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Cover Picture

This image shows the reection nebula NGC 1579
located in the dark cloud L1482 at an approximate
distance of 700 pc. The nebulosity is illuminated
by the peculiar object LkH� 101, which is a heavily
reddened massive star in a very early evolutionary
stage (seen as a faint optical star just south of the
brightest part of the reection nebula). The �gure
is a composite of B-, V-, and R-band images, and
covers approximately 6� 7 arcmin, with north up
and east left.

Image from G. H. Herbig, S. M. Andrews, & S. E.
Dahm, AJ, 128, 1233, 2004
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George Herbig (1920 { 2013)
George Herbig passed away on October 12th at his home in

Honolulu. He was the \father" of low-mass star formation studies,
building the foundation upon which all of our current studies rest.

A brief biography of George Herbig can be found at
http://www.ifa.hawaii.edu/info/press-releases/Herbi g/

A more detailed obituary will appear in Nature later this month.
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Cecilia Ceccarelli
in conversation with Bo Reipurth

Q: You grew up and studied in Italy, but have made your
career in France, in Bordeaux and Grenoble. How did that
come about, and was it an easy transition?

A: It was not an easy transition, as I changed not only the
country but also changed scienti�c direction, moving to as-
trochemistry and millimetre line observations, in addition
to having two young kids (2 years old and one new born
baby). For all these reasons it took some time, but the
Laboratoire d'Astrophysique de Grenoble was welcoming
and extremely fertile in ideas and competences, so things
were very much facilitated by that. I have also to say
that I had the luck to meet Alain Castets, who introduced
me to the �eld of astrochemistry and with whom I had a
great collaboration. The second person that played a huge
role in my transition was Emmanuel Caux at CESR (now
IRAP) in Toulouse.

Q: What was your PhD about, and who were your most
important early inuences?

A: My thesis was on cosmology, on the Cosmic Back-
ground Radiation �eld, and speci�cally on the Sunyaev-
Zeldovich e�ect. Although these topics are very far away
from my present �eld of research, I learned a lot during
that period. First of all I felt real enthusiasm for the re-
search, I learned the necessary patience to obtain results
(my thesis was an experimental one, I worked on instru-
ments), and, last but not least, I realized the importance
of intuition, to understand and explain with simple ideas
even very complex problems. I think that this was the
great education I received from my supervisor, Francesco
Melchiorri.

Q: So up until 1986 you worked on extragalactic astron-
omy and the cosmic microwave background, and suddenly
you saw the light and switched to the earliest phases of

star formation. What triggered that signi�cant change of
direction?

A: For a not very romantic reason: the salary! I won a
permanent position at CNR in Italy to work in a group
whose �eld of research was star formation. But I have to
add that I instantaneously felt in love with this �eld, so
di�erent from the cosmology at the time, and not only for
the subject, but even more for the methods. In cosmology,
we had very few observations and lot of theories, whereas
in star formation it was exactly the other way around, a
lot of data and much less theory to explain them.

Q: The protostar IRAS 16293-2422 has played an impor-
tant role in your research, as it has for many other re-
searchers. Do you think IRAS 16293-2422 is a special
object, or in a special evolutionary stage, or is just very
close and therefore more easily accessible?

A: I think that this object has become a benchmark for
astrochemistry studies in solar type protostars, mainly be-
cause of its close distance but also because it has still a
relatively massive and extended envelope. It is clear that
young protostars can be di�erent from IRAS16293-2422,
for example we have the case of L1527 which shows a very
di�erent chemical composition. ALMA and NOEMA will
certainly provide data on many other sources, which have
been di�cult to observe so far, and this will allow us to
understand whether and how IRAS16293-2422 is unique,
whether it is a special case as Orion is for high mass star
formation.

Q: You have taken a particular interest in deuteration, as
outlined in your major review for Protostars and Planets
V. What have been your main insights, and where is that
subject headed?

A: In the 90s models did not predict the observability
of multiply deuterated molecules, which were thought to
have a too low abundance. Our and others' observations
demonstrated that those theories were wrong. After more
than a decade we still have troubles in reproducing the ob-
served abundances of doubly and triply deuterated molecules,
which means that something is still missing, even though
we have made huge progress. Two reasons make it im-
portant to understand the origin of such a large molecular
deuteration: (i) it provides us with very stringent con-
straints on the pre-collapse phase of the relevant object
and on its evolution; (ii) molecular deuteration provides a
sort of Ariadne's thread that allows us to follow the history
of the birth and early evolution of the Solar System. With
respect to this last point, we are preparing together with
six other colleagues who are experts in comets, meteorites
and Solar Nebula models, a chapter for the PP VI book
on the deuteration across the star and planet formation
process, from the very �rst pre-collapse phase up to the
formation of the terrestrial oceans.
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Q: You have extensively used data from ISO. How impor-
tant was ISO, and what do you see as the major legacy of
that satellite?

A: After IRAS, which provided us with the list of IR
sources in the sky, ISO was the �rst observatory in the
FIR. It allowed us to study the IRAS sources (and more),
making maps, SEDs and, even more innovative, high to
moderate resolution spectra in the IR to FIR. It was a rev-
olution in several �elds, from the studies of the ices to the
line spectra of galactic and extragalactic objects, which
allowed us to understand the gas cooling mechanisms and
the distribution of the oxygen, the most abundant element
after hydrogen and helium, in molecules, including water.
The importance of ISO is testi�ed by the large number of
published articles and by the fact that new articles with
ISO data are still being published!

Q: Your most-cited paper deals with far-infrared line emis-
sion from collapsing protostellar envelopes. Has Herschel
vindicated your views, and what has Herschel contributed
in this area?

A: Basically yes, the protostellar envelopes contain ob-
servable amounts of water and, as predicted, water is par-
ticularly abundant in the inner regions where the dust
temperature is high enough for the grain mantles to sub-
limate. This is important not only because it allows us
to probe the inner regions, where water is particularly im-
portant, but also because water plays a major role for the
cooling, and in some cases also the heating, of the gas.
Obviously, Herschel has provided us with many more de-
tails showing that the reality is complex, water from pro-
tostars does not only originate from a spherical envelope,
but outows play a role too. But we know that nature is
not simple in its applications.

Q: Water line emission has been a focus of your work for
many years. Is this a direction you maintain?

A: Although water has indeed been a focus of my work
during the ISO epoch, at a time when nothing was known
about it as we did not have observations, lately astrochem-
istry in general has attracted my attention, especially the
information that we can extract from the observations of
young protostars and that can help to understand the �rst
phases of the Solar System's life. Deuteration and com-
plex organic molecules have played a major role in the
most recent years of my research.

Q: Herschel obviously has revolutionized mid- and far-
infrared spectroscopy. What has been your main interest
among the wealth of Herschel data?

A: The chemical diversity of protostellar objects, depend-
ing on their evolutionary status and mass. As coordinator
of the Herschel Key Program CHESS (Chemical Herschel
surveys of star forming regions), I have the privilege to
access HIFI 500-2000 GHz spectra of several sources, pro-

viding us with plenty of information on their content in
terms of water and many other species, many of which
are not detectable with groundbased telescopes. Notable
examples are the deuteration of water in di�erent objects,
including a shock spot caused by a molecular outow, the
mysterious chlorine chemistry { we haven't understood so
far where chlorine is as just a little fraction is observed in
the gas phase even in sites where it should be all gaseous
{, the nitrogen chemistry, also very poorly understood.

Q: You have an important leadership role as the head of the
AstroMol group in Grenoble. With cutbacks everywhere,
do you still encourage young people to enter science and
get a PhD in molecular astronomy?

A: I have left the leadership of the group to my colleagues
since a while. At present, Bertrand Leoch is the very ap-
preciated group leader. But I'm still engaged in promoting
molecular astronomy, I teach and regularly propose PhD
theses, for even in these times of cutbacks we need to keep
exploring the Universe. For this reason, I do encourage
young people to enter science. It is true that it is tougher
than ever to get a permanent position in astronomy, but if
we think this is what would make us happy, that is enough
reason to try. At the same time, one has to be exible and
understand when it is time to make a career change. It is
not only talent, but also luck that is required to get a po-
sition. I myself left research for two years at the beginning
of my career and worked in industry. When, by chance, I
won the CNRS position I hesitated going back to research,
as the work I did was interesting and left me much more
time than when I was doing research. Time that I used for
doing many more and nice things (that now I can't do!).

Q: France has, I believe, a larger fraction of women in
astronomy than most other countries. Is this a cause for
celebration, or are there still barriers to be crossed?

A: Women account for about 20% of astronomers in France.
I do not think that this is something to celebrate, when
women constitute 50% of the population, so there is still
much to do. Unfortunately, the trend is not even positive:
this number has not increased for the last two decades
and, on the contrary, in the last few years the number of
young women in astronomy has decreased. Besides, as is
known, the 20% is an overall average, but when it comes
to women in higher positions this number decreases, the
so-called glass ceiling. I want here to take the opportunity
to say to young women who wish to become astronomers
that this is fully compatible with a "normal" family life,
meaning that we can have children and husbands if we
wish so and still be astronomers. Maybe it is a bit more
complicated, but there is no need to make a drastic choice
between being astronomers and being women. My dream
is that women and men share the same amount of respon-
sibilities at home, which also means joys. I think that
everybody would gain, not only women.
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My Favorite Object
The Elephant Trunk Nebula

Konstantin Getman

Motivation

Rich young stellar clusters produce Hii regions whose ex-
pansion into the nearby molecular cloud is thought to trig-
ger the formation of new stars. However, the importance
of this mode of star formation is uncertain. A handful
of studies attempted to estimate the e�ect of triggered
star formation (TSF) on the star formation rate of H ii
regions. Deharveng et al. (2010) �nd that over 20% of the
mid-IR shells from the Spitzer-GLIMPSE survey harbor
UCH ii s and/or methanol masers, likely indicating trig-
gering of massive star formation. From comparison of po-
sitions of very young and massive stars in respect to loca-
tions of numerous mid-IR shells, Thompson et al. (2012)
estimate the fraction of Galactic massive stars triggered by
expanding Hii regions to be 14� 30%. From a theoretical
perspective, by turning on and o� an irradiation feedback
on a turbulent, giant molecular cloud, Dale, Clark & Bon-
nell (2007) �nd that TSF might increase the total amount
of star formation by as much as 30%.

One of the principal signatures of small-scale TSF | a
star cluster in and around the cloudlet on the periphery
of an expanding Hii region | may be erased through re-
moval of the cloudlet by stellar winds and UV radiation, or
the kinematic dispersal of the unbound cluster within less
than a few million years. Thus, it is often di�cult to iden-
tify sites of TSF and to quantify the impact of triggering
processes. IC 1396 is a nearby (D � 870 pc; Contreraset
al. 2002), large (� 12 pc in radius) shell-like Hii region,
where traces of recent triggered star formation are still
evident.

The goal of our recent study of the region (Getman et
al. 2012, hereafter G12) was to identify, understand, and
quantify the young stellar population in the central part
of the region associated with the largest bright-rimmed

cloud, IC 1396A (aka The Elephant Trunk Nebula), and
to estimate the contribution of the recent generation of
young stars to the total stellar population in both the
central part and, with some additional assumptions, the
entire H ii region. It is important to emphasize that
these estimates are independent of the formation
mechanism; we use the term `TSF' to reect our
view of the most likely formation mechanism for
these young stars.

Figure 1: (a) A 3� � 3� image of the emission nebula IC
1396 from the Digitized Sky Survey (DSS). The primary
ionizing source of the region, the O6 star HD 206267, and
the bright-rimmed globule IC 1396A are marked in red.
The blue polygon outlines the 170 � 170 Chandra-ACIS
�eld centered on the IC 1396A. (b) Close-up, combined X-
ray and IR image of IC 1396A. The adaptively smoothed
Chandra-ACIS image in the 0:5 � 8:0 keV band (blue) is
superposed on theSpitzer-IRAC composite image in the
3.6 � m (green) and 8.0� m (red) bands. The ACIS �eld is
outlined in blue; the head and the trunk of the cloud are
marked in red. The positions of the two brightest features
of the ionized optical rim in front of the cloud are marked
in red as Rims A and Aa. North is up, east is to the left.
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IC 1396 H ii region and IC 1396A globule

The IC 1396 Hii region resides on the periphery of the gi-
ant ( � 70 pc in radius) infrared emission shell, the Cepheus
Bubble (see Fig. 2. in Kun et al. 2008), which was pos-
sibly produced by the mutual action of radiation, winds,
and supernovae from the older generation of stars in the
Cepheus OB2 association. The IC 1396 Hii region, at
(l; b) = (99 :3� ; 3:7� ), is excited mainly by the O6.5f star
HD 206267 located at the center of the region in the 4 Myr
old cluster Tr 37 (Sicilia-Aguilar et al. 2005, hereafter
SA05). IC 1396 has a rich population of> 20 bright-
rimmed and cometary globules (Sugitani, Fukui & Ogura
1991; Froebrich et al. 2005, and Fig. 1 here). Many of
the clouds reside on the large molecular shell surround-
ing the H ii region, which expands at a speed of 5 km s� 1

with an inferred expansion time around 2:5 Myr (Patel et
al. 1995). Sites of possible star-formation have been iden-
ti�ed in/around at least several globules (e.g., Schwartz,
Wilking & Giulbudagian 1991; Ogura, Sugitani & Pickles
2002; Froebrich et al. 2005) including sites of substantial
star-formation in IC 1396N (Nisini et al. 2001; Getman
et al. 2007; Beltr�an et al. 2009; Choudhury, Mookerjea &
Bhatt 2010), SFO 37 (Ikeda et al. 2008), and IC 1396A
(Reach et al. 2004; SA05; Sicilia-Aguilar et al. 2006;
Morales-Calder�on et al. 2009; Barentsen et al. 2011).

Lying � 150 (� 3:7 pc projected distance) west of HD
206267, IC 1396A is the bright-rimmed cloud closest on
the sky to HD 206267. Its optical rim is the brightest of all
rims and the cloud is thus likely to be the physically closest
to HD 206267 (Weikard et al. 1996). Following Weikard
et al. we designate the two brightest features of the rim as
Rim A located in front of the > 1 pc diameter head of the
globule and Rim Aa located further west at the shoulder
(trunk) of the cloud (Fig. 1). The part of the cloud behind
Rim Aa has its own designation: SFO 36 (Sugitani et al.
1991). A 0.3 pc diameter cavity in the molecular cloud is
present in the head of the globule produced by the Herbig
Ae star LkHa 349 (Hessman et al. 1995). Outside this
`hole', the globule is optically thick (AV � 10 mag) with
molecular mass� 200 M� (Patel et al. 1995; Weikard et
al. 1996).

Census of young stellar objects in/around
IC 1396A

Early Spitzer images revealed both bright di�use mid-
infrared (MIR) emission and 17 Class II/I stars in the
IC 1396A globule (Fig. 2 in Reach et al. 2004; hereafter
R04). A spectacular multi-band movie of the cloud was
one of the �rst press releases of theSpitzer mission.

Figure 2: Spatial distribution of known young members
of the region over-plotted on DSS2-Red (a) and Spitzer-
IRAC 8 � m (b) images. On both panels the big red circle
outlines the area of the central cluster Tr 37 of radius
R = 150 centered on the O6 star HD 206267. The blue
polygon outlines the Chandra-ACIS �eld. The green poly-
gon demarcates the globule, tracing 8:0 � m emission from
hot dust and PAHs. (a) Positions of young members from
the SA05-optical (red � ) and the G12-X-ray (blue � ) cat-
alogs. `C1' through `C5' label �ve equal-area segments
at the edge of the central cluster. Notice that the stellar
surface density of the SA05 stars (red only) in the `C5' seg-
ment is � 2 times higher than that of the other segments.
The two optically bright rims are marked by arrows and
labeled. (b) Positions of all known YSO members of the
region within the ACIS �eld: optical SA05 (red � ), X-ray
selected (blue� ), MIR YSOs from MC09 (green box, in-
cluding all YSOs from R04 and SA06), H� stars from B11
(magenta +), and additional MIR selected stars from G12
(cyan � ). This �gure does not include a hundred or more
low-mass PMS members recently identi�ed by SA13.
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SA05 and Sicilia-Aguilar et al. (2006, hereafter SA06)
combined new deeper and wider-areaSpitzer photometry
with optical photometry and spectroscopy to reveal a rich
lightly obscured population of > 200 H� emission and/or
Li 6707 �A absorption stars. The population is a mix-
ture of � 4 Myr old members of the central Tr 37 cluster
and � 1 Myr stars spatially concentrated in an arc in
front of the globule (see Fig. 11 in SA05). In addition,
� 50 heavily obscured IR-excess-selected young stellar ob-
jects (YSOs) were found inside the cloud (SA06). Using
archived X-ray Chandra grating data, Mercer et al. (2009)
identifed 22 new pre-main sequence (PMS) stars around
HD 206267. DeeperSpitzer-IRAC maps from the time-
series monitoring of the globule (Morales-Calder�on et al.
2009, hereafter MC09) uncovered a dozen new heavily em-
bedded Class I/II YSOs. The spatial distribution of sixty
�ve disky members in/around the globule is shown in Fig.
16 of MC09. Using the data from the INT Photometric H-
Alpha Survey (IPHAS), Barentsen et al. (2011, hereafter
B11) identi�ed about two dozen low-mass high-accretion
T-Tauri systems spatially concentrated in an arc in front
of the globule (Fig. 18a in B11). About half of these were
newly discovered stellar members of the region. Spatial
clustering of optical stars with younger ages and increas-
ing accretion rates away from the ionizing star HD 206267
(SA05, B11) led SA05 and B11 to propose the presence of a
stellar population in front of the IC 1396A globule whose
formation has been triggered by HD 206267. Using the
Chandra-ACIS and the auxiliary Spitzer-IRAC and optical
FLWO/LAICA data, G12 further uncovered over 130 pre-
viously unknown members of the Tr 37/IC 1396A stellar
populations (Fig. 2). Sicilia-Aguilar et al. (2013, here-
after SA13), using the SAO-RAS-SCORPIO and MMT-
Hectospec optical spectroscopy data combined with the
LAICA optical photometry and the Spitzer-IRAC/MIPS
data, report another 78 new members and 64 probable
members of the Tr 37/IC 1396A region, mostly M-type
stars.

Age-spatial gradient

Fig. 3 shows the spatial distribution of the optical and
X-ray selected PMS stars strati�ed by the ages obtained
from the optical FLWO photometry data (assuming the
time scale of Siess et al. 2000), as detailed in G12. The
region is divided into two sub-regions: the East sub-region
near/around the O6 ionizing star HD 206267 is associated
with the central stellar cluster Tr 37, while the West sub-
region near/around the IC 1396A globule is expected to
be associated mainly with stars that have been recently
formed in the globule. The data provide strong evidence
that the stars in the East sub-region (median age of 3.6
Myr) are systematically older than the stars in the West
sub-region (median age of 2.2 Myr). These are consistent

with the previously reported average age of 4 Myr for the
Tr 37 cluster (SA05). Typical age estimates for the stars
in front of the globule are t < 2 � 3 Myr. Meanwhile,
younger agest < 1 Myr are inferred from the radiative
transfer model �ts to the optical-IR-radio band data for
the disky YSOs embedded in the globule (Reach et al.
2009). Thus, the stellar age increases from< 1 Myr inside
the cloud, to < 2� 3 Myr in front of the cloud, to � 4 Myr
towards the central Tr 37 cluster.

Figure 3: Age analysis for the combined optical SA05 and
X-ray G12 selected young stellar sample. Age-strati�ed
stellar sub-samples are shown on di�erent panels: t <
2 Myr (a), 2 < t < 3:5 Myr (b), and 3:5 < t < 10 Myr
(c). The polygon indicates the ACIS �eld of view. The
dashed line at roughly half projected distance between the
O6 star HD 206267 and the IC 1396A globule is a demar-
cation line that divides the region into two sub-regions,
East and West. (d) Cumulative distributions of age are
compared between the 30 East and 57 West stars with
available ages.

Stellar surface density gradient

A map of the combined optical/IR/X-ray YSO sample is
shown in Fig. 4. The YSOs appear clustered rather than
uniformly distributed, and the distributions of the disky
(blue +) and diskless (red � ) stars appear to be o�set
horizontally from each other.

Directly in front of the molecular globule, most of the disk-
less and a portion of the disky stars lie in a> 3 pc long and
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� 0:7 pc wide layer. The position of the layer is consistent
with the positions of the very young optical stars (SA05,
B11) and with the excess of the optical stars on the western
border of Tr 37 (Fig. 2a). The layer can be further sub-
divided into a few stellar groupings (`G1',`G2',`G6', and
`G7'). Some groupings are disky and others diskless, indi-
cating possibly di�erent ages from distinct star formation
events in di�erent cloud cores over millions of years.

Inside the globule, the stellar population is dominated by
disky objects, whose spatial distribution is also highly non-
uniform and clumpy (stellar groups `G3' and `G4'), with
the bulk of the stars lying along the western edge of the
globule that faces the ionizing system HD 206267. The
group `G3' lies at the head of the globule behind the bright
optical Rim A. The smaller group `G4' is located behind
optical Rim Aa in the portion of the cloud named SFO 36.

Figure 4: (a) Separation on diskless stars (red� ) and
disky stars (blue +) as detailed in G12. (b) Contour maps
of source surface densities from panel (a) smoothed with
a Gaussian� = 1 :40.

XLFs and IMFs for the stellar populations
in the Tr 37/IC 1396A region

From the X-ray luminosity function (XLF) and initial mass
function (IMF) analyses (Fig. 5), G12 infer the following
total numbers of YSOs for di�erent sub-regions of interest:
� 480 stars down to 0:1 M� in the central part of Tr 37;
� 250 stars down to 0:1 M� around the IC 1396A globule
within the Chandra-ACIS �eld; and > 60 YSOs embedded
in the IC 1396A globule.

Figure 5: IMF of the central part of Trumpler 37 (red
panel). XLF and IMF of the stellar population around
the IC 1396A globule (blue panel). IMF of the disky YSO
population inside the IC 1396A globule (green panel).

Observational evidence for TSF

Triggered star formation in H ii regions might take place
in the gravitationally unstable fragments of a molecular
shell swept up by an expanding Hii region (Collect &
Collapse mechanism; Hosokawa & Inutsuka 2006; Dale,
Bonnell, & Whitworth 2007), in pre-existing molecular
clumps shocked by UV photo-ionization from early OB-
type stars (Radiation-Driven Implosion mechanism; e.g.,
Miao et al. 2009; Bisbas et al. 2011), and in thin elongated
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pillar-like structures produced through hydrodynamic in-
stabilities in ionization fronts (e.g., Whalen & Norman
2008) or through ionization of large turbulent clouds (e.g.,
Gritschneder et al. 2010). These di�erent types of trigger-
ing processes are not exclusive and are likely intermixed
on di�erent scales within an H ii region (e.g., Walch et al.
2012).

Spatial-age gradients found in stellar populations in/around
bright-rimmed clouds (BRCs) are often viewed as strong
observational evidence for TSF. The youngest stars are
typically embedded at the edge of the cloud facing the
ionizing star, and older stars are aligned within and in
front of the bright rim towards the ionizing star. For ex-
ample, spatio-temporal gradients and triggered star for-
mation have been reported in BRCs and pillars on the
edges of large Hii regions in the Eagle Nebula (Sugitani
et al. 2002), IC 1848 (Matsuyanagi et al. 2006; Ogura
et al. 2007), IC 1396 (Getman et al. 2007; Ikeda et al.
2008; Choudhury et al. 2010), Sharpless 155 (Getman et
al. 2009), Sharpless 171 and Sharpless 296 (Chauhan et
al. 2009), and the Carina Nebula (Smith et al. 2010).

The results of G12, combined with the results from the
previous studies, provide strong evidence that the Tr 37/IC
1396A region possesses many of the observational features
of TSF:

� The presence of an exciting star (HD 206267) and a
bright-rimmed cloud (IC 1396A) protruding inside the H ii
region and surrounded by an ionized rim (Rim A and Rim
Aa) facing the exciting star (Fig. 1).

� The presence of dense molecular cores close to the rim
(Patel et al. 1995, their Fig. 8) and (Weikard et al. 1996,
their Fig. 14a). This is consistent with the scenario where
the expanding ionization front from HD 206267 penetrates
the inter-core cloud region and drives shocks into the cores,
compressing them su�ciently to trigger gravitational col-
lapse.

� A rough equilibrium between the Hii pressure and the
cloud pressure found at the interfaces between the Rim A
and the head of the IC 1396A globule (Reach et al. 2009)
and the Rim Aa and the SFO 36 cloud (Morgan et al.
2004). This indicates that the cloud could have been re-
cently shocked by a photoionization shock. In addition, for
the SFO 36 cloud, Morgan, Urquhart & Thompson (2009)
and Morgan et al. (2010) measure relatively high values
of CO excitation temperature and turbulent velocity dis-
persion, which are consistent with those of other shocked
cloud candidates.

� A clumpy spatial distribution of young stars both inside
and in front of the cloud (Fig. 4) suggesting recent for-
mation in distinct molecular cores. The proximity of the
stars to the ionized rim immediately suggests a physical re-
lationship between star formation and the ionization front

propagating through the globule, and can be explained
within the framework of the enhancement of multiple pre-
existing density substructures and their subsequent global
implosion (Walch et al. 2011).

� The spatio-temporal gradient of young stars, both age
and disk-gradient, oriented towards the exciting star (Figs.
3 and 4 here, Fig. 11 in SA05, and Fig. 18a in B11).

� The high apparent star formation e�ciency ( � 30%,
G12), a property characteristic of other TSF cloud candi-
dates, for example, Cep B/OB3b (Getman et al. 2009), Sh
2-233IR (Yan et al. 2010), and L935/NGC 7000 (Toujima
et al. 2011).

The fraction of the current generation of
young stars in the total stellar population
of IC 1396

Based on the estimates of the stellar density in the Tr
37/IC 1396A region (Figs. 2 and 4) and on the XLF/IMF
estimates of the total numbers of YSOs for di�erent sub-
regions of interest (Fig. 5), G12 calculate the current
contribution of the younger stellar populations associated
with the IC 1396A globule to the total population of the
central part of the IC 1396 H ii region to be � 25%.

Further, G12 extrapolate the results for the IC 1396A
globule to the entire H ii region. This extrapolation makes
use of the survey of the entire IC 1396 Hii region from B11,
and requires the following additional assumptions. First,
the total number of stars in the entire IC 1396 Hii region
is similar to that of the Orion Nebula Cluster (based on
the equal numbers of known massive stars). Second,> 40
observed high-accretion B11 stars clustered in front of the
rims `Rim E', `Rim B', `Rim J', and `Rim H' are likely as-
sociated with the star formation in the respective globules
(see Fig. 9 in B11). Third, the ratio of the number of the
observed B11 stars associated with the globules to the to-
tal number of the globule stars is constant across the Hii
region. With these assumptions G12 estimate the contri-
bution of the recent generation of young stars to the total
population of the entire IC 1396 Hii region to be > 14%.
Thus, the currently active clouds on the periphery of IC
1396 add at least 14� 25% to the current cluster popu-
lation. When past and future clouds are considered, the
contribution of younger generation of stars (likely formed
by triggering) to the star formation in the molecular cloud
could be higher.
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Perspective

HH jets from binary stars
by Alex Raga

Even though physical phenomena at a given spatial scale
are generally coupled to phenomena at larger and smaller
scales, it is usual to study them as partially decoupled
systems, in which the phenomena at other scales are con-
sidered only as simpli�ed prescriptions. An example of
this is the modelling of stellar jets, in which the mech-
anism by which the jets are produced is reduced to an
\injection condition" and the environment into which the
jet is moving is �xed with some simple prescription. For
example, one can assume the environment to be homo-
geneous, clumpy, or to have an initial strati�cation given
by some simple model (e.g., the strati�cation of a steady,
constant velocity wind).

In such \spatially decoupled" jet models, the presence of
a binary source is introduced by including:

1. a precession of the outow axis,

2. the orbital motion of the outow source,

3. a time-variability of the ejection.

Evidence for a precession of the outow axis is seen in
many HH outows, one of the more dramatic examples be-
ing the S-shaped giant HH 34 jet (see Devine et al. 1997).
Examples of point-symmetric deviations in the loci of jet/
counterjet systems are also seen in jets associated with
protoplanetary nebulae (PPNe).

The most promising mechanism for the production of point-
symmetric direction deviations in a protostellar outow is
the precession of an accretion disk due to a binary compan-
ion of the outow source (see, e.g., Larwood et al. 1996).
In the case of a mass-exchanging binary system (as appar-
ently present in some PPNe), time-dependencies in the ac-

cretion stream could produce disk warping and precession
(see, e.g., Montgomery 2012), but it is not clear whether or
not this kind of e�ect could be present in YSO disks. Also,
warps and precession motions in accretion disks could in
principle be produced by a magnetic warping instability
(Lai 2003).

An unresolved question is what would be the e�ect of a
disk precession on a magneto-centrifugal outow driven
from the inner regions of the disk and/or from the disk/
stellar magnetosphere boundary. However, the observa-
tional fact that many observed jet/counterjet systems have
point-symmetric direction deviations strongly suggests that
the ejection mechanism is indeed a�ected by the disk pre-
cession.

From this, we see that while one does expect to have pre-
cession in an accretion disk around a star with a binary
companion, the presence of a precession does not neces-
sarily imply the existence of such a companion. Therefore,
jets with point-symmetric jet/counterjet deviations do not
fully imply the presence of a binary source.

A theoretically clearer consequence of a binary source on
a bipolar outow is the e�ect of the orbital motion. This
motion introduces a time-dependence in the position of
the outow source, which is unlikely to be important in
determining the structure observed in jets at spatial scales
of � 100-105 AU. However, the e�ect that can be impor-
tant is the time-dependent velocity of the outow source
as it goes around its orbit.

If the outow is ejected from the star perpendicular to the
orbital plane at a constant velocity vj , the orbital velocity
vo will introduce a deviation � = tan � 1(vo=vj ) � vo=vj

between the locus of the jet and the orbital axis. This
deviation of course rotates as the source goes around its
orbit, resulting in a mirror symmetric spiral shape for the
loci of the jet and the counterjet. The spatial \step" of
the spiral (i.e., the distance along the axis associated with
a full loop of the spiral) of course is given byL = vj � o,
where � o is the orbital period. The ballistic jet problem
gives a full analytic solution for the case of a circular orbit
(Masciadri & Raga 2002) but requires a numerical solution
of Kepler's equation (for the eccentric anomaly) for the
case of an elliptical orbit (Gonz�alez & Raga 2004).

Therefore, if one observes a mirror symmetric jet/counterjet
spiral structure, the semi-opening angle of the spiral is (in
the limit of small angles and assuming a circular orbit with
ejection along the orbital axis) � = vo=vj , and the step of
the spiral is L = vj � o. Therefore, if we have an obser-
vational measurement of the jet velocity (through radial
velocity and proper motion measurements), the shape of
the spiral structure gives us a determination of the orbital
velocity vo and period � p, through which one can obtain
an estimate of the mass of the binary companion needed
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to produce this orbit.

The main di�culty for doing this is that mirror-symmetric
deviations along the jet/counterjet axis are not generally
detected in HH jets. This is probably due to the fact that
in binary outow sources we have orbital velocities of at
most a few km/s, while jet velocities are in the hundreds
of km/s, resulting in very small opening angles� for the
resulting spiral jet/counterjet loci. Also, it is necessary to
have high angular resolution observations in the radio to
far infrared wavelength range, as observations at shorter
wavelengths generally do not detect the more highly ex-
tinguished outow lobe.

As far as I am aware, there are only two papers that claim
to have detected such mirror symmetric spirals:

� Lee et al. (2010) present submillimetric observations
of HH 211 showing mirror symmetric deviations con-
sistent with an orbital motion of the outow source
around a companion of a mass� 60 MJup ,

� Noriega-Crespo et al. (2011) present far IR obser-
vations of HH 111, showing a mirror symmetric jet/
counterjet pattern consistent with an orbital motion
of the source around a companion of mass� 1 M� .
These observations (together with a �t from a bal-
istic, orbital jet model) are shown in Figure 1, in
which we see that the observed e�ect is quite subtle!

Interestingly, at angular scales of� 200, the HH 111 jet/
counterjet system shows point-symmetric directional de-
viations of � 1� , which would be consistent with a preces-
sion of the outow axis (see Reipurth et al. 1997) with a
semi-opening angle of� 4� and a period � p � 23000 yr.
Therefore, the HH 111 outow shows evidence not only for
an orbital motion of the source, but also for a precession
with a period � p � 13� o (where � o is the orbital period,
given at the end of the caption of Figure 1). This result
is in good qualitative agreement with the disk precession
models of Terquem et al. (1999), which predict that the
precession period is� 10 times the orbital period of the
stellar companion (responsible for the disk precession).

In general, a bipolar outow should present a mirror- sym-
metric, small opening angle spiral close to the outow
source (resulting from the orbital motion) and a point-
symmetric spiral at larger distances from the source (re-
sulting from the longer period, possibly larger opening
angle precession motion). Ballistic models and numeri-
cal simulations including these two e�ects were calculated
by Raga et al. (2009) for the case of a circular orbit, and
Figure 2 shows results from one of their models. Observa-
tionally, as far as I am aware the only object in which both
the point- and the mirror-symmetric spirals have been de-
tected is the HH 111 outow.

The third interesting e�ect, which would only be found

Figure 1: Right: the region around the HH 111 outow
source (at the origin of the coordinate system, rotated
so that the outow axis is approximately parallel to the
ordinate) observed in the 4.5 � m channel of the IRAC
camera of Spitzer. The circles are the measured positions
of emission knots and the white, solid line is a �t to the
data of a ballistic jet model. Left: the region around the
outow source with an expanded abscissa, �tted positions
to the knots along the jet/counterjet (crosses) and a least
squares �t of a ballistic jet model from a source with a
circular orbital motion (the �t is given by the solid curve,
and the dashed curves give the 1� deviations from the best
�t). The best �t model has an orbital period � o � 1800 yr
and orbital velocity vo � 3 km s� 1.
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Figure 2: Column density maps obtained from a simula-
tion of a jet from a source with a circular, orbital motion
and a precession of the outow axis. Three di�erent pro-
jections (in two perpendicular planes parallel to the or-
bital axis, and one on a plane perpendicular to this axis)
are shown. The parameters of the simulation are given in
Raga et al. (2009).

in outow sources in highly eccentric orbits, is that the
close approaches of the companion at periastron could
produce enhanced accretion in the disk around the outow
source, and therefore also increased ejection. More general
possibilites along these lines were proposed by Reipurth
(2000), who suggested that close encounters in disinte-
grating multiple systems could lead to the production of
\accretion/outow events".

As far as I am aware, no theoretical models of this possi-
ble e�ect have yet been presented. However, there is the
very interesting observational study of Witt et al. (2009),
who �nd a strong correlation between outow velocity and
orbital phase (with higher velocities at apoastron) in the
central source of the Red Rectangle protoplanetary neb-
ula. This result should de�nitely inspire theoreticians to
look into this problem!

The lack of theoretical models of orbitally modulated ejec-
tions has not stopped \jet modellers" from exploring the
properties of jets with outow velocities which are syn-
chronized with phase along an elliptical orbit. Vel�azquez
et al. (2013) have presented ballistic models and numerical
simulations of such outows.

The �eld of jets from binary stars is still in its infancy
both from the observational and theoretical point of view.
Many of the relevant processes have not been studied in
any kind of detail, and many of the essential observations
are still to be carried out. For example, models of the pro-
duction of jets under the perturbation of a binary compan-
ion have not yet been studied, and observations following
both the binary orbit and the ejected material have mostly
not yet been done. Observations and models of these ef-
fects in the well constrained HH outows probably o�er
the best way forward.

References:

Devine, D., Bally, J., Reipurth, B., Heathcote, S. 1997, AJ, 114,
2095

Gonz�alez, R. F., Raga, A. C. 2004, RMxAA, 40, 61

Lai, D. 2003, ApJ, 591, L119

Larwood, J. D., Nelson, R. P., Papaloizou, J. C. B., Terquem, C.
1996, MNRAS, 282, 597

Lee, C.-F. et al. 2010, ApJ, 713, 737

Masciadri, E., Raga, A. C. 2002, ApJ, 568, 733

Montgomery, M. M. 2012, ApJ, 753, L27

Noriega-Crespo, A., Raga, A. C., Lora, V., Stapelfeldt, K. R ., Carey,
S. J. 2011, ApJ, 732, L16

Raga, A. C., Esquivel, A., Vel�azquez, P. F., Cant�o, J., Har o-Corzo,
S., Riera, A., Rodr��guez-Gonz�alez, A. 2009, ApJ, 707, L6

Reipurth, B. 2000, AJ, 120, 3177

Reipurth, B., Bally, J., Devine, D. 1997, AJ, 114, 2708

Terquem, C. et al. 1999, ApJ, 512, L131

Witt, A. N. et al. 2009, ApJ, 693, 1946

14



Abstracts of recently accepted papers

Chemistry of Dark Clouds: Databases, Networks, and Models
Marcelino Agu�ndez 1 and Valentine Wakelam 2

1 Univ. Bordeaux, LAB, UMR 5804, F-33270 Floirac, France
2 CNRS, LAB, UMR 5804, F-33270 Floirac, France

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

Chemical models have been developed over the years by astrophysicists to study the pro- cesses at play in the various
environments of the interstellar medium (ISM) that de�ne the chemical composition of the gas and the dust. These
qualitative aspects of the model predictions have been improved from a chemical point of view thanks to many recent
developments of the experimental technics and theoretical methods that aim at studying the individual reactions in
conditions as close to the ISM conditions as possible and characterize the rate constants of their e�ciency. These
models have also been more and more associated with dynamical evolution of the ISM physical conditions (for star
forming regions for instance) since the chemical composition is far from steady-state in such regions. In this paper,
we try to assess the state of the art concerning the chemical modeling of dark clouds, the initial step for the formation
of stars and disks.

Accepted by Chemical Reviews

http://arxiv.org/pdf/1310.3651

X-Shooter spectroscopy of young stellar objects: IV { Accre tion in low-mass stars and
sub-stellar objects in Lupus
J.M. Alcal�a 1, A. Natta 2;9, C.F. Manara 7, L. Spezzi 7, B. Stelzer 3, A. Frasca 4, K. Biazzo 4, E. Covino 1,
S. Randich 2, L. Testi 2;7;11, F. Comer�on 7, G. Cupani 5 and V. D'Elia 6;10
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3 INAF-Osservatorio Astronomico di Palermo, Piazza del Parlamento 1, I-90134 Palermo, Italy
4 INAF-Osservatorio Astro�sico di Catania, via S. So�a 78, I-95123 Catania, Italy
5 INAF- Osservatorio Astronomico di Trieste, via Tiepolo 11, 34143 Trieste, Italy
6 INAF-Osservatorio Astronomico di Roma, Via Frascati 33, I-00040 Monteporzio Catone, Italy
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We present X-Shooter/VLT observations of a sample of 36 accreting low-mass stellar and sub-stellar objects (YSOs) in
the Lupus star forming region, spanning a range in mass from� 0.03 to� 1.2M � , but mostly with 0.1 M � < M ? < 0.5M � .
Our aim is twofold: �rstly, analyse the relationship between excess-continuum and line emission accretion diagnostics,
and, secondly, to investigate the accretion properties in terms ofthe physical properties of the central object. The
accretion luminosity (L acc), and from it the accretion rate ( _M acc), is derived by modelling the excess emission, from
the UV to the near-IR, as the continuum emission of a slab of hydrogen. The ux and luminosity ( L line ) of a large
number of emission lines of H, He, Ca II, etc., observed simultaneously in the range from � 330 nm to 2500 nm, were
computed. The luminosity of all the lines is well correlated with L acc. We provide empirical relationships between
L acc and the luminosity of 39 emission lines, which have a lower dispersion as compared to previous relationships in
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the literature. Our measurements extend the Pa� and Br relationships to L acc values about two orders of mag-
nitude lower than those reported in previous studies. We con�rm that di�erent methodologies to measureL acc and
_M acc yield signi�cantly di�erent results: H � line pro�le modelling may underestimate _M acc by 0.6 to 0.8 dex with

respect to _M acc derived from continuum-excess measures. Such di�erences may explain the likely spurious bi-modal
relationships between _M acc and other YSOs properties reported in the literature. We derive _M acc in the range 2� 10� 12

{ 4 � 10� 8 M � yr � 1 and conclude that _M acc / M ?
1:8( � 0:2) , with a dispersion lower by a factor of about 2 than in pre-

vious studies. A number of properties indicate that the physical conditions of the accreting gas are similar over more
than 5 orders of magnitude in _M acc, con�rming previous suggestions that it is the geometry of the accretion ow that
controls the rate at which the disc material accretes onto the central star.

Accepted by Astronomy & Astrophysics

http://arxiv.org/pdf/1310.2069

Herschel survey of brown dwarf disks in � Ophiuchi
C. Alves de Oliveira 1, P. �Abrah�am 2, G. Marton 2, C. Pinte 3, Cs. Kiss 2, M. Kun 2, �A. K�osp�al 4, P. Andr�e 5

and V. K•onyves 5;6
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2 Konkoly Observatory, Research Centre for Astronomy and Earth Sciences, Hungarian Academy of Sciences, PO Box
67, 1525 Budapest, Hungary
3 UJF-Grenoble 1/CNRS-INSU, Institut de Plan�etologie et d'Astrop hysique de Grenoble (IPAG) UMR5274, Greno-
ble,38041, France
4 European Space Research and Technology Centre (ESA/ESTEC),P.O. Box 299, 2200 AG Noordwijk, The Nether-
lands
5 Laboratoire AIM, CEA/DSM-CNRS-Universit�e Paris Diderot, IRFU /Service d'Astrophysique, C.E. Saclay, Orme
des Merisiers, 91191 Gif-sur-Yvette, France
6 IAS, CNRS (UMR 8617), Universit�e Paris-Sud 11, Bâtiment 121, 91400 Orsay, France
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Context. Young brown dwarfs are known to possess circumstellar disks, a characteristic that is fundamental to the
understanding of their formation process, and raises the possibility that these objects harbour planets.
Aims. We want to characterise the so far scarcely studied far-IR emission of disks around the young brown dwarf
population of the � Ophiuchi cluster in LDN 1688.
Methods. Recent observations of the� Ophiuchi cluster with the Herschel Space Observatory allow us to probe the
spectral energy distribution (SED) of the brown dwarf population in the far-IR, where the disk emission peaks. We
performed aperture photometry at 70, 100, and 160� m, and constructed SEDs for all previously known brown dwarfs
detected. These were complemented with ancillary photometry at shorter wavelengths. We compared the observed
SEDs to a grid of synthetic disks produced with the radiative transfer code MCFOST, and used the relative �gure of
merit estimated from the Bayesian inference of each disk parameter to analyse the structural properties.
Results. We detected 12 Class II brown dwarfs withHerschel, which corresponds to one-third of all currently known
brown dwarf members of � Ophiuchi. We do not detect any of the known Class III brown dwarfs. Comparison to
models reveals that the disks are best described by an inner radius between 0.01 and 0.07 AU, and a ared disk
geometry with a aring index between 1.05 and 1.2. Furthermore, wecan exclude values of the disk scale-height lower
than 10 AU (measured at a �ducial radius of 100 AU). We combined the Herschel data with recent ALMA observations
of the brown dwarf GY92 204 (ISO� Oph 102), and by comparing its SED to the same grid of disk models, wederived
an inner disk radius of 0.035 AU, a scale height of 15 AU with a aring index of � � 1.15, an exponent for dust settling
of � 1.5, and a disk mass of 0.001M � . This corresponds to a disk-to-central object mass ratio of� 1%.
Conclusions. The structural parameters constrained by the extended SED coverage (inner radius and aring index)
show a narrow distribution for the 11 young brown dwarfs detected in � Ophiuchi, suggesting that these objects share
the same disk evolution and, perhaps, formation.

Accepted by A&A

http://arxiv.org/pdf/1310.0460
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Scattering from dust in molecular clouds: Constraining the dust grain size distribution
through near-infrared cloudshine and infrared coreshine
M. Andersen 1, J. Steinacker 1, W-F. Thi 1, L. Pagani 2, A. Bacmann 1, and R. Paladini 3

1 (UJF-Grenoble 1/CNRS-INSU, Institut de Plan�etologie et d'Astro physique de Grenoble (IPAG) UMR 5274, Greno-
ble, F-38041, France
2 LERMA, UMR 8112 du CNRS, Observatoire de Paris, 61, Av. de l'Observatoire, 75014, Paris, France
3 Infrared Processing and Analysis Center, California Institute of Technology, Pasadena, CA 91125, USA

E-mail contact: morten.andersenat obs.ujf-grenoble.fr

Context. The largest grains (0.5{1 � m) in the interstellar size distribution are e�cient in scattering near- and mid-
infrared radiation. These wavelengths are therefore particularlywell suited to probe the still uncertain high-end of
the size distribution.
Aims. We investigate the change in appearance of a typical low-mass molecular core from the Ks (2.2 � m) band to
the Spitzer IRAC 3.6 and 8 � m bands, and compare with model calculations, which include variations of the grain
size distribution.
Methods. We combine Spitzer IRAC and ground-based near-infrared observations to characterize the scattered light
observed at the near- and mid-infrared wavelengths from the core L260. Using a spherical symmetric model core, we
perform radiative transfer calculations to study the impact of various dust size distributions on the intensity pro�les
across the core.
Results. The observed scattered light patterns in theKs and 3.6 � m bands are found to be similar. By comparison
with radiative transfer models the two pro�les place constraints on the relative abundance of small and large (more
than 0.25 � m) dust grains. The scattered light pro�les are found to be inconsistent with an interstellar silicate grain
distribution extending only to 0.25 � m and large grains are needed to reach the observed uxes and theux ratios.
The shape of theKs band surface brightness pro�le limits the largest grains to 1{1.5� m.
Conclusions. In addition to observing coreshine in the Spitzer IRAC channels, thecombination with ground-based
near-infrared observations are suited to constrain the properties of large grains in cores.
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Protoplanetary disks are likely to be threaded by a weak net ux of vertical magnetic �eld that is a remnant of the
much larger uxes present in molecular cloud cores. If this ux is approximately conserved its dynamical importance
will increase as mass is accreted, initially by stimulating magnetorotational disk turbulence and subsequently by
enabling wind angular momentum loss. We use �ts to numerical simulations of ambipolar dominated disk turbulence
to construct simpli�ed one dimensional evolution models for weakly magnetized protoplanetary disks. We show that
the late onset of signi�cant angular momentum loss in a wind can give rise to "two timescale" disk evolution in which
a long phase of viscous evolution precedes rapid dispersal as the wind becomes dominant. The wide dispersion in disk
lifetimes could therefore be due to varying initial levels of net ux. Magnetohydrodynamic (MHD) wind triggered
dispersal di�ers from photoevaporative dispersal in predicting mass loss from small (less that 1 AU) scales, where
thermal winds are suppressed. Our speci�c models are based on a limited set of simulations that remain uncertain,
but qualitatively similar evolution appears likely if mass is lost from disks more quickly than ux, and if MHD winds
become important as the plasma beta decreases.
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We model molecular cloud fragmentation with thin disk non-ideal magnetohydrodynamic simulations that include
ambipolar di�usion and partial ionization that transitions from primar ily ultraviolet dominated to cosmic ray dom-
inated regimes. These simulations are used to determine the conditions required for star clusters to form through a
two-stage fragmentation scenario. Recent linear analyses have shown that the fragmentation length and time scales can
undergo a dramatic drop across the column density boundary thatseparates the ultraviolet and cosmic ray dominated
ionization regimes. As found in earlier studies, the absence of an ionization drop and regular perturbations leads to
a single-stage fragmentation on parsec scales in transcritical clouds, so that the nonlinear evolution yields the same
fragment sizes as predicted by linear theory. However, we �nd that a combination of initial transcritical mass-to-ux
ratio, evolution through a column density regime in which the ionization drop takes place, and regular small perturba-
tions to the mass-to-ux ratio are su�cient to cause a second stage of fragmentation during the nonlinear evolution.
Cores of size� 0:1 pc are formed within an initial fragment of � pc size. Regular perturbations to the mass-to-ux
ratio also accelerate the onset of runaway collapse.
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Young stars are known to show variability due to non-steady mass accretion rates from their circumstellar disks.
Accretion ares can produce strong energetic irradiation and heating that may a�ect the disk in the planet formation
region, close to the central star. During an extreme accretion outburst in the young star EX Lupi, the prototype of
EXor variables, remarkable changes in molecular gas emission from� 1 AU in the disk have recently been observed
(Banzatti et al. 2012). Here, we focus on water vapor and explore how it is a�ected by variable accretion luminosity in
T Tauri stars. We monitored a young highly variable solar-mass star, DR Tau, using simultaneously two high/medium-
resolution ESO-VLT spectrographs: VISIR at 12.4 � m to observe water lines from the disk, and X-shooter covering
from 0.3 to 2.5 � m to constrain the stellar accretion. Three epochs spanning timescales from several days to several
weeks were obtained. Accretion luminosity was estimated to changeto within a factor � 2, and no change in water
emission was detected at a signi�cant level. In comparison to EX Lupiand EXor outbursts, DR Tau suggests that
the less long-lived and weaker variability phenomena typical of T Tauri stars may leave water at planet-forming radii
in the disk mostly una�ected. We propose that these systems may provide evidence for two processes that act over
di�erent timescales: UV photochemistry in the disk atmosphere (faster) and heating of the disk deeper layers (slower).
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We have performed smoothed particle radiation magnetohydrodynamics (SPRMHD) simulations of the collapse of
rotating, magnetised molecular cloud cores to form protostars. The calculations follow the formation and evolution of
the �rst hydrostatic core, the collapse to form a stellar core, the launching of outows from both the �rst hydrostatic
core and stellar cores, and the breakout of the stellar outow from the remnant of the �rst core. We investigate
the roles of magnetic �elds and thermal feedback on the outow launching process, �nding that both magnetic and
thermal forces contribute to the launching of the stellar outow. We also follow the stellar cores until they grow to
masses of up to 20 Jupiter-masses, and determine their properties. We �nd that at this early stage, before fusion
begins, the stellar cores have radii of� 3 R� with radial entropy pro�les that increase outward (i.e. are convectively
stable) and minimum entropies per baryon ofs=kB � 14 in their interiors. The structure of the stellar cores is found
to be insensitive to variations in the initial magnetic �eld strength. Wit h reasonably strong initial magnetic �elds,
accretion on to the stellar cores occurs through inspiralling magnetised pseudo-discs with negligible radiative losses,
as opposed to �rst cores which e�ectively radiate away the energyliberated in the accretion shocks at their surfaces.
We �nd that magnetic �eld strengths of > 10 kG can be implanted in stellar cores at birth.
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The presence of giant gaseous planets that reside in close proximityto their host stars may be a consequence of large-
scale radial migration through the proto-planetary nebulae. Within the context of this picture, signi�cant orbital
obliquities characteristic of a substantial fraction of such planetscan be attributed to external torques that perturb
the disks out of alignment with the spin axes of their host stars. Therefore, the acquisition of orbital obliquity exhibits
sensitive dependence on the physics of disk-star interactions. Here, we analyze the primordial excitation of spin-orbit
misalignment of Sun-like stars, in light of disk-star angular momentumtransfer. We begin by calculating the stellar
pre-main sequence rotational evolution, accounting for spin-up due to gravitational contraction and accretion as well
as spin-down due to magnetic star-disk coupling. We devote particular attention to angular momentum transfer by
accretion, and show that while generally subdominant to gravitational contraction, this process is largely controlled by
the morphology of the stellar magnetic �eld (i.e. speci�c angular momentum accreted by stars with octupole-dominated
surface �elds is smaller than that accreted by dipole-dominated stars by an order of magnitude). Subsequently, we
examine the secular spin-axis dynamics of disk-bearing stars, accounting for the time-evolution of stellar and disk
properties and demonstrate that misalignments are preferentiallyexcited in systems where stellar rotation is not
overwhelmingly rapid. Moreover, we show that the excitation of spin-orbit misalignment occurs impulsively, through
an encounter with a resonance between the stellar precession frequency and the disk-torquing frequency. Cumulatively,
the model developed herein opens up a previously unexplored avenue towards understanding star-disk evolution and
its consequences in a uni�ed manner.
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The physical properties of molecular clouds are often measured using spectral-line observations, which provide the only
probes of the clouds' velocity structure. It is hard, though, to assess whether and to what extent intensity features
in position-position-velocity (PPV) space correspond to \real" density structures in position-position-position (PPP)
space. In this paper, we create synthetic molecular cloud spectral-line maps of simulated molecular clouds, and present
a new technique for measuring the reality of individual PPV structures. Our procedure projects density structures
identi�ed in PPP space into corresponding intensity structures in PPV space and then measures the geometric overlap
of the projected structures with structures identi�ed from the synthetic observation. The fractional overlap between
a PPP and PPV structure quanti�es how well the synthetic observation recovers information about the 3D struc-
ture. Applying this machinery to a set of synthetic observations of CO isotopes, we measure how well spectral-line
measurements recover mass, size, velocity dispersion, and virial parameter for a simulated star-forming region. By
disabling various steps of our analysis, we investigate how much opacity, chemistry, and gravity a�ect measurements
of physical properties extracted from PPV cubes. For the simulations used here, our results suggest that superposition
induces a � 40% uncertainty in masses, sizes, and velocity dispersions derived from 13CO. The virial parameter is
most a�ected by superposition, such that estimates of the virial parameter derived from PPV and PPP information
typically disagree by a factor of � 2. This uncertainty makes it particularly di�cult to judge whether gr avitational or
kinetic energy dominate a given region, since the majority of virial parameter measurements fall within a factor of 2
of the equipartition level � � 2.
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Embedded clusters like W3 Main are complex and dynamically evolving systems that represent an important phase
of the star formation process. We aim at the characterization of the entire stellar content of W3 Main in a statistical
sense to identify possible di�erences in evolutionary phase of the stellar populations and �nd clues about the formation
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mechanism of this massive embedded cluster. DeepJHK s imaging is used to derive the disk fraction,K s-band lumi-
nosity functions and mass functions for several subregions in W3 Main. A two dimensional completeness analysis using
arti�cial star experiments is applied as a crucial ingredient to assess realistic completeness limits for our photometry.
We �nd an overall disk fraction of 7.7 � 2.3%, radially varying from 9.4 � 3.0 % in the central 1 pc to 5.6� 2.2 %
in the outer parts of W3 Main. The mass functions derived for threesubregions are consistent with a Kroupa and
Chabrier mass function. The mass function of IRSN3 is complete down to 0.14 M� and shows a break at M� 0.5 M� .
We interpret the higher disk fraction in the center as evidence for ayounger age of the cluster center. We �nd that the
evolutionary sequence observed in the low-mass stellar population isconsistent with the observed age spread among
the massive stars. An analysis of the mass function variations doesnot show evidence for mass segregation. W3 Main
is currently still actively forming stars, showing that the ionizing feedback of OB stars is con�ned to small areas (� 0.5
pc). The FUV feedback might be inuencing large regions of the cluster as suggested by the low overall disk fraction.
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Optical spectroscopy is used to con�rm membership for 8 low-masscandidates in the young Beta Pic moving group
(BPMG) via their radial velocities, chromospheric activity and kinema tic parallaxes. We searched for the presence of
the Li I 6708A resonance feature and combined the results with literature measurements of other BPMG members to
�nd the age-dependent lithium depletion boundary (LDB) { the lumino sity at which Li remains unburned in a coeval
group. The LDB age of the BPMG is 21 +/- 4 Myr and insensitive to the choice of low-mass evolutionary models.
This age is more precise, likely to be more accurate, and much older than that commonly assumed for the BPMG. As
a result, substellar and planetary companions of BPMG members will be more massive than previously thought.
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Protoplanetary disks around young stars harbor many structures related to planetary formation. Of particular interest,
spiral patterns were discovered among several of these disks and are expected to be the sign of gravitational instabilities
leading to giant planets formation or gravitational perturbations c aused by already existing planets. In this context,
the star HD100546 presents some speci�c characteristics with a complex gas and dusty disk including spirals as well
as a possible planet in formation. The objective of this study is to analyze high contrast and high angular resolution
images of this emblematic system to shed light on critical steps of theplanet formation. We retrieved archival images
obtained at Gemini in the near IR (Ks band) with the instrument NICI and processed the data using advanced high
contrast imaging technique taking advantage of the angular di�erential imaging. These new images reveal the spiral
pattern previously identi�ed with HST with an unprecedented resolu tion, while the large-scale structure of the disk
is mostly erased by the data processing. The single pattern at the southeast in HST images is now resolved into a
multi-armed spiral pattern. Using two models of a gravitational perturber orbiting in a gaseous disk we attempted
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to bring constraints on the characteristics of this perturber assuming each spiral being independent and we derived
qualitative conclusions. The non-detection of the northeast spiral pattern observed in HST allows to put a lower limit
on the intensity ratio between the two sides of the disk, which if interpreted as forward scattering yields a larger
anisotropic scattering than derived in the visible. Also, we found that the spirals are likely spatially resolved with
a thickness of about 5{10AU. Finally, we did not detect the candidate forming planet recently discovered in the Lp
band, with a mass upper limit of 16{18 MJ .
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The compact multi-transiting planet systems discovered byKepler challenge planet formation theories. Formationin
situ from disks with radial mass surface density, �, pro�les similar to the minimum mass solar nebula (MMSN) but
boosted in normalization by factors >� 10 has been suggested. We propose that a more natural way to create these
planets in the inner disk is formation sequentially from the inside-out via creation of successive gravitationally unstable
rings fed from a continuous stream of small (� cm{m size) \pebbles", drifting inwards via gas drag. Pebbles collect
at the pressure maximum associated with the transition from a magneto-rotational instability (MRI)-inactive (\dead
zone") region to an inner MRI-active zone. A pebble ring builds up until it either becomes gravitationally unstable to
form an � 1 M earth planet directly or induces gradual planet formation via core accretion. The planet may undergo
Type I migration into the active region, allowing a new pebble ring and planet to form behind it. Alternatively if
migration is ine�cient, the planet may continue to accrete from the d isk until it becomes massive enough to isolate
itself from the accretion ow. A variety of densities may result depending on the relative importance of residual gas
accretion as the planet approaches its isolation mass. The processcan repeat with a new pebble ring gathering at
the new pressure maximum associated with the retreating dead zone boundary. Our simple analytical model for this
scenario of inside-out planet formation yields planetary masses, relative mass scalings with orbital radius, and minimum
orbital separations consistent with those seen byKepler. It provides an explanation of how massive planets can form
with tightly-packed and well-aligned system architectures, starting from typical protoplanetary disk properties.
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Context. The HDO/H 2O ratio is a relevant tool for understanding mechanisms of water formation and evolution from
the prestellar phase to the formation of planets and comets.
Aims. The aim of this paper is to study deuterated water in the solar-type protostars NGC 1333 IRAS 4A and
IRAS 4B, compare their HDO abundance distribution with other star -forming regions and constrain their HDO/H 2O
ratios.
Methods. Using the Herschel/HIFI instrument as well as ground-based telescopes, we observed several HDO lines
covering a large excitation range (Eup =k = 22{168 K) towards these protostars and an outow position. Non-LTE
radiative transfer codes were then used to determine the HDO abundance pro�les in these sources.
Results. The HDO fundamental line pro�les show a very broad component, tracing the molecular outows, in addition
to a narrower emission component as well as a narrow absorbing component. In the protostellar envelope of NGC 1333
IRAS 4A, the HDO inner (T � 100 K) and outer (T < 100 K) abundances with respect to H2 are estimated with a
3� uncertainty at 7.5+3 :5

� 3:0 � 10� 9 and 1.2+0 :4
� 0:4 � 10� 11 respectively, whereas, in NGC 1333 IRAS 4B, they are 1+1 :8

� 0:9

� 10� 8 and 1.2+0 :6
� 0:4 � 10� 10 respectively. Similarly to the low-mass protostar IRAS 16293-2422, an absorbing outer

layer with an enhanced abundance of deuterated water is requiredto reproduce the absorbing components seen in
the fundamental lines at 465 and 894 GHz in both sources. This water-rich layer is probably extended enough to
encompass the two sources, as well as parts of the outows. In the outows emanating from NGC 1333 IRAS 4A, the
HDO column density is estimated at about (2{4) � 1013 cm� 2, leading to an abundance of about (0.7{1.9)� 10� 9.
An HDO/H 2O ratio between 7 � 10� 4 and 9 � 10� 2 is also derived in the outows. In the warm inner regions of
these two sources, we estimate the HDO/H2O ratios at about 1 � 10� 4 { 4 � 10� 3. This ratio seems higher (a few
%) in the cold envelope of IRAS 4A, whose possible origin is discussed in relation to formation processes of HDO and
H2O.
Conclusions. In low-mass protostars, the HDO outer abundances range in a small interval, between � 10� 11 and a few
10� 10. No clear trends are found between the HDO abundance and various source parameters (L bol , L smm , L smm / L bol ,
Tbol , L bol

0:6/ M env ). A tentative correlation is observed however between the ratio of the inner and outer abundances
with the submillimeter luminosity.
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We perform global three-dimensional (3-D) radiation-hydrodynamics calculations of the envelopes surrounding young
planetary cores of 5, 10, and 15 Earth masses, located in a protoplanetary disk at 5 and 10 AU from a solar-mass star.
We apply a nested-grid technique to resolve the thermodynamics ofthe disk at the orbital-radius length scale and
that of the envelope at the core-radius length scale. The gas is modeled as a solar mixture of molecular and atomic
hydrogen, helium, and their ions. The equation of state accounts for both gas and radiation, and gas energy includes
contributions from rotational and vibrational states of molecular hydrogen and from ionization of atomic species.
Dust opacities are computed from �rst principles, applying the full M ie theory. One-dimensional (1-D) calculations
of planet formation are used to supplement the 3-D calculations by providing energy deposition rates in the envelope
due to solids accretion. We compare 1-D and 3-D envelopes and �nd that masses and gas accretion rates agree within
factors of 2, and so do envelope temperatures. The trajectories of passive tracers are used to de�ne the size of 3-D
envelopes, resulting in radii much smaller than the Hill radius and smaller than the Bondi radius. The moments of
inertia and angular momentum of the envelopes are determined and the rotation rates are derived from the rigid-body
approximation, resulting in slow bulk rotation. We �nd that the polar  attening is < 0.05. The dynamics of the
accretion ow is examined by tracking the motion of tracers that move into the envelope. The anisotropy of this ow
is characterized in terms of both its origin and impact site at the envelope surface. Gas merges with the envelope
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preferentially at mid- to high latitudes.
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We present the �rst release (R1) of data from the CO High-Resolution Survey (COHRS), which maps a strip of the
inner Galactic plane in 12CO (J = 3 { 2). The data are taken using the Heterodyne Array Receiver Programme on
the James Clerk Maxwell Telescope (JCMT) in Hawaii, which has a 14 arcsec angular resolution at this frequency.
When complete, this survey will cover jbj � 0:� 5 between 10� < l < 65� . This �rst release covers jbj � 0:� 5 between
10:� 25 < l < 17:� 5 and 50:� 25 < l < 55:� 25, and jbj � 0:� 25 between 17:� 5 < l < 50:� 25. The data are smoothed to a
velocity resolution of 1 km s� 1, a spatial resolution of 16 arcsec and achieve a mean rms of� 1 K. COHRS data are
available to the community online at http://dx.doi.org/10.11570/13.0002 . In this paper we describe the data
acquisition and reduction techniques used and present integratedintensity images and longitude{velocity maps. We
also discuss the noise characteristics of the data. The high resolution is a powerful tool for morphological studies of
bubbles and �laments while the velocity information shows the spiral arms and outows. These data are intended to
complement both existing and upcoming surveys, e.g., the Bolocam Galactic Plane Survey (BGPS), ATLASGAL, the
Herschel Galactic Plane Survey (Hi-GAL) and the JCMT Galactic Plane Survey with SCUBA-2 (JPS).
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We present numerical hydrodynamical simulations of a time dependent ejection velocity, precessing jet. The parameters
used in our models correspond to a high excitation Herbig-Haro object, such as HH 80/81. We have included the
transfer of ionizing radiation produced within the shocked regions of the jet. The radiative transfer is computed with
a ray-tracing scheme from all the cells with an emissivity above a certain threshold. We show the development of a
radiative precursor, and compare the morphology with a model without the di�use radiation. Our simulations show
that the morphology of the H� emission is a�ected considerably if the di�use ionizing radiation is accounted for. The
predicted H� position-velocity diagram (i.e., spatially resolved emission line pro�les) from a model with the transfer
of ionizing radiation has a relatively strong component at zero velocity, corresponding to the radiative precursor.
Qualitatively similar \zero velocity components" are observed in HH 80/81 and in the jet from Sanduleak's star in
the LMC.
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On the corotation torque for low-mass eccentric planets
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We present the results of high resolution 2D simulations of low mass planets on �xed eccentric orbits embedded in
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protoplanetary discs. The aim of this study is to determine how the strength of the sustained, non-linear corotation
torque experienced by embedded planets varies as a function of orbital eccentricity, disc parameters, and planetary
mass. In agreement with previous work we �nd that the corotation torque diminishes as orbital eccentricity, e,
increases. Analysis of the time-averaged streamlines in the disc demonstrates that the width of the horseshoe region
narrows as the eccentricity increases, and we suggest that this narrowing largely explains the observed decrease in the
corotation torque. We employ three distinct methods for estimating the strength of the unsaturated corotation torque
from our simulations, and provide an empirical �t to these results. We �nd that a simple model where the corotation
torque, � C , decreases exponentially with increasing eccentricity (i.e. �C / exp(e=ef )) provides a good global �t to
the data with an e-folding eccentricity, ef , that scales linearly with the disc scale height at the planet location. We
con�rm that this model provides a good �t for planet masses of 5 and 10 M � in our simulations. The formation of
planetary systems is likely to involve signi�cant planet-planet interactions that will excite eccentric orbits, and this is
likely to inuence disc-driven planetary migration through modi�catio n of the corotation torque. Our results suggest
that high �delity models of planetary formation should account for t hese e�ects.
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Our aim is to study the thermal and dynamical evolution of protoplanetary disks in global simulations, including
the physics of radiation transfer and magneto-hydrodynamic turbulence caused by the magneto-rotational instability.
We develop a radiative transfer method based on the ux-limited di�u sion approximation that includes frequency
dependent irradiation by the central star. This hybrid scheme is implemented in the PLUTO code. The focus of our
implementation is on the performance of the radiative transfer method. Using an optimized Jacobi preconditioned
BiCGSTAB solver, the radiative module is three times faster than themagneto-hydrodynamic step for the disk setup we
consider. We obtain weak scaling e�ciencies of 70% up to 1024 cores.We present the �rst global 3D radiation magneto-
hydrodynamic simulations of a strati�ed protoplanetary disk. The d isk model parameters are chosen to approximate
those of the system AS 209 in the star-forming region Ophiuchus. Starting the simulation from a disk in radiative
and hydrostatic equilibrium, the magneto-rotational instability quic kly causes magneto-hydrodynamic turbulence and
heating in the disk. We �nd that the turbulent properties are similar t o that of recent locally isothermal global
simulations of protoplanetary disks. For example, the rate of angular momentum transport � is a few times 10� 3.
For the disk parameters we use, turbulent dissipation heats the disk midplane and raises the temperature by about
15% compared to passive disk models. The vertical temperature pro�le shows no temperature peak at the midplane
as in classical viscous disk models. A roughly at vertical temperature pro�le establishes in the disk optically thick
region close to the midplane. We reproduce the vertical temperature pro�le with a viscous disk models for which
the stress tensor vertical pro�le is at in the bulk of the disk and va nishes in the disk corona. The present paper
demonstrates for the �rst time that global radiation magneto-hy drodynamic simulations of turbulent protoplanetary
disks are feasible with current computational facilities. This opens up the windows to a wide range of studies of the
dynamics of protoplanetary disks inner parts, for which there aresigni�cant observational constraints.
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We investigate water and deuterated water chemistry in turbulent protoplanetary disks. Chemical rate equations
are solved with the di�usion term, mimicking turbulent mixing in vertical direction. Water near the midplane is
transported to the disk atmosphere by turbulence and destroyed by photoreactions to produce atomic oxygen, while
the atomic oxygen is transported to the midplane and reforms water and/or other molecules. We �nd that this cycle
signi�cantly decreases column densities of water ice atr < 30 AU, where dust temperatures are too high to reform
water ice e�ectively. The radial extent of such region depends on the desorption energy of atomic hydrogen. Our
model indicates that water ice could be de�cient even outside the sublimation radius. Outside this radius, the cycle
decreases the D/H ratio of water ice from� 2 � 10� 2, which is set by the collapsing core model, to 10� 4{10 � 2 in 106

yr, without signi�cantly decreasing the water ice column density. Th e resultant D/H ratios depend on the strength
of mixing and the radial distance from the central star. Our �nding suggests that the D/H ratio of cometary water
(� 10� 3-10� 4) could be established (i.e. cometary water could be formed) in the solar nebula, even if the D/H ratio
of water ice delivered to the disk was very high (� 10� 2).
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We present new results on the classical T Tauri star RU Lupi basedon three observing runs collecting high-resolution
optical spectra. In connection to the third run, complementary NIR spectra, multicolour photometric data, and X-ray
observations were obtained. RU Lupi has an extremely rich emissionline spectrum, but the photospheric absorption
lines are weakened. This veiling becomes extremely strong on occasion, and we show that this e�ect is due to narrow
emission lines that �lls in the photospheric lines. Only at low degrees of veiling does the continuous excess emission,
originating at the hot spot on the stellar surface, dominate. We also�nd that the radial velocities of narrow emission
components in lines of He I vary in anti-phase with the periodically changing photospheric lines, reecting the location
and motion of the accretion footprint.
The blue-shifted wings in the optical emission lines of He I, attributed to a stellar wind, are remarkably stable in
equivalent width. In contrast, the red-shifted wings change dramatically in strength depending on rotational phase.
From the pattern of variability we infer that these wings originate in a ccreting gas close to the star, and that the
accretion funnels are bent and trail the hot spot. Forbidden emission lines are very stable over the entire observing
period and originate in the disk wind. A system of narrow, blue-shifted absorption features seen in lines of Ca II and
Na I can be traced to a disk wind as well. Slightly blue-shifted emission components are present in the forbidden lines
and might be related to a wide angle molecular disk wind.
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The �rst o�-lattice Monte Carlo kinetics model of interstellar dust- grain surface chemistry is presented. The positions
of all surface particles are determined explicitly, according to the local potential minima resulting from the pair-wise
interactions of contiguous atoms and molecules, rather than by a pre-de�ned lattice structure. The model is capable
of simulating chemical kinetics on any arbitrary dust-grain morphology, as determined by the user-de�ned positions
of each individual dust-grain atom. A simple method is devised for thedetermination of the most likely di�usion
pathways and their associated energy barriers for surface species. The model is applied to a small, idealized dust
grain, adopting various gas densities and using a small chemical network. Hydrogen and oxygen atoms accrete onto
the grain, to produce H2O, H2, O2 and H2O2. The o�-lattice method allows the ice structure to evolve freely; ice
mantle porosity is found to be dependent on the gas density, which controls the accretion rate. A gas density of
2 � 104 cm� 3, appropriate to dark interstellar clouds, is found to produce a fairly smooth and non-porous ice mantle.
At all densities, H2 molecules formed on the grains collect within the crevices that divide nodules of ice, and within
micropores (whose extreme inward curvature produces strong local potential minima). The larger pores produced in
the high-density models are not typically �lled with H 2. Direct deposition of water molecules onto the grain indicates
that amorphous ices formed in this way may be signi�cantly more porous than interstellar ices that are formed by
surface chemistry.
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Molecular clouds are supersonically turbulent. This turbulence governs the initial mass function and the star formation
rate. In order to understand the details of star formation, it is th erefore essential to understand the properties of
turbulence, in particular the probability distribution of density in tur bulent clouds. We present H2CO volume density
measurements of a non-star-forming cloud along the line of sight towards W49A. We use these measurements in
conjunction with total mass estimates from 13CO to infer the shape of the density probability distribution function .
This method is complementary to measurements of turbulence via the column density distribution and should be
applicable to any molecular cloud with detected CO. We show that turbulence in this cloud is probably compressively
driven, with a compressive-to-total Mach number ratio b = M C =M > 0:4. We measure the standard deviation
of the density distribution, constraining it to the range 1 :5 < � s < 1:9 assuming that the density is lognormally
distributed. This measurement represents an essential input intostar formation laws. The method of averaging
over di�erent excitation conditions to produce a model of emission from a turbulent cloud is generally applicable to
optically thin line observations. Molecular clouds are supersonically turbulent. This turbulence governs the initial
mass function and the star formation rate. In order to understand the details of star formation, it is therefore essential
to understand the properties of turbulence, in particular the probability distribution of density in turbulent clouds.
We present H2CO volume density measurements of a non-star-forming cloud alongthe line of sight towards W49A.
We use these measurements in conjunction with total mass estimates from 13CO to infer the shape of the density
probability distribution function. This method is complementary to me asurements of turbulence via the column
density distribution and should be applicable to any molecular cloud with detected CO. We show that turbulence in
this cloud is probably compressively driven, with a compressive-to-total Mach number ratio b = M C =M > 0:4. We
measure the standard deviation of the density distribution, constraining it to the range 1:5 < � s < 1:9 assuming that
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the density is lognormally distributed. This measurement represents an essential input into star formation laws. The
method of averaging over di�erent excitation conditions to produce a model of emission from a turbulent cloud is
generally applicable to optically thin line observations.
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Aims. We investigate the dominant formation mechanism of H2CO and CH3OH in the Horsehead PDR and its
associated dense core.
Methods. We performed deep integrations of several H2CO and CH3OH lines at two positions in the Horsehead,
namely the PDR and dense core, with the IRAM-30m telescope. In addition, we observed one H2CO higher frequency
line with the CSO telescope at both positions. We determine the H2CO and CH3OH column densities and abundances
from the single-dish observations complemented with IRAM-PdBI high-angular resolution maps (600) of both species.
We compare the observed abundances with PDR models including either pure gas-phase chemistry or both gas-phase
and grain surface chemistry.
Results. We derive CH3OH abundances relative to total number of hydrogen atoms of� 1:2� 10� 10 and � 2:3� 10� 10

in the PDR and dense core positions, respectively. These abundances are similar to the inferred H2CO abundance in
both positions (� 2 � 10� 10). We �nd an abundance ratio H 2CO/CH 3OH of � 2 in the PDR and � 1 in the dense
core. Pure gas-phase models cannot reproduce the observed abundances of either H2CO or CH3OH at the PDR
position. Both species are therefore formed on the surface of dust grains and are subsequently photodesorbed into
the gas-phase at this position. At the dense core, on the other hand, photodesorption of ices is needed to explain the
observed abundance of CH3OH, while a pure gas-phase model can reproduce the observed H2CO abundance. The
high-resolution observations show that CH3OH is depleted onto grains at the dense core. CH3OH is thus present in
an envelope around this position, while H2CO is present in both the envelope and the dense core itself.
Conclusions. Photodesorption is an e�cient mechanism to release complex molecules in low FUV-illuminated PDRs,
where thermal desorption of ice mantles is ine�ective.
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Dust grains grow their sizes in the interstellar clouds (especially in molecular clouds) by accretion and coagulation. Here
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we model and test these processes by examining the consistency with the observed variation of the extinction curves
in the Milky Way. We �nd that, if we simply use the parameters used in pr evious studies, the model fails to explain
the attening of far-UV extinction curve for large RV (atness of optical extinction curve) and the existence of carbon
bump even in at extinction curves. This discrepancy is resolved by adopting a `tuned' model, in which coagulation of
carbonaceous dust is less e�cient (by a factor of 2) and that of silicate is more e�cient with the coagulation threshold
removed. The tuned model is also consistent with the relation between silicon depletion (indicator of accretion) and
RV if the duration of accretion and coagulation is >� 100(nH =103cm� 3)� 1 Myr, where nH is the number density of
hydrogen nuclei in the cloud. We also examine the relations between each of the extinction curve features (UV slope,
far-UV curvature, and carbon bump strength) and RV . The correlation between UV slope andRV , which is the
strongest among the three correlations, is well reproduced by the tuned model. For far-UV curvature and carbon
bump strength, the observational data are located between thetuned model and the original model without tuning,
implying that the large scatters in the observational data can be explained by the sensitive response to the coagulation
e�ciency. The overall success of the tuned model indicates that accretion and coagulation are promising mechanisms
of producing the variation of extinction curves in the Milky Way, altho ugh we do not exclude possibilities of other
dust-processing mechanisms changing extinction curves.

Accepted by MNRAS

http://arxiv.org/pdf/1310.4679

The impact of freeze-out on collapsing molecular clouds
S. Hocuk 1, S. Cazaux 1and M. Spaans 1

1 Kapteyn Astronomical Institute, University of Groningen, P. O. B ox 800, 9700 AV Groningen, Netherlands

E-mail contact: seyit at astro.rug.nl

Atoms and molecules, and in particular CO, are important coolants during the evolution of interstellar star-forming gas
clouds. The presence of dust grains, which allow many chemical reactions to occur on their surfaces, strongly impacts
the chemical composition of a cloud. At low temperatures, dust grains can lock-up species from the gas phase which
freeze out and form ices. In this sense, dust can deplete important coolants. Our aim is to understand the e�ects of
freeze-out on the thermal balance and the evolution of a gravitationally bound molecular cloud. For this purpose, we
perform 3D hydrodynamical simulations with the adaptive mesh codeFLASH. We simulate a gravitationally unstable
cloud under two di�erent conditions, with and without grain surface chemistry. We let the cloud evolve until one
free-fall time is reached and track the thermal evolution and the abundances of species during this time. We see that
at a number density of 104 cm3 most of the CO molecules are frozen on dust grains in the run with grain surface
chemistry, thereby depriving the most important coolant. As a consequence, we �nd that the temperature of the gas
rises up to � 25 K. The temperature drops once again due to gas-grain collisionalcooling when the density reaches a
few � 104 cm3. We conclude that grain surface chemistry not only a�ects the chemical abundances in the gas phase,
but also leaves a distinct imprint in the thermal evolution that impacts the fragmentation of a star-forming cloud. As
a �nal step, we present the equation of state of a collapsing molecular cloud that has grain surface chemistry included.
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The magnetic �elds of young stars set their coronal properties and control their spin evolution via the star-disc
interaction and outows. Using 14 magnetic maps of 10 classical T Tauri stars (CTTSs) we investigate their closed
X-ray emitting coronae, their open wind-bearing magnetic �elds, and the geometry of magnetospheric accretion ows.
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The magnetic �elds of all the CTTSs are multipolar. Stars with simpler ( more dipolar) large-scale magnetic �elds
have stronger �elds, are slower rotators, and have larger X-rayemitting coronae compared to stars with more complex
large-scale magnetic �elds. The �eld complexity controls the distribution of open and closed �eld regions across the
stellar surface, and strongly inuences the location and shapes ofaccretion hot spots. However, the higher order
�eld components are of secondary importance in determining the total unsigned open magnetic ux, which depends
mainly on the strength of the dipole component and the stellar surface area. Likewise, the dipole component alone
provides an adequate approximation of the disc truncation radius. For some stars, the pressure of the hot coronal
plasma dominates the stellar magnetic pressure and forces open the closed �eld inside the disc truncation radius. This
is signi�cant as accretion models generally assume that the magnetic�eld has a closed geometry out to the inner disc
edge.
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We discover that the very low-mass brown dwarf OTS 44 (M9.5,� 12 MJup ) has signi�cant accretion and a substantial
disk, which demonstrates that the processes that accompany canonical star formation occur down to a central mass
of a few Jupiter masses. We discover in VLT/SINFONI spectra that OTS 44 has strong, broad, and variable Pa�
emission that is evidence for active accretion at the planetary border. We also detect strong H� emission of OTS 44
in a literature spectrum and determine an H� EW of -141�A, which indicates active accretion. Both the Pa� and H�
emission lines have broad pro�les with wings extending to velocities of about � 200 kms� 1. We determine the mass
accretion rate of OTS 44 based on H� to 7.6� 10� 12 M � yr � 1. This result shows that OTS 44 has a relatively high mass-
accretion rate considering its small central mass. This mass rate isnevertheless consistent with the general decreasing
trend found for stars of several solar masses down to brown dwarfs. Furthermore, we determine the properties of
the disk surrounding OTS 44 through radiative transfer modeling of ux measurement from the optical to the far-IR
(Herschel) by applying a Bayesian analysis. We �nd that OTS 44 has a highly ared disk ( � > 1.2) with a mass of
9.1+1 :7

� 5:5 � 10� 5 M � , i.e. � 0.1M Jup or 30M Earth . We show that the ratio of the disk-to-central-mass of about 10� 2

found for objects between 0.03 M� and 14 M� is also valid for OTS 44 at a mass of� 0.01 M� . Our observations are
in line with an isolated star-like mode of the formation of brown dwarfs down to 0.01 M� .
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The results of a maser survey toward ninety-nine protostars in the Orion molecular cloud complex are presented. The
target sources are low-mass protostars identi�ed from infraredobservations. Single-dish observations were carried out
in the water maser line at 22 GHz and the methanol class I maser lines at 44, 95, and 133 GHz. Most of the detected
sources were mapped to determine the source positions. Five water maser sources were detected, and they are excited
by HH 1{2 VLA 3, HH 1{2 VLA 1, L1641N MM1/3, NGC 2071 IRS 1/3, and an object in the OMC 3 region. The
water masers showed signi�cant variability in intensity and velocity wit h time scales of a month or shorter. Four
methanol emission sources were detected, and those in the OMC 2 FIR 3/4 and L1641N MM1/3 regions are probably
masers. The methanol emission from the other two sources in the NGC 2071 IRS 1{3 and V380 Ori NE regions are
probably thermal. For the water masers, the number of detections per protostar in the survey region is about 2%,
which suggests that the water masers of low-mass protostars are rarely detectable. The methanol class I maser of
low-mass protostars is an even rarer phenomenon, with a detection rate much smaller than 1%.
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The 30 Myr old A3-type star HD 21997 is one of the two known debris dust disks having a measurable amount of cold
molecular gas. With the goal of understanding the physical state,origin, and evolution of the gas in young debris
disks, we obtained CO line observations with the Atacama Large Millimeter/submillimeter Array (ALMA). Here, we
report on the detection of 12CO and 13CO in the J =2{1 and J =3{2 transitions and C 18O in the J =2{1 line. The
gas exhibits a Keplerian velocity curve, making our observation one of the few direct measurements of Keplerian
rotation in a young debris disk. The measured CO brightness distribution could be reproduced by a simple star+disk
system, whose parameters arer in < 26 AU, rout = 138 � 20 AU, M � = 1 :8+0 :5

� 0:2 M � , and i = 32:6� � 3:1� . The total CO
mass, as calculated from the optically thin C18O line, is about (4{8) � 10� 2 M � , while the CO line ratios suggest a
radiation temperature on the order of 6{9 K. Comparing our results with those obtained for the dust component of the
HD 21997 disk from ALMA continuum observations by Mo�or et al., we conclude that comparable amounts of CO gas
and dust are present in the disk. Interestingly, the gas and dust inthe HD 21997 system are not co-located, indicating
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a dust-free inner gas disk within about 55 AU of the star. We exploretwo possible scenarios for the origin of the gas.
A secondary origin, which involves gas production from colliding or active planetesimals, would require unreasonably
high gas production rates and would not explain why the gas and dustare not co-located. We propose that HD 21997
is a hybrid system where secondary debris dust and primordial gas coexist. HD 21997, whose age exceeds both the
model predictions for disk clearing and the ages of the oldest T Tauri-like or transitional gas disks in the literature,
may be a key object linking the primordial and the debris phases of disk evolution.
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Collisions between spheres are a common ingredient in a variety of scienti�c problems, and the coe�cient of restitution
(COR) is a key parameter to describe their outcome. We present a new collision model that treats adhesion and
viscoelasticity self-consistently, while energy losses arising from plastic deformation are assumed to be additive. Results
show that viscoelasticity can signi�cantly increase the energy that is dissipated in a collision, enhancing the sticking
velocity. Furthermore, collisions well above the sticking velocity remain dissipative. We systemically compare the
model to a large and unbiased set of published laboratory experiments to show its general applicability. The model is
well capable of reproducing the important relation between impact velocity and COR as measured in the experiments,
covering a wide range of materials, particle sizes, and collision velocities. Furthermore, the �tting parameters from
those curves provide physical parameters such as the surface energy, yield strength, and characteristic viscous relaxation
time. Our results show that all three aspects { adhesion, viscoelastic dissipation and plastic deformation { are required
for a proper description of the kinetic energy losses in sphere collisions.
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In a series of papers, we present a comprehensive analytic study of the global motion of growing dust grains in
protoplanetary discs, addressing both the radial drift and the vertical settling of the particles. Here we study how the
radial drift of dust particles is a�ected by grain growth. In a �rst s tep, toy models in which grain growth can either
be constant, accelerate or decelerate are introduced. The equations of motion are analytically integrable and therefore
the grains dynamics is easy to understand.
The radial motion of growing grains is governed by the relative e�ciency of the growth and migration processes
which is expressed by the dimensionless parameter Lambda, as well as the exponents for the gas surface density and
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temperature pro�les, denoted p and q respectively. When Lambdais of order unity, growth and migration are strongly
coupled, providing the most e�cient radial drift. For the toy models considered, grains pile up when� p+ q+1 =2 < 0.
Importantly, we show the existence of a second process which canhelp discs to retain their solid materials. For
accelerating growth, grains end up their migration at a �nite radius, thus avoiding being accreted onto the central
star.
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We aim to study the migration of growing dust grains in protoplanetary discs, where growth and migration are tightly
coupled. This includes the crucial issue of the radial-drift barrier for growing dust grains. We therefore extend the
study performed in Paper I, considering models for grain growth and grain dynamics where both the migration and
growth rate depend on the grain size and the location in the disc. Theparameter space of disc pro�les and growth
models is exhaustively explored. In doing so, interpretations for the grain motion found in numerical simulations are
also provided.
We �nd that a large number of cases is required to characterise entirely the grains radial motion, providing a large
number of possible outcomes. Some of them lead dust particles to beaccreted onto the central star and some of them
don't.
We �nd then that q < 1 is required for discs to retain their growing particles, where q is theexponent of the radial
temperature pro�le T(R) / R� q. Additionally, the initial dust-to gas ratio has to exceed a critical va lue for grains to
pile up e�ciently, thus avoiding being accreted onto the central sta r. Discs are also found to retain e�ciently small
dust grains regenerated by fragmentation. We show how those results are sensitive to the turbulent model considered.
Even though some physical processes have been neglected, this study allows to sketch a scenario in which grains can
survive the radial-drift barrier in protoplanetary discs as they grow.

Accepted by MNRAS

http://arxiv.org/pdf/1310.2637

Growing dust grains in protoplanetary discs - III. Vertical settling
Guillaume Laibe 1, Jean-Franc�ois Gonzalez 2, Sarah T. Maddison 3, and Elisabeth Crespe 2

1 Monash Centre for Astrophysics (MoCA) and School of Mathematical Sciences, Monash University, Clayton, Vic
3800, Australia
2 Universit�e de Lyon, Lyon, F-69003, France; Universit�e Lyon 1, Villeurbanne, F-69622, France; CNRS, UMR 5574,
Centre de Recherche Astrophysique de Lyon;�Ecole normale sup�erieure de Lyon, 46, all�ee dItalie, F-69364 Lyon Cedex
07, France
3 Centre for Astrophysics and Supercomputing, Swinburne University, PO Box 218, Hawthorn, VIC 3122, Australia

E-mail contact: guillaume.laibe at monash.edu

We aim to derive a simple analytic model to understand the essential properties of vertically settling growing dust
grains in laminar protoplanetary discs. Separating the vertical dynamics from the motion in the disc midplane, we
integrate the equations of motion for both a linear and an exponential grain growth rate. Numerical integrations are
performed for more complex growth models.
We �nd that the settling e�ciency depends on the value of the dimens ionless parameter gamma, which characterises
the relative e�ciency of grain growth with respect to the gas drag. Since gamma is expected to be of order as the
initial dust-to-gas ratio in the disc (of order 10� 2), grain growth enhances the energy dissipation of the dust particles
and improve the settling e�ciency in protoplanetary discs. This behaviour is mostly independent of the growth model
considered as well as of the radial drift of the particles.
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This paper presents the results of mm to sub-mm observations of CO, HCN, N2H+ , and HCO+ lines in the dense
molecular cloud L328, which harbors L328-IRS, a Very Low Luminosity Object (VeLLO). Our analysis of the line-width
�nds that 13CO and N2H+ lines are broadened right over the smallest sub-core S2 where L328-IRS is located, while
they are signi�cantly narrower in other region of L328. Thus L328-IRS has a direct association with the sub-core. CO
observations show a bipolar outow from this VeLLO with an extent o f � 0:08 pc. The outow momentum ux and
e�ciency are much less than those of low-mass protostars. The most likely mass accretion rate (� 3:6� 10� 7 M � yr � 1)
inferred from the analysis of the CO outow is an order of magnitudesmaller than the canonical value for a protostar.
If the main accretion lasts during the typical Class 0 period of a protostar, L328-IRS will accrete the mass of a brown
dwarf, but not that of a star. Given that its envelope mass is small (� 0:09 M� ) and 100% star formation rate is
unlikely, we suggest that L328-IRS is likely a proto-brown dwarf. Inward motions are found in global scale in L328
cloud and its sub-cores with a typical infall speed found in starless cores. L328 is found to be fairly well isolated from
other nearby clouds and seems to be forming three sub-cores simultaneously through a gravitational fragmentation
process. Altogether these all leave L328-IRS as the best examplesupporting the idea that a brown dwarf forms like a
normal star.
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Star formation occurs in molecular gas. In previous studies, the structure of the molecular gas has been studied in
terms of molecular clouds, but has been overlooked beyond the cloud scale. We present an observational study of the
molecular gas at 49:5� < l < 52:5� and � 5:0 km s� 1 < v lsr < 17:4 km s� 1. The molecular gas is found in the form
of a huge(>� 500 pc) �lamentary gas wisp. This has a large physical extent and a velocity dispersion of � 5 km s� 1.
The eastern part of the �lamentary gas wisp is located� 130 pc above the Galactic disk (which corresponds to 1.5{4
e-folding scale-heights), and the total mass of the gas wisp is>� 1 � 105M � . It is composed of two molecular clouds
and an expanding bubble. The velocity structure of the gas wisp canbe explained as a smooth quiescent component
disturbed by the expansion of a bubble. That the length of the gas wisp exceeds by much the thickness of the molecular
disk of the Milky Way is consistent with the cloud-formation scenario in which the gas is cold prior to the formation
of molecular clouds. Star formation in the �lamentary gas wisp occurs at the edge of a bubble (G52L nebula), which
is consistent with some models of triggered star formation.
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The orientations of �lamentary molecular clouds in the Gould Belt and t heir local ICM (inter-cloud media) magnetic
�elds are studied using near-infrared dust extinction maps and optical stellar polarimetry data. These �lamentary
clouds are a few-to-ten parsecs in length, and we �nd that their orientations tend to be either parallel or perpendicular
to the mean �eld directions of the local ICM. This bimodal distribution is not found in cloud simulations with super-
Alfvenic turbulence, in which the cloud orientations should be random. ICM magnetic �elds that are dynamically
important compared to inertial-range turbulence and self-gravity can readily explain both �eld-�lament con�gurations.
Previous studies commonly recognize that strong magnetic �elds can guide gravitational contraction and result in
�laments perpendicular to them, but few discuss the fact that magnetic �elds can also channel sub-Alfvenic turbulence
to form �laments aligned with them. This strong-�eld scenario of clou d formation is also consistent with the constant
�eld strength observed from ICM to clouds (Crutcher et al. 2010) and is possible to explain the "hub-�lament" cloud
structure (Myers 2009) and the density threshold of cloud gravitational contraction (Kainulainen et al. 2009).
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We have discovered using Pan-STARRS1 an extremely red late-L dwarf, which has (J � K )MKO = 2 :84 and (J �
K )2MASS = 2 :78, making it the reddest known �eld dwarf and second only to 2MASSJ1207� 39b among substellar
companions. Near-IR spectroscopy shows a spectral type of L7� 1 and reveals a triangularH -band continuum and
weak alkali (K I and Na I) lines, hallmarks of low surface gravity. Near-IR astrometry from the Hawaii Infrared Parallax
Program gives a distance of 24.6� 1.4 pc and indicates a much fainterJ -band absolute magnitude than �eld L dwarfs.
The position and kinematics of PSO J318.5� 22 point to membership in the � Pic moving group. Evolutionary models
give a temperature of 1160+30

� 40 K and a mass of 6.5+1 :3
� 1:0 M Jup , making PSO J318.5� 22 one of the lowest mass free-

oating objects in the solar neighborhood. This object adds to the growing list of low-gravity �eld L dwarfs and is
the �rst to be strongly de�cient in methane relative to its estimated temperature. Comparing their spectra suggests
that young L dwarfs with similar ages and temperatures can have di�erent spectral signatures of youth. For the two
objects with well constrained ages (PSO J318.5� 22 and 2MASS J0355+11), we �nd their temperatures are� 400 K
cooler than �eld objects of similar spectral type but their luminositie s are comparable, i.e., these young L dwarfs are
very red and unusually cool but not \underluminous." Altogether, P SO J318.5� 22 is the �rst free-oating object
with the colors, magnitudes, spectrum, luminosity, and mass that overlap the young dusty planets around HR 8799
and 2MASS J1207� 39.
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Planck cold clumps are among the most promising objects to investigate the initial conditions of the evolution of
molecular clouds. In this work, by combing the dust emission data from the survey of Planck satellite with the
molecular data of 12CO/ 13CO/C 18O (1-0) lines from observations with the Purple Mountain Observatory (PMO)
13.7 m telescope, we investigate the CO abundance, CO depletion andCO-to-H2 conversion factor of 674 clumps
in the early cold cores (ECC) sample. The median and mean values of the CO abundance are 0.89� 10� 4 and
1.28� 10� 4, respectively. The mean and median of CO depletion factor are 1.7 and 0.9, respectively. The median value
of X CO � to � H 2 for the whole sample is 2:8 � 1020 cm� 2K � 1km� 1 s. The CO abundance, CO depletion factor and
CO-to-H2 conversion factor are strongly (anti-)correlated to other physical parameters (e.g. dust temperature, dust
emissivity spectral index, column density, volume density and luminosity-to-mass ratio). To conclude, the gaseous CO
abundance can be used as an evolutionary tracer for molecular clouds.
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We present the results of high spatial resolution observations in the 1.1-mm waveband with the Submillimetre Array
(SMA) towards the protocluster G10.6-0.4. The 1.1-mm continuum emission reveals seven dense cores. Redshifted
absorption dips are seen in the HCN (3{2) lines in these cores, suggesting infalling of gas towards the dense cores. This
is the �rst time that infall has been seen towards multiple sources in aprotocluster. We also identi�ed four infrared
point sources in this region, which are most likely Class 0/I protostars. Two jet-like structures are also identi�ed from
Spitzer/Infrared Array Camera (IRAC) images. The dense core located in the centre has a much larger mass than the
o�-centre cores. The clump is in overall collapse and the infall motionis supersonic. The standard deviations of core
velocities and the velocity di�erences between the cores and the cloud/clump are all larger than the thermal velocity
dispersion. The picture of G10.6-0.4 seems to favour the 'competitive accretion' model, but this needs to be tested
through further observations.
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Using observations of cores to infer their intrinsic properties requires the solution of several poorly constrained inverse
problems. Here we address one of these problems, namely to deduce from the projected aspect ratios of the cores in
Ophiuchus their intrinsic three-dimensional shapes. Four models are proposed, all based on the standard assumption
that cores are randomly orientated ellipsoids, and on the further assumption that a core's shape is not correlated
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with its absolute size. The �rst and simplest model, M1 , has a single free parameter, and assumes that the relative
axes of a core are drawn randomly from a log-normal distribution with zero mean and standard deviation� O . The
second model,M2a , has two free parameters, and assumes that the log-normal distribution (with standard deviation
� O ) has a �nite mean, � O , de�ned so that � O < 0 means elongated (prolate) cores are favoured, whereas� O > 0
means attened (oblate) cores are favoured. Details of the thirdmodel (M2b , two free parameters) and the fourth
model (M4 , four free parameters) are given in the text. Markov chain MonteCarlo sampling and Bayesian analysis
are used to map out the posterior probability density functions of the model parameters, and the relative merits of
the models are compared using Bayes factors. We show thatM1 provides an acceptable �t to the Ophiuchus data
with � O � 0:57 � 0:06; and that, although the other models sometimes provide an improved �t, there is no strong
justi�cation for the introduction of their additional parameters.
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We consider the general problem of �tting a parametric density model to discrete observations, taken to follow a
non-homogeneous Poisson point process. This class of models is very common, and can be used to describe many
astrophysical processes, including the distribution of protostars in molecular clouds. We give the expression for the
likelihood of a given spatial density distribution of protostars and apply it to infer the most probable dependence
of the protostellar surface density on the gas surface density. Finally, we apply this general technique to model the
distribution of protostars in the Orion molecular cloud and robustly d erive the local star formation scaling (Schmidt)
law for a molecular cloud. We �nd that in this cloud the protostellar sur face density, � YSO , is directly proportional
to the square gas column density, here expressed as infrared extinction in the K -band, AK : more precisely, � YSO =
(1:65� 0:19)(AK =mag)(2 :03� 0:15) stars pc� 2.
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The formation of Population III stars is investigated using resistive magnetohydrodynamic simulations. Starting
from a magnetized primordial prestellar cloud, we calculate the cloudevolution several hundreds of years after �rst
protostar formation, resolving the protostellar radius. When the natal minihalo �eld strength is weaker than B <
10� 13(n=1 cm)� 2=3 G (n is the hydrogen number density), magnetic e�ects can be ignored.In this case, fragmentation
occurs frequently and a stellar cluster forms, in which stellar mergers and mass exchange between protostars contribute
to the mass growth of these protostars. During the early gas accretion phase, the most massive protostar remains
near the cloud centre, whereas some of the less massive protostars are ejected. The magnetic �eld signi�cantly a�ects
Population III star formation when Bamb > 10� 12(n=1 cm)� 2=3 G. In this case, because the angular momentum around
the protostar is e�ectively transferred by both magnetic braking and protostellar jets, the gas falls directly onto the
protostar without forming a disk, and only a single massive star forms. In addition, a massive binary stellar system
appears whenBamb � 10� 12(n=1 cm)� 2=3 G. Therefore, the magnetic �eld determines the end result of the formation
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process (cluster, binary or single star) for Population III stars. Moreover, no persistent circumstellar disk appears
around the protostar regardless of the magnetic �eld strength,which may inuence the further evolution of Population
III stars.
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Circumstellar disks around stars older than 10 Myr are expected tobe gas-poor. There are, however, two examples
of old (30{40 Myr) debris-like disks containing a detectable amount of cold CO gas. Here we present ALMA and
Herschel Space Observatoryobservations of one of these disks, around HD 21997, and study the distribution and
origin of the dust and its connection to the gas. Our ALMA continuum images at 886� m clearly resolve a broad
ring of emission within a diameter of � 4.500, adding HD 21997 to the dozen debris disks resolved at (sub)millimeter
wavelengths. Modeling the morphology of the ALMA image with a radiative transfer code suggests inner and outer
radii of � 55 and � 150 AU, and a dust mass of 0.09 M� . Our data and modeling hints at an extended cold outskirt
of the ring. Comparison with the morphology of the CO gas in the disk reveals an inner dust-free hole where gas
nevertheless can be detected. Based on dust grain lifetimes, we propose that the dust content of this gaseous disk is of
secondary origin produced by planetesimals. Since the gas component is probably primordial, HD 21997 is one of the
�rst known examples of a hybrid circumstellar disk, a so-far little stu died late phase of circumstellar disk evolution.
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Context. Rotationally supported disks are critical in the star formation process. The questions of when do they form
and what factors inuence or hinder their formation have been studied but are largely unanswered. Observations of
early stage YSOs are needed to probe disk formation.
Aims. VLA1623 is a triple non-coeval protostellar system, with a weak magnetic �eld perpendicular to the outow,
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whose Class 0 component, VLA1623A, shows a disk-like structure incontinuum with signatures of rotation in line
emission. We aim to determine whether this structure is in part or in whole a rotationally supported disk, i.e. a
Keplerian disk, and what are its characteristics.
Methods. ALMA Cycle 0 Early Science 1.3 mm continuum and C18O (2{1) observations in the extended con�guration
are presented here and used to perform an analysis of the disk-likestructure using PV diagrams and thin disk modelling
with the addition of foreground absorption.
Results. The PV diagrams of the C18O line emission suggest the presence of a rotationally supported component with
a radius of at least 50 AU. Kinematical modelling of the line emission shows that the disk out to 180 AU is actually
rotationally supported, with the rotation being well described by Keplerian rotation out to at least 150 AU, and the
central source mass to be� 0.2 M � for an inclination of 55� . Pure infall and conserved angular momentum rotation
models are excluded.
Conclusions. VLA1623A, a very young Class 0 source, presents a disk with an outer radius Rout = 180 AU with a
Keplerian velocity structure out to at least 150 AU. The weak magnetic �elds and recent fragmentation in this region
of � Ophiuchi may have played a lead role in the formation of the disk.
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Transitional disks are protoplanetary disk around young stars that display inner holes in the dust distribution within a
few AU, which is accompanied nevertheless by some gas accretion onto the central star. These cavities could possibly
be created by the presence of one or more massive planets. If thegap is created by planets and gas is still present in
it, then there should be a ow of gas past the planet into the inner region. It is our goal to study the mass accretion
rate into the gap and in particular the dependency on the planet's mass and the thermodynamic properties of the
disk. We performed 2D hydro simulations for disks with embedded planets. We added radiative cooling from the disk
surfaces, radiative di�usion in the disk midplane, and stellar irradiatio n to the energy equation to have more realistic
models. The mass ow rate into the gap region depends, for given disk thermodynamics, non-monotonically on the
mass of the planet. Generally, more massive planets open wider and deeper gaps which would tend to reduce the mass
accretion into the inner cavity. However, for larger mass planets the outer disk becomes eccentric and the mass ow
rate is enhanced over the low mass cases. As a result, for the isothermal disks the mass ow is always comparable to
the expected mass ow of unperturbed disksM d, while for more realistic radiative disks the mass ow is very small for
low mass planets (� 4 M jup ) and about 50% for larger planet masses. For the radiative disks that critical planet mass
for the disk to become eccentric is much larger that in the isothermal case. Massive embedded planets can reduce
the mass ow across the gap considerably, to values of about an order of magnitude smaller than the standard disk
accretion rate, and can be responsible for opening large cavities. The remaining mass ow into the central cavity is in
good agreement with the observations.
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Using the novel Di�racto-Astrometry technique, we analyze 44 Hubble Space Telescope Wide Field Planetary Camera
2 images of the Orion Trapezium (OT) taken over a span of 12 yr (1995{2007). We measure the relative positions of
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the six brighter OT components (A{F) and supplement these results with measurements of the relative separations
and position angles taken from the literature, thus extending our analysis time base to� 200 yr. For every pair of
components we �nd the relative rate of separation as well as the temporal rate of change of their position angles,
which enable us to determine the relative kinematics of the system. Component E shows a velocity larger than the
OT's escape velocity, thus con�rming that it is escaping from the gravitational pull of this system.
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Cosmic rays play an important role in dense molecular cores, a�ectingtheir thermal and dynamical evolution and
initiating the chemistry. Several studies have shown that the formation of protostellar discs in collapsing clouds is
severely hampered by the braking torque exerted by the entrained magnetic �eld on the infalling gas, as long as
the �eld remains frozen to the gas. In this paper we examine the possibility that the concentration and twisting
of the �eld lines in the inner region of collapse can produce a signi�cantreduction of the ionisation fraction. To
check whether the cosmic-ray ionisation rate can fall below the critical value required to maintain good coupling, we
�rst study the propagation of cosmic rays in a model of a static magnetised cloud varying the relative strength of
the toroidal/poloidal components and the mass-to-ux ratio. We t hen follow the path of cosmic rays using realistic
magnetic �eld con�gurations generated by numerical simulations of a rotating collapsing core with di�erent initial
conditions. We �nd that an increment of the toroidal component of the magnetic �eld, or, in general, a more twisted
con�guration of the �eld lines, results in a decrease in the cosmic-ray ux. This is mainly due to the magnetic mirroring
e�ect that is stronger where larger variations in the �eld direction a re present. In particular, we �nd a decrease of the
cosmic-ray ionisation rate below 10� 18 s� 1 in the central 300{400 AU, where density is higher than about 109 cm� 3.
This very low value of the ionisation rate is attained in the cases of intermediate and low magnetisation (mass-to-ux
ratio � = 5 and 17, respectively) and for toroidal �elds larger than about 40% of the total �eld. Magnetic �eld e�ects
can signi�cantly reduce the ionisation fraction in collapsing clouds. Weprovide a handy �tting formula to compute
approximately the attenuation of the cosmic-ray ionisation rate in a molecular cloud as a function of the density and
the magnetic con�guration.
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Continuing the attempt to understand the properties of the stellar content in the young cluster NGC 1893 we have
carried out a comprehensive multi-wavelength study of the region.The present study focuses on the X-ray properties
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of T-Tauri Stars (TTSs) in the NGC 1893 region. We found a correlation between the X-ray luminosity, L X , and
the stellar mass (in the range 0.2{2.0M � ) of TTSs in the NGC 1893 region, similar to those reported in some other
young clusters, however the value of the power-law slope obtainedin the present study (� 0.9) for NGC 1893 is smaller
than those (� 1.4{3.6) reported in the case of TMC, ONC, IC 348 and Chameleon star forming regions. However, the
slope in the case of Class III sources (Weak line TTSs) is found to be comparable to that reported in the case of NGC
6611 (� 1.1). It is found that the presence of circumstellar disks has no inuence on the X-ray emission. The X-ray
luminosity for both CTTSs and WTTSs is found to decrease systematically with age (in the range � 0.4 Myr { 5
Myr). The decrease of the X-ray luminosity of TTSs (slope� � 0:6) in the case of NGC 1893 seems to be faster than
observed in the case of other star-forming regions (slope� 0:2 to � 0:5). There is indication that the sources having
relatively large NIR excess have relatively lowerL X values. TTSs in NGC 1893 do not follow the well established
X-ray activity - rotation relation as in the case of main-sequence stars.
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We use N -body simulations of star cluster evolution to explore the hypothesis that short-lived radioactive isotopes
found in meteorites, such as26Al, were delivered to the Sun's protoplanetary disc from a supernova at the epoch of
Solar System formation. We cover a range of star cluster formation parameter space and model both clusters with
primordial substructure, and those with smooth pro�les. We also adopt di�erent initial virial ratios { from cool,
collapsing clusters to warm, expanding associations. In each cluster we place the same stellar population; the clusters
each have 2100 stars, and contain one massive 25 M� star which is expected to explode as a supernova at about
6.6 Myr. We determine the number of Solar (G)-type stars that arewithin 0.1 { 0.3 pc of the 25 M� star at the time
of the supernova, which is the distance required to enrich the protoplanetary disc with the 26Al abundances found in
meteorites. We then determine how many of these G-dwarfs are unperturbed `singletons'; stars which are never in
close binaries, nor su�er sub-100 au encounters, and which also donot su�er strong dynamical perturbations.
The evolution of a suite of twenty initially identical clusters is highly sto chastic, with the supernova enriching over 10 G-
dwarfs in some clusters, and none at all in others. Typically only� 25 per cent of clusters contain enriched, unperturbed
singletons, and usually only 1 { 2 per cluster (from a total of 96 G-dwarfs in each cluster). The initial conditions
for star formation do not strongly a�ect the results, although a h igher fraction of supervirial (expanding) clusters
would contain enriched G-dwarfs if the supernova occurred earlierthan 6.6 Myr. If we sum together simulations with
identical initial conditions, then � 1 per cent of all G-dwarfs in our simulations are enriched, unperturbed singletons.
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As a continuation of a previous work, in which we found strong evidence of massive molecular outows towards a
massive star forming site, we present a new study of this region based on very high angular resolution observations with
the aim of discovering the outow driven mechanism. Using near-IR data acquired with Gemini-NIRI at the broad
H - and Ks -bands, we study a region of 2200 � 2200around the UCHII region G045.47+0.05, a massive star forming
site at the distance of about 8 kpc. To image the source with the highest spatial resolution possible we employed the
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adaptative optic system ALTAIR, achieving an angular resolution of about 0.1500. We discovered a cone-like shape
nebula with an opening angle of about 90 degree extending eastwards the IR source 2MASS J19142564+1109283, a
very likely MYSO. This morphology suggests a cavity that was clearedin the circumstellar material and its emission
may arise from scattered continuum light, warm dust, and likely emission lines from shock-excited gas. The nebula,
presenting arc-like features, is connected with the IR source through a jet-like structure, which is aligned with the blue
shifted CO outow found in a previous study. The near-IR structu re lies � 300north of the radio continuum emission,
revealing that it is not spatially coincident with the UCHII region. The o bserved morphology and structure of the
near-IR nebula strongly suggest the presence of a precessing jet. In this study we have resolved the circumstellar
ambient (in scale of a thousand A.U.) of a distant MYSO, indeed one of the farthest cases.
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The formation of stars is usually accompanied by the launching of protostellar outows. Observations with the Atacama
Large Millimetre/sub-millimetre Array (ALMA) will soon revolutionalise o ur understanding of the morphologies and
kinematics of these objects. In this paper, we present syntheticALMA observations of protostellar outows based on
numerical magnetohydrodynamic collapse simulations. We �nd signi�cant velocity gradients in our outow models
and a very prominent helical structure within the outows. We speculate that the disk wind found in the ALMA
Science Veri�cation Data of HD 163296 presents a �rst instance ofsuch an observation.
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The dense cloud associated with W40, which is one of the nearby HII regions, has been studied in millimetre-wave
molecular lines and in the 1.2-mm continuum. Moreover, 1280- and 610-MHz interferometric observations have been
carried out. The cloud has a complex morphological and kinematical structure, including a clumpy dust ring and
an extended dense core. The ring has probably been formed by the\collect and collapse" process as a result of the
expansion of the neighbouring HII region. Nine dust clumps in the ringhave been deconvolved. Their sizes, masses
and peak hydrogen column densities are� 0:02� 0:11 pc, � 0:4 � 8:1 M� and � (2:5 � 11) � 1022 cm� 2, respectively.
Molecular lines are observed at two di�erent velocities and have di�erent spatial distributions, which implies that there
is strong chemical di�erentiation over the region. The CS abundance is enhanced towards the eastern dust clump 2,
while the NH3, N2H+ and H13CO+ abundances are enhanced towards the western clumps. HCN and HCO+ do not
correlate with the dust, probably tracing the surrounding gas. The number densities derived towards selected positions
are � (0:3� 3:2) � 106 cm� 3. The two western clumps have kinetic temperatures of 21 and 16K and are close to virial
equilibrium. The eastern clumps 2 and 3 are more massive, have a higher extent of turbulence and are probably more
evolved than the western clumps. They show asymmetric CS(2{1) line pro�les because of infalling motions, which is
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con�rmed by model calculations. An interaction between ionized andneutral material is taking place in the vicinity
of the eastern branch of the ring and probably triggers star formation.
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It is widely accepted that the distribution function of the masses of young star clusters is universal and can be purely
interpreted as a probability density distribution function with a cons tant upper mass limit. As a result of this picture
the masses of the most-massive objects are exclusively determined by the size of the sample. Here we show, with very
high con�dence, that the masses of the most-massive young starclusters in M33 decrease with increasing galactocentric
radius in contradiction to the expectations from a model of a randomly sampled constant cluster mass function with
a constant upper mass limit. Pure stochastic star formation is thereby ruled out. We use this example to elucidate
how naive analysis of data can lead to unphysical conclusions.
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In this paper we present new photometric and radial velocity data for the PMS � Sct star H254, member of the young
cluster IC 348. Photometric V,RC ,IC light curves were obtained at the Loiano and Asiago telescopes. Theradial
velocity data was acquired by means of the SARG@TNG spectrograph. High-resolution spectroscopy allowed us to
derive precise stellar parameters and the chemical composition of the star, obtaining: Te� = 6750 � 150 K; logg =
4:1 � 0:4 dex; [Fe=H] = � 0:07� 0:12 dex. Photometric and spectroscopic data were used to estimate the total absorp-
tion in the V band AV = 2 :06� 0:05 mag, in agreement with previous estimates. We adopted the technique of the
di�erence in phase and amplitude between di�erent photometric bands and radial velocities to verify that H254 is (def-
initely) pulsating in a radial mode. This occurrence allowed us to apply the CORS realization of the Baade{Wesselink
method to obtain a value for the linear radius of H254 equal to 3.3� 0.7 R� .
This result was used in conjunction with photometry and e�ective temperature to derive a distance estimate of 273� 23
pc for H254, and, in turn for IC 348, the host cluster. This value is in agreement within the errors with the results
derived from several past determinations and the evaluation obtained through the Hipparcos parallaxes. Finally, we
derived the luminosity of H254 and studied its position in the Hertzsprung{Russell diagram. From this analysis it
results that this � {Scuti occupies a position close to the red edge of the instability strip, pulsates in the fundamental
mode, has a mass of about 2.2 M� and an age of 5� 1 Myr, older than previous estimates.
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We have studied the young low-mass pre-main sequence (PMS) stellar population associated with the massive star-
forming region DR 21 by using archival X-ray Chandra observationsand by complementing them with existing optical
and IR surveys. The Chandra observations have revealed for the�rst time a new highly extincted population of PMS
low-mass stars previously missed in observations at other wavelengths. The X-ray population exhibits three main
stellar density peaks, coincident with the massive star-forming regions, being the DR 21 core the main peak. The
cross-correlated X-ray/IR sample exhibits a radial "Spokes-like" stellar �lamentary structure that extends from the
DR 21 core towards the northeast. The near IR data reveal a centrally peaked structure for the extinction, which
exhibits its maximum in the DR 21 core and gradually decreases with thedistance to the N-S cloud axis and to the
cluster center. We �nd evidence of a global mass segregation in thefull low-mass stellar cluster, and of an stellar age
segregation, with the youngest stars still embedded in the N-S cloud, and more evolved stars more spatially distributed.
The results are consistent with the scenario where an elongated overall potential well created by the full low-mass
stellar cluster funnels gas through �laments feeding stellar formation. Besides the full gravitational well, smaller-scale
local potential wells created by dense stellar sub-clusters of low-mass stars are privileged in the competition for the
gas of the common reservoir, allowing the formation of massive stars. We also discuss the possibility that a stellar
collision in the very dense stellar cluster revealed by Chandra in the DR21 core is the origin of the large-scale and
highly-energetic outow arising from this region.
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Sh 2-29 is a conspicuous star-forming region marked by the presence of massive embedded stars as well as several
notable interstellar structures. In this research, our goals wereto determine the role of magnetic �elds and to study
the size distribution of interstellar dust particles within this turbulen t environment. We have used a set of optical and
near-infrared polarimetric data obtained at OPD/LNA (Brazil) and C TIO (Chile), correlated with extinction maps,
2MASS data and images from DSS andSpitzer. The region's most striking feature is a swept out interstellar cavity
whose polarimetric maps indicate that magnetic �eld lines were dragged outwards, pilling up along its borders. This
led to a higher magnetic strength value (� 400� G) and an abrupt increase in polarization degree, probably due to an
enhancement in alignment e�ciency. Furthermore, dense cloud fragmentations with peak AV between 20 and 37 mag
were probably triggered by its expansion. The presence of 24� m point-like sources indicates possible newborn stars
inside this dense environment. A statistical analysis of the angular dispersion function revealed areas where �eld lines
are aligned in a well-ordered pattern, seemingly due to compression e�ects from the H ii region expansion. Finally,
Serkowski function �ts were used to study the ratio of the total- to-selective extinction, reveling a dual population of
anomalous grain particles sizes. This trend suggests that both e�ects of coagulation and fragmentation of interstellar
grains are present in the region.
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Aims: The aim of this work is to gain a deeper insight into how much di�erent aggregate types are a�ected by erosion.
Especially, it is important to study the inuence of the velocity of the impacting projectiles. We also want to provide
models for dust growth in protoplanetary disks with simple recipes toaccount for erosion e�ects.
Methods: To study the erosion of dust aggregates we employed a molecular dynamics approach that features a detailed
micro-physical model of the interaction of spherical grains. For the �rst time, the model has been extended by
introducing a new visco-elastic damping force which requires a proper calibration. Afterwards, di�erent sample
generation methods were used to cover a wide range of aggregatetypes.
Results: The visco-elastic damping force introduced in this work turns out to be crucial to reproduce results obtained
from laboratory experiments. After proper calibration, we �nd th at erosion occurs for impact velocities of 5 m/s and
above. Though fractal aggregates as formed during the �rst growth phase are most susceptible to erosion, we observe
erosion of aggregates with rather compact surfaces as well.
Conclusions: We �nd that bombarding a larger target aggregate with small proj ectiles results in erosion for impact
velocities as low as a few m/s. More compact aggregates su�er less from erosion. With increasing projectile size the
transition from accretion to erosion is shifted to higher velocities. This allows larger bodies to grow through high
velocity collisions with smaller aggregates.
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We present the results of aH - and K -band multi-object and long-slit spectroscopic survey of substellar mass candidates
in the outer regions of the Orion Nebula Cluster. The spectra were obtained using MOIRCS on the 8.2-m Subaru
telescope and ISLE on the 1.88-m telescope of Okayama Astronomical Observatory. Eight out of twelve spectra show
strong water absorptions and we con�rm that their e�ective temp eratures are� 3000 K (spectral type � M6) from a
� 2 �t to synthetic spectra. We plot our sources on an HR diagram overlaid with theoretical isochrones of low-mass
objects and identify three new young brown dwarf candidates. One of the three new candidates is a cool object near
the brown dwarf and planetary mass boundary. Based on our observations and those of previous studies, we determine
the stellar (0:08 < M=M � < 1) to substellar (0:03 < M=M � < 0:08) mass number ratio in the outer regions of the
Orion nebular cluster to be 3.5� 0.8. In combination with the number ratio reported for the central region (3:3+0 :8

� 0:7),
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this result suggests the number ratio does not simply change with the distance from the center of the Orion nebular
cluster.

Accepted by PASJ

http://arxiv.org/pdf/1310.8087

The Dynamics of Massive Starless Cores with ALMA
Jonathan C. Tan 1;2, Shuo Kong 1, Michael J. Butler 1, Paola Caselli 3 and Francesco Fontani 4
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How do stars that are more massive than the Sun form, and thus how is the stellar initial mass function established?
Such intermediate and high-mass stars may be born from relatively massive pre-stellar gas cores, which are more
massive than the thermal Jeans mass. The Turbulent Core Accretion model invokes such cores as being in approximate
virial equilibrium and in approximate pressure equilibrium with their surr ounding clump medium. Their internal
pressure is provided by a combination of turbulence and magnetic �elds. On the other hand, the Competitive Accretion
model requires strongly sub-virial initial conditions that then lead t o extensive fragmentation to the thermal Jeans
scale, with intermediate and high-mass stars later forming by competitive Bondi-Hoyle accretion. To test these
models, we have identi�ed four prime examples of massive (� 100M � ) clumps from mid-infrared (MIR) extinction
mapping of Infrared Dark Clouds (IRDCs). Fontani et al. found high deuteration fractions of N2H+ in these objects,
which are consistent with them being starless. Here we present ALMA Cycle 0 observations of these 4 clumps that
probe the N2D+ (3-2) line at 2.3 arcsec resolution. We �nd 6 N2D+ cores and determine their dynamical state. Their
observed velocity dispersions and sizes are broadly consistent withthe predictions of the Turbulent Core model of
self-gravitating, magnetized (with Alfv�en Mach number mA � 1) and virialized cores that are bounded by the high
pressures of their surrounding clumps. However, in the most massive cores, with masses up to� 60M � , our results
suggest that moderately enhanced magnetic �elds (so thatmA ' 0:3) may be needed for the structures to be in virial
and pressure equilibrium. Magnetically regulated core formation maythus be important in controlling the formation
of massive cores, inhibiting their fragmentation, and thus helping toestablish the stellar initial mass function.

Accepted by Astrophysical Journal
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VLA and CARMA Observations of Protostars in the Cepheus Clou ds: Sub-arcsecond
Proto-Binaries Formed via Disk Fragmentation
John Tobin 1, Claire Chandler 2, David Wilner 3, Leslie Looney 4, Laurent Loinard 5, Hsin-Fang Chiang 6,
Lee Hartmann 7, Nuria Calvet 7, Paola D'Alessio 5, Tyler Bourke 3 and Woojin Kwon 8
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6 University of Hawaii Institute for Astronomy, Hilo, HI
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E-mail contact: jtobin at nrao.edu

We present observations of three Class 0/I protostars (L1157-mm, CB230 IRS1, and L1165-SMM1) using the Karl G.
Jansky Very Large Array (VLA) and observations of two (L1165-SMM1 and CB230 IRS1) with the Combined Array
for Research in Millimeter-wave Astronomy (CARMA). The VLA obser vations were taken at wavelengths of� = 7 :3
mm, 1.4 cm, 3.3 cm, 4.0 cm, and 6.5 cm with a best resolution of� 0.06 arcsec (18 AU) at 7.3 mm. The L1165-SMM1
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CARMA observations were taken at � = 1 :3 mm with a best resolution of � 0:3 arcsec (100 AU), and the CB230
IRS1 observations were taken at� = 3 :4 mm with a best resolution of � 3 arcsec (900 AU). We �nd that L1165-
SMM1 and CB230 IRS1 have probable binary companions at separations of � 0.3 arcsec (100 AU) from detections
of secondary peaks at multiple wavelengths. The position angles of these companions are nearly orthogonal to the
direction of the observed bipolar outows, consistent with the expected protostellar disk orientations. We suggest
that these companions may have formed from disk fragmentation;turbulent fragmentation would not preferentially
arrange the binary companions to be orthogonal to the outow direction. For L1165-SMM1, both the 7.3 mm and 1.3
mm emission show evidence of a large (R> 100 AU) disk. For the L1165-SMM1 primary protostar and the CB230
IRS1 secondary protostar, the 7.3 mm emission is resolved into structures consistent with � 20 AU radius disks. For
the other protostars, including L1157-mm, the emission is unresolved, suggesting disks with radii< 20 AU.

Accepted by ApJ

http://arxiv.org/pdf/1310.5154

Herbig Stars' Near-Infrared Excess: An Origin in the Protos tellar Disk's Magnetically-
Supported Atmosphere
N. J. Turner 1;2, M. Benisty 2;3, C. P. Dullemond 2;4 and S. Hirose 5
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Young stars with masses 2{8 Suns, called the Herbig Ae and Be stars, often show a near-infrared excess too large
to explain with a hydrostatically-supported circumstellar disk of gas and dust. At the same time the accretion
ow carrying the circumstellar gas to the star is thought to be drive n by magneto-rotational turbulence, which
according to numerical MHD modeling yields an extended low-density atmosphere supported by the magnetic �elds.
We demonstrate that the base of the atmosphere can be optically-thick to the starlight and that the parts lying near
1 AU are tall enough to double the fraction of the stellar luminosity reprocessed into the near-infrared. We generate
synthetic spectral energy distributions (SEDs) using Monte Carlo radiative transfer calculations with opacities for
sub-micron silicate and carbonaceous grains. The synthetic SEDs closely follow the median Herbig SED constructed
recently by Mulders and Dominik, and in particular match the large near-infrared ux, provided the grains have a
mass fraction close to interstellar near the disk's inner rim.

Accepted by Ap.J.
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The RMS Survey: Galactic distribution of massive star forma tion
J. S. Urquhart 1, C. C. Figura 2, T. J. T. Moore 3, M. G. Hoare 4, S. L. Lumsden 4, J. C. Mottram 5, M.
A. Thompson 6, & R. D. Oudmaijer 4
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We have used the well-selected sample of� 1750 embedded, young, massive stars identi�ed by the Red MSX Source
(RMS) survey to investigate the Galactic distribution of recent massive star formation. We present molecular-line
observations for � 800 sources without existing radial velocities. We describe the various methods used to assign
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distances extracted from the literature, and solve the distance ambiguities towards approximately 200 sources located
within the Solar circle using archival H i data. These distances are used to calculate bolometic luminosities and
estimate the survey completeness (� 2 � 104 L � ). In total, we calculate the distance and luminosity of � 1650 sources,
one third of which are above the survey's completeness threshold.Examination of the sample's longitude, latitude,
radial velocities and mid-infrared images has identi�ed � 120 small groups of sources, many of which are associated
with well known star formatio! n complexes, such as G305, G333, W31, W43, W49 and W51.
We compare the positional distribution of the sample with the expected locations of the spiral arms, assuming a model
of the Galaxy consisting of four gaseous arms. The distribution of young massive stars in the Milky Way is spatially
correlated with the spiral arms, with strong peaks in the source position and luminosity distributions at the arms'
Galactocentric radii. The overall source and luminosity surface densities are both well correlated with the surface
density of the molecular gas, which suggests that the massive starformation rate (SFR) per unit molecular mass is
approximately constant across the Galaxy. A comparison of the distribution of molecular gas and the young massive
stars to that in other nearby spiral galaxies shows similar radial dependencies.
We estimate the total luminosity of the embedded massive star population to be � 0:76 � 108 L � , 30 per cent of
which is associated with the ten most active star forming complexes.We measure the scale height as a function of
Galactocentric distance and �nd that it increases only modestly from � 20-30pc between 4 and 8 kpc, but much more
rapidly at larger distances.

Accepted by MNRAS
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Organic species in Infrared Dark Clouds
T. Vasyunina 1, A.I. Vasyunin 1, Eric Herbst 1, Hendrik Linz 2, Maxim Voronkov 3, Tui Britton 4, Igor
Zinchenko 5, and Frederic Schuller 6
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It is currently assumed that infrared dark clouds (IRDCs) represent the earliest evolutionary stages of high-mass stars
(> 8 M � ). Submillimeter and millimeter-wave studies performed over the past15 years show that IRDCs possess a
broad variety of properties, and hence a wide range of problems and questions that can be tackled. In this paper,
we report an investigation of the molecular composition and chemicalprocesses in two groups of IRDCs. Using the
Mopra, APEX, and IRAM radio telescopes over the last four years,we have collected molecular line data for CO,
H2CO, HNCO, CH3CCH, CH3OH, CH3CHO, CH3OCHO, and CH3OCH3. For all of these species we estimated
molecular abundances. We then undertook chemical modeling studies, concentrating on the source IRDC028.34+0.06,
and compared observed and modeled abundances. This comparisonshowed that to reproduce observed abundances
of complex organic molecules (COMs), a 0-D gas-grain model with constant physical conditions is not su�cient. We
achieved greater success with the use of a warm-up model, in which warm-up from 10 K to 30 K occurs following a
cold phase.

Accepted by ApJ
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Molecular Jet of IRAS 04166+2706
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The molecular outow from IRAS 04166+2706 was mapped with the Submillimeter Array (SMA) at 350 GHz contin-
uum and CO J = 3{2 at an angular resolution of � 1 arcsec. The �eld of view covers the central arc-minute, which
contains the inner four pairs of knots of the molecular jet. On the channel map, conical structures are clearly present in
the low velocity range (jV� V0 j < 10 km s� 1), and the highly collimated knots appear in the Extremely High Velocity
range (EHV, 50> jV� V0j > 30 km s� 1). The higher angular resolution of � 1 arcsec reveals the �rst blue-shifted
knot (B1) that was missing in previous PdBI observation of Sant��ago-Garc��a et al. (2009) at an o�set of � 6 arcsec to
the North-East of the central source. This identi�cation complet es the symmetric sequence of knots in both the blue-
and red-shifted lobes of the outow. The innermost knots R1 and B1 have the highest velocities within the sequence.
Although the general features appear to be similar to previous COJ = 2{1 images in Sant��ago-Garc��a et al. (2009),
the emission in CO J = 3{2 almost always peaks further away from the central source than that of CO J = 2{1 in
the red-shifted lobe of the channel maps. This gives rise to a gradient in the line-ratio map of CO J = 3{2/ J = 2{1
from head to tail within a knot. A large velocity gradient (LVG) analys is suggests that the di�erences may reect a
higher gas kinetic temperature at the head. We also explore possibleconstraints imposed by the non-detection of SiO
J = 8{7.

Accepted by The Astrophysical Journal
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This paper presents a study of the rate and e�ciency of star formation in the NGC 6334 star forming region. We
obtained observations atJ , H , and K s taken with the NOAO Extremely Wide-Field Infrared Imager (NEWFIR M)
and combined them with observations taken with the Infrared Array Camera (IRAC) camera on the Spitzer Space
Telescope at wavelengths� = 3.6, 4.5, 5.8, and 8.0� m. We also analyzed previous observations taken at 24� m using
the Spitzer MIPS camera as part of the MIPSGAL survey. We have produced a point source catalog with> 700,000
entries. We have identi�ed 2283 YSO candidates, 375 Class I YSOs and 1908 Class II YSOs using a combination of
existing IRAC-based color classi�cation schemes that we have extended and validated to the near-IR for use with warm
Spitzer data. We have identi�ed multiple new sites of ongoing star formation activity along �lamentary structures
extending tens of parsecs beyond the central molecular ridge of NGC 6334. By mapping the extinction we derived
an estimate for the gas mass, 2.2� 105 M � . The heavy concentration of protostars along the dense �lamentary
structures indicates that NGC 6334 may be undergoing a \mini-starburs" event with � SF R > 8:2 M � Myr � 1 pc� 2

and SF E > 0:10. We have used these estimates to place NGC 6334 in the Kennicutt-Schmidt diagram to help bridge
the gap between observations of local low-mass star forming regions and star formation in other galaxies.

Accepted by ApJ
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Abstracts of recently accepted major reviews

Braking down an accreting protostar: disc-locking, disc wi nds, stellar winds, X-winds
and Magnetospheric Ejecta
Jonathan Ferreira 1

1 UJF-Grenoble 1/CNRS-INSU, Institut de Plan�etologie et d'Astrop hysique de Grenoble (IPAG) UMR 5274, Gernoble,
F-38041, France

E-mail contact: jonathan.Ferreira@obs.ujf-grenoble.fr

Classical T Tauri stars are low mass young forming stars that are surrounded by a circumstellar accretion disc from
which they gain mass. Despite this accretion and their own contraction that should both lead to their spin up, these
stars seem to conserve instead an almost constant rotational period as long as the disc is maintained. Several scenarios
have been proposed in the literature in order to explain this puzzling 'disc-locking' situation: either deposition in the
disc of the stellar angular momentum by the stellar magnetosphere or its ejection through winds, providing thereby
an explanation of jets from Young Stellar Objects.
In this lecture, these various mechanisms will be critically detailed, from the physics of the star-disc interaction to the
launching of self- con�ned jets (disc winds, stellar winds, X-winds, conical winds). It will be shown that no simple
model can account alone for the whole bulk of observational data and that 'disc locking' requires a combination of
some of them.

Accepted by "Role and Mechanisms of Angular Momentum TransportDuring the Formation and Early Evolution of
Stars", (Evry Schatzman School 2012), Editors: P. Hennebelle and C. Charbonnel, EAS Publications Series, Volume
62
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Chemistry in Protoplanetary Disks
Thomas Henning 1 and Dmitry Semenov 1
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This comprehensive review summarizes our current understandingof the evolution of gas, solids and molecular ices
in protoplanetary disks. Key �ndings related to disk physics and chemistry, both observationally and theoretically,
are highlighted. We discuss which molecular probes are used to derivegas temperature, density, ionization state, and
kinematics in protoplanetary disks.

Accepted by Chem. Reviews, a thematic issue "Astrochemistry"
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Dissertation Abstracts

Star Formation in the Perseus Molecular Cloud:
A Detailed Look at Star-Forming Clumps with Herschel

Sarah Sadavoy

University of Victoria, Victoria BC, Canada

Max Planck Institute for Astronomy, Konigstuhl 17, 69117, Heidelberg, Germany

Electronic mail: sadavoy at mpia-hd.mpg.de

Ph.D dissertation directed by: James Di Francesco

Ph.D degree awarded: August 2013

This dissertation presents newHerschel observations at 70� m, 160 � m, 250 � m, 350 � m, and 500� m of the Perseus
molecular cloud from the Herschel Gould Belt Survey. The Perseus molecular cloud is a nearby star-forming region
consisting of seven main star-forming clumps. TheHerschel observations are used to characterize and contrast the
properties of these clumps, and to study their embedded core populations. First, we probed the exceptionally young
clump, B1-E. Using complementary molecular line data, we demonstrate that B1-E is likely fragmenting into a �rst
generation of dense cores in relative isolation. Such a core formation region has never been observed before. Second,
we use complementary long wavelength observations at 850� m to study the dust properties in the larger, more active
B1 clump. We �nd that Herschel data alone cannot constrain well the dust properties of cold dust emission and
that long wavelength observations are needed. Additionally, we �ndevidence of dust grain growth towards the dense
cores in B1, where the dust emissivity index,� , varies from the often assumed value of� = 2. In the absence of
long wavelength observations, however, assuming� = 2 is preferable over measuring� with the Herschel-only bands.
Finally, we use the source extraction code,getsources, to identify the core populations within each clump from the
Herschel data. In addition, we use complementary archival infrared observations to study their populations of young
stellar objects (YSOs). We �nd that the more massive clumps have an excess of older stage YSOs, suggesting that
these regions contracted �rst. Starless cores are typically associated with peaks in the column density, where those
found towards regions of higher column density also have higher average densities and colder temperatures. Starless
cores associated with a strong, local interstellar radiation �eld, however, have higher temperatures. We �nd that the
clumps with the most prominent high column density tails also had the highest fractions of early-stage YSOs. This
relation suggests that the quantity of high column density material corresponds to recent star formation activity.
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New Jobs

Postdoc position in Star Cluster Formation and Evolution

The Institute for Astronomy of the ETH Zurich, Star and Planet Fo rmation Research Group (led by Professor Michael
Meyer) invites applications for a post-doctoral position to study the formation and evolution of star clusters. Our
group is involved in two large surveys to collect radial velocities of stars in young clusters in advance of the ESA
GAIA Mission: the ESO-GAIA Public Spectroscopic Survey (PIs: G. Gilmore and S. Randich) and the SDSS-III
APOGEE ancillary science program IN-SYNC (PIs: K. Covey and J. Tan). We have also undertaken a suite of
N-body simulations in support of this work (under the leadership of R. Parker). More information can be found at
http://www.astro.ethz.ch/meyer/index

Salaries will be commensurate with experience, beginning at CHF 85,300, with initial appointments of 2+1 years, up
to a maximum of six. Successful applicants will have the opportunityto work with students at all levels and will be
expected to contribute to our on-going participation in existing large surveys and simulations, as well as propose new
avenues for research.

Switzerland is a member of ESO and ESA, and successful applicants will have full access to their facilities. The
Institute for Astronomy maintains a network of workstations, as well as a wide range of high performance computing
options. Members of the Institute also play a leading role in the Swiss STARFORM project, linking observations,
simulations, and theoretical models of molecular clouds and subsequent star formation in the Milky Way and other
galaxies. Interested applicants will also be welcome to explore research opportunities in the Laboratory for Astronom-
ical Instrumentation.

Applications are invited from all nationalities and should consist of a CV and brief descriptions of past/proposed
research (combined length not to exceed 10 pages). A separate publication list should be attached. Materials should
be sent electronically in a single pdf �le. This �le, as well as three letters of reference (sent directly by the referees)
should be sent to eth-astro-star-planet@phys.ethz.ch. Review of applications will begin December 1, 2013 and will
continue until the position is �lled.

The ETH Zurich will provide bene�ts for maternity leave, retirement , accident insurance, and relocation costs. We-
blink: http://www.pa.ethz.ch/

PhD positions in Star and Planet Formation and Exoplanets

The Institute for Astronomy of the Swiss Federal Institute of Technology (ETH Zurich) Star and Planet Formation
Research Group invites applications for new PhD positions related toi) the direct detection and characterization
of extra-solar planets (with Prof. M.R. Meyer); ii) calibration and sc ienti�c exploitation of the ZIMPOL/SPHERE
instrument to be commissioned in 2014 on the VLT (with Prof. H.M. Schmid); and iii) interdisciplinary research on
planet formation theory utilizing astronomical, cosmochemical, and geophysical constraints (with Prof. M.R. Meyer).

Salaries for PhD students start at CHF 52,500. Students will have the opportunity to study experimental and
theoretical aspects of astronomy through formal coursework, conducting research with local experts in planet formation
and exoplanet science as well as our international network of collaborators, and utilize state-of-the-art facilities.
Successful applicants are expected to have a Master of Science degree in Physics, Astronomy, or related discipline, and
to have already participated in one (or more) research projects (preferably in astrophysics).

Switzerland is a member of ESO and ESA, and successful applicants will have full access to their facilities, including
data from the GTO Program of the SPHERE Project. The Institute for Astronomy maintains a network of worksta-
tions, as well as a wide range of high performance computing options. Members of the Institute also play a leading role
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in the interdisciplinary PLANET-Z initiative linking research groups at t he ETH Zurich in astronomy, earth science,
and computational astrophysics at the University of Zurich. Quali� ed applicants will be able to explore research
opportunities in the Laboratory for Astronomical Instrumentat ion.

Applications are invited from all nationalities and should consist of a CV (1-2 pages), description of relevant research
experience (2 pages), academic transcripts, scores from relevant standardized tests (e.g. TOEFL, Physics GRE) a
personal statement of interests and goals (1 page), and the names of three referees that can be contacted if necessary.
Materials should be sent electronically in a single pdf �le to eth-astro-star-planet@phys.ethz.ch. Review of applications
will begin December 1, 2013 and will continue until all positions are �lled.

The ETH Zurich will provide bene�ts for maternity leave, retirement , accident insurance, and relocation costs. We-
blink: http://www.pa.ethz.ch/

Tenure-Track Faculty Position in Astrophysics with Focus o n Star and
Planet Formation - Rice University
The Department of Physics and Astronomy at Rice University invites applications for a tenure-track faculty position
in astrophysics with an emphasis on the formation of stars and planets within the Milky Way and in the low-redshift
universe. This search seeks an outstanding individual whose research will complement and extend existing activities in
star and planet formation at Rice University (see http://physics.rice.edu/ ). While some preference will be given
to observational astrophysicists, outstanding candidates with atheoretical or computational focus will also receive
full consideration. In addition to developing an independent and vigorous research program, the successful applicant
will normally be expected to teach one undergraduate or graduatecourse each semester. The department expects to
make an appointment at the assistant professor level. A PhD in astronomy/astrophysics or related �eld is required.
Applicants should send a curriculum vitae, statements of researchand teaching interests, a list of publications, and
two or three selected reprints, in a single PDF �le, to umbe@rice.edu with subject line 'Astrophysicist Search' or to
Prof. Hartigan, Chair, Search Committee, Dept. of Physics and Astronomy - MS 61, Rice University, 6100 Main
Street, Houston, TX 77005. Applicants should also arrange for atleast three letters of recommendation to be sent by
email or post. Applications will be accepted until the position is �lled, b ut only those received by January 15, 2014
will be assured full consideration. The appointment is expected to start in July 2014. Rice University is an a�rmative
action/equal opportunity employer; women and underrepresented minorities are strongly encouraged to apply.

Tenure-Track Assistant Professor Position in Observation al Astronomy
with a focus on star formation or exo-planets - Stony Brook Un iversity
The Department of Physics and Astronomy at Stony Brook University ( http://www.physics.sunysb.edu/Physics/ )
seeks applications for a tenure track assistant professor in observational astronomy, with a focus on star formation
(galactic a/o extragalactic) a/o exo-planets. The ideal candidatewill be able to make use of such facilities as ALMA,
JWST, and the LSST. The current interests of the astronomy group can be found athttp://www.astro.sunysb.edu/ .

Stony Brook faculty and students conduct experimental and theoretical research in a broad range of topics in physics
and astronomy both in facilities on our campus and at laboratories around the world.

The successful candidate will have a PhD in Astronomy, Astrophysics, Physics or related �eld. S/he will be expected to
carry out an independent research program and to attract federal grant support for it. S/he will contribute to the teach-
ing activities in the department at both the undergraduate and graduate levels. The appointment could start as early as
in Fall 2014. To receive full consideration the application should be submitted by November 15, 2013. Interested candi-
dates should go to the web pagehttps://academicjobsonline.org/ajo/StonyBrook/Physi csandAstronomy/2801
and follow the links and instructions for uploading all application materials (including CV, a statement of teaching
philosophy, a brief (3-page limit) description of research and research interests, and the names, institutions, and email
addresses for 3 referees) to a secure web site. The letters of references should be submitted electronically on the same
WEB site. Electronic submission via academicjobsonline is strongly preferred.

Alternatively, applicants may submit the application materials by mail t o: Nathan Leoce-Schappin, Assistant to the
Chair, P-104 Physics Bldg., Stony Brook, NY 11794-3800.
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Summary of Upcoming Meetings

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

Exoplanets and Disks: Their Formation and Diversity II
8 - 12 December 2013, Kona, Hawaii, USA
http://exoplanets.astron.s.u-tokyo.ac.jp/SubaruConf 13/index.html

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

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

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 a nd the Sun
9 - 13 June 2014 Flagsta�, 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

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

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

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

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

Herbig 1962 review now available

George Herbig's major reviewThe Properties and Problems of T Tauri Stars and Related Objects, which appeared in
the now defunct series 'Advances in Astronomy and Astrophysics'(vol. 1, p. 47-103, 1962) has long been unavailable.
In the intervening half a century, it has obviously become superseded by major new advances, but the review is still of
great historical interest. George Herbig was the brilliant trailblazer, who found and lit the way that new generations
will continue to explore.

http://adsabs.harvard.edu/abs/1962AdA%26A...1...47H

I am grateful to Edwin Henneken of the NASA ADS for getting permission from the publisher and for making this
review available.

Bo Reipurth

Orion workshop talks

The talks at last month's workshop at STScI The Orion Nebula Cluster as a Paradigm of Star Formationare now
available at the STScI Webcasting site:

https://webcast.stsci.edu/webcast/searchresults.xht ml?searchtype=20&eventid=198&sortmode=1

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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