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Claude Bertout
in conversation with Bo Reipurth

Q: You have just completed a very long term as Editor-

in-Chief of Astronomy & Astrophysics. This has been a

major service to our community. Did you find the work

rewarding also for yourself?

A: Our core academic journals, and first of all ApJ, AJ,
MNRAS, and A&A are an integral part of the global re-
search infrastructure and remain as important as ever to
the community. Why? First, journals are the guardians
of ethical values that are essential to science but are in-
creasingly challenged by the mounting pressure to publish
and the accompanying cut-and-paste temptation. Second,
journals participate in an important give-and-take process
with the community. On one hand, the journals rely on
the community for filtering the research results through
refereeing, which ensures that publications have the high-
est possible relevance. On the other hand, the community,
through its hiring and promotion processes, makes use of
the de facto quality labels given to publications by journals
when making decisions that affect the careers of individ-
ual researchers. Finally, journals ensure that the corpus of
peer-validated data and results are both widely accessible
and archived in a perennial way. This is done in close col-
laboration with data centers and publication repositories,
where the accepted papers can be accessed freely.

When the position of Editor-in-Chief was proposed to me,
I did not quite foresee the huge workload that came with
it, but saw this job as a true challenge to help our Eu-
ropean journal – which is by far the youngest among the
core astronomy publications – gain in quality, image and
impact. We have this very specific problem at A&A, that
some researchers working in Europe tend to publish their
better articles in ApJ because they see it as more presti-
gious and expect more citations. I do not complain much

about this behavior since I did the same thing in the past
[somewhat embarrassed laughter ]! But my goal as Editor-
in-Chief was to try to change A&A so that my younger
colleagues would not be tempted to publish elsewhere. To
be frank, I was not entirely successful in changing this
old habit, but along the way our journal was thoroughly
modernized and its impact did improve. For this, I first
thank our very dedicated team of scientific editors, and
also the A&A Board of Directors, a governing body that
at crucial times showed the foresight and audacity that
were necessary to get things moving in the right direction.

And now to answer your question after this long preamble,
I truly enjoyed my years as Editor-in-Chief, in good part
because of the privileged relationship with authors and
referees, and also because the position provides the widest
view of current astronomical research.

Q: 30 years ago you proposed that T Tauri South could

be a protostar, a then elusive species. This has been borne

out by subsequent observations. How did you come up with

this idea?

A: O nostalgia! That was my first paper after I won a
CNRS position and moved from Heidelberg to Paris. I
had certainly not anticipated that T Tau was as complex
a region as the recent high-resolution observations have
shown it to be! The protostar idea emerged after T Tau
was resolved as a binary by Dyck, Simon, and Zuckerman
in 1982. De Vegt showed that the radio emission observed
at the VLA by Bieging, Cohen, and Schwartz could be
attributed to the South component. I suggested that the
radio flux could be reproduced by free-free emission from
an infalling, accretion-shock-heated envelope. One fact
that I also found very puzzling was the huge difference in
extinction between T Tau N and S. How was that possible
given the short projected distance if T Tau S was not a
deeply embedded object?

Q: Five years later you published, together with Gibor

Basri and Jérôme Bouvier, a highly influential paper on

“Accretion Disks around T Tauri Stars”. How have your

conclusions held up with time, and where is this field head-

ing?

A: Let me start with a few words about Gibor and Jérôme,
two astronomers extraordinaires with whom I was very for-
tunate to collaborate on several projects. Gibor had by
then just finished an extensive program of spectrophoto-
metric observations of T Tauri stars at Lick and had ob-
tained quasi-simultaneous IUE data, while Jérôme, whom
I was still advising at that time, had spent quite some
time as coopérant at ESO La Silla during which he accu-
mulated a bunch of optical and near-infrared photometric
data for a similar sample of objects. We therefore had
a large database at our disposal for probing the accretion
disk hypothesis proposed by Lynden-Bell and Pringle more
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than ten years earlier, which had attracted little attention
in the T Tauri community. I spent a couple of wonderfully
productive years in Berkeley at Gibor’s invitation, during
which I developed and applied the code described in that
series of papers to Gibor’s and Jerome’s data .

The modeling emphasis was on the optical and UV regions,
since data simultaneity is crucial for modeling these ob-
jects, which can vary quickly in this spectral range. The
UV probes the star/disk interaction zone, which was as-
sumed to be a boundary layer for the sake of minimizing
the number of free parameters in the computation. In
that paper we also proposed a magnetically-controlled ac-
cretion model for DF Tauri, which was showing periodic
photometric variability that could be attributed to hot ac-
cretion spots. This model was independently worked out
in more detail by Arieh Königl and others and became the
enduring paradigm for T Tauri star accretion in general,
although boundary layers might still be useful for explain-
ing some accretion regimes.

It was also clear that the photometric data were deviating
from the accretion disk model in the infrared, which led
Lee Hartmann and Scott Kenyon to propose a disk model
whose outer parts were flaring. So each of us contributed a
brick to the edifice, and I remain proud of having been part
of this common effort that elucidated part of the T Tauri
phenomenon.

I am truly impressed by the level of sophistication that
disk models have reached nowadays and by their successful
application to high spatial resolution data. Pending new
observational constraints (which will undoubtedly come
with ALMA), we may have reached the limit of what can
sensibly be done in T Tauri disk modeling. It is there-
fore great to witness the theoretical efforts aiming, on one
hand, at understanding accretion/ejection structures from
first principles and, on the other, at deciphering the de-
tails of the planet formation process within the disk. One
area that has perhaps not attracted enough attention is
the possible role of close stellar binarity on magnetic field
topology and the accretion/ejection process. It is a tall
order, but cannot be ignored given the number of close
multiple systems among T Tauri stars.

Q: You were director of the Laboratoire d’Astrophysique de

Grenoble for 6 years, and during that time put strong em-

phasis on studies of young stars, a topic for which Greno-

ble is now recognized as one of the leading centers in the

world. What were the main difficulties you faced as a di-

rector to achieve this goal?

A: The first four years were exhilarating. Since the be-
ginning of the 1980s, Alain Omont had gathered a small
group of talented young physicists at Grenoble University,
who were also acting as a scientific support group to the
newly founded IRAM located next door on the campus.

Alain had also convinced the funding agencies to create
the Grenoble Observatory, which was then hosted in tem-
porary University buildings.

Before he moved to Paris in 1990 to take over the direc-
tion of the IAP, Alain asked me to replace him as the head
of the Observatory and of its astrophysical component,
the Laboratoire d’Astrophysique (LAOG). Of course, I
saw this as a unique opportunity to develop star forma-
tion studies in France, and several students and collabo-
rators at the IAP (Jérôme Bouvier, Sylvie Cabrit, Isabelle
Joncour, Anne-Marie Lagrange, Fabien Malbet, François
Ménard) joined in the venture, which was strongly sup-
ported by the CNRS, the Grenoble University, and the
regional governament. Eventually, all of these individuals
obtained permanent positions in Grenoble.

Once all those dynamics have come together, it is eas-
ier to attract additional talents, even in a country where
people are reluctant to move, and we were soon joined
by scientists and engineers interested in developing the
high-angular-resolution instrumentation that was needed
to decipher the mysteries of star formation. My goal was
to bring together instrument designers, observers, mod-
elers, and theoreticians in a large group mainly devoted
to studying the various aspects of star formation. Mean-
while, the new Observatory building was constructed next
to IRAM under my supervision (with considerable help
from Alain Castets), and we all moved in with great plea-
sure. As I remember, Bo, you were one of our first visitors.
By then, it was already becoming apparent that the Ob-
servatory building would soon be too small, and I started
collecting funding for an extension. One thing I learned
on the way is that promised funding is never quite secure
until it is spent [laugh]!

The last two years of my mandate were difficult, in good
part because a new University president had been elected
who did not share my ambitious vision for Grenoble astro-
physics. I had hoped to gain a status of full CNRS labora-
tory for the LAOG, which would have made it much easier
for us to finance and develop all the scientific and instru-
mental projects we had by then. I had won the support
from my hierarchy at the CNRS, but the politics changed
abruptly at the national level, giving more power to Uni-
versities over the CNRS, and we could not reach that ob-
jective. In any case, I managed to collect the funds for
an Observatory building extension but did not stay long
enough in Grenoble to see it being built. I was called to
the ministry for research as the representative of national
astronomy, and my family and I moved back to Paris with
some regrets at not finishing the job I had set out to do,
but trusting my successors, first of all Christian Perrier,
to make the dream come true. I was not disappointed.

Q: How did you develop your interest in star formation,

at a time when rather little was known about this topic?
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A: That’s exactly the point, Bo. The field was in its in-
fancy and there was so much to do! I was also strongly
influenced by Immo Appenzeller, my PhD thesis advisor
and mentor, who was then working in Göttingen. How
did I come to meet him? I had dabbled in basic physics in
Lille, France, a university where no astronomy class was
offered. The late sixties were shaking up society and the
atmosphere was not particularly conducive to hard work,
to say the least. We were more often demonstrating in the
streets than studying in the library [laugh]! After earning
a bachelor degree, I had a choice: I could start working as
a math teacher in my hometown high school, or I could
keep studying physics in Göttingen, Germany, since I had
somewhat unexpectedly won a DAAD fellowship to do so.
The scholarship seemed like a gift from Heaven, and I
didn’t hesitate long. This was how I came to push the
heavy door of the old Göttingen Sternwarte one bright
fall day and discovered the joy of astrophysics while at-
tending Rudolf Kippenhahn’s stellar evolution lectures. It
took me a few years of hard work deepening my under-
standing of physics while supporting myself as a teaching
assistant before I felt ready to try making astronomy my
profession, but when I did Immo Appenzeller trusted me
with a thesis topic on protostellar evolution, and I followed
humbly in his and Richard Larson’s footprints.

Q: You spent some years as a postdoc in Heidelberg. What

was the focus of your work there?

A: Immo became director of the Landessternwarte in Hei-
delberg in 1975 while I was finishing my PhD thesis in
Göttingen, and he hired me on a staff position after I
graduated. This was unexpected, since permanent jobs
were quite rare already at that time, and I was extremely
grateful to Immo for showing such confidence in me. I
tried not to disappoint him, and started working in differ-
ent directions all related to the physics of young stars. I
gained experience in optical spectroscopy and worked with
Immo on the YY Ori phenomenon, which turned out to
be one of the keys to understanding the nature of T Tauri
stars. A controversy was raging at that time between the
proponents of stellar winds and those who thought that
infall was present in young stars’ envelopes, and it didn’t
stop until the more complicated picture of simultaneous
but spatially separated accretion flow and bipolar outflow
imposed itself. Following a particularly inspiring NATO
School on infrared astronomy that took place in Erice in
1977, I embarked on several collaborative observing pro-
grams, in particular at the Effelsberg radiotelescope, to
study with Clemens Thum the centimeter emission from
young stars, which represents a potential diagnostic to dis-
tinguish infall from outflow in ionized regions. Finally, I
started developing the 2D radiative transfer code that was
the basis, a few years later, for Sylvie Cabrit’s illuminating
work on molecular outflows.

Q: With such a pleasant job in Heidelberg, why did you

decide to candidate for a position in Paris ?

It was time to emancipate myself and test my market
value, I suppose. The reasons were also personal. My wife
is an American, and we realized that our little girl was a
bit torn between the three languages and cultures. Also,
we love Paris... On the professional level, it was an oppor-
tunity to develop a research team in star formation at the
IAP, whose director, Jean Audouze, asked me to write the
review on T Tauri stars (published in Reports on Progress
in Physics in 1984) that identified several areas where work
was both possible and urgently needed. These topics be-
came the research program of our small team for the next
several years: rotation and magnetic activity, observations
and models of bipolar outflows, lithium evolution, effect
of accretion on stellar evolution, etc. I was blessed with
wonderful students who embraced these projects with en-
thusiasm and talent. Only one item of the initial list of
projects has never been touched upon, but I’ll keep it for
my retirement.

Q: Indeed, you have recently retired. What are your plans?

A: The A&A Editor in Chief position was nearly a full-
time job but in my spare time I started working on the
kinematical properties of young stars, in the wake of Hip-
parcos and in anticipation of the Gaia mission, which as
you know was launched successfully today. As soon as
the Gaia data becomes available, we will enter a new era
of precision stellar and star formation physics. Given the
complexity and variability of young stars, direct parallax
measurements will not necessarily be accurate, as Hippar-
cos as shown, so that specific methods must be developed
to derive distances from proper motions and radial veloc-
ities, and this is what I got interested in. After an ini-
tial study of the Taurus-Auriga region, I teamed up with
astrometrists (including Phillip Galli, a bright young re-
searcher from São Paulo) to study the kinematics of the
Southern starforming regions, and we are making good
progress. Now I look forward to exploiting the Gaia data.

Among other interests, I have written a couple of popular
science books in the past years and found it great fun. I
am currently under contract with a French publisher for a
book describing the deadly dangers lurking in the depths
of space that could engulf Earth anytime! I love the beauty
and intricacies of the French language, and I will certainly
continue writing popular science in the future, but the
market for popular science books is frustratingly limited
here, and perhaps my dear wife will lend me a hand at
writing something in English after she retires.

And last but certainly not least, I look forward to spend-
ing more time with friends, family, and grandkids, and to
indulge more in sailing, another passionate lifelong activ-
ity.
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My Favorite Object
The Herbig-Haro Jet HH 111

Bo Reipurth

The saga of HH 111 started on a night when the weather
turned bad. In the late 1980’s I was employed at ESO’s La
Silla Observatory, and when there were gaps in the observ-
ing programs at the large ESO Schmidt telescope I could
get some deep red widefield photographic plates of little-
known star forming regions. In those days there were still
many poorly studied regions of the sky, and I used these
plates to search for new Herbig-Haro objects. One night
during one of my observing runs, clouds rolled in, and in-
stead of observing I spent the night with a microscope and
a light table at the La Silla library examining the latest
batch of large glass plates I had received from the Schmidt
telescope. I still remember the excitement when I noticed
a tiny linear feature in a rather anonymous little cloud near
Barnard’s Loop in Orion. As soon as the clouds cleared I
pointed the Danish 60-inch telescope towards this curious
feature and, lo and behold, the most beautiful collimated
HH jet rolled up on the screen. I worked hard to obtain
further optical/IR images and spectra, and soon had a let-
ter accepted by Nature announcing the discovery of HH
111 (Reipurth 1989). Since then I, and many others, have
focused much effort in trying to understand the physical
processes that shape this object.

Location, Structure, and Kinematics

HH 111 is located in L1617, a rather ill-defined diffuse
cloud with mostly fairly low visual extinction. L1617 con-
tains three dense cores, all with a cometary morphology.
The cloud is located just inside Barnard’s Loop in the
northeastern part of Orion, and the cometary clouds point
towards the massive stars in the Orion OB1a association.
L1617 is likely to form part of the Orion B molecular cloud
complex, and thus most likely has a distance of ∼400 pc,

although much of the literature assumes a slightly larger
distance of 450-460 pc.

The HH 111 jet is a bipolar Herbig-Haro flow. Figure 1
shows the jet emerging from a dense cloud core into a
low-extinction region that has been evacuated by the UV
radiation from the Orion OB1a association. A combina-
tion of proper motion and radial velocity measurements
have shown that the jet is inclined by only ∼10◦ to the
plane of the sky, with the jet being slightly blueshifted.
On the opposite side of the cloud core a faint counter jet
is emerging, and further along the red lobe a series of bow
shocks are visible.

At the same time that I found HH 111, I also noticed
several other faint HH objects in the approximate same
region: HH 110 is a prominent Herbig-Haro flow, which
may represent the rejuvenation of an outflow that has col-
lided with a cloud core or another outflow (Reipurth &
Olberg 1991, Kajdic et al. 2012). HH 113 is a chaotic
jumble of shocks located at the other end of the L1617
cloud and with no obvious energy source. I also noticed a
large, almost spherical structure of patchy filaments west
of the L1617 cloud, in an area with no clouds and a clean
line-of-sight. Spectra showed the lines typically found in
supernova remnants, and it occurred to me that it would
not be surprising if a region like Orion that is full of OB
stars would harbor a supernova remnant. So I contacted
my friend Frank Winkler, who is an expert on supernova
remnants. Frank scoured old Chinese records, and found
that a k’o-hsing, a guest star, had appeared in A.D. 483
in Shen, the 21st lunar mansion, in the general region of
our object. Delighted, Frank and I wrote an ApJ Letter
about this new supernova remnant, G203.2–12.3 (Winkler
& Reipurth 1992). A few years later, as the first large-
field CCD detectors appeared, John Bally and his student
Dave Devine noticed that the famous HH 34 jet and a
number of other already known HH objects were aligned,
and they speculated that perhaps HH flows could be far
larger than assumed up to then (Bally & Devine 1994).
I looked again at our supernova remnant, this time with
a new large-field CCD, and noticed that HH 113 and the
supernova remnant were symmetrically placed around the
HH 111 jet and all three objects were located on a straight
line. I got new images of G203.2–12.3 and blinked them
against the old ones. With a sinking heart I saw the whole
socalled ’supernova remnant’ move sideways with a veloc-
ity exceeding 100 km/s. Sic transit gloria!

It was a dressing on the wound to realize that the HH 111
complex, when incorporating HH 113 and the newly named
HH 311, covers a length of almost 1 degree on the sky, cor-
responding to a physical size of more than 7 pc (Figure 2).
To the best of my knowledge, this remains the largest HH
flow to emanate from a low-mass young star. Such giant
flows can have a profound impact on their surroundings.

6



Figure 1: The HH 111 jet as seen in an Hα+[SII] image obtained at the 8m Subaru telescope. The image is approxi-
mately 4 × 8 arcmin, with north up and east to the left. From Reipurth et al (2008).

Figure 2: The giant Herbig-Haro flow encompassing HH 111, HH 113, and HH 311. The dynamical age of this giant
complex is of the order of 25,000 yr. From Reipurth et al. (1997a).
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As they burst out of their nascent cloud cores, they in-
ject momentum and kinetic energy into the interclump
medium. By dissociating molecules they contribute to a
chemical rejuvenation of clouds, and they help to maintain
turbulence in the clouds (Reipurth et al. 1997a).

At the same time, we had obtained the first HST images
of HH 111, revealing the structure of the knotty jet in
exquisite detail (Reipurth et al. 1997b), see Figure 3. In
these images, the body of the jet is fully resolved, and
working surfaces are resolved in an Hα-strong bow shock
with a trailing [SII]-bright Mach disk, in excellent corre-
spondence with shock theory. The jet knots move into
the wake of previously ejected material, and form shocks
where they overrun slower jet gas, as outlined in the in-
ternal working surface model of Raga et al. (1990).

Similar HST images taken 4 years later have been used to
derive accurate proper motions of the individual jet knots.
The knots generally move ballistically, with no evidence
for turbulent motions even in regions where the emission
has complex morphology. Because the angle of the flow
to the plane of the sky is known, the proper motions can
be turned into accurate space velocities, which range from
220 to 330 km/s (Hartigan et al. 2001).

A highly collimated jet like HH 111 naturally lends it-
self to long-slit spectroscopy, and such optical spectra pro-
vide further support for the internal working surface model
with parcels of gas at different velocities interacting with
each other (Noriega-Crespo et al. 1993). The electron
densities in some of the low-excitation knots in HH 111
exceed 2500 cm−3, implying that the true gas densities
could be significantly higher than ∼104 cm−3 because the
peak ionization is only a few percent for such weak shocks
(Morse et al. 1993). The most distant bow shock in the
collimated jet flows into a preshock medium that must
flow away from the driving source at about 300 km/s in
order to be consistent with both the measured kinematics
and the observed line ratios. This is not surprising, since
evidently the large HH 311 working surface has preceded
the jet, as well as several molecular bullets (see next sec-
tion). Balancing the ram pressures in the bow shock and
Mach disk of the outer working surface in the HH 111 jet
indicates a jet-to-ambient density ratio of about 10, con-
firming that HH jets are heavy.

A long-slit STIS spectrum of the HH 111 jet obtained with
HST have yielded position-velocity diagrams in several
emission lines. The high spatial resolution allows radial
velocity measurements across individual knots, which have
revealed the sharp drops in velocity expected from the in-
ternal working surface model (Raga et al. 2002a). The
knot velocities and positions can be successfully modeled
with two velocity periods, a sinusoidal mode with a mean
velocity of 290 km/s, a period of 950 yr and a 45 km/s
half-amplitude, combined with a ’saw-tooth’ mode (linear

Figure 3: The base of the HH 111 jet as seen in a mosaic
of HST WFPC2 optical images (top) and HST NICMOS
IR images (bottom). The driving source is seen as a red
dot at the center of the IR image. The distance from the
source to the large bow shock (HH 111L) is 43”. From
Reipurth et al. (1999).

rises in velocity followed by sudden drops) with a 60 yr
period and 30 km/s half-amplitude (Raga et al. 2002b).
Analytical and numerical jet models based on these modes
show a surprisingly good agreement with the appearance
of HH 111 (Masciadri et al. 2002).

In the near-infrared, the HH 111 jet emits mostly in molec-
ular hydrogen. More knots become visible in the infrared
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in the embedded eastern lobe, and we found that there
is a remarkable symmetry between the blue and red lobe
(Gredel & Reipurth 1993, 1994). The proper motions indi-
cate velocities that far exceed the dissociation speed limit
for H2 in molecular shocks, suggesting that while the bulk
speed of the jet is high, the internal relative velocities are
much smaller, giving rise to shocks weak enough to excite
H2 without dissociation (Coppin et al. 1998, Davis et al.
2001, Nisini et al. 2002). The molecular hydrogen images
also reveal a second bipolar outflow at large angles to the
HH 111 jet, but originating from the same source, suggest-
ing that the source is a close binary (Gredel & Reipurth
1993,1994).

Molecular Outflow

After finding HH 111 it was natural to study it at mil-
limeter wavelengths. Michael Olberg and I used the 15m
SEST at La Silla to observe the jet region at 12CO, and
we found a major molecular outflow, with a large red lobe
where the jet moves into or along the L1617 cloud, and a
short stubby blue lobe where the jet escapes from its dense
core (Reipurth & Olberg 1991). Pepe Cernicharo and I
followed this up with more sensitive and better resolved
observations which showed that the blue lobe is in fact a
collimated high-velocity molecular outflow, and using the
known inclination to the plane of the sky we found that
the flow contains CO with space velocities reaching up to
500 km/s! To our surprise, further out and precisely along
the flow axis, three equidistant CO bullets with space ve-
locities of about 240 km/s were found, but without any
corresponding optical emission, although the bullets are
located in regions with negligible extinction (Cernicharo
& Reipurth 1996). The bullets are hot, as expected for ac-
tively shocked material, and they are dense, and likely rep-
resent mostly jet material ejected from the central source
(Hatchell et al. 1999). It appears that the jet and the hot
CO bullets are driving the large-scale molecular outflow
through entrainment of gas.

The HH 111 molecular outflow has been mapped at high
spatial resolution with several interferometers, which have
revealed that the molecular gas is distributed in a hollow
cylinder surrounding the optical jet, precisely as expected
of a jet entraining and accelerating the ambient gas, see
Figure 4 (Nagar et al. 1997, Lee et al. 2000, Lefloch et
al. 2007). The separation of the cavity walls is about
8”–10”, which matches the transverse size of the wings in
the larger optical bow shocks. The hot CO bullets are
resolved into structures that are flattened perpendicular
to the flow direction, mimicking the morphology of extinct
bow shocks. Optical long-slit spectra across the jet axis
show a velocity stratification such that the fastest material
is on the jet axis, which is consistent with the entrainment
of ambient low velocity material (Riera et al. 2001).

Figure 4: BIMA interferometric observations of 12CO J =
1-0 emission in the HH 111 molecular outflow superposed
on the optical HST image. The molecular flow cavity sur-
rounding the jet is evident. From Nagar et al. (1997)

Source

At the base of the HH 111 jet is the embedded source
IRAS 05491+0247, a Class I source with a luminosity of
∼25 L⊙. The source is surrounded by an infalling envelope
with a central circumstellar disk with Keplerian rotation
oriented perpendicular to the flow axis, see Figure 5 (Yang
et al. 1997, Lee et al. 2009, Lee 2010, 2011).

Our near-infrared HST observations (Figures 3 and 5)
show the source itself, and also a second source 3” to
the west, both of which were also detected with the VLA
and labeled VLA 1 and VLA 2 (Reipurth et al. 1999),
thus forming a wide binary with a projected separation
of ∼1200 AU. High angular-resolution VLA observations
additionally show that VLA 1 drives quadrupolar thermal
jets, supporting the earlier conclusion that VLA 1 itself is
an unresolved binary (Rodŕıguez et al. 2008, Gómez et al.
2013). Such a close binary would induce subtle wiggles of
the jet axis, and this is indeed what is observed (Noriega-
Crespo et al. 2011). VLA 1 and 2 are rather different,
with VLA 1 suffering significant extinction and driving a
major outflow, while VLA 2 has little extinction and no
outflow activity. It is also puzzling that both stars are lo-
cated outside and on opposite sides of the dark ridge seen
in the HST NICMOS images.

These features can be explained if we assume that the
triple system until recently formed a non-hierarchical triple
system located inside the dark lane. Such triple systems
are inherently unstable and decay within about a hun-
dred crossing times, ejecting one member into a distant
orbit or into an escape. If the crossing time is tcr ∼
0.17(R3/M)1/2, where R is a characteristic length scale
for the system in AU, M is the total system mass in M⊙
and tcr is in yr (Anosova 1986), and we assume the non-
hierarchical triple members were formed within 150 AU of
each other with a total mass of 2 M⊙ (e.g. 1.1, 0.8, 0.1
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M⊙), then statistically a member is ejected after 22,000
yr, that is, during the protostellar stage (Reipurth et al.
1999).

We can now understand the entire HH 111 flow complex
in terms of the dynamical evolution of a triple system.
The three bodies initially move chaotically inside the in-
falling cloud core, but at some point they have a socalled
close triple encounter, during which the three bodies ex-
change energy and momentum (Reipurth 2000). This is
likely the event that led to the formation of the giant bow
shocks HH 113 and HH 311. As a result of this close
triple encounter, one body is ejected into a wide orbit,
while the other two form a closer binary which numerical
simulations show is in a highly eccentric orbit. This bi-
nary is moving in a viscous medium, and so slowly spirals
in (Stahler 2010). This orbital contraction causes grad-
ually more frequent and closer periastron passages, until
the circumstellar disks of the two components start to in-
teract. Disk-disk collisions cause major perturbations to
the disks and likely result in accretion events and ensuing
outflow activity. In this scenario, we can then read the
HH 111 jet complex as a fossil record of the orbital evo-
lution of a newborn protostellar binary that is spiraling
in. The third body, VLA 2, is most of the time outside
the infalling envelope, and I call such protostellar bodies
for orphans (Reipurth et al. 2010). VLA 2 is likely to
be held only tenuously, and following one of its periastron
passages it will probably be released and will gently flow
away. If VLA 2 did not get enough mass, while it was still
inside the envelope, to eventually burn hydrogen, it will
forever remain a brown dwarf (Reipurth & Clarke 2001).

Figure 5: A map of 1.33 mm continuum emission on the
HST NICMOS image. Grey and green contours are from
the restored map and the CLEAN component map. From
Lee (2010).
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Abstracts of recently accepted papers

The WISE Catalog of Galactic HII Regions
Loren Anderson1, Thomas Bania2, Dana Balser3, Virginia Cunningham1, Trey Wenger4, Brittany
Johnstone1 and William Armentrout1

1 West Virginia University, USA
2 Boston University, USA
3 NRAO, USA
4 University of Virginia, USA

E-mail contact: loren.anderson at mail.wvu.edu

Using data from the all-sky Wide-Field Infrared Survey Explorer (WISE) satellite, we made a catalog of over 8000
Galactic HII regions and HII region candidates by searching for their characteristic mid-infrared (MIR) morphology.
WISE has sufficient sensitivity to detect the MIR emission from HII regions located anywhere in the Galactic disk.
We believe this is the most complete catalog yet of regions forming massive stars in the Milky Way. Of the ∼8000
cataloged sources, ∼1500 have measured radio recombination line (RRL) or Hα emission, and are thus known to be
HII regions. This sample improves on previous efforts by resolving HII region complexes into multiple sources and by
removing duplicate entries. There are 2500 candidate HII regions in the catalog that are spatially coincident with
radio continuum emission. Our group’s previous RRL studies show that ∼95% of such targets are HII regions. We find
that ∼500 of these candidates are also positionally associated with known HII region complexes, so the probability of
their being bona fide HII regions is even higher. At the sensitivity limits of existing surveys, ∼4000 catalog sources
show no radio continuum emission. Using data from the literature, we find distances for ∼1500 catalog sources, and
molecular velocities for ∼1500 HII region candidates.

Accepted by ApJS

http://arxiv.org/pdf/1312.6202

Play with catalog here: http://astro.phys.wvu.edu/wise

HD 106906 b: A planetary-mass companion outside a massive debris disk
Vanessa Bailey1, Tiffany Meshkat2, Megan Reiter1, Katie Morzinski1, Jared Males1, Kate Y.L. Su1,
Philip M. Hinz1, Matthew Kenworthy2, Daniel Stark1, Eric Mamajek3, Runa Briguglio4, Laird M.
Close1, Katherine B. Follette1, Alfio Puglisi4, Timothy Rodigas1,5, Alycia J. Weinberger5, and Marco
Xompero4

1 Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721, USA
2 Leiden Observatory, Leiden University, P.O. Box 9513, 2300 RA Leiden, The Netherlands
3 Department of Physics and Astronomy, University of Rochester, Rochester, NY 14627-0171, USA
4 Osservatorio Astrofisico di Arcetri, Largo Enrico Fermi 5, I-50125 Firenze, Italy
5 Carnegie Institution of Washington, Department of Terrestrial Magnetism, 5241 Broad Branch Road NW, Washing-
ton, DC 20015, USA

E-mail contact: vbailey at as.arizona.edu

We report the discovery of a planetary-mass companion, HD 106906 b, with the new Magellan Adaptive Optics
(MagAO) + Clio2 system. The companion is detected with Clio2 in three bands: J , KS, and L′, and lies at a
projected separation of 7.′′1’ (650 AU). It is confirmed to be comoving with its 13±2 Myr-old F5 host using Hubble
Space Telescope/Advanced Camera for Surveys astrometry over a time baseline of 8.3 yr. DUSTY and COND
evolutionary models predict the companion’s luminosity corresponds to a mass of 11±2 MJup, making it one of the
most widely separated planetary-mass companions known. We classify its Magellan/Folded-Port InfraRed Echellette
J/H/K spectrum as L2.5±1; the triangular H-band morphology suggests an intermediate surface gravity. HD 106906
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A, a pre-main-sequence Lower Centaurus Crux member, was initially targeted because it hosts a massive debris disk
detected via infrared excess emission in unresolved Spitzer imaging and spectroscopy. The disk emission is best fit
by a single component at 95 K, corresponding to an inner edge of 15–20 AU and an outer edge of up to 120 AU. If
the companion is on an eccentric (e > 0.65) orbit, it could be interacting with the outer edge of the disk. Close-in,
planet-like formation followed by scattering to the current location would likely disrupt the disk and is disfavored.
Furthermore, we find no additional companions, though we could detect similar-mass objects at projected separations
>35 AU. In situ formation in a binary-star-like process is more probable, although the companion-to-primary mass
ratio, at <1%, is unusually small.

Accepted by ApJL

http://arxiv.org/pdf/1312.1265

The Dense Gas Mass Fraction of Molecular Clouds in the Milky Way
A.J. Battisti1, M.H. Heyer1

1 Department of Astronomy, University of Massachusetts, Amherst, MA 01003, USA

E-mail contact: abattist at astro.umass.edu

The mass fraction of dense gas within giant molecular clouds (GMCs) of the Milky Way is investigated using 13CO
data from the FCRAO Galactic Plane Surveys and the Bolocam Galactic Plane Survey (BGPS) of 1.1 mm dust
continuum emission. A sample of 860 compact dust sources are selected from the BGPS catalog and kinematically
linked to 344 clouds of extended (> 3′) 13CO J=1–0 emission. Gas masses are tabulated for the full dust source
and subregions within the dust sources with mass surface densities greater than 200 M⊙ pc−2, which are assumed
to be regions of enhanced volume density. Masses of the parent GMCs are calculated assuming optically thin 13CO
J=1-0 emission and LTE conditions. The mean fractional mass of dust sources to host GMC mass is 0.11+0.12

−0.06. The

high column density subregions comprise 0.07+0.13
−0.05 of the mass of the cloud. Owing to our assumptions, these values

are upper limits to the true mass fractions. The fractional mass of dense gas is independent of GMC mass and gas
surface density. The low dense gas mass fraction suggests that the formation of dense structures within GMCs is the
primary bottleneck for star formation. The distribution of velocity differences between the dense gas and the low
density material along the line of sight is also examined. We find a strong, centrally peaked distribution centered on
zero velocity displacement. This distribution of velocity differences is modeled with radially converging flows towards
the dense gas position that are randomly oriented with respect to the observed line of sight. These models constrain
the infall velocities to be 2–4 km s−1 for various flow configurations.

Accepted by ApJ

http://arxiv.org/pdf/1312.0643

Gas structure inside dust cavities of transition disks: Oph IRS 48 observed by ALMA
Simon Bruderer1, Nienke van der Marel2, Ewine F. van Dishoeck2,1 and Tim A. van Kempen2

1 Max-Planck-Institut für Extraterrestrische Physik, Giessenbachstrasse 1, 85748 Garching, Germany
2 Leiden Observatory, Leiden University, P.O. Box 9513, 2300 RA Leiden, The Netherlands

E-mail contact: simonbr at mpe.mpg.de

Context. Transition disks are recognized by the absence of emission of small dust grains inside a radius of up to several
10s of AUs. Due to the lack of angular resolution and sensitivity, the gas content of such dust holes has not yet been
determined, but is of importance to constrain the mechanism leading to the dust holes. Transition disks are thought
to currently undergo the process of dispersal, setting an end to the giant planet formation process.
Aims. We present new high-resolution observations with the Atacama Large Millimeter/submillimeter Array (ALMA)
of gas lines towards the transition disk Oph IRS 48 previously shown to host a large dust trap. ALMA has detected
the J = 6 − 5 line of 12CO and C17O around 690 GHz (434 µm) at a resolution of ∼0.25′′ corresponding to ∼30 AU
(FWHM). The observed gas lines are used to set constraints on the gas surface density profile.
Method. New models of the physical-chemical structure of gas and dust in Oph IRS 48 are developed to reproduce the
CO line emission together with the spectral energy distribution (SED) and the VLT-VISIR 18.7 µm dust continuum
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images. Integrated intensity cuts and the total spectrum from models having different trial gas surface density profiles
are compared to observations. The main parameters varied are the drop of gas surface density inside the dust free
cavity with a radius of 60 AU and inside the gas depleted innermost 20 AU. Using the derived surface density profiles,
predictions for other CO isotopologues are made, which can be tested by future ALMA observations of the object.
Results. From the ALMA data we find a total gas mass of the disk of 1.4×10−4 M⊙. This gas mass yields a gas-to-dust
ratio of ∼10, but with considerable uncertainty. Inside 60 AU, the gas surface density drops by a factor of ∼12 for an
assumed surface density slope of γ = 1 (Σ ∝ r−γ). Inside 20 AU, the gas surface density drops by a factor of at least
110. The drops are measured relative to the extrapolation to small radii of the surface density law at radii >60 AU.
The inner radius of the gas disk at 20 AU can be constrained to better than ±5 AU.
Conclusions. The derived gas surface density profile points to the clearing of the cavity by one or more massive
planet/companion rather than just photoevaporation or grain-growth.

Accepted by Astronomy & Astrophysics

http://arxiv.org/pdf/1312.2756

The Carbon Inventory in a Quiescent, Filamentary Molecular Cloud in G328
Michael Burton1, Michael Ashley1, Catherine Braiding1, John Storey1, Craig Kulesa2, David Hollenbach3,
Mark Wolfire4, Christian Glueck5 and Gavin Rowell6

1 University of New South Wales, Australia
2 University of Arizona, USA
3 SETI Institute, USA
4 University of Maryland, USA
5 Universitat zu Koln, Germany
6 University of Adelaide, Australia

E-mail contact: m.burton at unsw.edu.au

We present spectral line images of [CI] 809GHz, CO J=1–0 115 GHz and HI 1.4GHz line emission, and calculate
the corresponding C, CO and H column densities, for a sinuous, quiescent Giant Molecular Cloud about 5 kpc distant
along the l = 328◦ sightline (hereafter G328) in our Galaxy. The [CI] data comes from the High Elevation Antarctic
Terahertz (HEAT) telescope, a new facility on the summit of the Antarctic plateau where the precipitable water
vapor falls to the lowest values found on the surface of the Earth. The CO and HI datasets come from the Mopra
and Parkes/ATCA telescopes, respectively. We identify a filamentary molecular cloud, ∼ 75 × 5 pc long with mass
∼ 4 × 104 M⊙ and a narrow velocity emission range of just 4 km/s. The morphology and kinematics of this filament
are similar in CO, [CI] and HI, though in the latter appears as self-absorption. We calculate line fluxes and column
densities for the three emitting species, which are broadly consistent with a PDR model for a GMC exposed to
the average interstellar radiation field. The [C/CO] abundance ratio averaged through the filament is found to be
approximately unity. The G328 filament is constrained to be cold (TDust < 20K) by the lack of far–IR emission, to
show no clear signs of star formation, and to only be mildly turbulent from the narrow line width. We suggest that it
may represent a GMC shortly after formation, or perhaps still be in the process of formation.

Accepted by The Astrophysical Journal

Large scale IRAM 30 m CO-observations in the giant molecular cloud complex W43
P. Carlhoff1, Q. Nguyen Luong2, P. Schilke1, F. Motte3, N. Schneider4 and H. Beuther5

1 1. Physikalisches Institut, Universität zu Köln, Zülpicher Str. 77, 50937, Köln, Germany
2 Canadian Institute for Theoretical Astrophysics - CITA, University of Toronto, Toronto, Ontario, M5S 3H8, Canada
3 Laboratoire AIM, CEA/IRFU - CNRS/INSU - Universit Paris Diderot, Service d’Astrophysique, Bât. 709, CEA-
Saclay, 91191, Gif-sur-Yvette Cedex, France
4 Univ. Bordeaux, LAB, UMR 5804, 33270, Floirac, France; CNRS, LAB, UMR 5804, 33270, Floirac, France
5 Max-Planck-Institut für Astronomie, Königsstuhl 17, 69117, Heidelberg, Germany

E-mail contact: carlhoff at ph1.uni-koeln.de

We aim to fully describe the distribution and location of dense molecular clouds in the giant molecular cloud complex
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W43. It was previously identified as one of the most massive star-forming regions in our Galaxy. To trace the
moderately dense molecular clouds in the W43 region, we initiated W43-HERO, a large program using the IRAM 30
m telescope, which covers a wide dynamic range of scales from 0.3 to 140 pc. We obtained on-the-fly-maps in 13CO
(2-1) and C18O (2-1) with a high spectral resolution of 0.1 km s−1 and a spatial resolution of 12′′. These maps cover
an area of ∼1.5 square degrees and include the two main clouds of W43 and the lower density gas surrounding them.
A comparison to Galactic models and previous distance calculations confirms the location of W43 near the tangential
point of the Scutum arm at approximately 6 kpc from the Sun. The resulting intensity cubes of the observed region
are separated into subcubes, which are centered on single clouds and then analyzed in detail. The optical depth,
excitation temperature, and H2 column density maps are derived out of the 13CO and C18O data. These results are
then compared to those derived from Herschel dust maps. The mass of a typical cloud is several 104 M⊙ while the
total mass in the dense molecular gas (>102 cm-3) in W43 is found to be ∼1.9 × 106 M⊙. Probability distribution
functions obtained from column density maps derived from molecular line data and Herschel imaging show a log-
normal distribution for low column densities and a power-law tail for high densities. A flatter slope for the molecular
line data probability distribution function may imply that those selectively show the gravitationally collapsing gas.

Accepted by A&A

http://arxiv.org/pdf/1308.6112

Utilitarian Opacity Model for Aggregate Particles in Protoplanetary Nebulae and Ex-
oplanet Atmospheres
Jeffrey N. Cuzzi1, Paul R. Estrada2, and Sanford S. Davis1

1 Space Science Division, Ames Research Center, NASA, USA
2 SETI Institute, USA

E-mail contact: jeffrey.cuzzi at nasa.gov

As small solid grains grow into larger ones in protoplanetary nebulae, or in the cloudy atmospheres of exoplanets, they
generally form porous aggregates rather than solid spheres. A number of previous studies have used highly sophisticated
schemes to calculate opacity models for irregular, porous particles with size much smaller than a wavelength. However,
mere growth itself can affect the opacity of the medium in far more significant ways than the detailed compositional
and/or structural differences between grain constituents once aggregate particle sizes exceed the relevant wavelengths.
This physics is not new; our goal here is to provide a model that provides physical insight and is simple to use in
the increasing number of protoplanetary nebula evolution, and exoplanet atmosphere, models appearing in recent
years, yet quantitatively captures the main radiative properties of mixtures of particles of arbitrary size, porosity,
and composition. The model is a simple combination of effective medium theory with small-particle closed-form
expressions, combined with suitably chosen transitions to geometric optics behavior. Calculations of wavelength-
dependent emission and Rosseland mean opacity are shown and compared with Mie theory. The model’s fidelity is
very good in all comparisons we have made, except in cases involving pure metal particles or monochromatic opacities
for solid particles with size comparable to the wavelength.

Accepted by ApJS

http://arxiv.org/pdf/1312.1798

Flickering of 1.3 cm Sources in Sgr B2:
Towards a Solution to the Ultracompact H ii Region Lifetime Problem
C. G. De Pree1, T. Peters2, M.-M. Mac Low3, D. J. Wilner4, W. M. Goss5, R. Galván-Madrid6, E. R.
Keto4, R. S. Klessen7 and A. Monsrud1

1 Agnes Scott College, 141 E. College Ave., Decatur, GA 30030, USA
2 Institut für Theoretische Physik, Universität Zürich, Zürich, Switzerland
3 American Museum of Natural History, New York, NY, USA
4 Harvard-Smithsonian CfA, Cambridge, MA, USA
5 National Radio Astronomy Observatory, USA
6 European Southern Observatory, Karl-Schwarzschild-Str. 2, D-85748 Garching, Germany
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7 Universität Heidelberg, Zentrum für Astronomie, Institut für Theoretische Astrophysik, Albert-Ueberle-Str. 2, 69120
Heidelberg, Germany

E-mail contact: cdepree at agnesscott.edu

Accretion flows onto massive stars must transfer mass so quickly that they are themselves gravitationally unstable,
forming dense clumps and filaments. These density perturbations interact with young massive stars, emitting ionizing
radiation, alternately exposing and confining their H ii regions. As a result, the H ii regions are predicted to flicker
in flux density over periods of decades to centuries rather than increasing monotonically in size as predicted by
simple Spitzer solutions. We have recently observed the Sgr B2 region at 1.3 cm with the VLA in its three hybrid
configurations (DnC, CnB and BnA) at a resolution of ∼0.25”. These observations were made to compare in detail
with matched continuum observations from 1989. At 0.25” resolution, Sgr B2 contains 41 UC H ii regions, 6 of which
are hypercompact. The new observations of Sgr B2 allow comparison of relative peak flux densites for the H ii regions
in Sgr B2 over a 23 year time baseline (1989-2012) in one of the most source-rich massive star forming regions in the
Milky Way. The new 1.3 cm continuum images indicate that four of the 41 UC H ii regions exhibit significant changes
in their peak flux density, with one source (K3) dropping in peak flux density, and the other 3 sources (F10.303, F1
and F3) increasing in peak flux density. The results are consistent with statistical predictions from simulations of high
mass star formation, suggesting that they offer a solution to the lifetime problem for ultracompact H ii regions.

Accepted by The Astrophysical Journal Letters

http://arxiv.org/pdf/1312.7768

A Survey for Ground-State OH Masers Toward a Sample of Herbig-Haro Objects
A. de Witt1, M. Bietenholz1,2, R. Booth3, and M. Gaylard1

1 Hartebeesthoek Radio Astronomy Observatory, PO Box 443, Krugersdorp 1740, South Africa
2 Department of Physics and Astronomy, York University, 4700 Keele Street, Toronto, ON M3J 1P3, Canada
3 SKA South Africa, The Park, Park Road, Pinelands, 7005, South Africa

E-mail contact: alet at hartrao.ac.za

Herbig-Haro objects are regions of shocked gas and dust which are produced when collimated outflows from a protostar
interact with the surrounding dense gas. They have many similarities to supernova remnants which are interacting with
molecular clouds. 1720-MHz OH masers have been identified towards a number of interacting supernova remnants.
Observations and models indicate that these masers are shock excited and are produced behind C-type shocks. If
conditions behind the shock fronts of Herbig-Haro objects are similarly able to support 1720-MHz OH masers they
could be a useful diagnostic tool for star formation. We therefore searched for 1720-MHz OH maser emission towards a
sample of 97 Herbig-Haro objects using the Green Bank radio telescope. We detected 1720-MHz OH lines in emission
in 17 of them, but neither their spectral signature nor follow-up observations with the Very Large Array showed any
conclusive evidence of maser emission. We conclude that the emission detected from our single-dish observations must
be extended and most likely originates from thermal or quasi-thermal excitation processes. We also investigated the
properties of Herbig-Haro shocks more closely and conclude that despite the overall similarities to supernova remnants,
the conditions required for maser emission, in particular, a sufficient velocity-coherent column density, are not likely
to occur in Herbig-Haro objects.

Accepted by MNRAS

http://arxiv.org/pdf/1312.0793

The Ṁ–M∗ relation of pre-main sequence stars: a consequence of X-ray driven disc
evolution
B. Ercolano1,2, D. Mayr1, J.E. Owen3, G. Rosotti1,2, C.F. Manara4

1 Universitäts-Sternwarte München, Scheinerstr. 1, 81679 München, Germany
2 Excellence Cluster Origin and Structure of the Universe, Boltzmannstr.2, 85748 Garching bei München, Germany
3 Canadian Institute for Theoretical Astrophysics, 60 St. George Street, Toronto, M5S 3H8, Canada
4 European Southern Observatory, Karl-Schwarzschild-Str. 2, 85748 Garching bei München, Germany
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We analyse current measurements of accretion rates onto pre-main sequence stars as a function of stellar mass, and
conclude that the steep dependance of accretion rates on stellar mass is real and not driven by selection/detection
threshold, as has been previously feared. These conclusions are reached by means of statistical tests including a survival
analysis which can account for upper limits. The power-law slope of the Ṁ–M∗ relation is found to be in the range of
1.6–1.9 for young stars with masses lower than 1 M⊙. The measured slopes and distributions can be easily reproduced
by means of a simple disc model which includes viscous accretion and X-ray photoevaporation. We conclude that the
Ṁ–M∗ relation in pre-main sequence stars bears the signature of disc dispersal by X-ray photoevaporation, suggesting
that the relation is a straight- forward consequence of disc physics rather than an imprint of initial conditions.

Accepted by MNRAS

http://arxiv.org/pdf/1312.3154

HOPS 136: An Edge-On Orion Protostar Near the End of Envelope Infall
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Edge-on protostars are valuable for understanding the disk and envelope properties of embedded young stellar objects,
since the disk, envelope, and envelope cavities are all distinctly visible in resolved images and well constrained in
modeling. Comparing 2MASS, WISE, Spitzer, Herschel, APEX, and IRAM photometry and limits from 1.25 to 1200
µm, Spitzer spectroscopy from 5 to 40 µm, and high-resolution Hubble imaging at 1.60 and 2.05 µm to radiative
transfer modeling, we determine envelope and disk properties for the Class I protostar HOPS 136, an edge-on source
in Orion’s Lynds 1641 region. The source has a bolometric luminosity of 0.8 L⊙, a bolometric temperature of 170
K, and a ratio of submillimeter to bolometric luminosity of 0.8%. Via modeling, we find a total luminosity of 4.7
L⊙ (larger than the observed luminosity due to extinction by the disk), an envelope mass of 0.06 M⊙, and a disk
radius and mass of 450 AU and 0.002 M⊙. The stellar mass is highly uncertain but is estimated to fall between 0.4
and 0.5 M⊙. To reproduce the flux and wavelength of the near-infrared scattered-light peak in the spectral energy
distribution, we require 5.4 × 10−5 M⊙ of gas and dust in each cavity. The disk has a large radius and a mass typical
of more evolved T Tauri stars in spite of the significant remaining envelope. HOPS 136 appears to be a key link
between the protostellar and optically revealed stages of star formation.
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We present Bayesian Analysis for Nearby Young AssociatioNs II (BANYAN II), a modified Bayesian analysis for
assessing the membership of later-than-M5 objects to any of several Nearby Young Associations (NYAs). In addition
to using kinematic information (from sky position and proper motion), this analysis exploits 2MASS-WISE color-
magnitude diagrams in which old and young objects follow distinct sequences. As an improvement over our earlier
work, the spatial and kinematic distributions for each association are now modelled as ellipsoids whose axes need not
be aligned with the Galactic coordinate axes, and we use prior probabilities matching the expected populations of the
NYAs considered versus field stars. We present an extensive contamination analysis to characterize the performance
of our new method. We find that Bayesian probabilities are generally representative of contamination rates, except
when a parallax measurement is considered. In this case contamination rates become significantly smaller and hence
Bayesian probabilities for NYA memberships are pessimistic. We apply this new algorithm to a sample of 158 objects
from the literature that are either known to display spectroscopic signs of youth or have unusually red NIR colors for
their spectral type. Based on our analysis, we identify 25 objects as new highly probable candidates to NYAs, including
a new M7.5 bona fide member to Tucana-Horologium, making it the latest-type member. In addition, we reveal that
a known L2γ dwarf is co-moving with a bright M5 dwarf, and we show for the first time that two of the currently
known ultra red L dwarfs are strong candidates to the AB Doradus moving group. Several objects identified here as
highly probable members to NYAs could be free-floating planetary-mass objects if their membership is confirmed.
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We map six IRDCs with the Large APEX BOlometer CAmera (LABOCA) at APEX, reaching an rms noise level
of σrms = 28–44 mJy beam−1. The dust continuum emission coming from these IRDCs was decomposed by using
two automated algorithms, Gaussclumps and Clumpfind. Moreover, we carried out single-pointing observations of
the N2H

+ (3–2) line toward selected positions to obtain kinematic information. The mapped IRDCs are located in
the range of kinematic distances of 2.7–3.2 kpc. We identify 510 and 352 sources with Gaussclumps and Clumpfind,
respectively, and estimate masses and other physical properties assuming a uniform dust temperature. The mass
ranges are 6–2692M⊙ (Gaussclumps) and 7–4254M⊙ (Clumpfind) and the ranges in effective radius are ∼0.10–0.74 pc
(Gaussclumps) and 0.16–0.99 pc (Clumpfind). The mass distribution, independent of the decomposition method used,
is fitted by a power law, dN/dM ∝ Mα, with an index of −1.60± 0.06, consistent with the CO mass distribution and
other high-mass star-forming regions.
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We present a model for the radiative output of star clusters in the process of star formation suitable for use in
hydrodynamical simulations of radiative feedback. Gas in a clump, defined as a region whose density exceeds 104

cm−3, is converted to stars via the random sampling of the Chabrier IMF. A star formation efficiency controls the rate
of star formation. We have completed a suite of simulations which follow the evolution of accretion-fed clumps with
initial masses ranging from 0 to 105 M⊙ and accretion rates ranging from 10−5 to 10−1 M⊙ yr−1. The stellar content
is tracked over time which allows the aggregate luminosity, ionizing photon rate, number of stars, and star formation
rate (SFR) to be determined. For a fiducial clump of 104 M⊙, the luminosity is ∼ 4 × 106 L⊙ with a SFR of roughly
3 × 10−3 M⊙ yr−1. We identify two regimes in our model. The accretion-dominated regime obtains the majority
of its gas through accretion and is characterized by an increasing SFR while the reservoir-dominated regime has the
majority of its mass present in the initial clump with a decreasing SFR. We show that our model can reproduce the
expected number of O stars, which dominate the radiative output of the cluster. We find a nearly linear relationship
between SFR and mass as seen in observations. We conclude that our model is an accurate and straightforward way
to represent the output of clusters in hydrodynamical simulations with radiative feedback.
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Models of terrestrial planet formation for our solar system have been successful in producing planets with masses and
orbits similar to those of Venus and Earth. However, these models have generally failed to produce Mars-sized objects
around 1.5 AU. The body that is usually formed around Mars’ semimajor axis is, in general, much more massive
than Mars. Only when Jupiter and Saturn are assumed to have initially very eccentric orbits (e ∼ 0.1), which seems
fairly unlikely for the solar system, or alternately, if the protoplanetary disk is truncated at 1.0 AU, simulations have
been able to produce Mars-like bodies in the correct location. In this paper, we examine an alternative scenario for
the formation of Mars in which a local depletion in the density of the protosolar nebula results in a non-uniform
formation of planetary embryos and ultimately the formation of Mars-sized planets around 1.5 AU. We have carried
out extensive numerical simulations of the formation of terrestrial planets in such a disk for different scales of the local
density depletion, and for different orbital configurations of the giant planets. Our simulations point to the possibility
of the formation of Mars-sized bodies around 1.5 AU, specifically when the scale of the disk local mass-depletion is
moderately high (50–75%) and Jupiter and Saturn are initially in their current orbits. In these systems, Mars-analogs
are formed from the protoplanetary materials that originate in the regions of disk interior or exterior to the local
mass-depletion. Results also indicate that Earth-sized planets can form around 1 AU with a substantial amount of
water accreted via primitive water-rich planetesimals and planetary embryos. We present the results of our study and
discuss their implications for the formation of terrestrial planets in our solar system.
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A recent accretion burst in the low-mass protostar IRAS 15398−3359: ALMA imaging
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Low-mass protostars have been suggested to show highly variable accretion rates through-out their evolution. Such
changes in accretion, and related heating of their ambient envelopes, may trigger significant chemical variations on
different spatial scales and from source-to-source. We present images of emission from C17O, H13CO+, CH3OH, C34S
and C2H toward the low-mass protostar IRAS 15398−3359 on 0.′′5 (75 AU diameter) scales with the Atacama Large
Millimeter/submillimeter Array (ALMA) at 340 GHz. The resolved images show that the emission from H13CO+ is
only present in a ring-like structure with a radius of about 1′′–1.′′5 (150–200 AU) whereas the CO and other high
dipole moment molecules are centrally condensed toward the location of the central protostar. We propose that
HCO+ is destroyed by water vapor present on small scales. The origin of this water vapor is likely an accretion burst
during the last 100–1000 years increasing the luminosity of IRAS 15398−3359 by a factor of 100 above its current
luminosity. Such a burst in luminosity can also explain the centrally condensed CH3OH and extended warm carbon-
chain chemistry observed in this source and furthermore be reflected in the relative faintness of its compact continuum
emission compared to other protostars.
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HD 166191 has been identified by several studies as hosting a rare and extremely bright warm debris disc with an
additional outer cool disc component. However, an alternative interpretation is that the star hosts a disc that is
currently in transition between a full gas disc and a largely gas-free debris disc. With the help of new optical to
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mid-IR spectra and Herschel imaging, we argue that the latter interpretation is supported in several ways: i) we show
that HD 166191 is co-moving with the ∼4 Myr-old Herbig Ae star HD 163296, suggesting that the two have the
same age, ii) the disc spectrum of HD 166191 is well matched by a standard radiative transfer model of a gaseous
protoplanetary disc with an inner hole, and iii) the HD 166191 mid-IR silicate feature is more consistent with similarly
primordial objects. We note some potential issues with the debris disc interpretation that should be considered for
such extreme objects, whose lifetime at the current brightness is mush shorter than the stellar age, or in the case of the
outer component requires a mass comparable to the solid component of the Solar nebula. These aspects individually
and collectively argue that HD 166191 is a 4–5 Myr old star that hosts a gaseous transition disc. Though it does not
argue in favour of either scenario, we find strong evidence for 3–5 µm disc variability. We place HD 166191 in context
with discs at different evolutionary stages, showing that it is a potentially important object for understanding the
protoplanetary to debris disc transition.
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Context: HI and CO large scale surveys of the Milky Way trace the diffuse atomic clouds and the dense shielded
regions of molecular hydrogen clouds. However, until recently, we have not had spectrally resolved C+ surveys to
characterize the photon dominated interstellar medium, including, the H2 gas without C, the CO-dark H2, in a large
sample of clouds.
Aims: To use a sparse Galactic plane survey of the 1.9 THz [C II] spectral line from the Herschel Open Time Key
Programme, Galactic Observations of Terahertz C+ (GOT C+), to characterize the H2 gas without CO in a statistically
significant sample of clouds.
Methods: We identify individual clouds in the inner Galaxy by fitting [CII] and CO isotopologue spectra along each
line of sight. We combine these with HI spectra, along with excitation models and cloud models of C+, to determine
the column densities and fractional mass of CO-dark H2 clouds.
Results: We identify 1804 narrow velocity [CII] interstellar cloud components in different categories. About 840 are
diffuse molecular clouds with no CO, 510 are transition clouds containing [CII] and 12CO, but no 13CO, and the
remainder are dense molecular clouds containing 13CO emission. The CO-dark H2 clouds are concentrated between
Galactic radii 3.5 to 7.5 kpc and the column density of the CO-dark H2 layer varies significantly from cloud-to-cloud
with an average 9 × 1020 cm−2. These clouds contain a significant fraction of CO-dark H2 mass, varying from ∼75%
for diffuse molecular clouds to ∼20% for dense molecular clouds.
Conclusions: We find a significant fraction of the warm molecular ISM gas is invisible in HI and CO, but is detected in
[CII]. The fraction of CO-dark H2 is greatest in the diffuse clouds and decreases with increasing total column density,
and is lowest in the massive clouds.
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Stars form in regions of very inhomogeneous densities and may have chaotic orbital motions. This leads to a time
variation of the accretion rate, which will spread the masses over some mass range. We investigate the mass distribution
functions that arise from fluctuating accretion rates in non-linear accretion, ṁ ∝ mα. The distribution functions evolve
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in time and develop a power law tail attached to a lognormal body, like in numerical simulations of star formation.
Small fluctuations may be modelled by a Gaussian and develop a power-law tail ∝ m−α at the high-mass side for
α > 1 and at the low-mass side for α < 1. Large fluctuations require that their distribution is strictly positive, for
example, lognormal. For positive fluctuations the mass distribution function develops the power-law tail always at the
high-mass hand side, independent of α larger or smaller than unity.
Furthermore, we discuss Bondi–Hoyle accretion in a supersonically turbulent medium, the range of parameters for
which non-linear stochastic growth could shape the stellar initial mass function, as well as the effects of a distribution
of initial masses and growth times.
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We analyse a hydrodynamical simulation of star formation. Sink particles in the simulations which represent stars
show episodic growth, which is presumably accretion from a core that can be regularly replenished in response to the
fluctuating conditions in the local environment. The accretion rates follow ṁ ∝ m2/3, as expected from accretion in
a gas-dominated potential, but with substantial variations over-laid on this. The growth times follow an exponential
distribution which is tapered at long times due to the finite length of the simulation. The initial collapse masses have
an approximately lognormal distribution with already an onset of a power-law at large masses. The sink particle mass
function can be reproduced with a non-linear stochastic process, with fluctuating accretion rates ∝ m2/3, a distribution
of seed masses and a distribution of growth times. All three factors contribute equally to the form of the final sink
mass function. We find that the upper power law tail of the IMF is unrelated to Bondi-Hoyle accretion.
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The dust disk confirming the presence of an ionized disk wind in the massive young stellar object, S140-IRS1, is
resolved for the first time. The 1.3 mm continuum observations taken with the CARMA A array configuration
achieve a resolution of ∼0.12”, probing scales of 100 au. The dust disk is elongated in a direction aligned with a
previously discovered ionized disk wind. Both are perpendicular to the large scale molecular outflow and near-infrared
reflection nebula. A two-dimensional axis-symmetric radiative transfer model is used to produce synthetic images and
visibilities for comparison with the observations. Using a 2D visibility fitting method the position angle of the dusty
disk is constrained to 40◦ ± 5◦. This result confirms the disk wind nature of the radio emission from S140-IRS1 and
shows that radiation pressure on the gas in the disk is important in the later stages of the massive star formation
evolutionary sequence.
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Stellar jets are believed to play a key role in star formation, but the question of how they originate is still being
debated. We derive the physical properties at the base of the jet from DG Tau both along and across the flow and as
a function of velocity. We analysed seven optical spectra of the DG Tau jet, taken with the Hubble Space Telescope
Imaging Spectrograph. The spectra were obtained by placing a long-slit parallel to the jet axis and stepping it across
the jet width. The resulting position-velocity diagrams in optical forbidden emission lines allowed access to plasma
conditions via calculation of emission line ratios. In this way, we produced a 3-D map (2-D in space and 1-D in
velocity) of the jet’s physical parameters i.e. electron density ne, hydrogen ionisation fraction xe, and total hydrogen
density nH . The method used is a new version of the BE-technique. A fundamental improvement is that the new
diagnostic method allows us to overcome the upper density limit of the standard [S II] diagnostics. As a result, we find
at the base of the jet high electron density, ne ∼ 105, and very low ionisation, xe ∼ 0.02− 0.05, which combine to give
a total density up to nH ∼ 3 106. This analysis confirms previous reports of variations in plasma parameters along the
jet, (i.e. decrease in density by several orders of magnitude, increase of xe from 0.05 to a plateau at 0.7 downstream
at 2′′ from the star). Furthermore, a spatial coincidence is revealed between sharp gradients in the total density and
supersonic velocity jumps. This strongly suggests that the emission is caused by shock excitation. No evidence was
found of variations in the parameters across the jet, within a given velocity interval. The position-velocity diagrams
indicate the presence of both fast accelerating gas and slower, less collimated material. We derive the mass outflow
rate, Ṁj , in the blue-shifted lobe in different velocity channels, that contribute to a total of Ṁj ∼ 8 ± 4 10−9 M⊙ yr−1.
We estimate that a symmetric bipolar jet would transport at the low and intermediate velocities probed by rotation
measurements, an angular momentum flux of L̇j ∼ 2.9 ± 1.5 10−6 M⊙ yr−1 AU km s−1. We discuss implications of
these findings for jet launch theories.
The derived properties of the DG Tau jet are demonstrated to be consistent with magneto-centrifugal theory. However,
non-stationary modelling is required in order to explain all of the features revealed at high resolution.
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Context. Infrared dark clouds (IRDCs) provide a useful testbed in which to investigate the genuine initial conditions
and early stages of massive-star formation.
Aims. We attempt to characterise the chemical properties of a sample of 35 massive clumps of IRDCs through multi-
molecular line observations. We also search for possible evolutionary trends among the derived chemical parameters.
Methods. The clumps are studied using the MALT90 (Millimetre Astronomy Legacy Team 90 GHz) line survey data
obtained with the Mopra 22 m telescope. The survey covers 16 different transitions near 90 GHz. The spectral-line
data are used in concert with our previous LABOCA (Large APEX BOlometer CAmera) 870 µm dust emission data.
Results. Eleven MALT90 transitions are detected towards the clumps at least at the 3σ level. Most of the detected
species (SiO, C2H, HNCO, HCN, HCO+, HNC, HC3N, and N2H

+) show spatially extended emission towards many of
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the sources. Most of the fractional abundances of the molecules with respect to H2 are found to be comparable to those
determined in other recent similar studies of IRDC clumps. We found that the abundances of SiO, HNCO, and HCO+

are higher in IR-bright clumps than in IR-dark sources, reflecting a possible evolutionary trend. A hint of this trend
is also seen for HNC and HC3N. An opposite trend is seen for the C2H and N2H

+ abundances. Moreover, a positive
correlation is found between the abundances of HCO+ and HNC, and between those of HNC and HCN. The HCN and
HNC abundances also appear to increase as a function of the N2H

+ abundance. The HNC/HCN and N2H
+/HNC

abundance ratios are derived to be near unity on average, while that of HC3N/HCN is ∼ 10%. The N2H
+/HNC ratio

appears to increase as the clump evolves, while the HNC/HCO+ ratio shows the opposite behaviour.
Conclusions. The detected SiO emission is probably caused by shocks driven by outflows in most cases, although
shocks resulting from the cloud formation process could also play a role. Shock-origin for the HNCO, HC3N, and
CH3CN emission is also plausible. The average HNC/HCN ratio is in good agreement with those seen in other IRDCs,
but gas temperature measurements would be neeeded to study its temperature dependence. Our results support the
finding that C2H can trace the cold gas, and not just the photodissociation regions. The HC3N/HCN ratio appears
to be comparable to the values seen in other types of objects, such as T Tauri disks and comets.
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In an improved model of protostar mass functions (PMFs), protostars gain mass from isothermal cores in turbulent
clumps. Their mass accretion rate is similar to Shu accretion at low mass, and to reduced Bondi accretion at high
mass. Accretion durations follow a simple expression in which higher-mass protostars accrete for longer times. These
times are set by ejections, stellar feedback, and gravitational competition, which terminate accretion and reduce its
efficiency. The mass scale is the mass of a critically stable isothermal core. In steady state, the PMF approaches a
power law at high mass due to competition between clump accretion and accretion stopping. The power law exponent
is the ratio of the time scales of accretion and accretion stopping. The luminosity function (PLF) peaks near 1 L⊙,
due to inefficient accretion of core gas. Models fit observed PLFs in four large embedded clusters. These indicate that
their underlying PMFs may be top-heavy compared to the IMF, depending on the model of protostar radius.
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709, CEA-Saclay, F-91191, Gif-sur-Yvette Cedex, France
3 I. Physikalisches Institut, Universität zu Köln, Zülpicher Str. 77, D-50937 Köln, Germany
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The formation of high-mass stars is tightly linked to that of their parental clouds. Here, we focus on the high-density
parts of W43, a molecular cloud undergoing an efficient event of star formation. Using a column density image derived
from Herschel continuum maps, we identify two high-density filamentary clouds, called the W43-MM1 and W43-MM2
ridges. Both have gas masses of 2.1 × 104 M⊙ and 3.5 × 104 M⊙ above ¿1023, cm−2 and within areas of 6 and 14 pc2,
respectively. The W43-MM1 and W43-MM2 ridges are structures that are coherent in velocity and gravitationally
bound, despite their large velocity dispersion measured by the N2H

+ (1-0) lines of the W43-HERO IRAM large
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program. Another intriguing result is that these ridges harbor widespread ( 10 pc2) bright SiO (2-1) emission, which
we interpret to be the result of low-velocity shocks (<=10 km s−1). We measure a significant relationship between the
SiO (2-1) luminosity and velocity extent and show that it distinguishes our observations from the high-velocity shocks
associated with outflows. We use state-of-the-art shock models to demonstrate that a small percentage (10%) of Si
atoms in low-velocity shocks, observed initially in gas phase or in grain mantles, can explain the observed SiO column
density in the W43 ridges. The spatial and velocity overlaps between the ridges of high-density gas and the shocked
SiO gas suggest that ridges could be forming via colliding flows driven by gravity and accompanied by low-velocity
shocks. This mechanism may be the initial conditions for the formation of young massive clusters.
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We investigate protostellar outflow evolution, gas entrainment, and star formation efficiency using radiation-hydrodynamic
simulations of isolated, turbulent low-mass cores. We adopt an X-wind launching model, in which the outflow rate is
coupled to the instantaneous protostellar accretion rate and evolution. We vary the outflow collimation angle from θ =
0.01–0.1 and find that even well collimated outflows effectively sweep up and entrain significant core mass. The Stage
0 lifetime ranges from 0.14–0.19 Myr, which is similar to the observed Class 0 lifetime. The star formation efficiency
of the cores spans 0.41–0.51. In all cases, the outflows drive strong turbulence in the surrounding material. Although
the initial core turbulence is purely solenoidal by construction, the simulations converge to approximate equipartition
between solenoidal and compressive motions due to a combination of outflow driving and collapse. When compared
to a simulation of a cluster of protostars, which is not gravitationally centrally condensed, we find that the outflows
drive motions that are mainly solenoidal. The final turbulent velocity dispersion is about twice the initial value of
the cores, indicating that an individual outflow is easily able to replenish turbulent motions on sub-parsec scales. We
post-process the simulations to produce synthetic molecular line emission maps of 12CO, 13CO, and C18O and evaluate
how well these tracers reproduce the underlying mass and velocity structure.
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We report the detection of an ordered magnetic field threading a cluster-forming clump in the molecular cloud G35.2-
0.74 using Submillimeter Array observations of polarized dust emission. We resolve the morphology of the magnetic
field in the plane of sky and detect a great turn of 90◦ in the field direction: over the northern part of the clump,
where a velocity gradient is evident, the magnetic field is aligned along the long axis of the clump, whereas in the
southern part, where the velocity structure appears relatively uniform, the field is aligned perpendicular to the clump.
Taking into account early single-disk data, we suggest that the clump forms as its parent cloud collapses more along
the magnetic field. The northern part of the clump carries over angular momentum from the cloud, forming a fast
rotating system, and the magnetic field is pulled into a toroidal configuration. In contrast, the southern part is not
significantly rotating and retains a poloidal field. A statistical analysis of the observed polarization dispersion yields
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a field strength of ∼1 mG. Detailed calculations support our hypothesis of a rotationally twisted magnetic field in
the northern part. The observations suggest that the magnetic field may play a critical role in the formation of the
dense clump, while in its further dynamical evolution, rotation and turbulence can also be important. In addition, our
observations provide evidence for a wide-angle outflow driven from a strongly rotating region whose magnetic field is
largely toroidal.
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We study the evolution of circumstellar disks in 22 young (1 to 100 Myr) nearby (within 500 pc) associations over the
entire mass spectrum using photometry covering from the optical to the mid-infrared. We compiled a catalog of 2340
spectroscopically-confirmed members of these nearby associations. We analyzed their spectral energy distributions
and searched for excess related to the presence of protoplanetary disks in a homogeneous way. Sensitivity limits and
spatial completeness were also considered. We derive disk fractions as probed by mid-infrared excess in these regions.
The unprecedented size of our sample allows us to confirm the timescale of disk decay reported in the literature and
to find new trends. The fraction of excess sources increases systematically if measured at longer wavelengths. Disk
percentages derived using different wavelength ranges should therefore be compared with caution. The dust probed
at 22–24 µm evolves slower than that probed at shorter wavelengths (3.4–12 µm). Assuming an exponential decay, we
derive a timescale τ = 4.2–5.8 Myr at 22–24 µm for primordial disks, compared to 2–3 Myr at shorter wavelength (3.4–
12 µm). Primordial disks disappear around 10 Myr, matching in time a brief increase of the number of ‘evolved’ disks.
The increase in timescale of excess decay at longer wavelength is compatible with inside-out disk clearing scenarios.
The increased timescale of decay and larger dispersion in the distribution of disk fractions at 22–24 µm suggest that
the inner and outer zones evolve differently, the latter potentially following a variety of evolutionary paths. The drop
of primordial disks and the coincident rise of evolved disks at 10 Myr are compatible with planet formation theories
suggesting that the disappearance of the gas is immediately followed by the dynamical stirring of the disk.
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Massive stars rapidly change their masses through strong stellar winds and mass transfer in binary systems. We
show that such mass changes leave characteristic signatures in stellar mass functions of young star clusters which can
be used to infer their ages and to identify products of binary evolution. We model the observed present day mass
functions of the young Galactic Arches and Quintuplet star clusters using our rapid binary evolution code. We find
that shaping of the mass function by stellar wind mass loss allows us to determine the cluster ages to 3.5±0.7 Myr and
4.8±1.1 Myr, respectively. Exploiting the effects of binary mass exchange on the cluster mass function, we find that
the most massive stars in both clusters are rejuvenated products of binary mass transfer, i.e. the massive counterpart
of classical blue straggler stars. This resolves the problem of an apparent age spread among the most luminous stars
exceeding the expected duration of star formation in these clusters. We perform Monte Carlo simulations to probe
stochastic sampling, which support the idea of the most massive stars being rejuvenated binary products. We find
that the most massive star is expected to be a binary product after 1.0±0.7 Myr in Arches and after 1.7±1.0 Myr
in Quintuplet. Today, the most massive 9±3 stars in Arches and 8±3 in Quintuplet are expected to be such objects.
Our findings have strong implications for the stellar upper mass limit and solve the discrepancy between the claimed
150 M⊙ limit and observations of fours stars with initial masses of 165–320 M⊙ in R136 and of SN 2007bi, which is
thought to be a pair-instability supernova from an initial 250 M⊙ star. Using the stellar population of R136, we revise
the upper mass limit to values in the range 200–500 M⊙.
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The IC1396A globule in the young cluster Tr37, hosting many young stars and protostars, is assumed to be a site of
triggered star formation. We mapped IC1396A with Herschel/PACS at 70 and 160 micron. The Herschel maps trace
in great detail the very embedded protostellar objects and the structure of the cloud. PACS data reveal a previously
unknown Class 0 object (IC1396A-PACS-1) located behind the ionization front. IC1396A-PACS-1 is not detectable
with Spitzer, but shows marginal X-ray emission. The data also allowed to study three of the Class I intermediate-mass
objects within the cloud. We derived approximate cloud temperatures to study the effect and potential interactions
between the protostars and the cloud. The Class 0 object is associated with the densest and colder part of IC1396A.
Heating in the cloud is dominated by the winds and radiation of the O6.5 star HD 206267 and, to a lesser extent,
by the effects of the Herbig Ae star V 390 Cep. The surroundings of the Class I and Class II objects embedded in
the cloud also appear warmer than the sourceless areas, although most of the low-mass objects cannot be individually
extracted due to distance and beam dilution. The observations suggest that at least two episodes of star formation
have occurred in IC1396A. One would have originated the known, 1 Myr-old Class I and II objects in the cloud, and
a new wave of star formation would have produced the Class 0 source at the tip of the brigth-rimmed cloud. From its
location and properties, IC1396A-PACS-1 is consistent with triggering via radiative driven implosion (RDI) induced
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by HD 206267. The mechanisms behind the formation of the more evolved population of Class I/II/III objects in the
cloud are uncertain. Heating of most of the remaining cloud by Class I/Class II objects and by HD 206267 itself may
preclude further star formation in the region.
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We mapped five massive star forming regions with the SCUBA-2 camera on the James Clerk Maxwell Telescope
(JCMT). Temperature and column density maps are obtained from the SCUBA-2 450 and 850 µm images. Most
of the dense clumps we find have central temperatures below 20 K with some as cold as 8 K, suggesting that they
have no internal heating due to the presence of embedded protostars. This is surprising, because at the high densities
inferred from these images and at these low temperatures such clumps should be unstable, collapsing to form stars
and generating internal heating. The column densities at the clump centres exceed 1023 cm−2, and the derived peak
visual extinction values are from 25-500 mag for β = 1.5-2.5, indicating highly opaque centres. The observed cloud
gas masses range from ∼ 10 to 103 M⊙. The outer regions of the clumps follow an r−2.36±0.35 density distribution
and this power-law structure is observed outside of typically 104 AU. All these findings suggest that these clumps are
high-mass starless clumps and most likely contain high-mass starless cores.
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The dust cloud TGU H645 P2 and embedded in it young open cluster NGC 7129 are investigated using the results of
medium-band photometry of 159 stars in the Vilnius seven-colour system down to V = 18.8 mag. The photometric
data were used to classify about 50% of the measured stars in spectral and luminosity classes. The extinction AV vs.
distance diagram for the 20′ × 20′ area is plotted for 155 stars with two-dimensional classification from the present
and the previous catalogues. The extinction values found range between 0.6 and 3.4 mag. However, some red giants,
located in the direction of the dense parts of the cloud, exhibit the infrared extinction equivalent up to AV = 13
mag. The distance to the cloud (and the cluster) is found to be 1.15 kpc (the true distance modulus 10.30 mag). For
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determining the age of NGC 7129, a luminosity vs. temperature diagram for six cluster members of spectral classes
B3 to A1 was compared with the Pisa pre-main-sequence evolution tracks and the Palla birthlines. The cluster can be
as old as about 3 Myr, but star forming continues till now as witnessed by the presence in the cloud of many younger
pre-main-sequence objects identified with photometry from 2MASS, Spitzer and WISE infrared surveys.
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In the core-accretion model the nominal runaway gas-accretion phase brings most planets to multiple Jupiter masses.
However, known giant planets are predominantly Jupiter-mass bodies. Obtaining longer timescales for gas accretion
may require using realistic equations of states, or accounting for the dynamics of the circumplanetary disk (CPD) in low-
viscosity regime, or both. Here we explore the second way using global, three-dimensional isothermal hydrodynamical
simulations with 8 levels of nested grids around the planet. In our simulations the vertical inflow from the circumstellar
disk (CSD) to the CPD determines the shape of the CPD and its accretion rate. Even without prescribed viscosity
Jupiter’s mass-doubling time is ∼104 years, assuming the planet at 5.2 AU and a Minimum Mass Solar Nebula.
However, we show that this high accretion rate is due to resolution-dependent numerical viscosity. Furthermore, we
consider the scenario of a layered CSD, viscous only in its surface layer, and an inviscid CPD. We identify two planet-
accretion mechanisms that are independent of the viscosity in the CPD: (i) the polar inflow – defined as a part of
the vertical inflow with a centrifugal radius smaller than 2 Jupiter-radii and (ii) the torque exerted by the star on the
CPD. In the limit of zero effective viscosity, these two mechanisms would produce an accretion rate 40 times smaller
than in the simulation.
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Astronomical observations, analytical solutions and numerical simulations have provided the building blocks to formu-
late the current theory of young stellar object jets. Although each approach has made great progress independently, it
is only during the last decade that significant efforts are being made to bring the separate pieces together. Building on
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previous work that combined analytical solutions and numerical simulations, we apply a sophisticated cooling function
to incorporate optically thin energy losses in the dynamics. On the one hand, this allows a self-consistent treatment of
the jet evolution and on the other, it provides the necessary data to generate synthetic emission maps. Firstly, analyt-
ical disk and stellar outflow solutions are properly combined to initialize numerical two-component jet models inside
the computational box. Secondly, magneto-hydrodynamical simulations are performed in 2.5D, following properly the
ionization and recombination of a maximum of 29 ions. Finally, the outputs are post-processed to produce artificial
observational data. The first two-component jet simulations, based on analytical models, that include ionization and
optically thin radiation losses demonstrate promising results for modeling specific young stellar object outflows. The
generation of synthetic emission maps provides the link to observations, as well as the necessary feedback for the
further improvement of the available models.
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We computed the abundance of refractory elements in planetary bodies formed in stellar systems with solar chemical
composition by combining models for chemical composition and planet formation. We also consider the formation of
refractory organic compounds, which have been ignored in previous studies on this topic. We used the commercial
software package HSC Chemistry in order to compute the condensation sequence and chemical composition of refractory
minerals incorporated into planets. The problem of refractory organic material is approached with two distinct model
calculations: the first considers that the fraction of atoms used in the formation of organic compounds is removed
from the system (i.e. organic compounds are formed in the gas phase and are nonreactive); and the second assumes
that organic compounds are formed by the reaction between different compounds that had previously condensed from
the gas phase. Results show that refractory material represents more than 50 wt % of the mass of solids accreted by
the simulated planets, with up to 30 wt % of the total mass composed of refractory organic compounds. Carbide and
silicate abundances are consistent with C/O and Mg/Si elemental ratios of 0.5 and 1.02 for the Sun. Less than 1 wt
% of carbides; pyroxene and olivine in similar quantities are formed. The model predicts planets that are similar in
composition to those of the Solar system. It also shows that, starting from a common initial nebula composition, a
wide variety of chemically different planets can form, which means that the differences in planetary compositions are
due to differences in the planetary formation process. We show that a model in which refractory organic material is
absent from the system is more compatible with observations. The use of a planet formation model is essential to
form a wide diversity of planets in a consistent way.
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To study the role of protostellar jets and outflows in the time evolution of the parent cores and the protostars,
the astronomical community needs a large enough data base of infrared images of protostars at the highest spatial
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resolution possible, to reveal the details of their morphology. Spitzer provides unprecedented sensitivity in the infrared
to study both the jet and outflow features, however its spatial resolution is limited by its 0.85m mirror. Here we use
a high resolution deconvolution algorithm, “HiRes”, to improve the visualization of spatial morphology by enhancing
resolution (to sub-arcsecond levels in the IRAC bands) and removing the contaminating sidelobes from bright sources
in a sample of 89 protostellar objects. These reprocessed images are useful to detect: (i) wide angle outflow seen in
scattered light; (ii) morphological details of H2 emission in jets and bow shocks; and (iii) compact features in MIPS
24 µm images as protostar/ disk and atomic/ionic line emissions associated with the jets. The HiRes fits image data
of such a large homogeneous sample presented here will be useful to the community in studying these protostellar
objects. To illustrate the utility of this HiRes sample, we show how the opening angle of the wide angle outflows in
31 sources, all observed in the HiRes processed Spitzer images, correlates with age. Our data suggest a power law fit
to opening angle versus age with an exponent of ∼0.32 and 0.02, respectively for ages less than 8000 yr and greater
than 8000 yr.
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We report trigonometric parallax measurements of masers in the massive star forming complex W43 from VLBA
observations as part of the BeSSeL Survey. Based on measurements of three 12 GHz methanol maser sources
(G029.86−00.04, G029.95−00.01 and G031.28+00.06) and one 22 GHz water maser source (G031.58+00.07) toward
W43, we derived a distance of 5.49+0.39

−0.34 kpc to W43. By associating the masers with CO molecular clouds, and
associating the clouds kinematically with CO longitude-velocity spiral features, we assign W43 to the Scutum spiral
arm, close to the near end of the Galactic bar. The peculiar motion of W43 is about 20 km s−1 toward the Galactic
Center and is very likely induced by the gravitational attraction of the bar.
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http://arxiv.org/pdf/1312.3849

Parallaxes for W49N and G048.60+0.02: Distant Star Forming Regions in the Perseus
Spiral Arm
B. Zhang1,2, M.J. Reid3, K.M. Menten1, X.W. Zheng4, A. Brunthaler1, T.M. Dame3, Y. Xu5

1 Max-Plank-Institut für Radioastronomie, Auf dem Hügel 69, 53121 Bonn, Germany
2 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China
3 Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA
4 Department of Astronomy, Nanjing University, Nanjing 210093, China
5 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China

E-mail contact: bzhang at mpifr.de

We report trigonometric parallax measurements of 22 GHz H2Omasers in two massive star-forming regions from VLBA
observations as part of the BeSSeL Survey. The distances of 11.11+0.79

−0.69 kpc to W49N (G043.16+0.01) and 10.75+0.61
−0.55

kpc to G048.60+0.02 locate them in a distant section of the Perseus arm near the solar circle in the first Galactic
quadrant. This allows us to locate accurately the inner portion of the Perseus arm for the first time. Combining the
present results with sources measured in the outer portion of the arm in the second and third quadrants yields a global
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pitch angle of 9.5◦ ± 1.3◦ for the Perseus arm. We have found almost no H2O maser sources in the Perseus arm for
50◦ < l < 80◦, suggesting that this ≈ 6 kpc section of the arm has little massive star formation activity.

Accepted by ApJ

http://arxiv.org/pdf/1312.3856

Molecular Clouds in the North American and Pelican Nebulae: Structures
Shaobo Zhang1,2, Ye Xu1, and Ji Yang1

1 Purple Mountain Observatory, & Key Laboratory for Radio Astronomy, Chinese Academy of Sciences, Nanjing
210008, China
2 Graduate University of the Chinese Academy of Sciences, 19A Yuquan Road, Shijingshan District, Beijing 100049,
China

E-mail contact: shbzhang at pmo.ac.cn

We present observations of 4.25 square degree area toward the North American and Pelican Nebulae in the J=1–0
transitions of 12CO, 13CO, and C18O. Three molecules show different emission area with their own distinct structures.
These different density tracers reveal several dense clouds with surface density over 500 M⊙ pc−2 and a mean H2
column density of 5.8, 3.4, and 11.9 × 1021 cm−2 for 12CO, 13CO, and C18O, respectively. We obtain a total mass of
5.4 × 104 M⊙ (12CO), 2.0 × 104 M⊙ (13CO), and 6.1 × 103 M⊙ (C18O) in the complex. The distribution of excitation
temperature shows two phase of gas: cold gas (∼10 K) spreads across the whole cloud; warm gas (>20 K) outlines
the edge of cloud heated by the W80 H II region. The kinetic structure of the cloud indicates an expanding shell
surrounding the ionized gas produced by the H II region. There are six discernible regions in the cloud including the
Gulf of Mexico, Caribbean Islands and Sea, Pelican’s Beak, Hat, and Neck. The areas of 13CO emission range within
2–10 pc2 with mass of (1–5) × 103 M⊙ and line width of a few km s−1. The different line properties and signs of
star forming activity indicate they are in different evolutionary stages. Four filamentary structures with complicated
velocity features are detected along the dark lane in LDN 935. Furthermore, a total of 611 molecular clumps within
the 13CO tracing cloud are identified using the ClumpFind algorithm. The properties of the clumps suggest most of
the clumps are gravitationally bound and at an early stage of evolution with cold and dense molecular gas.

Accepted by AJ

http://arxiv.org/pdf/1312.3079
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Abstracts of recently accepted major reviews

From Filamentary Networks to Dense Cores in Molecular Clouds: Toward a New
Paradigm for Star Formation
Philippe André1, James Di Francesco2, Derek Ward-Thompson3, Shu-ichiro Inutsuka4, Ralph Pudritz5

and Jaime Pineda6

1 Laboratoire d’Astrophysique de Paris-Saclay, CEA Saclay, France
2 National Research Council of Canada, Canada
3 University of Central Lancashire, UK
4 Nagoya University, Japan
5 McMaster University, Canada
6 University of Manchester, UK

E-mail contact: pandre at cea.fr

Recent studies of the nearest star-forming clouds of the Galaxy at submillimeter wavelengths with the Herschel Space
Observatory have provided us with unprecedented images of the initial and boundary conditions of the star formation
process. The Herschel results emphasize the role of interstellar filaments in the star formation process and connect
remarkably well with nearly a decade’s worth of numerical simulations and theory that have consistently shown that
the ISM should be highly filamentary on all scales and star formation is intimately related to self-gravitating filaments.
In this review, we trace how the apparent complexity of cloud structure and star formation is governed by relatively
simple universal processes - from filamentary clumps to galactic scales. We emphasize two crucial and complementary
aspects: (i) the key observational results obtained with Herschel over the past three years, along with relevant new
results obtained from the ground on the kinematics of interstellar structures, and (ii) the key existing theoretical
models and the many numerical simulations of interstellar cloud structure and star formation. We then synthesize a
comprehensive physical picture that arises from the confrontation of these observations and simulations.

Accepted by Protostars and Planets VI

http://arxiv.org/pdf/1312.6232.pdf

Planet-Disc Interactions and Early Evolution of Planetary Systems
Clément Baruteau1, Aurélien Crida2, Sijme-Jan Paardekooper1, Frédéric Masset3, Jérôme Guilet1,
Bertram Bitsch2, Richard Nelson4, Wilhelm Kley5, and John Papaloizou1

1 University of Cambridge
2 Universtité Nice Sophia Antipolis / Observatoire de la Côte d’Azur
3 Universidad Nacional Autónoma de México
4 Queen Mary, University of London
5 Universität Tübingen

E-mail contact: clement.baruteau at irap.omp.eu

The great diversity of extrasolar planetary systems has challenged our understanding of how planets form, and how
their orbits evolve as they form. Among the various processes that may account for this diversity, the gravitational
interaction between planets and their parent protoplanetary disc plays a prominent role in shaping young planetary
systems. Planet-disc forces are large, and the characteristic times for the evolution of planets orbital elements are
much shorter than the lifetime of protoplanetary discs. The determination of such forces is challenging, because it
involves many physical mechanisms and it requires a detailed knowledge of the disc structure. Yet, the intense research
of the past few years, with the exploration of many new avenues, represents a very significant improvement on the
state of the discipline. This chapter reviews current understanding of planet-disc interactions, and highlights their
role in setting the properties and architecture of observed planetary systems.
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Accepted by Protostars and Planets VI

http://arxiv.org/pdf/1312.4293

Formation of Molecular Clouds and Global Conditions for Star Formation
Clare L. Dobbs1, Mark R. Krumholz2, Javier Ballesteros-Paredes3, Alberto D. Bolatto4, Yasuo Fukui5,
Mark Heyer6, Mordecai-Mark Mac Low7, Eve C. Ostriker8, Enrique Vázquez-Semadeni3

1 University of Exeter
2 University of California, Santa Cruz
3 Universidad Nacional Autónoma de México
4 University of Maryland, College Park
5 Nagoya University
6 University of Massachusetts
7 American Museum of Natural History
8 Princeton University

E-mail contact: dobbs at astro.ex.ac.uk

Giant molecular clouds (GMCs) are the primary reservoirs of cold, star-forming molecular gas in the Milky Way and
similar galaxies, and thus any understanding of star formation must encompass a model for GMC formation, evolution,
and destruction. These models are necessarily constrained by measurements of interstellar molecular and atomic gas,
and the emergent, newborn stars. Both observations and theory have undergone great advances in recent years, the
latter driven largely by improved numerical simulations, and the former by the advent of large-scale surveys with new
telescopes and instruments. This chapter offers a thorough review of the current state of the field.

Accepted by Protostars and Planets VI

http://arxiv.org/pdf/1312.3223

Early Thermal Evolution of Planetesimals and its Impact on Processing and Dating of
Meteoritic Material
Hans-Peter Gail1, Mario Trieloff1, Doris Breuer2 and Tilman Spohn2

1 Universität Heidelberg
2 Deutsches Zentrum für Luft- und Raumfahrt, Berlin

E-mail contact: gail at uni-heidelberg.de

Radioisotopic ages for meteorites and their components provide constraints on the evolution of small bodies: timescales
of accretion, thermal and aqueous metamorphism, differentiation, cooling and impact metamorphism. Realising that
the decay heat of short-lived nuclides (e.g. 26Al, 60Fe), was the main heat source driving differentiation and meta-
morphism, thermal modeling of small bodies is of utmost importance to set individual meteorite age data into the
general context of the thermal evolution of their parent bodies, and to derive general conclusions about the nature of
planetary building blocks in the early solar system. As a general result, modelling easily explains that iron meteorites
are older than chondrites, as early formed planetesimals experienced a higher concentration of short-lived nuclides
and more severe heating. However, core formation processes may also extend to 10 Ma after formation of Calcium-
Aluminum-rich inclusions (CAIs). A general effect of the porous nature of the starting material is that relatively small
bodies (< few km) will also differentiate if they form within 2 Ma after CAIs. A particular interesting feature to be
explored is the possibility that some chondrites may derive from the outer undifferentiated layers of asteroids that are
differentiated in their interiors. This could explain the presence of remnant magnetization in some chondrites due to
a planetary magnetic field.

Accepted by Protostars and Planets VI

http://arxiv.org/pdf/1312.3509
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The Origin and Universality of the Stellar Initial Mass Function
Stella S. R. Offner1, Paul C. Clark2, Patrick Hennebelle3, Nathan Bastian4, Matthew R. Bate5, Philip
F. Hopkins6, Estelle Moraux7, Anthony P. Whitworth8

1 Yale University
2 Universität Heidelberg
3 AIM-CEA/Saclay
4 Liverpool John Moores University
5 University of Exeter
6 California Institute of Technology
7 Institut de Planétologie et d’Astrophysique de Grenoble 8 Cardiff University

E-mail contact: stella.offner at yale.edu

We review current theories for the origin of the Stellar Initial Mass Function (IMF) with particular focus on the extent
to which the IMF can be considered universal across various environments. To place the issue in an observational
context, we summarize the techniques used to determine the IMF for different stellar populations, the uncertainties
affecting the results, and the evidence for systematic departures from universality under extreme circumstances. We
next consider theories for the formation of prestellar cores by turbulent fragmentation and the possible impact of
various thermal, hydrodynamic and magneto-hydrodynamic instabilities. We address the conversion of prestellar
cores into stars and evaluate the roles played by different processes: competitive accretion, dynamical fragmentation,
ejection and starvation, filament fragmentation and filamentary accretion flows, disk formation and fragmentation,
critical scales imposed by thermodynamics, and magnetic braking. We present explanations for the characteristic
shapes of the Present-Day Prestellar Core Mass Function and the IMF and consider what significance can be attached
to their apparent similarity. Substantial computational advances have occurred in recent years, and we review the
numerical simulations that have been performed to predict the IMF directly and discuss the influence of dynamics,
time-dependent phenomena, and initial conditions.

Accepted by Protostars and Planets VI

http://arxiv.org/pdf/1312.5326

Terrestrial Planet Formation at Home and Abroad
Sean N. Raymond1, Eiichiro Kokubo2, Alessandro Morbidelli3, Ryuji Morishima4, and Kevin J. Walsh5

1 Laboratoire d’Astrophysique de Bordeaux CNRS and Université de Bordeaux 1 33270 Floirac, France
2 Division of Theoretical Astronomy National Astronomical Observatory of Japan Osawa, Mitaka, Tokyo, 181-8588,
Japan
3 Laboratoire Lagrange Observatoire de la Cote d’Azur Nice, France
4 University of California, Los Angeles Institute of Geophysics and Planetary Physics Los Angeles, CA 90095, USA
5 Southwest Research Institute Boulder, Colorado 80302, USA

E-mail contact: rayray.sean at gmail.com

We review the state of the field of terrestrial planet formation with the goal of understanding the formation of the
inner Solar System and low-mass exoplanets. We review the dynamics and timescales of accretion from planetesimals
to planetary embryos and from embryos to terrestrial planets. We discuss radial mixing and water delivery, planetary
spins and the importance of parameters regarding the disk and embryo properties. Next, we connect accretion models
to exoplanets. We first explain why the observed hot Super Earths probably formed by in situ accretion or inward
migration. We show how terrestrial planet formation is altered in systems with gas giants by the mechanisms of giant
planet migration and dynamical instabilities. Standard models of terrestrial accretion fail to reproduce the inner Solar
System. The “Grand Tack” model solves this problem using ideas first developed to explain the giant exoplanets.
Finally, we discuss whether most terrestrial planet systems form in the same way as ours, and highlight the key
ingredients missing in the current generation of simulations.

Accepted by Protostars and Planets VI

http://arxiv.org/pdf/1312.1689
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Interstellar water chemistry: from laboratory to observations
Ewine F. van Dishoeck1, Eric Herbst2 and David A. Neufeld3

1 Leiden Observatory, Leiden University, P.O. Box 9513, 2300 RA Leiden, The Netherlands
2 Department of Chemistry, University of Virginia, PO Box 400319, Charlottesville, VA 22904, USA
3 Department of Physics and Astronomy, Johns Hopkins University, 3400 North Charles Street, Baltimore, MD 21218,
USA

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

Water is observed throughout the universe, from diffuse interstellar clouds to protoplanetary disks around young stars,
and from comets in our own solar system and exoplanetary atmospheres to galaxies at high redshifts. This review
summarizes the spectroscopy and excitation of water in interstellar space as well as the basic chemical processes
that form and destroy water under interstellar conditions. Three major routes to water formation are identified:
low temperature ion-molecule chemistry, high-temperature neutral-neutral chemistry and gas-ice chemistry. The
rate coefficients of several important processes entering the networks are discussed in detail; several of them have
been determined only in the last decade through laboratory experiments and theoretical calculations. Astronomical
examples of each of the different chemical routes are presented using data from powerful new telescopes, in particular
the Herschel Space Observatory. Basic chemical physics studies remain critically important to analyze astronomical
data.

Accepted by Chemical Reviews (volume 113, 9043-9085, 2013; Thematic Issue on ’Astrochemistry’)

http://pubs.acs.org/doi/abs/10.1021/cr4003177

http://arxiv.org/pdf/1312.4684
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Dissertation Abstracts

Physics and Chemistry of Irradiated Protostars
Johan E. Lindberg

Centre for Star and Planet Formation and Niels Bohr Institute, University of Copenhagen, Denmark

Electronic mail: jolindbe at gmail.com

Ph.D dissertation directed by: Jes K. Jørgensen

Ph.D degree awarded: December 2013

Most low-mass stars – stars like our own Sun – form in large or small clusters of star formation. For every 100
low-mass protostars in such a star-forming region, there should be one star with a mass greater than 6 M⊙, thus
having a luminosity greater than 500 L⊙. Thus, a considerable fraction of all stars were subject to external irradiation
during their formation. It is therefore important to investigate the effect of irradiation from intermediate-mass young
stars onto low-mass protostellar envelopes. In this thesis, the effect from such irradiation on the physics (such as the
temperature) and chemistry (such as molecular abundances) in low-mass protostellar envelopes is studied.

The work studies the nearby low-mass star-forming region Corona Australis, in which a large proportion of the youngest
low-mass protostars (so-called Class 0 and Class I objects) are located in a dense cloud situated near the luminous
Herbig Be star R CrA. The physics and chemistry of this region are studied with millimetre, submillimetre, and
far-infrared observations using both ground- and space-based observatories.

To study the temperatures in the region, interferometric maps of several spectral lines of the molecule formaldehyde
(H2CO) were used. The large-scale (∼ 2500 AU) H2CO temperatures were found to be enhanced to at least 30–40 K,
compared to the 10–15 K which should be found on such scales around the low-mass protostars as shown by radiative
transfer models. The modelling also showed that this increase in temperature can be explained by the external
irradiation from R CrA.

Through far-infrared observations performed by the Herschel Space Observatory, the warm and hot gas (T >∼ 100 K)
in the region could be studied. No increase in the temperature of this gas compared to in other similar sources was
measured, but on the other hand, the warm gas was found on much larger scales than what has previously been seen
towards low-mass protostars.

The chemistry of the region was studied using single-dish and interferometric observations. The observations showed
that the sources in the R CrA cloud chemically do not resemble so-called hot corinos or warm carbon-chain chemistry
sources (the previously known types of low-mass Class 0 objects as defined by their chemistry). The absence of complex
organic molecules in combination with high abundances of radicals such as cyanide (CN) and hydroxyl (OH) suggest
that the chemistry is dominated by radiation from R CrA. In the high-resolution interferometry data we also detect
signs of a ∼ 100 AU Keplerian disc around the Class 0/I object IRS7B. The disc may be responsible for the lack of
detections of complex organic molecules on the smaller scales as it may have flattened the density profile of the inner
envelope.

http://youngstars.nbi.dk/lindberg/thesis/thesis_lindberg_final.pdf
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New Jobs

PhD and postdoc positions in massive star formation magnetic fields

Applications are invited for a postdoctoral and PhD position in the study of massive star formation magnetic fields
at the Department of Earth and Space Science, Chalmers University of technology, Sweden. The starting date of the
positions is anticipated before June 2014.

The ERC funded research will focus on radio/sub-mm observations of star forming regions with instruments as ALMA,
JVLA, eMERLIN and APEX. The PhD position will be dedicated to the eMERLIN ”feedback during massive star
formation” legacy project. The postdoc will work on related topics and will also be able to carry out their own research
in collaboration with affiliated group members.

The successful candidates will join a group with ties to the Nordic ALMA Regional Center. They will have access to
advanced radiative transfer modeling tools and the possibility to develop MHD simulations. The successful applicants
will work mainly at Onsala Space Observatory.

Interested postdoc applicants should have a PhD in astrophysics by the start of the appointment. For the PhD student
positions a MSc in astronomy or physics is required. Experience with stellar evolution, star formation, magnetic fields
or interferometry would be an asset. Applicants should send CV, description of research interests and a publication list,
and arrange for two letters of reference to be sent directly to Dr. Wouter Vlemmings at wouter.vlemmings@chalmers.se

The PhD position is four years plus possible extension based on departmental work (e.g. teaching). The postdoc
position will be for 2 years.

The applications deadline is 15 January 2014. Links to the application forms can be found at the was job register:

http://jobregister.aas.org/node/46734

For further information contact Dr. Wouter Vlemmings (wouter.vlemmings@chalmers.se)

Postdoctoral position in Galactic ISM

The Observatoire de Strasbourg invites application for a postdoctoral position to work on the 3D distribution of the
dust in the Milky Way plane. The position is funded through a european FP7-SPACE project named ViaLactea
involving 9 institutes in 7 countries.

The successful applicants will participate to the extension of the existing 3D extinction maps of the Milky Way to
higher resolution using deep near-IR Galactic plane survey data from the UKIDSS and VVV. His/her main task will be
to refine the model using the new constraints from the 2D column density maps from Herschel/Hi-GAL. Furthermore,
the higher resolution and sensitivity submm continuum data from the JCMT SCUBA2 and ATLASGAL surveys as
well as CO and HI surveys will also be incorporated.

Applicants should have a PhD in astrophysics and experience in the field of Insterstellar Medium, and with infrared
to submillimiter data. Experience with inversion techniques would be greatly appreciated. Application should consist
of two reference letters, a curriculum vitae, a publication list and a statement of research interest.

The position is expecting to start in spring 2014 for 2 years with a possible extension until the completion of the
ViaLactea project in October 2016. Applications will be considered starting February 1st until the position has been
filled.

Questions and applications should be directed to Laurent Cambresy: laurent.cambresy@astro.unistra.fr

Medical and dental insurance, maternity leave, retirement benefits are included.
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4-year Postdoctoral Research Position in Theory/Computation of Star
Formation

The astrophysics group at the University of Exeter invites applications for a postdoctoral position (Associate Research
Fellow / Research Fellow) to work primarily with Professor Matthew Bate on theoretical aspects of star cluster and
massive star formation. This position is funded by a European Research Council grant, is for a fixed term period of
up to 48 months, and is expected to commence between 1 August 2014 and 1 October 2014. The post is subject to a
12 month probationary period.

The broad goal of the position is to carry out original research, in collaboration with the PI, on the theory of star
cluster formation and massive star formation. The successful applicant will be expected to use and further develop
3-D radiation (magneto-)hydrodynamic simulations to study the formation and properties of such objects. We are
therefore particularly interested in applicants with a strong background in computational astrophysical fluid dynamics,
especially in SPH, radiation- and/or magneto-hydrodynamics. Prior experience in the field of star formation would
also be an asset, but all applicants with a good astrophysical fluids background will be seriously considered.

Applicants must possess a PhD in astrophysics or a related discipline, or expect to have earned one before taking up
the position. The starting salary will range from 24,766 per annum on Grade E to 32,267 on Grade F, depending
on qualifications and experience. Supercomputing resources and funding for computing equipment and travel will be
available, and we will provide assistance with relocation costs where eligible.

For further information or to apply, contact Matthew Bate (mbate@astro.ex.ac.uk). Applications should include an
application and equal opportunities form, your CV, publications list, brief description of research interests, and the
contact details of 3 referees. Applications received by 15 January 2014 will receive full consideration.

Further Details: http://admin.exeter.ac.uk/personnel/jobs/P46052.pdf

Exeter Astrophysics Group: http://www.astro.ex.ac.uk/
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Summary of Upcoming Meetings

Exoplanet Observations with the E-ELT
3 - 6 February 2014 Garching, Germany
http://www.eso.org/sci/meetings/2014/exoelt2014.html

Herbig Ae/Be stars: The missing link in star formation
7 - 11 April 2014 Santiago, Chile
http://www.eso.org/haebe2014.html

The Interaction of Stars with the Interstellar Medium of Galaxies
20 - 25 April 2014 Les Houches, France
http://ism2014.strw.leidenuniv.nl

Habitable Worlds Across Time and Space
28 April - 1 May 2014 Baltimore, USA
http://www.stsci.edu/institute/conference/habitable-worlds

The Formation of the Solar System
13 - 15 May 2014 MPIfR, Bonn, Germany
https://indico.mpifr-bonn.mpg.de/theFormationOfTheSolarSystem

The Olympian Symposium on Star Formation
26 - 30 May 2014 Paralia Katerini’s, Mount Olympus, Greece
http://zuserver2.star.ucl.ac.uk/~ossf14/

EPoS2014 The Early Phase of Star Formation
1 - 6 June 2014 Ringberg Castle, Tegernsee, Germany
http://www.mpia-hd.mpg.de/homes/stein/EPoS/epos.php

The Dance of Stars: Dense Stellar Systems from Infant to Old
2 - 6 June 2014 Bad Honnef, Germany
http://www.astro.uni-bonn.de/$\sim$sambaran/DS2014/index.html

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

Summer School on Protoplanetary Disks: Theory and Modeling meet Observations
16 - 20 June 2014 Groningen, The Netherlands
http://www.diana-project.com/summer-school

Characterizing Planetary Systems Across the HR Diagram
28 July - 1 August 2014 Inst. for Astronomy, Cambridge, USA
http://www.ast.cam.ac.uk/meetings/2013/AcrossHR

Planet Formation and Evolution 2014
8 - 10 September 2014 Kiel, Germany
http://www.astrophysik.uni-kiel.de/kiel2014

Living Together: Planets, Stellar Binaries and Stars with Planets
8 - 12 September 2014 Litomysl Castle, Litomysl, Czech Republic
http://astro.physics.muni.cz/kopal2014/

From Galactic to Extragalactic Star Formation
8 - 12 September 2014 Marseille, France
http://gesf2014.lam.fr
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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/meetings/

Moving ... ??

If you move or your e-mail address changes, please
send the editor your new address. If the Newsletter
bounces back from an address for three consecutive
months, the address is deleted from the mailing list.
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