values, implying a
constant reduction, such as from feedback or magnetic �elds, is likely to be required. Intriguingly, it appears that a
spiral or other convergent shock and the accompanying thermalinstability can explain how star formation is triggered,
generate the physical conditions of molecular clouds and explain whystar formation rates are tightly correlated to the
gas properties of galaxies.

Accepted by MNRAS

http://arxiv.org/pdf/1301.1041

Collapse and Fragmentation of Magnetic Molecular Cloud Cor es with the Enzo AMR
MHD Code. I. Uniform Density Spheres
Alan P. Boss 1 and Sandra A. Keiser 1

1 DTM, Carnegie Institution

E-mail contact: bossat dtm.ciw.edu

Magnetic �elds are important contributers to the dynamics of collapsing molecular cloud cores, and can have a major
e�ect on whether collapse results in a single protostar or fragmentation into a binary or multiple protostar system.
New models are presented of the collapse of magnetic cloud cores using the adaptive mesh re�nement (AMR) code
Enzo2.0. The code was used to calculate the ideal magnetohydrodynamics (MHD) of initially spherical, uniform
density and rotation clouds with density perturbations, i.e., the Boss & Bodenheimer (1979) standard isothermal test
case for three dimensional (3D) hydrodynamics (HD) codes. After �rst verifying that Enzo reproduces the binary
fragmentation expected for the non-magnetic test case, a largeset of models was computed with varied initial magnetic
�eld strengths and directions with respect to the cloud core axis ofrotation (parallel or perpendicular), density per-
turbation amplitudes, and equations of state. Three signi�cantly di�erent outcomes resulted: (1) contraction without
sustained collapse, forming a denser cloud core, (2) collapse to form a single protostar with signi�cant spiral arms,
and (3) collapse and fragmentation into binary or multiple protostar systems, with multiple spiral arms. Comparisons
are also made with previous MHD calculations of similar clouds with barotropic equations of state. These results for
the collapse of initially uniform density spheres illustrate the central importance of both magnetic �eld direction and
�eld strength for determining the outcome of dynamic protostellar collapse.
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Accepted by ApJ

http://www.dtm.ciw.edu/users/boss/ftp/MHD-uniform.p df

CH 3OCH 3 in Orion-KL: a striking similarity with HCOOCH 3

N. Brouillet 1;2, D. Despois 1;2, A. Baudry 1;2, T.-C. Peng 1;2, C. Favre 3, A. Wootten 4, A. J. Remijan 4, T.
L. Wilson 5, F. Combes 6, and G. Wlodarczak 7

1 Univ. Bordeaux, LAB, UMR 5804, F-33270 Floirac, France
2 CNRS, LAB, UMR 5804, F-33270 Floirac, France
3 Department of Physics and Astronomy, University of rhus, Ny Munkegade 120, DK-8000 rhus C, Denmark
4 National Radio Astronomy Observatory, 520 Edgemont Road, Charlottesville, VA 22903-2475, USA
5 Naval Research Laboratory, Code 7210, Washington, DC 20375,USA
6 Observatoire de Paris, LERMA, CNRS, 61 Av. de l'Observatoire, 75014 Paris, France
7 Laboratoire de Physique des Lasers, Atomes et Mol�ecules, Universit�e de Lille1, UMR 8523, 59655 Villeneuve d'Ascq
Cedex, France

E-mail contact: brouillet at obs.u-bordeaux1.fr

Context. Orion-KL is a remarkable, nearby star-forming region where a recent explosive event has generated shocks
that could have released complex molecules from the grain mantles.
Aims. A comparison of the distribution of the di�erent complex molecules will help in understanding their formation
and constraining the chemical models.
Methods. We used several data sets from the Plateau de Bure Interferometer to map the dimethyl ether emission in
Orion-KL with di�erent arcsec spatial resolutions and di�erent ene rgy levels (from Eup = 18 to 330 K) to compare
with our previous methyl formate maps.
Results. Our data show remarkable similarity between the dimethyl ether (CH3OCH3) and the methyl formate
(HCOOCH3) distributions even on a small scale (1.800� 0.800or about 500 AU). This long suspected similarity, seen
from both observational and theoretical arguments, is demonstrated with unprecedented con�dence, with a correlation
coe�cient of maps of � 0.8.
Conclusions. A common precursor is the simplest explanation of our correlation. Comparisons with previous laboratory
work and chemical models suggest the major role of grain surface chemistry and a recent release, probably with little
processing, of mantle molecules by shocks. In this case the CH3O radical produced from methanol ice would be
the common precursor (whereas ethanol, C2H5OH, is produced from the radical CH2OH). The alternative gas phase
scheme, where protonated methanol CH3OH+

2 is the common precursor to produce methyl formate and dimethyl
ether through reactions with HCOOH and CH3OH, is also compatible with our data. Our observations cannot yet
de�nitely allow a choice between the di�erent chemical processes, but the tight correlation between the distributions
of HCOOCH3 and CH3OCH3 strongly contrasts with the di�erent behavior we observe for the distributions of ethanol
and formic acid. This provides a very signi�cant constraint on models.

Accepted by A&A

http://arxiv.org/pdf/1212.4531

Unveiling a network of parallel �laments in the Infrared Dar k Cloud G14.225{0.506
Gemma Busquet 1;2, Qizhou Zhang 3, Aina Palau 4, Hauyu Baobab Liu 5, �Alvaro S�anchez-Monge 6, Robert
Estalella 2, Paul T.P. Ho 3;5, Itziar de Gregorio-Monsalvo 7;8, Thushara Pillai 9, Friedrich Wyrowski 10,
Josep M. Girart 4, F�abio P. Santos 11 and Gabriel A.P. Franco 11
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2 Departament d'Astronomia i Meteorologia, Universitat de Barcelona, Spain
3 Harvard-Smithsonian Center for Astrophysics, USA
4 Institut de Cincies de l'Espai (CSIC-IEEC), Spain
5 Academia Sinica Institute of Astronomy and Astrophysics, Taiwan
6 INAF-Osservatorio Astro�sico di Arcetri, Italy
7 European Southern Observatory, Chile
8 Joint ALMA Observatory, Chile
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9 Caltech Astronomy Department, USA
10 Max-Planck-Institut fur Radioastronomie, Germany
11 Departamento de Fsica-ICEx-UFMG, Brazil

E-mail contact: gemma.busquetat iaps.inaf.it

We present the results of combined NH3 (1,1) and (2,2) line emission observed with the Very Large Array and the
E�elsberg 100 m telescope of the infrared dark cloud G14.225{0.506. The NH3 emission reveals a network of �laments
constituting two hub{�lament systems. Hubs are associated with gas of rotational temperature Trot � 15 K, non-
thermal velocity dispersion � NT � 1 km s� 1, and exhibit signs of star formation, while �laments appear to be more
quiescent (Trot � 11 K and � NT � 0.6 km s� 1). Filaments are parallel in projection and distributed mainly along two
directions, at PA� 10� and 60� , and appear to be coherent in velocity. The averaged projected separation between
adjacent �laments is between 0.5 pc and 1 pc, and the mean width of �laments is 0.12 pc. Cores within �laments are
separated by� 0.33� 0.09 pc, which is consistent with the predicted fragmentation of an isothermal gas cylinder due
to the \sausage"-type instability. The network of parallel �lament s observed in G14.225{0.506 is consistent with the
gravitational instability of a thin gas layer threaded by magnetic �eld s. Overall, our data suggest that magnetic �elds
might play an important role in the alignment of �laments, and polarizat ion measurements in the entire cloud would
lend further support to this scenario.

Accepted by Astrophysical Journal Letters

http://arxiv.org/pdf/1212.5917

Gravoturbulent Planetesimal Formation: The Positive E�ec t of long-lived Zonal Flows
Karsten Dittrich 1, Hubert Klahr 1 and Anders Johansen 2

1 Max-Planck-Institut f•ur Astronomie, K•onigstuhl 17, D-69117 Heidelberg, Germany
2 Lund Observatory, Department of Astronomy and Theoretical Physics, Box 43, SE-22100 Lund, Sweden

E-mail contact: dittrich at mpia.de

Recent numerical simulations have shown long-lived axisymmetric sub- and super-Keplerian 
ows in protoplanetary
disks. These zonal 
ows are found in local as well as global simulations of disks unstable to the magnetorotational
instability. This paper covers our study of the strength and lifetime of zonal 
ows and the resulting long-lived gas
over- and underdensities as functions of the azimuthal and radialsize of the local shearing box. We further investigate
dust particle concentrations without feedback on the gas and without self-gravity. Strength and lifetime of zonal 
ows
increase with the radial extent of the simulation box, but decreasewith the azimuthal box size. Our simulations
support earlier results that zonal 
ows have a natural radial length scale of 5� 7 gas pressure scale heights. This
is the �rst study that combines three-dimensional MHD simulations of zonal 
ows and dust particles feeling the gas
pressure. The pressure bumps trap particles with St = 1 very e�ciently. We show that St = 0 :1 particles (of some
centimeters in size if at 5AU in an MMSN) reach a hundred-fold higher density than initially. This opens the path for
particles of St = 0:1 and dust-to-gas ratio of 0:01 or for particles of St � 0:5 and dust-to-gas ratio 10� 4 to still reach
densities that potentially trigger the streaming instability and thus g ravoturbulent formation of planetesimals.

Accepted by The Astrophysical Journal

http://de.arxiv.org/pdf/1211.2095

The out
ow history of two Herbig-Haro jets in RCW 36: HH 1042 a nd HH 1043
L. E. Ellerbroek 1, L. Podio 2;3, L. Kaper 1, H. Sana 1, D. Huppenkothen 1, A. de Koter 1;4;5, and L. Monaco 6

1 Astronomical Institute "Anton Pannekoek", University of Amste rdam, Science Park 904, 1098 XH Amsterdam, The
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2 Institut de Plan�etologie et d'Astrophysique de Grenoble, 414, Ruede la Piscine, 38400 St-Martin d'H�eres, France
3 Kapteyn Institute, Landleven 12, 9747 AD Groningen, The Netherlands
4 Astronomical Institute, Utrecht University, Princetonplein 5, 35 84 CC Utrecht, The Netherlands
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Jets around low- and intermediate-mass young stellar objects (YSOs) contain a fossil record of the recent accretion and
out
ow activity of their parent star-forming systems. We aim to un derstand whether the accretion/ejection process is
similar across the entire stellar mass range of the parent YSOs. To this end we have obtained VLT/X-shooter spectra
of HH 1042 and HH 1043, two newly discovered jets in the massive star-forming region RCW 36. HH 1042 is associated
with the intermediate-mass YSO 08576nr292. Over 90 emission lines are detected in the spectra. High-velocity (up
to 220 km s� 1) blue- and redshifted emission from a bipolar 
ow is observed in typical shock tracers. Low-velocity
emission from the background cloud is detected in nebular tracers,including lines from high ionization species. We
applied combined optical and infrared spectral diagnostic tools in order to derive the physical conditions (density,
temperature, and ionization) in the jets. The measured mass out
ow rates are _M jet � 10� 7 M � yr � 1. We measure
a high accretion rate for HH 1042 ( _M acc � 10� 6 M � yr � 1) and _M jet = _M acc � 0:1, comparable to low-mass sources
and consistent with models for magneto-centrifugal jet launching. The knotted structure and velocity spread in both
jets are interpreted as fossil signatures of a variable out
ow rate. The mean velocities in both lobes of the jets are
comparable, but the variations in _M jet and velocity in the two lobes are not symmetric, suggesting that thelaunching
mechanism on either side of the accretion disk is not synchronized. For HH 1042, we have constructed an interpretative
physical model with a stochastic or periodic out
ow rate and a description of a ballistic 
ow as its constituents. The
knotted structure and velocity spread can be reproduced qualitatively with the model, indicating that the out
ow
velocity varies on timescales on the order of 100 yr.

Accepted by A&A

http://arxiv.org/pdf/1212.4144

The Abundance, Ortho/Para Ratio, and Deuteration of Water i n the High-Mass Star
Forming Region NGC 6334 I
M. Emprechtinger 1, D. C. Lis 1, R. Rol�s 2, P. Schilke 2, R. R. Monje 1, C. Comito 3, C. Ceccarelli 4, D.
A. Neufeld 5, and F. F. S. van der Tak 6
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3 Max-Planck-Institut f•ur Radioastronomie, Auf dem H•ugel 69, 5 3121 Bonn, Germany
4 UJF-Grenoble 1/ CNRS-INSU, Institut de Plan�etologie et d'Astrop hysique de Grenoble (IPAG) UMR 5274, Greno-
ble, F-38041, France
5 Johns Hopkins University, Baltimore MD, USA
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Groningen, NL
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We present Herschel/HIFI observations of 30 transitions of water isotopologues toward the high-mass star forming
region NGC 6334 I. The line pro�les of H16

2 O, H17
2 O, H18

2 O, and HDO show a complex pattern of emission and
absorption components associated with the embedded hot cores,a lower-density envelope, two out
ow components,
and several foreground clouds, some associated with the NGC 6334 complex, others seen in projection against the
strong continuum background of the source. Our analysis revealsan H2O ortho/para ratio of 3 � 0.5 in the foreground
clouds, as well as the out
ow. The water abundance varies from� 10� 8 in the foreground clouds and the outer envelope
to � 10� 6 in the hot core. The hot core abundance is two orders of magnitudebelow the chemical model predictions
for dense, warm gas, but within the range of values found in other Herschel/HIFI studies of hot cores and hot corinos.
This may be related to the relatively low gas and dust temperature (� 100 K), or time dependent e�ects, resulting in
a signi�cant fraction of water molecules still locked up in dust grain mantles. The HDO/H 2O ratio in NGC 6334 I,
� 2 � 10� 4, is also relatively low, but within the range found in other high-mass star forming regions.

Accepted by ApJ

http://arxiv.org/pdf/1212.5169
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Results from HOPS: A Multiwavelength Census of Orion Protos tars
William J. Fischer 1, S. Thomas Megeath 1, Amelia M. Stutz 2;3, John J. Tobin 4, Babar Ali 5, Thomas
Stanke 6, Mayra Osorio 7, Elise Furlan 5;8, and the HOPS team
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Surveys with the Spitzer and Herschel space observatories are now enabling the discovery and characterization of large
samples of protostars in nearby molecular clouds, providing the observational basis for a detailed understanding of star
formation in diverse environments. We are pursuing this goal with the Herschel Orion Protostar Survey (HOPS), which
targets 328 Spitzer-identi�ed protostars in the Orion molecular clouds, the largest star-forming region in the nearest
500 pc. The sample encompasses all phases of protostellar evolution and a wide range of formation environments,
from dense clusters to relative isolation. With a grid of radiative transfer models, we �t the 1-870 micron spectral
energy distributions (SEDs) of the protostars to estimate their envelope densities, cavity opening angles, inclinations,
and total luminosities. After correcting the bolometric luminosities and temperatures of the sources for foreground
extinction and inclination, we �nd a spread of several orders of magnitude in luminosity at all evolutionary states, a
constant median luminosity over the more evolved stages, and a possible de�cit of high-inclination, rapidly infalling
envelopes among the Spitzer-identi�ed sample. We have detected over 100 new sources in the Herschel images; some
of them may �ll this de�cit. We also report results from modeling the p re- and post-outburst 1-870 micron SEDs of
V2775 Ori (HOPS 223), a known FU Orionis outburster in the sample. It is the least luminous FU Ori star with a
protostellar envelope.

Accepted by Astronomische Nachrichten
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Kinks and Dents in Protoplanetary Disks: Rapid Infrared Var iability as Evidence for
Large Structural Perturbations
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We report on synoptic observations at 3.6 and 4.5� m of young stellar objects in IC 348 with 38 epochs covering 40
days. We �nd that among the detected cluster members, 338 at [3.6] and 269 at both [3.6] and [4.5], many are variable
on daily to weekly timescales with typical 
uctuations of � 0.1 mag. The fraction of variables ranges from 20% for
the diskless pre-main sequence stars to 60% for the stars still surrounded by infalling envelopes. We also �nd that
stars in the exposed cluster core are less variable than the stars inthe dense, slightly younger, southwestern ridge.
This trend persists even after accounting for the underlying correlation with infrared spectral energy distribution type,
suggesting that the change in variable fraction is not simply a re
ection of the change in relative fraction of class I
versus class II sources across the cloud, but instead re
ects a change in variability with age. We also see a strong
correlation between infrared variability and X-ray luminosity among t he class II sources. The observed variability
most likely re
ects large changes in the structure of the inner wall located at the dust sublimation radius. We explore
the possibility that these structural perturbations could be caused by a hot spot on the star heating dust above the

16



sublimation temperature, causing it to evaporate rapidly, and increasing the inner radius for a portion of the disk.
Under a number of simplifying assumptions we show that this model can reproduce the size and timescale of the 3.6
and 4.5 � m 
uctuations. Regardless of its source, the infrared variability indicates that the inner disk is not a slowly
evolving entity, but instead is a bubbling, warped, dented mass of gas and dust whose global size and shape 
uctuate
in a matter of days.
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Planet formation occurs within the gas- and dust-rich environments of protoplanetary disks. Observations of these
objects show that the growth of primordial submicron-sized particles into larger aggregates occurs at the earliest
evolutionary stages of the disks. However, theoretical models ofparticle growth that use the Smoluchowski equation
to describe collisional coagulation and fragmentation have so far failed to produce large particles while maintaining
a signi�cant population of small grains. This has been generally attributed to the existence of two barriers impeding
growth due to bouncing and fragmentation of colliding particles. In this paper, we demonstrate that the importance
of these barriers has been arti�cially in
ated through the use of simpli�ed models that do not take into account
the stochastic nature of the particle motions within the gas disk. Wepresent a new approach in which the relative
velocities between two particles is described by a probability distribution function that models both deterministic
motion (from the vertical settling, radial drift and azimuthal drift ) and stochastic motion (from Brownian motion
and turbulence). Taking both into account can give quite di�erent r esults to what has been considered recently in
other studies. We demonstrate the vital e�ect of two \ingredient s" for particle growth: the proper implementation
of a velocity distribution function that overcomes the bouncing barrier and, in combination with mass transfer in
high-mass-ratio collisions, boosts the growth of larger particles beyond the fragmentation barrier. A robust result of
our simulations is the emergence of two particle populations (small and large), potentially explaining simultaneously a
number of long-standing problems in protoplanetary disks, includingplanetesimal formation close to the central star,
the presence of mm- to cm-size particles far out in the disk, and thepersistence of micron-size grains for millions of
years.
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Active pre-main-sequence binaries with separations of around tenstellar radii present a wealth of phenomena unob-
served in common systems. The study of these objects is extended from Classical T Tauri stars to the Herbig Ae
star HD 104237. The primary has a mass 2:2 � 0:2 M� and secondary 1:4 � 0:3 M� . Spectro-interferometry with the
VLTI/AMBER in the K -band continuum and the Br
 line is presented.
It is found that the K -band continuum squared visibilities are compatible with a circumbinary disc with a radius of
� 0:5 AU. However, a signi�cant fraction ( � 50 per cent) of the 
ux is unresolved and not fully accounted by the
stellar photospheres. The stars probably don't hold circumstellar discs, in addition to the circumbinary disk, due to
the combined e�ects of inner magnetospheric truncation and outer tidal truncation. This unresolved 
ux likely arises
in compact structures inside the tidally disrupted circumbinary disc.
Most (> 90 per cent) of the Br
 line emission is unresolved. The line-to-continuum spectro-astrometry shifts in time,
along the direction of the Ly� jet known to be driven by the system. The shift is anti-correlated with the Br 
 equiv-
alent width. It is shown that the unresolved Br 
 emission cannot originate in the jet but instead is compatible with
stellar emission from the orbiting binary components. The increase inthe absolute value of the equivalent width of
the line takes place at periastron passage; it could arise in an accretion burst, a 
are or in the increase in e�ective size
of the emission region by the interaction of the magnetospheres. The binary longitude of the ascending node is found
to be 
 = (235 � 3)� and the orbit retrograde.
The origin of the jet is revisited. The tidal disruption of the circumst ellar disks creates di�culties to ejection models
that rely on stellar magnetosphere and disc coupling. A scenario of astellar wind collimated by a circumbinary disc
wind is suggested.
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We search the� = 1 :1 mm Bolocam Galactic Plane Survey for clumps containing su�cient mass to form � 104 M �

star clusters. Eighteen candidate massive proto-clusters are identi�ed in the �rst Galactic quadrant outside of the
central kiloparsec. This sample is complete to clumps with mass Mclump > 104 M � and radius r <� 2:5 pc. The overall
Galactic massive cluster formation rate isCF R(M cluster > 104)<� 5 Myr � 1 , which is in agreement with the rates
inferred from Galactic open clusters and M31 massive clusters. We �nd that all massive proto-clusters in the �rst
quadrant are actively forming massive stars and place an upper limit of � starless < 0.5 Myr on the lifetime of the
starless phase of massive cluster formation. If massive clusters go through a starless phase with all of their mass in a
single clump, the lifetime of this phase is very short.
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We present an astrometry study of the radio source VLA 1 at the core of the HH 111 out
ow using new data (2007)
as well as archival observations (1992-1996). All data were taken at 3.6 cm with the Very Large Array in its most
extended (A) con�guration. The source VLA 1 has undergone a dramatic morphological change, showing a one-sided
knot ejection in the 2007 epoch. We also report on the detection ofa 3.6 cm compact continuum source (VLA 3)
located at (� 10:006, 98:007) from VLA 1. No signi�cant absolute proper motions were found for VLA 1 and VLA 3 and
the upper limits are consistent with those found for (embedded) radio sources in the Orion Nebula. We favor the
interpretation that in the continuum at 3.6 cm we are observing two nearly perpendicular jets. HH 111 presents a
new case of one-sided jet ejection in a young stellar object. The Galactic (or extragalactic) nature of VLA 3 remains
unclear.
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We present the detection of day-timescale periodic variability in the r-band lightcurve of newly outbursting FU
Orionis-type object HBC 722, taken from > 42 nights of observation with the CQUEAN instrument on the McDonald
Observatory 2.1m telescope. The optical/near-IR lightcurve of HBC 722 shows a complex array of periodic variability,
clustering around 5.8 day (0.044 mag amplitude) and 1.28 day (0.016 mag amplitude) periods, after removal of overall
baseline variation. We attribute the unusual number of comparablestrength signals to a phenomenon related to
the temporary increase in accretion rate associated with FUors. We consider semi-random "
ickering", magnetic
braking/�eld compression and rotational asymmetries in the disk instability region as potential sources of variability.
Assuming the 5.8 day period is due to stellar rotation and the 1.28 day period is indicative of Keplerian rotation at
the inner radius of the accretion disk (at 2R?)), we derive a B-�eld strength of 2.2-2.7 kG, slightly larger than typ ical
T Tauri stars. If instead the 5.8 day signal is from a disk asymmetry, the instability region has an outer radius of 5.4
R?), consistent with models of FUor disks. Further exploration of the time domain in this complicated source and
related objects will be key to understanding accretion processes.
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We present a detailed analysis of the X-ray emission from the middle-aged supernova remnant W51C and star-forming
region W51B with Suzaku. The soft X-ray emission from W51C is well represented by an optically thin thermal
plasma in the non-equilibrium ionization state with a temperature of � 0.7 keV. The elemental abundance of Mg is
signi�cantly higher than the solar value. We �nd no signi�cant featur e of an over-ionized plasma in W51C. The hard
X-ray emission is spatially coincident with the molecular clouds associated with W51B, overlapping with W51C. The
spectrum is represented by an optically thin thermal plasma with a temperature of � 5 keV or a powerlaw model with
a photon index of � 2.2. The emission probably has di�use nature since its luminosity of 1� 1034 erg s� 1 in the 0.5-10
keV band cannot be explained by the emission from point sources in this region. We discuss the possibility that the
hard X-ray emission comes from stellar winds of OB stars in W51B or accelerated particles in W51C.
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We have mapped the Auriga/California molecular cloud with the Herschel PACS and SPIRE cameras and the Bolocam
1.1 mm camera on the Caltech Submillimeter Observatory (CSO) with the eventual goal of quantifying the star
formation and cloud structure in this Giant Molecular Cloud (GMC) tha t is comparable in size and mass to the Orion
GMC, but which appears to be forming far fewer stars. We have tabulated 60 compact 70/160� m sources that are
likely pre-main-sequence objects and correlated those with Spitzer and WISE mid-IR sources. At 1.1 mm we �nd 18
cold, compact sources and discuss their properties. The most important result from this part of our study is that we
�nd a modest number of additional compact young objects beyondthose identi�ed at shorter wavelengths with Spitzer.
We also describe the dust column density and temperature structure derived from our photometric maps. The column
density peaks at a few� 1022 cm� 2 (NH 2 ) and is distributed in a clear �lamentary structure along which nearly all
the pre-main-sequence objects are found. We compare the YSO surface density to the gas column density and �nd
a strong non-linear correlation between them. The dust temperature in the densest parts of the �laments drops to
� 10 K from values � 14{15 K in the low density parts of the cloud. We also derive the cumulative mass fraction and
probability density function of material in the cloud which we compare with similar data on other star-forming clouds.
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In this paper, we reexamine the possibility of shear-driven turbulence during sedimentation of dust grains in the
protoplanetary disk. The shear-driven turbulence is expected tooccur before the onset of the gravitational instability
for MMSN model. While according to previous studies without taking account of growth of dust grains, with the
larger abundance of dust grains, the gravitational instability is indicated to occur before shear-driven turbulence. In
this paper, the case with dust growth is considered, and it is found that the Kelvin-Helmholtz instability tends to
occur before the gravitational instability even in the case with largeabundance of dust grains. This is di�erent from
previous results without the dust growth.
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In this contribution, we test our previously published one-dimensional PDR model for deriving total hydrogen volume
densities from HI column density measurements in extragalactic regions by applying it to the Taurus molecular cloud,
where its predictions can be compared to available data. Also, we make the �rst direct detailed comparison of our
model to CO(1-0) and far-infrared emission. Using an incident UV 
ux G0 of 4.25 (� = 5) throughout the main
body of the cloud, we derive total hydrogen volume densities of� 430 cm� 3, consistent with the extensive literature
available on Taurus. The distribution of the volume densities shows a log-normal shape with a hint of a power-law
shape on the high density end. We convert our volume densities to H2 column densities assuming a cloud depth of 5
parsec and compare these column densities to observed CO emission. We �nd a slope equivalent to a CO conversion
factor relation that is on the low end of reported values for this factor in the literature (0.9 � 1020 cm� 2 (K km
s� 1)� 1), although this value is directly proportional to our assumed value of G0 as well as the cloud depth. We seem
to under-predict the total hydrogen gas as compared to 100� m dust emission, which we speculate may be caused by
a higher actual G0 incident on the Taurus cloud than is generally assumed.
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We report extensive new photometry and spectroscopy of the highly variable young stellar object PTF 10nvg (also
known as IRAS 20496+4354 and V2492 Cyg), including optical and near-infrared time series data as well as mid-
infrared and millimeter data. Following the previously reported 2010 rise to RP T F <� 13:5m and subsequent fade, during
2011 and 2012 the source underwent additional episodes of brightening, followed by several magnitude dimming events
including prolonged faint states at RP T F >� 20m . The observed high-amplitude variations are largely consistent with
extinction changes (� AV up to 30 mag) having a � 220 day quasi-periodic signal. However, photometry measured
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when the source was near maximum brightness in mid-2010 as well as inlate-2012 does not phase well to this pe-
riod. Spectral evolution includes not only changes in the spectral slope but correlated variation in the prominence of
TiO/VO/CO bands and atomic line emission, as well as anticorrelated variation in forbidden line emission which, along
with H 2, dominates optical and infrared spectra at faint epochs. Notably, night-to-night variations in several forbidden
doublet strengths and ratios are observed. High-dispersion spectra were obtained in a variety of photometric states
and reveal time-variable line pro�les. Neutral and singly-ionized atomic species are likely formed in an accretion 
ow
and/or impact while the origin of zero-velocity atomic LiI � 6707 in emission is unknown. Forbidden lines, including
several rare species, exhibit blueshifted emission pro�les and likely arise from an out
ow/jet. Several of these lines
are also seen spatially o�set from the continuum source position, presumably in a shocked region of an extended jet.
Blueshifted absorption components of the NaI D doublet, KI � 7665,7669 doublet, and the OI 7774 triplet, as well as
blueshifted absorption components seen against the broad H� and CaII triplet emission lines, similarly are formed in
the out
ow. CARMA maps resolve on larger scales a spatially extended out
ow in mm-wavelength CO.
We attribute the recently observed photometric and spectroscopic behavior to rotating circumstellar disk material
located at separationa � 0:7(M � =M � )1=3 AU from the continuum source, causing the semi-periodic dimming. Occul-
tation of the central star as well as the bright inner disk and the accretion/out
ow zones renders shocked gas in the
inner part of the jet amenable to observation at the faint epochs.We discuss PTF 10nvg as a source exhibiting both
accretion-driven (perhaps analogous to V1647 Ori) and extinction-driven (perhaps analogous to UX Ori or GM Cep)
high-amplitude variability phenomena.
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The line intensities of the fundamental rotational transitions of H13CN and HC15N were observed towards two prestellar
cores, L183 and L1544, and lead to molecular isotopic ratios 140� 14 N=15N � 250 and 140� 14 N=15N � 360,
respectively. The range of values re
ect genuine spatial variations within the cores. A comprehensive analysis of
the available measurements of the nitrogen isotopic ratio in prestellar cores show that molecules carrying the nitrile
functional group appear to be systematically 15N-enriched compared to those carrying the amine functional group.
A chemical origin for the di�erential 15N-enhancement between nitrile- and amine-bearing interstellar molecules is
proposed. This sheds new light on several observations of Solar System objects: (i) the similar N isotopic fractionation
in Jupiter's NH 3 and solar wind N+ ; (ii) the 15N-enrichments in cometary HCN and CN (that might represent a
direct interstellar inheritance); and (iii) 15N-enrichments observed in organics in primitive cosmomaterials. Thelarge
variations in the isotopic composition of N-bearing molecules in Solar System objects might then simply re
ect the
di�erent interstellar N reservoirs from which they are originating.
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We present adaptive optics photometry and spectra in theJHKL -bands along with high spectral resolutionK -band
spectroscopy for each component of the Z Canis Majoris system.Our high angular resolution photometry of this very
young (<� 1 Myr) binary, comprised of an FU Ori object and a Herbig Ae/Be star, were gathered shortly after the 2008
outburst while our high resolution spectroscopy was gathered during a quiescent phase. Our photometry conclusively
determine that the outburst was due solely to the embedded HerbigAe/Be member, supporting results from earlier
works, and that the optically visible FU Ori component decreased slightly ( � 30%) in luminosity during the same
period, consistent with previous works on the variability of FU Ori ty pe systems. Further, our high-resolutionK -band
spectra de�nitively demonstrate that the 2.294 � m CO absorption feature seen in composite spectra of the system is
due solely to the FU Ori component, while a prominent CO emission feature at the same wavelength, long suspected
to be associated with the innermost regions of a circumstellar accretion disk, can be assigned to the Herbig Ae/Be
member. These �ndings are in contrast to previous analyses of thiscomplex system which assigned the CO emission
to the FU Ori component.
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We extend our previous study of the stellar population of L1641, the lower-density star-forming region of the Orion
A cloud south of the dense Orion Nebula Cluster (ONC), with the goal of testing whether there is a statistically
signi�cant de�ciency of high-mass stars in low-density regions. Previously, we compared the observed ratio of low-
mass stars to high-mass stars with theoretical models of the stellar initial mass function (IMF) to infer a de�ciency
of the highest-mass stars in L1641. We expand our population study to identify the intermediate mass (late B to G)
L1641 members in an attempt to make a more direct comparison with the mass function of the nearby ONC. The
spectral type distribution and the K-band luminosity function of L1 641 are similar to those of the ONC (Hillenbrand
1997; Muench et al. 2002), but problems of incompleteness and contamination prevent us from making a detailed test
for di�erences. We limit our analysis to statistical tests of the ratio of high-mass to low-mass stars, which indicate
a probability of only 3% that the ONC and the southern region of L1641 were drawn from the same population,
supporting the hypothesis that the upper mass end of the IMF is dependent on environmental density.
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We report the detection of a new radio recombination line (RRL) maser object toward the IRS2 source in the MonR2
ultracompact HII region. The continuum emission at 1.3 mm and 0.85 mmand the H30� and H26� lines were
observed with the Submillimeter Array (SMA) at angular resolutions of � 0.5"-3". The SMA observations show that
the MonR2-IRS2 source is very compact and remains unresolved atspatial scales� 400AU. Its continuum power
spectrum at millimeter wavelengths is almost 
at ( � =-0.16, with S� / � � ), indicating that this source is dominated by
optically thin free-free emission. The H30� and H26� RRL emission is also compact and peaks toward the position of
the MonR2-IRS2 source. The measured RRL pro�les are double-peaked with the H26� line showing a clear asymmetry
in its spectrum. Since the derived line-to-continuum 
ux ratios (80 and 180 km s� 1 for H30� and H26� , respectively)
exceed the LTE predictions, the RRLs toward MonR2-IRS2 are a�ected by maser ampli�cation. The ampli�cation
factors are however smaller than those found toward the emissionline star MWC349A, indicating that MonR2-IRS2
is a weakly ampli�ed maser. Radiative transfer modelling of the RRL emission toward this source shows that the
RRL masers arise from a dense and collimated jet embedded in a cylindrical ionized wind, oriented nearly along the
direction of the line-of-sight. High-angular resolution observations at sub-millimeter wavelengths are needed to unveil
weakly ampli�ed RRL masers in very young massive stars.
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We present a new measurement of the stellar initial mass function (IMF) based on ultra-deep, high-resolution pho-
tometry of > 5,000 stars in the outskirts of the Small Magellanic Cloud (SMC) galaxy. The Hubble Space Telescope
(HST) Advanced Camera for Surveys (ACS) observations revealthis rich, co-spatial population behind the foreground
globular cluster 47 Tuc, which we targeted for 121 HST orbits. The stellar main sequence of the SMC is measured
in the F606W, F814W color-magnitude diagram (CMD) down to � 30th magnitude, and is cleanly separated from
the foreground star cluster population using proper motions. We simulate the SMC population by extracting stel-
lar masses (single and unresolved binaries) from speci�c IMFs, and converting those masses to luminosities in our
bandpasses. The corresponding photometry for these simulatedstars is drawn directly from a rich cloud of 4 million
arti�cial stars, thereby accounting for the real photometric scatter and completeness of the data. Over a continuous
and well populated mass range ofM = 0 :37� 0:93 M � (i.e., down to a � 75% completeness limit at F606W = 28.7),
we demonstrate that the IMF is well represented by a single power-law form with slope � = � 1:90 (+0 :15

� 0:10) (3 sigma
error) (i.e., dN=dM / M � ). This is shallower than the Salpeter slope of� = � 2:35, which agrees with the observed
stellar luminosity function at higher masses. Our results indicate that the IMF does not turn over to a more shallow
power-law form within this mass range. We discuss implications of this result for the theory of star formation, the
inferred masses of galaxies, and the (lack of a) variation of the IMFwith metallicity.
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We present the analyses of the stellar contents associated with the extended HII region Sh2-252 using deep optical
UBV RI photometry, slit and slitless spectroscopy along with the near-infrared (NIR) data from 2MASS for an area� 1
degree� 1 degree. We have studied the sub-regions of Sh2-252 which includes four compact-HII (CHII) regions, namely
A, B, C and E and two clusters NGC 2175s and Teutsch 136 (Teu 136). Of the �fteen spectroscopically observed bright
stars, eight have been identi�ed as massive members of spectral class earlier than B3. From the spectro-photometric
analyses, we derived the average distance of the region as 2.4� 0.2 kpc and the reddeningE(B � V) of the massive
members is found to vary between 0.35 to 2.1 mag. We found that NGC2175s and Teu 136, located towards the
eastern edge of the complex are the sub-clusters of Sh2-252. The stellar surface density distribution in K -band shows
clustering associated with the regions A, C, E, NGC 2175s and Teu 136. We have also identi�ed the candidate ionizing
sources of the CHII regions. 61 H� emission sources are identi�ed using slitless spectroscopy. The distribution of the
H� emission sources and candidate young stellar objects (YSOs) with IR excess on theV=(V � I ) colour magnitude
diagram (CMD) shows that a majority of them have approximate ages between 0.1 - 5 Myr and masses in the range
of 0.3 - 2.5 M� . The optical CMDs of the candidate pre-main sequence (PMS) sources in the individual regions also
show an age spread of 0.1 - 5 Myr for each of them. We calculated theK -band luminosity functions (KLFs) for
the sub-regions A, C, E, NGC 2175s and Teu 136. Within errors, theKLFs for all the sub-regions are found to be
similar and comparable to that of young clusters of age< 5 Myr. We also estimated the mass functions (MFs) of the
PMS sample of the individual regions in the mass range of 0:3 � 2:5M � . In general, the slopes of the MFs of all the
sub-regions are found comparable to the Salpeter value.
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We report on a search for low mass companions within 10 AU of the star Fomalhaut, using narrow band observations
at 4:05�m obtained with the Apodizing Phase Plate (APP) coronagraph on the VLT/NaCo. Our observations place
a model dependent upper mass limit of 12� 20M jup from 4 to 10 AU, covering the semi-major axis search space
between interferometric imaging measurements and other direct imaging non-detections. These observations rule out
models where the large semi-major axis for the putative candidate companion Fomalhaut b is explained by dynamical
scattering from a more massive companion in the inner stellar system, where such giant planets are thought to form.
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Exploring the circumstellar environment of the young erupt ive star V2492 Cyg
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Context. V2492 Cyg is a young eruptive star that went into outburst in 2010. The near-infrared color changes observed
since the outburst peak suggest that the source belongs to a newly de�ned sub-class of young eruptive stars where
time-dependent accretion and variable line-of-sight extinction playa combined role in the 
ux changes.
Aims. In order to learn about the origin of the light variations and to explor e the circumstellar and interstellar envi-
ronment of V2492 Cyg, we monitored the source at ten di�erent wavelengths, between 0.55� m and 2.2� m from the
ground, and between 3.6� m and 160� m from space.
Methods. We analyze the light curves and study the color-color diagrams via comparison with the standard reddening
path. We examine the structure of the molecular cloud hosting V2492 Cyg by computing temperature and optical
depth maps from the far-infrared data.
Results. We �nd that the shapes of the light curves at di�erent wavelengths are strictly self-similar, and the observed
variability is related to a single physical process, most likely variable extinction. We suggest that the central source is
episodically occulted by a dense dust cloud in the inner disk, and { based on the invariability of the far-infrared 
uxes
{ we propose that it is a long-lived rather than a transient structur e. In some respects, V2492 Cyg can be regarded as
a young, embedded analog of UX Orionis-type stars.
Conclusions. The example of V2492 Cyg demonstrates that the light variations ofyoung eruptive stars are not exclu-
sively related to changing accretion. The variability provided information on an azimuthally asymmetric structural
element in the inner disk. Such an asymmetric density distribution in the terrestrial zone may have consequences for
the initial conditions of planet formation, too.
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Observations of higher-excited transitions of abundant moleculessuch as CO are important for determining where
energy in the form of shocks is fed back into the parental envelopeof forming stars. The nearby prototypical and
protobinary low-mass hot core, IRAS16293-2422 (I16293) is ideal for such a study. The source was targeted with
ALMA for science veri�cation purposes in band 9, which includes CO J=6-5 (Eup =kB � 116K ), at an unprecedented
spatial resolution (� 0:200, 25 AU). I16293 itself is composed of two sources, A and B, with a projected distance of
500. CO J=6-5 emission is detected throughout the region, particularly in small, arcsecond-sized hotspots, where the
out
ow interacts with the envelope. The observations only recover a fraction of the emission in the line wings when
compared to data from single-dish telescopes, with a higher fraction of emission recovered at higher velocities. The
very high angular resolution of these new data reveal that a bow shock from source A coincides, in the plane of the
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sky, with the position of source B. Source B, on the other hand, does not show current out
ow activity. In this
region, out
ow entrainment takes place over large spatial scales,>� 100 AU, and in small discrete knots. This unique
dataset shows that the combination of a high-temperature tracer (e.g., CO J=6-5) and very high angular resolution
observations is crucial for interpreting the structure of the warm inner environment of low-mass protostars.
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We present �ndings for DoAr 24E, a binary system that includes a classical infrared companion. We observed the
DoAr 24E system with the Spitzer Infrared Spectrograph (IRS), with high-resolution, near-infrared spectroscopy of
CO vibrational transitions, and with mid-infrared imaging. The sourc e of high extinction toward infrared companions
has been an item of continuing interest. Here we investigate the diskstructure of DoAr 24E using the column densities,
temperature, and velocity pro�les of two CO absorption features seen toward DoAr 24Eb. We model the SEDs found
using T-ReCS imaging, and investigate the likely sources of extinctiontoward DoAr 24Eb. We �nd the lack of silicate
absorption and small CO column density toward DoAr 24Eb suggest the mid-infrared continuum is not as extinguished
as the near-infrared, possibly due to the mid-infrared originating from an extended region. This, along with the velocity
pro�le of the CO absorption, suggests the source of high extinction is likely due to a disk or disk wind associated with
DoAr 24Eb.
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Some theories of star formation suggest massive stars may only form in clustered environments, which would create a
de�cit of massive stars in low density environments. Observationally, Massey (2002) �nds such a de�cit in samples of
the �eld population in the Small and Large Magellanic Clouds, with an IMF slope of � � 4. These IMF measurements
represent some of the largest known deviations from the standard Salpeter IMF slope of � = 1.35. Here, we carry out
a comprehensive investigation of the mass function above 20 solar masses for the entire �eld population of the Small
Magellanic Cloud, based on data from the Runaways and Isolated O Type Star Spectroscopic Survey of the SMC
(RIOTS4). This is a spatially complete census of the entire �eld OB star population of the SMC obtained with the
IMACS multi-object spectrograph and MIKE echelle spectrographon the Magellan telescopes. Based on Monte-Carlo
simulations of the evolved present-day mass function, we �nd the slope of the �eld IMF above 20 solar masses is
� = 2 :3� 0:4. We extend our IMF measurement to lower masses using BV photometry from the OGLE II survey. We
use a statistical approach to generate a probability distribution for the mass of each star from the OGLE photometry,
and we again �nd � = 2 :3 � 0:6 for stellar masses from 7-20 solar masses. The discovery and removal of ten runaways
in our RIOTS4 sample steepens the �eld IMF slope to � = 2 :8 � 0:5. We discuss the possible e�ects of binarity and
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star-formation history on our results, and conclude that the steep �eld massive star IMF is most likely a real e�ect.
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The temperature and density structure of molecular cloud cores are the most important physical quantities that
determine the course of the protostellar collapse and the properties of the stars they form. Nevertheless, density
pro�les often rely either on the simplifying assumption of isothermality or on observationally poorly constrained
model temperature pro�les. The instruments of the Herschel satellite provide us for the �rst time with both the
spectral coverage and the spatial resolution that is needed to directly measure the dust temperature structure of
nearby molecular cloud cores. With the aim of better constraining the initial physical conditions in molecular cloud
cores at the onset of protostellar collapse, in particular of measuring their temperature structure, we initiated the
Guaranteed Time Key Project (GTKP) \The Earliest Phases of Star Formation" (EPoS) with the Herschelsatellite.
This paper gives an overview of the low-mass sources in the EPoS project, the Herscheland complementary ground-
based observations, our analysis method, and the initial results ofthe survey. We study the thermal dust emission
of 12 previously well-characterized, isolated, nearby globules usingFIR and submm continuum maps at up to eight
wavelengths between 100� m and 1.2 mm. Our sample contains both globules with starless cores and embedded
protostars at di�erent early evolutionary stages. The dust emission maps are used to extract spatially resolved SEDs,
which are then �t independently with modi�ed blackbody curves to ob tain line-of-sight-averaged dust temperature
and column density maps. We �nd that the thermal structure of all globules is dominated by external heating from
the interstellar radiation �eld and moderate shielding by thin extended halos. All globules have warm outer envelopes
(14-20 K) and colder dense interiors (8-12 K) with column densities of a few 1022 cm� 2. The protostars embedded in
some of the globules raise the local temperature of the dense cores only within radii out to about 5000AU, but do
not signi�cantly a�ect the overall thermal balance of the globules. Five out of the six starless cores in the sample are
gravitationally bound and approximately thermally stabilized. The sta rless core in CB 244 is found to be supercritical
and is speculated to be on the verge of collapse. For the �rst time, we can now also include externally heated starless
cores in the L smm = Lbol vs. Tbol diagram and �nd that Tbol < 25 K seems to be a robust criterion to distinguish
starless from protostellar cores, including those that only have anembedded very low-luminosity object.
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Context: The study of the motion of the members of a given open cluster or stellar association provides key information
about their formation and early evolution. The Chamaeleon cloud complex constitutes one of the closest and best
studied low-mass star-forming regions in the Galaxy.
Aims: We want to provide further evidence of the origin of the proposed stellar members of Chamaeleon and to
identify interlopers from the foreground � Cha and � Cha associations.
Methods: We compile lists of spectroscopically con�rmed members of Chamaeleon I and II, � Cha and � Cha, and of
background objects in the same line of sight. Using Virtual Observatory tools, we cross-match these lists with the
UCAC3 catalogue to get the proper motions of the objects. In thevector point diagram, we identify the di�erent
moving groups, and use this information to study the membership ofproposed candidate members of the associations
from the literature. For those objects with available radial velocities, we compute their Galactic space velocities. We
look for correlations between the known properties of the objects and their proper motions.
Results: The members of the dark clouds exhibit clearly di�erent proper motions from those of the foreground
associations and of the background stars. The data suggest that Chamaeleon II could have di�erent dynamical
properties from Chamaeleon I. Although the two foreground clusters � and � Chamaeleontis constitute two di�erent
proper motion groups, they have similar spatial motions, which are di�erent from the spatial motion of Chamaeleon I.
On the other hand, the space motions of the Chamaeleon II stars look more similar to those of the foreground clusters
than to the Chamaeleon I stars, but the numbers are low. We �nd no correlations between the proper motions and
the properties of the objects in either of the clouds.
Conclusions: On the basis of proper motion, Chamaeleon I and II constitute two physical entities unrelated to
the foreground � and � Chamaeleontis clusters, but with the available data it is unclear to what extent the stellar
populations in both clouds are physically connected to each other.
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Most stars form in embedded clusters. Stellar 
ybys may a�ect the orbital architecture of the systems by exciting the
eccentricity and causing dynamical instability. Since, incidentally, the timescale over which a cluster loses its gaseous
component and begins to disperse is comparable to the circumstellardisk lifetime, we expect that closer, and more
perturbing, stellar 
ybys occur when the planets are still embedded in their birth disk. We investigate the e�ects of
the disk on the dynamics of planets after the stellar encounter to test whether it can damp the eccentricity and return
the planetary system to a non-excited state. We use the hydrodynamical code FARGO to study the disk+planet(s)
system during and after the stellar encounter in the context of evolved disk models whose super�cial density is 10 times
lower than that of the Minimum Mass Solar Nebula. The numerical simulations show that the planet eccentricity,
excited during a close stellar 
yby, is damped on a short timescale (� 10 Kyr) in spite of the disk low initial density
and subsequent tidal truncation. This damping is e�ective also for a system of 3 giant planets and the e�ects of the
dynamical instability induced by the passing star are quickly absorbed. If the circumstellar disk is still present around
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the star during a stellar 
yby, a planet (or a planetary system) is returned to a non-excited state on a short timescale.
This does not mean that stellar encounters do not a�ect the evolution of planets, but they do it in a subtle way with a
short period of agitated dynamical evolution. At the end of it, the system resumes a quiet evolution and the planetary
orbits are circularized by the interaction with the disk.
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We propose a functional form for the IMF, the L 3 IMF, which is a natural heavy-tailed approximation to the log-norma l
distribution. It is composed of a low-mass power law and a high mass power-law which are smoothly joined together.
Three parameters are needed to achieve this. The standard IMFsof Kroupa (2001, 2002) and Chabrier (2003) (single
stars or systems) are essentially indistinguishable from this form. Compared to other 3-parameter functions of the
IMF, the L 3 IMF has the advantage that the cumulative distribution function an d many other characteristic quantities
have a closed form, the mass generating function, for example, can be written down explicitly.
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Ionising stars reshape their original molecular cloud and impact starformation, leading to spectacular morphologies
such as bipolar nebulae around HII regions. Molecular clouds are structured in �lamentary where stars principally
form, as revealed by the Herschel space observatory. The prominent southern hemisphere HII region, RCW 36, is one
of these bipolar nebulae. We study the physical connection between the �lamentary structures of the Vela C molecular
cloud and the bipolar morphology of RCW 36, providing an in-depth viewof the interplay occurring between ionisation
and interstellar structures (bright-rims and pillars) around an HII region. We have compared Herschel observations
in �ve far-infrared and submillimetre �lters with the PACS and SPIRE im agers, to dedicated numerical simulations
and molecular line mapping. Our results suggest that the RCW 36 bipolar morphology is a natural evolution of its
�lamentary beginnings under the impact of ionisation. Such results demonstrate that, �lamentary structures can
be the location of very dynamical phenomena inducing the formationof dense clumps at the edge of HII regions.
Moreover, these results could apply to better understanding thebipolar nebulae as a consequence of the expansion of
an HII region within a molecular ridge or an interstellar �lament.
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Context. The abundances of interstellar CH+ and SH+ are not well understood as their most likely formation channels
are highly endothermic. Several mechanisms have been proposed to overcome the high activation barriers, including
shocks, turbulence, and H2 vibrational excitation.
Aims. Using data from the Herschel Space Observatory, we studied theformation of ions, in particular CH + and SH+

in a typical high UV-illumination warm and dense photon-dominated region (PDR), the Orion Bar.
Methods. The HIFI instrument on board Herschel provides velocity-resolved line pro�les of CH + 1-0 and 2-1 and
three hyper�ne transitions of SH+ 12 � 01. The PACS instrument provides information on the excitation and spatial
distribution of CH + by extending the observed CH+ transitions up to J = 6 � 5. We compared the observed line
intensities to the predictions of radiative transfer and PDR codes.
Results. All CH + , SH+ , and CF+ lines analyzed in this paper are seen in emission. The widths of the CH+ 2-1
and 1-0 transitions are of � 5 km s� 1, signi�cantly broader than the typical width of dense gas tracers in the Orion
Bar (� 2-3 km s� 1) and are comparable to the width of species that trace the interclump medium such as C+ and
HF. The detected SH+ transitions are narrower compared to CH+ and have line widths of � 3 km s� 1, indicating
that SH+ emission mainly originates in denser condensations. Non-LTE radiative transfer models show that electron
collisions a�ect the excitation of CH + and SH+ and that reactive collisions need to be taken into account to calculate
the excitation of CH+ . Comparison to PDR models shows that CH+ and SH+ are tracers of the warm surface region
(A V < 1.5) of the PDR with temperatures between 500 and 1000 K. We havealso detected the 5-4 transition of CF+

at a width of � 1.9 km s� 1, consistent with the width of dense gas tracers. The intensity of the CF+ 5-4 transition is
consistent with previous observations of lower� J transitions toward the Orion Bar.
Conclusions. An analytic approximation and a numerical comparison to PDR models indicate that the internal
vibrational energy of H2 can explain the formation of CH+ for typical physical conditions in the Orion Bar near the
ionization front. The formation of SH + is also likely to be explained by H2 vibrational excitation. The abundance
ratios of CH+ and SH+ trace the destruction paths of these ions, and indirectly, the ratios of H, H2, and electron
abundances as a function of depth into the cloud.
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Spectral energy distributions are presented for 94 young starssurrounded by disks in the Serpens Molecular Cloud,
based on photometry andSpitzer IRS spectra. Most of the stars have spectroscopically determined spectral types.
Taking a distance to the cloud of 415 pc rather than 259 pc, the distribution of ages is shifted to lower values, in the
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1 { 3 Myr range, with a tail up to 10 Myr. The mass distribution spans 0.2 { 1.2 M � , with median mass of 0.7 M� .
The distribution of fractional disk luminosities in Serpens resembles that of the young Taurus Molecular Cloud, with
most disks consistent with optically thick, passively irradiated disks in a variety of disk geometries (L disk =Lstar � 0.1).
In contrast, the distributions for the older Upper Scorpius and � Chamaeleontis clusters are dominated by optically
thin lower luminosity disks ( L disk =Lstar � 0.02). This evolution in fractional disk luminosities is concurrent with t hat
of disk fractions: with time disks become fainter and the disk fractions decrease. The actively accreting and non-
accreting stars (based on H� data) in Serpens show very similar distributions in fractional disk luminosities, di�ering
only in the brighter tail dominated by strongly accreting stars. In c ontrast with a sample of Herbig Ae/Be stars, the
T Tauri stars in Serpens do not have a clear separation in fractional disk luminosities for di�erent disk geometries:
both 
ared and 
at disks present wider, overlapping distributions. This result is consistent with previous suggestions
of a faster evolution for disks around Herbig Ae/Be stars. Furthermore, the results for the mineralogy of the dust
in the disk surface (grain sizes, temperatures and crystallinity fractions, as derived fromSpitzer IRS spectra) do not
show any correlation to either stellar and disk characteristics or mean cluster age in the 1 { 10 Myr range probed
here. A possible explanation for the lack of correlation is that the processes a�ecting the dust within disks have short
timescales, happening repeatedly, making it di�cult to distinguish long lasting evolutionary e�ects.
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We present optical photometric and polarimetric observations of stars towards NGC 1931 with the aim to derive the
cluster parameters such as distance, reddening, age and luminosity/mass function as well as to understand the dust
properties and star formation in the region. The distance to the cluster is found to be 2.3� 0.3 kpc and the reddening
E(B � V ) in the region is found to be variable. The stellar density contours reveal two clustering in the region.
The observations suggest di�ering reddening law within the cluster region. Polarization e�ciency of the dust grains
towards the direction of the cluster is found to be less than that for the general di�use interstellar medium (ISM).
The slope of the mass function (-0.98� 0.22) in the southern region in the mass range 0.8< M=M � < 9.8 is found
to be shallower in comparison to that in the northern region (-1.26� 0.23), which is comparable to the Salpeter value
(-1.35). The K-band luminosity function (KLF) of the region is found to be comparable to the average value of slope
(� 0.4) for young clusters obtained by Lada & Lada (2003), however,the slope of the KLF is steeper in the northern
region as compared to the southern region. The region is probably ionized by two B2 main-sequence type stars. The
mean age of the young stellar objects (YSOs) is found to be 2� 1 Myr which suggests that the identi�ed YSOs could
be younger than the ionizing sources of the region. The morphologyof the region, the distribution of the YSOs as
well as ages of the YSOs and ionizing sources indicate a triggered star formation in the region.
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Context. The question how the initial conditions in a star-forming region a?ect the resulting mass function of the
forming stars is one of the most fundamental open topics in star formation theory.
Aims. We want to characterize the properties of the cold dust clumps in the Carina Nebula Complex (CNC), which
shows a very high level of massive star feedback. We derive the Clump Mass Function (ClMF), explore the reliability
of di�erent clump extraction algorithms, and investigate the in
uen ce of the temperatures within the clouds on the
resulting shape of the ClMF.
Method. We analyze a 1.25� 1.25 deg2 wide-�eld sub-mm map obtained with LABOCA (APEX), which provides t he
�rst spatially complete survey of the clouds in the CNC. We use the three clump-�nding algorithms CLUMPFIND
(CF), GAUSSCLUMPS (GC) and SExtractor (SE) to identify individua l clumps and determine their total 
uxes. In
addition to assuming a common 'typical' temperature for all clouds, we also employ an empirical relation between
cloud column densities and temperature to determine an estimate ofthe individual clump temperatures, and use this
to determine individual clump masses.
Results. While the ClMF based on the CF extraction is very well described by a power-law, the ClMFs based on GC
and SE are better represented by a log-normal distribution. We also �nd that the use of individual clump temperatures
leads to a shallower ClMF slope than the assumption of a common temperature (e.g. 20 K) of all clumps.
Conclusions. The power-law of dN=dM / M � 1:95 we �nd for the CF sample is in good agreement with ClMF slopes
found in previous studies of other regions. The dependence of theClMF shape (power-law vs. log-normal distribution)
on the employed extraction method suggests that observationaldeterminations of the ClMF shape yields only very
limited information about the true structure of the cloud. Interpr etations of log-normal ClMF shape as a signature of
turbulent pre-stellar clouds vs. power-law ClMFs as a signature of star-forming clouds may be taken with caution for
a single extraction algorithm without additional information.
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Context. Once ALMA full polarization capabilities are o�ered, it will become possible to perform detailed studies of
polarized maser emission towards star forming regions and late-type stars, such as (post-) asymptotic giant branch
stars and young planetary nebulae. In order to derive the magnetic �eld orientation from maser linear polarization, a
number of conditions involving the rate of stimulated emissionR, the decay rate of the molecular state �, and Zeeman
frequencyg
 need to be satis�ed.
Aims. The goal of this work is to investigate if SiO, H2O and HCN maser emission within the ALMA frequency range
can be detected with observable levels of fractional linear polarization in the regime where the Zeeman frequency is
greater than the stimulated emission rate.
Methods. We have used a radiative transfer code to calculate the fractionallinear polarization as a function of the
emerging brightness temperature for a number of rotational transition of SiO, H2O and HCN which have been observed
to display maser emission at submillimetre wavelengths. We assume typical magnetic �eld strengths measured towards
galactic star forming regions and circumstellar envelopes of late-type stars from previous VLBI observations. Since
the Land�e g-factors have not been reported for the di�erent rotational transitions we have modeled, we performed our
calculations assuming conservative values of the Zeeman frequency for the di�erent molecular species.
Results. Setting a lower limit for the Zeeman frequency which still satis�es the criteria g
 > R and g
 > �, we
�nd fractional polarization levels of up to 13%, 14% and 19% for the higher J transitions analysed for SiO, H2O and
HCN, respectively, without considering anisotropic pumping or any other non-Zeeman e�ect. Such upper limits were
calculated assuming a magnetic �eld oriented perpendicular to the direction of propagation of the maser radiation.
Conclusions. According to our results SiO, H2O and HCN maser emission within the ALMA frequency range can
be detected with suitable linear polarization to trace the magnetic �eld structure towards star forming regions and
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late-type stars, even if the detected polarization has been enhanced by non-Zeeman e�ects.
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We present continuum observations of the infrared dark cloud (IRDC) G48.66{0.22 (G48) obtained with Herschel,
Spitzer, and APEX, in addition to several molecular line observations. TheHerschel maps are used to derive tem-
perature and column density maps of G48 using a model based on a modi�ed blackbody. We �nd that G48 has a
relatively simple structure and is relatively isolated; thus this IRDC pr ovides an excellent target to study the collapse
and fragmentation of a �lamentary structure in the absence of complicating factors such as strong external feedback.
The derived temperature structure of G48 is clearly non-isothermal from cloud to core scale. The column density
peaks are spatially coincident with the lowest temperatures (� 17:5 K) in G48. A total cloud mass of � 390M� is
derived from the column density maps. By comparing the luminosity-to-mass ratio of 13 point sources detected in
the Herschel/PACS bands to evolutionary models, we �nd that two cores are likely to evolve into high-mass stars
(M ? � 8 M� ). The derived mean projected separation of point sources is smaller than in other IRDCs but in good
agreement with theoretical predications for cylindrical collapse. We detect several molecular species such as CO,
HCO+ , HCN, HNC and N2H+ . CO is depleted by a factor of� 3:5 compared to the expected interstellar abundance,
from which we conclude that CO freezes out in the central region. Furthermore, the molecular clumps, associated
with the sub-millimeter peaks in G48, appear to be gravitationally unbound or just pressure con�ned. The analysis
of critical line masses in G48 show that the entire �lament is collapsing,overcoming any internal support.
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Recent numerical analysis of Keplerian disc formation in turbulent, magnetized cloud cores by Santos-Lima et al.
demonstrated that reconnection di�usion is an e�cient process to remove the magnetic 
ux excess during the buildup
of a rotationally supported disc. This process is induced by fast reconnection of the magnetic �elds in a turbulent

ow. In a similar numerical study, Seifried et al. concluded that reconnection di�usion or any other non-ideal
magnetohydrodynamic e�ects would not be necessary and turbulence shear alone would provide a natural way to
build up a rotating disc without requiring magnetic 
ux loss. Their conc lusion was based on the fact that the mean
mass-to-
ux ratio ( � ) evaluated over a spherical region with a radius much larger than the disc is nearly constant in
their models. In this paper, we compare the two sets of simulations and show that this averaging over large scales can
mask signi�cant real increases of� in the inner regions where the disc is built up. We demonstrate that turbulence-
induced reconnection di�usion of the magnetic �eld happens in the initial stages of the disc formation in the turbulent
envelope material that is accreting. Our analysis is suggestive thatreconnection di�usion is present in both sets of
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simulations and provides a simple solution for the magnetic braking catastrophe which is discussed in the literature
in relation to the formation of protostellar accretion discs.
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Protostellar jets are tightly connected to the accretion processand regulate the angular momentum balance of accreting
star-disk systems. The DG Tau jet is one of the best-studied protostellar jets and contains plasma with temperatures
ranging over three orders of magnitude within the innermost 50 AU of the jet. We present new Hubble Space Telescope
(HST) far ultraviolet (FUV) long-slit spectra spatially resolving the C IV emission (T � 105 K) from the jet for the
�rst time, and quasi-simultaneous HST observations of optical forbidden emission lines ([O I], [N II], [S II] and [O III])
and 
uorescent H2 lines. The C IV emission peaks at 42 AU from the stellar position and hasa FWHM of 52 AU
along the jet. Its deprojected velocity of around 200 km s� 1 decreases monotonically away from the driving source. In
addition, we compare our HST data with the X-ray emission from the DG Tau jet. We investigate the requirements
to explain the data by an initially hot jet compared to local heating. Bo th scenarios indicate a mass loss by the T�
105 K jet of � 10� 9 M � year� 1, i.e., between the values for the lower temperature jet (T� 104 K) and the hotter
X-ray emitting part (T > 106 K). However, a simple initially hot wind requires a large launching region (� 1 AU), and
we therefore favor local heating.
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We have analyzed a broad-band optical and near-infrared spectrum of FU Tau A, a presumed young brown dwarf
in the Taurus star forming region that has intrigued both theorists and observers by its overluminosity in the HR
diagram with respect to standard pre-main sequence evolutionarymodels. FU Tau A is brighter than any other Taurus
member of same or similar spectral type, and various phenomena (accretion, activity, binarity) have been put forth
as a possible explanation. The new data, obtained with the X-Shooter spectrograph at the Very Large Telescope,
include an unprecedented wealth of information on stellar parameters and simultaneously observed accretion and
out
ow indicators for FU Tau A. We present the �rst measurement s of gravity (log g = 3 :5 � 0:5), radial velocity
(RV = 22:5 � 2:9 km/s), rotational velocity ( v sin i = 20 � 5 km/s) and lithium equivalent width ( WLi = 430 � 20 m�A)
for FU Tau A. From the rotational velocity and the published period w e infer a disk inclination of i � 50� . The
lithium content is much lower than theoretically expected for such a young very low mass object, adding another
puzzling feature to this object's properties. We determine the mass accretion rate of FU Tau A from comparison of the
luminosities of 24 emission lines to empirical calibrations from the literature and �nd a mean of log _M acc [M � =yr] =
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� 9:9 with standard deviation � = 0 :2. The accretion rate determined independently from modeling of the excess
emission in the Balmer and Paschen continua is consistent with this value. The corresponding accretion luminosity
is too small to make a signi�cant contribution to the bolometric luminos ity. Strong magnetic activity a�ecting the
stellar parameters or binarity of FU Tau A, both combined with extre me youth, may be responsible for its position in
the HR diagram. The existence of an out
ow in FU Tau A is demonstrated through the �rst detection of forbidden
emission lines from which we obtain an estimate for the mass loss rate,log _M out [M � =yr] < � 10:4. The mass out
ow
and in
ow rates can be combined to yield _M out = _M acc � 0:3, a value that is in agreement with jet launching models.
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Triggered star formation has been discussed for many years, andevidence for the formation of stars and cores triggered
by HII regions is under debate.
We investigate the imprints of an expanding HII region on a pre-existing starless clumps.
We selected an infrared dark �lament spanning 0.8� . One portion of this �lament, G18.93-0.03 is a prominent dust
complex, with the molecular clump G18.93/m being IR dark from near IR wavelength up to 160� m Spitzer composite
images show an IR bubble spatially associated with G18.93-0.03. We useGRS 13CO and IRAM 30m H 13CO+ data to
disentangle the large and small scale spatial structure of the region. From ATLASGAL submm data we calculate the
gas mass, while we use the H13CO+ line width to estimate its virial mass. To study the IR properties of G18.93/m we
use HERSCHEL data and produce temperature maps from �tting the spectral energy distribution. With the MAGPIS
20 cm and SuperCOSMOS H� data we trace the ionized gas, and the VGPS Hi survey provides information on the
atomic hydrogen gas.
We show that the bubble is spatially associated with G18.93, located ata kinematic near distance of 3.6 kpc. The
total gas mass of� 870 M� splits up into 6 sub-clumps, of which G18.93/m is the most massive with 280 M� . The
virial analysis shows that it may be gravitationally bound and has neither Spitzer young stellar objects nor mid-IR
point sources within. Therefore we call it pre-stellar. Fitting the spectral energy distribution reveals a temperature
distribution that decreases towards its center, but heating from the ionizing source puts it above the general ISM
temperature. We �nd that the bubble is �lled by H ii gas, ionized by an O8.5 star. Between the ionizing source and
the IR dark clump G18.93/m we �nd a layered structure of hydrogen phases, from ionized to atomic to molecular
gas, revealing a photon dominated region. Furthermore, we identify an additional velocity component within the
bubble's 8� m emission rim at the edge of the infrared dark cloud and speculate that it might be shock induced by
the expanding HII region.
While the elevated temperature allows for the build-up of larger fragments, and the shock induced velocity component
may lead to additional turbulent support, the density pro�le of G18 .93/m does not show signatures of the expanding
bubble. While the �rst two signatures favor high-mass star formation, we do not �nd conclusive evidence that the
massive clump G18.93/m is prone to collapse because of the expandingHII region.
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Meteorites contain relict decay products of short-lived radionuclides that were present in the protoplanetary disk when
asteroids and planets formed. Several studies reported a high abundance of60Fe (t1=2 = 2 :62� 0:04 Myr) in chondrites
(60Fe/ 56Fe � 6 � 10� 7), suggesting that planetary materials incorporated fresh products of stellar nucleosynthesis
ejected by one or several massive stars that exploded in the vicinity of the newborn Sun. We measured58Fe/ 54Fe and
60Ni/ 58Ni isotope ratios in whole rocks and constituents of di�erentiated achondrites (ureilites, aubrites, HEDs, and
angrites), unequilibrated ordinary chondrites Semarkona (LL3.0) and NWA 5717 (ungrouped petrologic type 3.05),
metal-rich carbonaceous chondrite Gujba (CBa), and several other meteorites (CV, EL H, LL chondrites; IIIAB, IVA,
IVB iron meteorites). We derive from these measurements a much lower initial 60Fe/ 56Fe ratio of (11.5� 2.6) � 10� 9

and conclude that 60Fe was homogeneously distributed among planetary bodies. This low ratio is consistent with
derivation of 60Fe from galactic background (60Fe/ 56Fe = 2:8 � 10� 7 in the interstellar medium from gamma-ray
observations) and can be reconciled with high26Al/ 27Al = 5 � 10� 5 in chondrites if solar material was contaminated
through winds by outer layers of one or several massive stars (e.g., a Wolf-Rayet star) rich in 26Al and poor in 60Fe.
We present the �rst chronological application of the 60Fe-60Ni decay system to establish the time of core formation on
Vesta at 3.7 (+2 :5

� 1:7) Myr after condensation of calcium-aluminum-rich inclusions (CAIs).

Accepted by Earth and Planetary Science Letters

http://arxiv.org/pdf/1212.1490

Radiation Magnetohydrodynamic Simulations of Protostell ar Collapse: Protostellar
Core Formation
Kengo Tomida 1;2;3, Kohji Tomisaka 2;3, Tomoaki Matsumoto 4, Yasunori Hori 3, Satoshi Okuzumi 5, Masahiro
N. Machida 6 and Kazuya Saigo 3

1 Department of Astrophysical Sciences, Princeton University, Princeton, NJ 08544, USA
2 Department of Astronomical Science, The Graduate University for Advanced Studies (SOKENDAI), Osawa, Mitaka,
Tokyo 181-8588, Japan
3 National Astronomical Observatory of Japan, Osawa, Mitaka, Tokyo 181-8588, Japan
4 Faculty of Humanity and Environment, Hosei University, Fujimi, Chiy oda-ku, Tokyo 102-8160, Japan
5 Department of Physics, Nagoya University, Furo-cho, Chikusa-ku, Nagoya, Aichi 464-8602, Japan
6 Department of Earth and Planetary Sciences, Faculty of Sciences, Kyushu University, Hakozaki, Higashi-ku, Fukuoka
812-8581, Japan

E-mail contact: tomida at astro.princeton.edu

We report the �rst three-dimensional radiation magnetohydrody namic (RMHD) simulations of protostellar collapse
with and without Ohmic dissipation.We take into account many physical processes required to study star formation
processes, including a realistic equation of state. We follow the evolution from molecular cloud cores until protostellar
cores are formed with su�ciently high resolutions without introducin g a sink particle. The physical processes involved
in the simulations and adopted numerical methods are described in detail.We can calculate only about one year after
the formation of the protostellar cores with our direct three-dimensional RMHD simulations because of the extremely
short timescale in the deep interior of the formed protostellar cores, but successfully describe the early phase of star
formation processes. The thermal evolution and the structure of the �rst and second (protostellar) cores are consistent
with previous one-dimensional simulations using full radiation transfer, but di�er considerably from preceding multi-
dimensional studies with the barotropic approximation. The protostellar cores evolve virtually spherically symmetric
in the ideal MHD models because of e�cient angular momentum transport by magnetic �elds, but Ohmic dissipation
enables the formation of the circumstellar disks in the vicinity of the protostellar cores as in previous MHD studies
with the barotropic approximation. The formed disks are still small ( less than 0.35 AU) because we simulate only the
earliest evolution. We also con�rm that two di�erent types of out
o ws are naturally launched by magnetic �elds from
the �rst cores and protostellar cores in the resistive MHD models.
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Formation and evolution of the water maser out
ow event in AF GL 2591 VLA 3-N
M. A. Trinidad 1, S. Curiel 2, R. Estalella 3, J. Cant�o 2, A. Raga 4, J. M. Torrelles 5, N. A. Patel 6, J. F.
G�omez 7, G. Anglada 7, C. Carrasco-Gonz�alez 8, L. F. Rodr��guez 9
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4Instituto de Ciencias Nucleares (UNAM), Apartado 70-543, 04510M�exico D. F., M�exico
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6Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
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In this paper we analyze multi-epoch Very Long Baseline Interferometry (VLBI) water maser observations carried
out with the Very Long Baseline Array (VLBA) toward the high-mass star-forming region AFGL 2591. We detected
maser emission associated with the radio continuum sources VLA 2 and VLA 3. In addition, a water maser cluster,
VLA 3-N, was detected � 0:500north of VLA 3. We concentrate the discussion of this paper on thespatio-kinematical
distribution of the water masers towards VLA 3-N. The water maser emission toward the region VLA 3-N shows
two bow shock-like structures, Northern and Southern, separated from each other by � 100 mas (� 330 AU). The
spatial distribution and kinematics of the water masers in this cluster have persisted over a time span of seven years.
The Northern bow shock has a somewhat irregular morphology, whilethe Southern one has a remarkably smooth
morphology. We measured the proper motions of 33 water maser features, which have an average proper motion
velocity of � 1.3 mas yr� 1 (� 20 km s� 1). The morphology and the proper motions of this cluster of water masers
show systematic expanding motions that could imply one or two di�erent centers of star formation activity. We made
a detailed model for the Southern structure, proposing two di�erent kinematic models to explain the 3-dimensional
spatio-kinematical distribution of the water masers: (1) a static central source driving the two bow-shock structures;
(2) two independent driving sources, one of them exciting the Northern bow-shock structure, and the other one, a
young runaway star moving in the local molecular medium exciting and molding the remarkably smoother Southern
bow-shock structure. Future observations will be necessary todiscriminate between the two scenarios, in particular
by identifying the still unseen driving source(s).

Accepted by MNRAS
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Kiloparsec-Scale Simulations of Star Formation in Disk Gal axies.
I. The unmagnetized and zero-feedback limit
Sven Van Loo 1, Michael J. Butler 2 and Jonathan C. Tan 2

1 Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge, Massachusetts 02138, USA
2 Department of Astronomy, University of Florida, Gainesville, FL 32611, USA

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

We present hydrodynamic simulations of the evolution of self-gravitating dense gas on scales of 1 kiloparsec down to
<� parsec in a galactic disk, designed to study dense clump formation from giant molecular clouds (GMCs). These
structures are expected to be the precursors to star clustersand this process may be the rate limiting step controling
star formation rates in galactic systems as described by the Kennicutt-Schmidt relation. We follow the thermal
evolution of the gas down to� 5 K using extinction-dependent heating and cooling functions. We donot yet include
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magnetic �elds or localized stellar feedback, so the evolution of the GMCs and clumps is determined solely by self-
gravity balanced by thermal and turbulent pressure support andthe large scale galactic shear. While cloud structures
and densities change signi�cantly during the simulation, GMC virial par ameters remain mostly above unity for time
scales exceeding the free-fall time of GMCs indicating that energy from galactic shear and large-scale cloud motions
continuously cascades down to and within the GMCs. We implement star formation at a slow, ine�cient rate of 2%
per local free-fall time, but even this yields global star formation rates that are about two orders of magnitude larger
than the observed Kennicutt-Schmidt relation due to over-production of dense gas clumps. We expect a combination
of magnetic support and localized stellar feedback is required to inhibit dense clump formation to � 1% of the rate
that results from the nonmagnetic, zero-feedback limit.

Accepted by Astrophysical Journal

http://arxiv.org/pdf/1211.1681

The structure and kinematics of dense gas in NGC 2068
S. L. Walker-Smith 1, J. S. Richer 1;2, J. V. Buckle 1;2, R. J. Smith 3, J. S. Greaves 4, and I. A. Bonnell 4
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3 Zentrum f•ur Astronomie der Universitat Heidelberg, Institut fur Theoretische Astrophysik, Albert-Ueberle-Str. 2,
Heidelberg, Germany
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We have carried out a survey of the NGC 2068 region in the Orion B molecular cloud using HARP on the JCMT, in
the 13CO and C18O (J = 3 � 2) and H13CO+ (J = 4 � 3) lines. We used13CO to map the out
ows in the region, and
matched them with previously de�ned SCUBA cores. We decomposedthe C18O and H13CO+ into Gaussian clumps,
�nding 26 and 8 clumps respectively. The average deconvolved radiiof these clumps is 6200� 2000 AU and 3600
� 900 AU for C18O and H13CO+ respectively. We have also calculated virial and gas masses for these clumps, and
hence determined how bound they are. We �nd that the C18O clumps are more bound than the H13CO+ clumps
(average gas mass to virial mass ratio of 4.9 compared to 1.4). We measure clump internal velocity dispersions of
0.28 � 0.02 km s� 1 and 0.27 � 0.04 km s� 1 for C18O and H13CO+ respectively, although the H13CO+ values are
heavily weighted by a majority of the clumps being protostellar, and hence having intrinsically greater linewidths. We
suggest that the starless clumps correspond to local turbulenceminima, and we �nd that our clumps are consistent
with formation by gravoturbulent fragmentation. We also calculate inter-clump velocity dispersions of 0.39� 0.05 km
s� 1 and 0.28� 0.08 km s� 1 for C18O and H13CO+ respectively. The velocity dispersions (both internal and external)
for our clumps match results from numerical simulations of decayingturbulence in a molecular cloud. However, there
is still insu�cient evidence to conclusively determine the type of turb ulence and timescale of star formation, due to
the small size of our sample.

Accepted by MNRAS
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OH far-infrared emission from low- and intermediate-mass p rotostars surveyed with
Herschel-PACS
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Context. The OH radical is a key species in the water chemistry network of star-forming regions, because its presence
is tightly related to the formation and destruction of water. Previo us studies of the OH far-infrared emission from
low- and intermediate-mass protostars suggest that the OH emission mainly originates from shocked gas and not from
the quiescent protostellar envelopes.
Aims. We aim to study the excitation of OH in embedded low- and intermediate-mass protostars, determine the
in
uence of source parameters on the strength of the emission, investigate the spatial extent of the OH emission, and
further constrain its origin.
Methods. This paper presents OH observations from 23 low- and intermediate-mass young stellar objects obtained
with the PACS integral �eld spectrometer on-board Herschel in the context of the \Water In Star-forming Regions
with Herschel (WISH)" key program. Radiative transfer codes are used to model the OH excitation.
Results. Most low-mass sources have compact OH emission (<� 5000 AU scale), whereas the OH lines in most
intermediate-mass sources are extended over the whole 47.000 x 47.000 PACS detector �eld-of-view ( >� 20000 AU).
The strength of the OH emission is correlated with various source properties such as the bolometric luminosity and
the envelope mass, but also with the [OI] and H2O emission. Rotational diagrams for sources with many OH lines show
that the level populations of OH can be approximated by a Boltzmanndistribution with an excitation temperature at
around 70 K. Radiative transfer models of spherically symmetric envelopes cannot reproduce the OH emission 
uxes
nor their broad line widths, strongly suggesting an out
ow origin. Slab excitation models indicate that the observed
excitation temperature can either be reached if the OH molecules are exposed to a strong far-infrared continuum radi-
ation �eld or if the gas temperature and density are su�ciently high. Using realistic source parameters and radiation
�elds, it is shown for the case of Ser SMM1 that radiative pumping plays an important role in transitions arising from
upper level energies higher than 300 K. The compact emission in the low-mass sources and the required presence of a
strong radiation �eld and/or a high density to excite the OH molecules points towards an origin in shocks in the inner
envelope close to the protostar.

Accepted by Astronomy & Astrophysics
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Radiation transfer of models of massive star formation. ii. e�ects of the out
ow
Yichen Zhang 1, Jonathan C. Tan 1, and Christopher F. McKee 1
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We present radiation transfer simulations of a massive (8M � ) protostar forming from a massive (M c = 60M � )
protostellar core, extending the model developed by Zhang & Tan (2011, Paper I). The two principal improvements
are (1) developing a model for the density and velocity structure of a disk wind that �lls the bipolar outow cavities,
based in part on the disk-wind model of Blandford & Payne (1982); and (2) solving for the radially varying accretion
rate in the disk due to a supply of mass and angular momentum from the infall envelope and their loss to the disk
wind. One consequence of the launching of the disk wind is a reductionin the amount of accretion power that is
radiated by the disk. We also include a non-Keplerian potential appropriate for a growing, massive disk. For the
transition from dusty to dust-free conditions where gas opacitiesdominate, we now implement a gradual change as a
more realistic approximation of dust destruction. We study how the above e�ects, especially the outow, in
uence the
spectral energy distributions (SEDs) and the synthetic images ofthe protostar. Dust in the outow cavity signi�cantly
a�ects the SEDs at most viewing angles. It further attenuates the short-wavelength 
ux from the protostar, controlling
how the accretion disk may be viewed, and contributes a signi�cant part of the near- and mid-IR 
uxes. These 
uxes
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warm the disk, boosting the mid- and far-IR emission. We �nd that fo r near face-on views, i.e. looking down the outow
cavity (although not too close to the axis), the SED from the near-IR to about 60 � m is very at, which may be used to
identify such systems. We show that the near-facing outow cavityand its walls are still the most signi�cant features
in images up to 70� m, dominating the mid-IR emission and determining its morphology. The thermal emission from
the dusty outow itself dominates the 
ux at � 20� m. The detailed distribution of the dust in the outow a�ects the
morphology, so the model can be constrained by considering detailed intensity pro�les along and perpendicular to the
outow axis. For example, even though the outow cavity is wide, at 10to 20 � m, the dust in the disk wind can make
the outow appear narrower than in the near-IR bands.

Accepted by ApJ

http://arxiv.org/pdf/1212.3899
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New Jobs

Postdoctoral position at Cardi� University,
Numerical and Theoretical Star Formation

Applications are invited for an STFC-funded post-doctoral position in the School of Physics & Astronomy at Cardi�
University, to work with Professor Anthony Whitworth.

The aim of the project is to model the formation of stars, and in particular the role of feedback from massive stars,
in terms of (i) the observed morphologies of Hii regions, stellar-wind bubbles and supernova remnants, in di�erent
environments and in di�erent continuum and line radiations, (ii) the dis tribution and intrinsic properties of the stars
whose formation they trigger, (iii) the e�ciency with which kinetic ene rgy is injected into the interstellar medium,
and (iv) the extent to which ionising radiation and gas escape out of the galactic disc, into the halo and beyond.

Applicants should have a PhD at the start of the position. Preference will be given to applicants with experience in
numerical astrophysics, especially self-gravitating (magneto-) hydrodynamics and/or radiation transport.

Cardi� has an established star formation group, recently strengthened by the appointment of Drs. B�ereng�ere Parise
and Nicolas Peretto to faculty positions, and the appointment of Dr. Padelis Papadopoulos to an Ernest Rutherford
Fellowship. The School also has groups working on galaxies, cosmology, gravitational waves, and astronomical instru-
mentation. The University has recently upgraded its supercomputing facilities with the installation of the 20-tera
op
raven machine.

The position is available from 1st April 2013, for 36 months. The salary will be in the range $ 30,122 to$ 35,938 (Grade
6), depending on quali�cations and experience. There are additional funds for travel, consumables and desk/lap-top
computers.

Further particulars and application forms should be obtained from:
http://www.cardi�.ac.uk/schoolsanddivisions/divisions/humrs/job s/academicresearchsenior/index.html
The closing date for applications is 31st January 2013. Informal enquiries can be made to Professor Whitworth at
ant@astro.cf.ac.uk.

Postdoctoral Position in Planet Formation at Wesleyan Univ ersity

Applications are invited for a postdoctoral position in planet format ion at Wesleyan University. The successful
candidate will work with Dr. Meredith Hughes primarily on observation s and modeling of molecular gas emission
from protoplanetary disks, with a focus on characterizing turbulence. Other mutual areas of interest may include
observations and modeling of debris disks. The candidate should holda PhD in astronomy or astrophysics by the
start of the position. A background in star or planet formation is pr eferred. The ideal candidate will have experience
with at least one of the following: (1) millimeter-wavelength observations, (2) radiative transfer modeling, (3) MHD
simulations of circumstellar disks, (4) parallelized computing. Wesleyan University is located between New York City
and Boston, and has a small but active astronomy program that emphasizes involvement of undergraduate and M.A.
students in mainstream astronomical research. We are particularly interested in candidates who feel that they could
both contribute to and 
ourish in this unique educational environme nt. The postdoc would have the opportunity,
if desired, to develop educational skills through mentoring students in research and possibly teaching. Wesleyan has
a planetary science group that includes faculty from several departments. The initial appointment is for two years
starting in Fall 2013. Health and retirement bene�ts and allowancesfor travel and computing are provided. Applicants
should send a cover letter, CV, bibliography, statement of research experience and interests, and arrange for three
letters of reference to be sent to amhughes@wesleyan.edu by 15 February 2013.

Wesleyan University is an equal opportunity, a�rmative action emplo yer M/W/D/V and strongly encourages appli-
cations from women and minorities.
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Postdoctoral positions in star formation at CEA/Saclay

We invite applications to �ll two postdoctoral research positions in t he Astrophysical Group (SAp) at CEA/Saclay in
the context of the MAGMIST project, a �ve-year founded progr am of the European Research Council (ERC). It is
centered on a detailed investigation of the star formation processfrom galactic to molecular core scales using mainly
three dimensional numerical simulations, analytical modeling and confrontation with observations.

The successful candidates should have an experience in at least one of the following topics: large numerical simulations,

uid dynamics, star formation or interstellar medium.

The project o�ers competitive salaries and money for traveling. All positions are for four years and include full bene�t.
The CEA/Saclay group has extensive expertize in heavy computation and easy access to local and national computing
facilities and hosts both observers and theorists.

Required application materials include a CV, a bibliography, a statement of research interests and three letters of
recommendation and should be send by regular mail or email to :

Dr Patrick Hennebelle SAp - CEA/Saclay 91191 Gif-sur-Yvette Email: patrick.hennebelle@cea.fr

All applications arriving before February 15, 2012 will be fully considered. Later applications will be considered until
the positions are �lled.

Postdoctoral Position in Stellar formation and evolution i n Exeter
Contact: Isabelle Bara�e i.bara�e at ex.ac.uk

The astrophysics group at the University of Exeter invites applications for two 5-year postdoc positions to work pri-
marily with Professor Isabelle Bara�e on theoretical and numerical aspects of stellar/planetary physics and evolution.
The two posts are funded by a European Research Council (ERC) advanced grant. The broad goal of the positions is
to work on 3D hydrodynamical modelling of stellar/planetary interior s, using a time implicit and fully compressible
multi-D hydrodynamical code currently developed in Exeter with a group of international collaborators. The main
purpose is to describe and understand various processes characteristic of star/planet interiors and evolution, such as
turbulence, convection, rotation, instabilities and oscillations. The post holders will participate in the further devel-
opment of our 3D numerical tool. Our team involved in the code development includes postdoctoral researchers in
Exeter and close collaborators in Lyon (Prof Rolf Walder, Ecole Normale Suprieure, France) and Munich (Maxime
Viallet, Max-Planck Institute, Germany). The post holders will have the opportunity to travel to those institutions
during their project.

The projects will focus on three typical astrophysical key problems at the heart of investigations in stellar evolution,
which do require multi-D simulations to be correctly addressed. These problems concern (1) the early embedded phases
of evolution of accreting low mass stars and brown dwarfs, (2) thestudy of rotation, transport of angular momentum
and chemical mixing in stellar interiors and (3) the study of turbulent convection and its e�ect on stellar pulsations.
These projects are linked, among others, to the �elds of star formation, a thriving �eld of research with involves cutting-
edge, large ground- and space-based observational projects (HST, VLT, HERSCHEL, ALMA, SPITZER, JWST) and
of asteroseismology, with space missions CoRoT and Kepler which deliver a wealth of asteroseismological data allowing
the exploration of stellar properties of unprecedented variety and accuracy.

We are particularly interested in theoretical/numerical candidates with a strong background in computational as-
trophysics/
uid dynamics; prior work on stellar and/or planetary in teriors and evolution is not necessarily required.
Applicants must possess a PhD in astrophysics, physics, or relateddiscipline (e.g applied mathematics/
uid dynam-
ics/computational methods).

The starting salary will range from 24,520 on Grade E to 31,948 per annum on Grade F, depending on quali�cations
and experience. The positions are available for a period of �ve yearscommencing 1st May 2013. A delayed start date
can be negotiated. Extensive supercomputing resources and substantial funding for computing equipment and travel
will be available to the post holders. For further information, please contact Prof. Bara�e (i.bara�e@ex.ac.uk). To
apply, send to Prof. Bara�e a CV, publication lists, a detailed summary of research and a cover letter with the contact
details of three referees and mentioning the post reference P44453/P44454.

The closing date for completed applications is 1st March 2013.
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Meeting Anouncements

1st Announcement

International Meeting on

DUST GROWTH IN STAR- AND PLANET-FORMING ENVIRONMENTS
July 22-25, 2013

Max-Planck-Institut fuer Astronomie, Heidelberg, German y

Objectives of the meeting:
DG13 will focus on the formation of solid bodies from the processing of small cosmic dust grains in the interstellar
medium and circumstellar disks. The aim of the conference is to stimulate communication between the �elds of
laboratory experiments, computer simulations, observational work, as well as modeling approaches connecting these
�elds.

There will be session for dust growth studies centered on the following sub-topic:

Laboratory Experiments; Interstellar Medium - Observation; Int erstellar Medium - Theory; Protoplanetary Disks -
Observation; Protoplanetary Disks - Theory; Solar Nebula; DebrisDisks; Modeling

The meeting is scheduled for the week after Protostars and Planets VI in Heidelberg, bene�ting from the presence of
many star and planet formation experts in Heidelberg.

Scienti�c Advisory Committee:
A. Abergel (France), J. Blum (Germany), C. Jaeger (Germany), G. Meeus (Spain), J. Steinacker (France), S. Weiden-
schilling (USA), D. Wilner (USA)

Conference location:
The Max-Planck Institute for Astronomy is located at the Koenigst uhl in Heidelberg, Germany. Together with the
Center for Astronomy (ZAH) and the Department of Astro- and P article Physics at the Max-Planck Institute for
nuclear physics it constitutes a worldwide renowned center of astronomical research. The meeting will take place in
the large lecture hall of the MPIA. Wireless LAN is available, lunch can be ordered when registering, and a shuttle
bus will allow participants to reach and leave the institute conveniently. Heidelberg is a popular tourist destination
due to its romantic and picturesque cityscape, including Heidelberg Castle and the baroque style Old Town.

Web-site:
Relevant information about deadlines, registration, program, logistics etc. can be found at http://www.mpia.de/DG13/
.

Registration:
Registration will open at the 15th of January 2013.

The number of participants is limited to 60, and a waiting list will be opened when more than 60 persons have
registered.

The Scienti�c Advisory Committee will decide about contributed talks on the basis of the submitted abstracts.

There is no registration fee for DG13. No proceedings are planned,but the contributions will be kept online.

The deadline for registration and abstract submission is the 28th ofFebruary 2012.

Looking forward to welcoming you in Heidelberg

The DG13 organizers J. Steinacker, J. Blum, and G. Meeus
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Upcoming Meetings of Possible Interest

Exoplanets in Multi-body Systems in the Kepler Era
9 - 16 February 2013 Aspen, CO, USA
http://www.astro.ufl.edu/~eford/meetings/aspen2013/

Characterising Exoplanets: Detection, Formation, Interi ors, Atmospheres and Habitability
11 - 12 March 2013 The Royal Society, London, UK
http://royalsociety.org/events/2013/exoplanets/

43nd Saas-Fee Course: Star Formation in Galaxy Evolution: C onnecting Numerical Models to Reality
11 - 16 March 2013 Villars-sur-Ollon, Switzerland
http://lastro.epfl.ch/conferences/sf2013

Infrared and Submillimeter Probes of Gas in Galaxies: From t he Milky Way to the Distant Universe
17 - 20 March 2013 Pasadena, CA USA
http://conference.ipac.caltech.edu/gasconf/

From Stars to Life - Connecting our Understanding of Star For mation, Planet Formation, Astrochem-
istry and Astrobiology
3 - 6 April 2013 Gainesville, Florida, USA
http://conference.astro.ufl.edu/STARSTOLIFE/

StarBench: A Workshop for the Benchmarking of Star Formatio n Codes
8 - 11 April 2013 University of Exeter, UK
http://www.astro.ex.ac.uk/people/haworth/workshop_b ench/index.html

Transformational Science with ALMA: From Dust to Rocks to Pl anets - Formation and Evolution of
Planetary Systems
8 - 12 April 2013 Hilton Waikoloa Village, The Big Island of Hawaii, USA
http://www.cv.nrao.edu/rocks/index.html

International Young Astronomer School on Exploiting the He rschel and Planck data
15 - 19 April 2013 Meudon, France
http://ufe.obspm.fr/rubrique344.html

Habitable Worlds Across Time and Space
29 April - 2 May 2013 Space Telescope Science Institute, Baltimore,USA
http://www.stsci.edu/institute/conference/habitable -worlds

Ice and Planet Formation
15 - 17 May 2013 Lund Observatory, Sweden
http://www.astro.lu.se/~anders/IPF2013/

IAU Symposium 297: The Di�use Interstellar Bands
20 - 24 May 2013 Noordwijkerhout, The Netherlands
http://iau297.nl/

Brown Dwarfs come of Age
20 - 24 May 2013 Fuerteventura, Canary Islands, Spain
no web site yet

The Origins of Stellar Clustering - from Fragmenting Clouds to the Build-up of Galaxies
26 May 2013 - 16 June 2013 Aspen, Colorado, USA
http://www.mpa-garching.mpg.de/~diederik/aspen2013
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IAU Symposium 299: Exploring the Formation and Evolution of Planetary Systems
2 - 7 June 2013 Victoria, BC, Canada
http://www.iaus299.org

Massive Stars: From alpha to Omega
10 - 14 June 2013 Rhodes, Greece
http://a2omega.astro.noa.gr

Lin-Shu Symposium: Celebrating the 50th Anniversary of the Density-Wave Theory
24 - 28 June 2013 Beijing, China
no web site yet

Protostars and Planets VI
15 - 20 July 2013 Heidelberg, Germany
http://www.ppvi.org

Dust Growth in Star & Planet Formation 2013
22 - 25 July 2013 MPIA, Heidelberg, Germany
no web site yet

2013 Sagan Summer Workshop: Imaging Planets and Disks
29 July - 2 August 2013 Pasadena, CA, USA
http://nexsci.caltech.edu/workshop/2013/

IAUS 302 - Magnetic Fields Throughout Stellar Evolution
26 - 30 August 2013 Biarritz, France
http://iaus302.sciencesconf.org

Meteoroids 2013. An International Conference on Minor Bodi es in the Solar System
26 - 30 August 2013 Dep. of Physics, A.M. University, Poznan, Poland
http://www.astro.amu.edu.pl/Meteoroids2013/index.ph p

Exoplanets and Brown Dwarfs
2 - 5 September 2013 de Havilland, University of Hertfordshire, Hat�eld, Nr. London, UK
no web site yet

The Life Cycle of Dust in the Universe: Observations, Theory , and Laboratory Experiments
18 - 22 November 2013 Taipei, Taiwan
http://events.asiaa.sinica.edu.tw/meeting/20131118/

The 18th Cambridge Workshop on Cool Stars, Stellar Systems a nd the Sun
9 - 13 June 2014 Flagsta�, Arizona, USA
http://www2.lowell.edu/workshops/coolstars18/

Living Together: Planets, Stellar Binaries and Stars with P lanets
8 - 12 September 2014 Litomysl Castle, Litomysl, Czech Republic
no web site yet

Towards Other Earths II. The Star-Planet Connection
15 - 19 September 2014 Portugal
http://www.astro.up.pt/toe2014

Other meetings: http://www1.cadc-ccda.hia-iha.nrc-cnrc.gc.ca/meetin gs/
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Short Announcements

Adaptable Radiative Transfer Innovations for Submillimet er Telescopes

Submillimeter observations are a key for answering many of the big questions in modern-day astrophysics, such as
how stars and planets form, how galaxies evolve, and how material cycles through stars and the interstellar medium.
With large facilities such as ALMA and Herschel, new windows have opened to study these questions. Within the
ASTRONET �rst joint call for proposals, Common Tools for Future Large Submillimeter Facilities, we have developed
a next generation model suiteAdaptable Radiative Transfer Innovations for Submillimeter Telescopes (ARTIST)
for comprehensive multi-dimensional radiative transfer calculations of the dust and line emission, as well as their
polarization, to help interpret observations with these groundbreaking facilities.

The ARTIST package consists of:

� An innovative radiative transfer code (LIME; Brinch & Hogerheijde 2010, A&A, 523, A25) that allows simulations
of sources with arbitrary multi-dimensional (1D, 2D, 3D), given by analytical expression or de�ned on a grid
(e.g. taken from HD/MHD codes). It utilizes an adaptive gridding met hod, which ensuring rapid convergence.

� Unique tools for modeling the polarization of dust emission (Padovaniet al. 2012, A&A, 543, A16) and eventually
line emission (Kuiper et al., in prep.), information that will come with stan dard ALMA observations.

� A library of commonly used analytic/semi-analytic models as well as a comprehensive graphical user and Python
interface.

ARTIST is now available for download at http://youngstars.nbi.dk/artist . It can either be downloaded as a
fully workable package on most common Linux 
avors and Mac OS X with a number of dependencies - or as a virtual
machine that can be run directly with minimum installation of ancillary sof tware. For further questions about ARTIST
consult the webpage or contact Jes J�rgensen (ARTIST PI) at jeskj@nbi.dk .
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