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A near-infrared mosaic of the center of the Ophi-
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the nearest star forming regions and among the best
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further detalils.
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Ewine van Dishoeck
in conversation with Bo Reipurth

Q: Your thesis entitled \Photodissociation and excitation
of interstellar molecules: calculations and astrophysida
applications" was nished in 1984. How did you get in-
terested in this subject?

A: | studied chemistry at Leiden University, and as part
of the MSc requirements | had to carry out two research
projects. My minor project was in experimental chemi-

encountered on Earth, and it forces you to dive deep into
the fundamentals of chemical processes.

After | returned to Leiden, | was able to do the bulk of
my PhD project at the interface between chemistry and
astronomy under the formal supervision of Habing and
Dalgarno. The Netherlands Organization for Scientic
Research (NWO) had kindly made a special grant avail-
able for me to do so, after both the astronomy and chem-
istry councils had turned down our requests for funding (
\interesting, but not enough astronomy/chemistry in the
proposal). This was my rst lesson in the obstacles one
faces as an interdisciplinary scientist. Because the fund-
ing is still largely along mono-disciplinary lines, one either
has to “spin' the proposal toward pure astronomy or pure
chemistry.

Q: You and John Black have had a very productive col-
laboration over the years. Your most cited paper is from

1988 and deals with the photodissociation and chemistry
of interstellar CO. What were the main results?

A: Indeed, | treasure my collaboration with John. We
started to work together during my PhD period, and John
gradually introduced me more and more into astronomy.
| learned a lot from him! Our rst joint paper was on

the excitation of interstellar C,. We then continued on
the development of the next generation of diuse cloud

cal physics, using lon Cyclotron Resonance spectroscopymodels, resulting in our 1986 modeling paper. From that
to measure the photodestruction of cycloalkane molecular work it became clear that photodissociation of CO was
ions. My major project was in theoretical chemistry us- one of the main uncertainties in these models, especially
ing quantum chemical techniques to study the electronic because we wanted to push them into the translucent cloud
structure and photodissociation pathways of hydrocarbon regime where carbon goes from atomic to molecular form
ions, in particular CH} . Leiden was one of the few places (Ay a few mag).

in the yvorld which had strong expertise .in the calcplatio_n When | came back to Harvard as a postdoc, my o ce was
qf excited eIectrqnlc states through which photod@somg— on the same oor as that of the experimental atomic and
tion proceeds (with Marc van Hemert). So photodissoci- molecular physics group at the CfA. At that time intense
atlon_ was a natural topic for me because of_my chemical light sources (Japanese and French synchrotrons) cou-
physics background and the available expertise. pled with high resolution spectrometers were just becom-
| was rmly determined to continue my PhD research in ing available so we stimulated Yoshino, Peter Smith and
theoretical chemistry because of my love for molecules.Glenn Stark to measure CO, since its excited electronic
However, the head of the group had died a few years ear-structure was very unclear, even in Herzberg's famous "Di-
lier and it was clear that there was not going to be a atomics' book. They went ahead and did so, and | remem-
successor for a long time. So | had to look elsewhereber looking jointly at the photographic spectra to deter-
My then boyfriend (and now husband) Tim de Zeeuw was mine by eye which of the transitions were broadened, an
studying astronomy and had just taken a course by Harm indication that the states were predissociated. From these

Habing on the interstellar medium, including the discov-
ery of interstellar molecules. "Is this not something for
you?" he asked. Teije de Jong from Amsterdam then in-
troduced me to the world expert, Alexander Dalgarno at
Harvard. He invited me to Harvard for 5 months after
nishing my MSc to start a PhD project. The rst topic

he suggested was the photodissociation of interstellar OH,

data John and | built a model of 33 UV bands through

which photodissociation could proceed, although much of
the molecular data was still guess work at that time, espe-
cially for the isotopologs. Even after 25 years of additional
laboratory spectroscopy, not all the states and oscillator
strengths are yet known. We should be very grateful to
the molecular physicists for continuing to pursue this.

so this was right up my alley. | was immediately hooked A the time, we did not expect the paper to have such a big
on astrochemistry! The universe is a wonderful chemical impact (I still nd it hard to predict which papers will)

laboratory with conditions di erent from those normally



but two aspects played a role. First, we did an end-to-end lines of hot gaseous HCN, GH,, CO,, H,O and OH, seen
study, i.e., we applied the CO photodissociation model to in absorption and emission.

a wide range of interstellar clouds and made predictions for Q: You are leading the Key Program \WISH" - Water In

N - ) . T
CO, C, and C" column densities and isotopic fractionation g4 forming regions with Herschel. Has Herschel lived up
that could be compared with astronomical observations. ;o expectations?

Second, we had a table of shielding functions that other ) ] ]
modelers could easily implement: providing a table with A: Certainly: the quality of the HIFI spectra is much bet-

useful numbers often helps to increase citations. ter than what | was dreaming of when | rst got involved

) . . in Herschelin 1982. The fact that all instruments (and
Q:1SO opened up mid- and far-infrared wavelength studies 5 channels) were operative until the end of mission is a
of protostars. What were the main achievements of ISO testimony to the skills of the instrument builders.

for astrochemistry? i )
. . . , , The water line pro les are remarkably complex, even in
A: 1SO was fantastic, it was "the little telescope that could isotopologs, and reveal dynamical processes near proto-

(in Martin Harwit's words). It _opened up the full 2-200 414 \which are not seen in any other molecule, as shown by
m _vvavelength range for medium resolutlon_ spectroscopy Lars Kristensen and Joe Mottram. We are still digesting
unhindered by the Earth's atmosphere, building on the ¢ yhqusands of spectra, but highlights so far have been
pioneering KAQ studies. Highlights include the full in- e yetection of water vapor in pre-stellar cores, led by
ventory of ices, PAHs and silicates during the entire stel- pgq5 Caselli, which allowed the reconstruction of the wa-
lar lifecycle, from clouds to protostars, disks, comets, and ., abundance pro le in a cloud just prior to collapse; and
evolved stars. It started the “crystalline revolution’: the 4 jetection of the cold water reservoir in two protoplan-

widespread d_etection of crystalline silicate features in pro- etary disks, led by Michiel Hogerheijde and Ted Bergin. It
toplanetary disks and the envelopes of evolved stars, S0me+g g4 to realize that such deep integrations on cold water

times with striking resemblance to those found in comets. in star- and planet-forming regions may not be possible

ISO also provided a rst view of the rich mid- and far- for another 50 years, due to the lack of a new heterodyne
infrared gas-phase spectra of protostars, especiallyflwa- spectroscopy space mission.

ter, OH, CO2 and the atomic ne structure lines, which . yoy have over the years taken a particular interest in
together provide the main gas coolants. Since both the IRAS 16293-2422. What is special about this object?
gas and ice could be observed simultaneously with I1SO, L i _
the spectra really drove home the gas-ice connection and”A: For astrochemists, it is the low-mass version of Orion!
stimulated the further development of gas-grain models. !t (Sub)mm spectra are full of lines from complex organic

. , molecules. Because the lines are narrow, the spectra suf-
Q: Ices regulate much of the chemistry during star forma- ¢ mch less from line confusion than those of Orion or

tion, and you have used Spitzer extensively for ice studies.sgrBZ_ Geo Blake, Lee Mundy and | started targeting

What have you learnt from Spitzer? this source when the CSO and JCMT became operational,
A: Spitzer had a much larger impact on astrochemistry and later also with interferometers, led by Jes J rgensen.
than | had expected. After ISO, | was rather “spoiled' and Since it is a protobinary source, with each source sur-
did not expect the spectral resolving power ofR 600 rounded by its own disk-like structure, chemical variations
to be enough for new insights. But the raw sensitivity of on few hundred AU scales can be studied. An intriguing
Spitzer was amazing, and allowed us to do large surveysseparation of O- and N-rich organic molecules has been
of low-mass protostars and disks down to the brown dwarf found which is not yet understood but which must hold
limit in the context of the c2d program (with Neal Evans important clues on the routes to complex organic species.
and Geo Blake). ISO had been limited to just the bright- Q: Your group in Leiden has attracted a number of stu-

est massive protostars. Combined with ground-based sur- 4o+« \who have moved on to very successful careers
veys to cover the critical 3-5 m range, it showed that

the ice composition is remarkably homogeneous across the™: Indeed, | have been very fortunate to have had (and
Milky Way and that there are only minor di erences be- still _have) very good students, each in their own way, in
tween low- and high-mass protostars. Two ingredients for addition to excellent postdocs. The high quality of Leiden
building complex molecules, NH and CH3;OH ice, were students in general and the high standards of the Dutch
found to be widespread. Together with laboratory spec- PhD program were an important motivation for us to move

troscopy (crucial for the interpretation), the data also high- Pack from the US to Leiden in 1990. | have been particu-
lighted the di erent ice phases and allowed an ice forma- lary happy with the in ux of excellent PhD students from

tion and evolution sequence to be developed. the Nordic countries.

As a surprise, Spitzer also revealed a rst glimpse of the Q: You are chair of the IAU Astrochemistry Working Group,
rich organic chemistry in the inner few AU of disks through Which has been one of the most active working groups un-



der the IAU. What has been the main achievement of this tostellar phase? Also, what fraction of disks undergo the
working group? heavy radial mixing postulated for our own solar nebula

A: The main activity of the IAU Astrochemistry Working ~ disk in the “Grand Tack’ and "Nice’ models?

group, initiated by Alex Dalgarno in the early 1980s, has It was fun to bring all this information on water together
been to ensure that worldwide meetings on Astrochem- in a single chapter and | learned a lot from my co-authors.
istry are organized regularly, with IAU Symposia typically | had not realized how uncertain the (deep) oxygen abun-
every 5{6 years. These week-long meetings cover the endance is in the Jovian atmosphere. It is fascinating to
tire eld of Astrochemistry, from di use clouds to distant  realize that in 20 years, we may know more about some
galaxies and now also exoplanetary atmospheres. Thereexo-planetary systems than we know about our own ice
is also ample attention paid to basic molecular processes.giants.

Attendance has grown from 100 partk_:ipants in .1985 to Q: What are you currently working on?

more than 450 at the 2011 symposium in Toledo, illustrat-

ing the growth of the eld. | have enjoyed co-organizing A: One Qf our new focus p_oints is transitior_lal disks. It
the last four IAU Symposia. Now | have a new role as started with Spitzerand VLT infrared observations of dust

President of AU Division H on Interstellar Matter and ~ @nd gas, especially beautiful CRIRES spectro-astrometry
the Local Universe. by Klaus Pontoppidan which showed that warm gas is

present inside dust cavities. Our ALMA program is now

in full swing and allows to image the disks and quantify

the gas surface density pro le inside the gap, thanks to

A: ALMA will be the astrochemistry machine for the next detailed models developed by Simon Bruderer. The gas
decades. It can nally spatially resolve the chemistry as- distribution is a probe of the dust clearing mechanism

sociated with protostars, disks, shocks, PDRs etc. so that and places constraints on the characteristics of any young
we can compare apples with apples. Virtually all chemi- planet that may be causing the cavity.

cal surveys are still based on single dish data that blend \ya \ere very lucky with our rst ALMA Cycle 0 tar-
all of these physical components together, which has ham'get' Oph IRS48. Based on mid-IR VLT-VISIR images of
pered comparison with models. ALMA's sensitivity will o sized dust we were expecting to see a full ring in
also allow much deeper searches for new molecules and it§,o mm continuum. but instead discovered a small “peanut
imaging ability will reduce line confusion and assist in the . ~pananar of mm,-sized dust on just one side of the disk
assignment of features. Even with just 16 antennas in Cy- 4 <ot from the star. The rst reaction of our team was
cle 0, ALMA detected an order of magnitude more lines -, po+ the heck is that?' It took us a few months to con-

per GHz than previous arrays. Of course, a lot of labora- \;i,.e ourselves that this was not an artifact but that we

tory work is needed to assign all those lines. ALMA will \were indeed looking at a gigantic dust trap. Because the
also push astrochemistry to the edge of the Universe: SO00Njnteqgration times were set to detect the gas, the S/N on the

az = 6 galaxy spectrum may look as complex as that of ¢,ntinyum was very high, 390 , and the azimuthal con-

Orion did 30 years ago. trast more than a factor of 100 (the TAC would never have
Q: As lead author of the new PP-VI chapter on \Water - given us so much time if we had asked for just the contin-
from Clouds to Planets" you are outlining the formation uum...) Thanks to a collaboration with Kees Dullemond,
and transport of water in the star and planet formation Til Birnstiel and Paola Pinilla, we were able to explain
processes. Which part is still the least understood? and model this feature in detail, with observations and
models presented in a paper led by Nienke van der Marel.

Q: ALMA is now close to being in full operation. What
do you see as ALMA's primary role for astrochemistry?

A: In our PP-VI chapter, we follow the water trail from its
formation as ice in cold molecular clouds to collapsing en- Transitional disks are also interesting from an astrochem-
velopes, disks, planetesimals and eventually planets. All ical perspective, since they provide a “dust-free' chemistry
of this is compared with what we know about water in laboratory inside the cavity. The outer disk midplane con-
our own (early) solar system as seen in asteroids, cometsgsisting of ices is exposed to intense UV, leading to other
planets and their moons. In my view, the critical step chemical characteristics. With ALMA reaching full capa-
that we understand least is the disk formation process bilities, we can now start to search for molecules other
and the path that the molecules take when they fall in than CO in these disks. On the more distant horizon,
toward the disk and star, as highlighted in work by Ruud JWST will be launched with the MIRI instrument. Alto-
Visser: do the packages of gas and dust come close to thgether, | look forward to many more surprises!

protostar so that all ices evaporate and all molecules are

photodissociated in which case water (and any complex

molecules originally trapped in the ice) need to reform in

the disk? Or are they preserved from the pre- and pro-



My Favorite Object
The  Ophiuchi Molecular Cloud
Catarina Alves de Oliveira

Figure 1. WFCAM/UKIRT HK colour-composite of the
Ophiuchi molecular cloud. Credits: C. Alves de Oliveira
& M. Casali. Image processing: WFCAM/WSA and Luis
Cakada.
The Ophiuchi Molecular Cloud is a benchmark region for
star formation studies, making my fondness for this cluster
something | certainly share with many other readers of this
Newsletter. One immediately attractive aspect is its loca-
tion on the sky: at a distance of only 120 pc and observable
from both hemispheres, it was one of the rst regions to
be mapped in the IR already in the 70s (Grasdalen et al.
1973). It is the star forming region where the Young Stel-
lar Object (YSO) classi cation scheme, including Class 0,

uasdo_rrlﬁmally mtr%duced (Llag%%& I\:Vllkmg 19?4;' Ande, et al. 1997), as well as the detection of IR-excess con-
arg-thompson, Barsony ). Its young stellar mem- sistent with the existence of brown-dwarf disks (Comeon

bers were also amongst the rst to be observed in X-rays . o~ 1998 Natta et al. 2002, Testi et al. 2002). How-
in the 80s, and the discovery of variability at these wave-

lengths dubbed it an X-ray Christmas Tree (Montmerle
et al. 1983). Even nowadays it continues to be a pre-
ferred target, for example providing the setting for the
rst ALMA observations of a brown dwarf disk (Ricci et
al. 2012). But what really attracts such interest in this
region is certainly its complexity and diversity. With an
estimated age of 1 Myr, and a high-extinction central

between the sparse regions of Taurus and the rich, mas-
sive cluster of Orion, Ophiuchi is an ideal environment
to address these questions. One might imagine that such
a nearby star forming region would have been one of the
rst to reach a complete census of its substellar popula-
tion. In fact, some of the very rst young brown dwarfs
were found in this cluster (Williams et al. 1995, Luhman

ever, observational limitations, such as the lack of sensi-
tivity, contamination from background stars and galaxies,
or the study of only high extinction regions to circumvent
those, resulted in an incomplete census in the brown dwarf
regime. The last decade has therefore seen a major e ort
to uncover the substellar population of this cluster, since it
is the rst step needed to allow the study of the properties
of its members (e.g. disks and jets, dynamics, binarity, or

core surrounded by a diuse environment, the cloud al- "\ o< istribution), as well as a comparison with other
lows the study of several aspects of star formation, from clusters

cores and laments (Ande et al. 2014), to some of the | was introduced to  Oph during my PhD where | had
lowest mass young brown dwarfs known. My interest lies . privilege to work on what were at the time the rst
in the latter, and that shall be the focus of this article. observations taken with the WEFCAM at the UKIRT. To-

. . . _gether with Mark Casali (ESO), we monitored the region
Understanding the dominant brown dwarf formation pro in the H and K lters for 14 epochs spread over two

cess and assessing whether it shares a common channel . X )
: . : . Campaigns one year apart with the goal of using near-
with the formation of solar-type stars or giant planets still A -
. : o . IR variability and a powerful new facility to uncover the
represents a major challenge. This question is more perti- . : ;
; ) : . _low-mass population of this cluster (Fig. 1). The large
nent for the lowest mass objects, since it also determines . . L
. . eld of view of WFCAM had just made deep IR variabil-
the mass limit for star formation to occur and the shape of

- . . . : ity studies possible for the rst time, since with modest
the initial mass function. Being an intermediate exemplar S X
amounts of observing time an entire cluster could be cov-



ered down to the brown-dwarf mass regime, even in highly
extincted regions. We detected signi cant variability sig-
nals in 41% of the cluster's population, consistent with the
existence of cool or/and hot spots on the stellar surface,
variations in circumstellar extinction, or structural varia-
tions in accretion discs (Alves de Oliveira & Casali 2008).
The survey was also successful in uncovering a candidate
population of pre-main sequence stars associated with the |
cluster, many of which have since been con rmed as mem- a6k
bers. One particularly striking IR variable we discovered is [
ISO-Oph-50 (Fig. 2), an intriguing object with variations
of several magnitudes that has since been followed-up by

-24.0-

-24.4

Dec

-24.8

Aleks Scholz (University of St Andrews) and collabora- [ o . e
tors. Recently, a new study of the calibration elds of 250 e T
2MASS in  Oph has also analysed in detail several of its 2474 2472 2470 243-: 246.6 2464 2462

variable YSOs, including the determination of rotation pe-

riods (Parks et al. 2014). Mid-IR variability has also been

detected by Barsony et al. (2005) and more recently by
Gunther et al. (2014), revealing complex rotation periods

that can only be explained by changes in the structure of
the inner parts of circumstellar disks.

Figure 3: Spatial distribution of all the spectroscopi-
cally con rmed members of Oph, where stellar mem-
bers (black lled circles) and brown dwarfs (grey lled
circles) are superposed on the contours of the extinction
map (Ridge et al. 2006) and the WIRCam eld.

[ 2

the completeness limit and with a visual extinction up to
= B Ay 20 mag, which amounted to approximately half of the
0 = 1 total sample. We also included objects that had colours
L. ° ) . ° | close to the applied limit to test its validity. Already after
R the rst spectroscopic observations, a clear empirical di-
‘ " A ] viding line appeared in the colour-colour diagram between
contaminants and young cluster members which was in
agreement with the cut we had applied, indicating that
our initial assumptions on colours were correct. The en-
tire spectroscopic survey resulted in the con rmation of
19 new brown dwarf members of Oph, more than dou-
bling the previously known substellar population (Alves

Back in the summer of 2006, UKIRT was not the only tele- d€ Oliveira et al. 2012). Our survey also uncovered the
scope pointed at  Oph and on a particular week of July, rst L-type dwarfs in this cluster, including an L4 candi-

and just next door on Mauna Kea, at CFHT, Jerome Bou- date, CFHTW.IR—Oph 33, which according to evolutionary
vier and collaborators were obtaining deep observations of Medels, at this young age would have masses between 4
the same cluster inYJHK s with the WIRCam, a project and 10 Myyp . The spectral classi cation relied on a nu-

| ended up leading after completing my PhD. The deeper me_rlcal t to template IR spectra of opt_lcal young stellar
observations at all the IR bands were complete to approx- OPj€ct standards, to ensure a comparison could be made
imately 20.5 mag inJ and 18.9 mag inH and Ks, and we to other clusters classi ed in this manner (e.g., Luhman
uncovered 110 candidate substellar members, from which®t al. 2009).

80 had never been associated with the cloud (Alves deln parallel, several groups were also involved in character-
Oliveira et al. 2010). The only requirement the candi- ising spectroscopically the low-mass and substellar popu-
dates had to pass were the colour-diagram cuts based onlation of Oph. In the Handbook of Star Forming Re-
the IR photospheric colours of young stellar objects, and gions, Wilking et al. (2008) compiled an extensive list of
therefore our method was less biased towards nding only all candidate members highlighting the fact that several
objects with IR excess. This was the starting point of had no spectroscopic con rmation. In the following years,
a long and intense spectroscopic follow-up. In the fol- the works, for example, of Cieza et al. (2010), McClure
lowing years, to avoid introducing bias, we simply took et al. (2010), Geers et al. (2011), Erikson et al. (2011),

(]

[m]

] . . . .

e 8 spectra of every single candidate with magnitudes up to
]

e

o

Figure 2: Light curve for ISO-Oph-50 combining all near-
IR measurements available in the literature.



ing massive stars to the average surface density of all of
the stars in the cluster (Fig. 5). By this de nition, a clus-
ter is mass segregated if the massive stars have a statisti-
cally signi cant higher than average surface density. We
also addressed the fact that the high levels of extinction
in  Oph may still be hiding some members by conduct-
ing a numerical experiment where we show that a signif-
1 icant mass segregation signature would be detectable, al-
3 beit slightly diluted, despite dust obscuration of centrally

] located massive stars. Using both methods, we found no
4 indication of mass segregation (normal or inverse) in the
1 spatial distribution of stars and brown dwarfs in  Oph.

Number

ot —. .71 :‘ N B B [
BAFGKO K2 K4 K6 MO M2 M4 M6 M8 LO L2 L4
Spectral Type

Figure 4: Histogram of the spectral types for all members
of Oph (dotted line). The distributions for extinction-
limited samples of A, <8 (solid line), 15 (dashed line), and
20 mag (dash-dotted line) are also shown.

and Muzic et al. (2012), made a signi cant contribution
to the spectroscopic con rmation and characterisation of
dozens of objects. We combined those results with our
newly found brown dwarf population, and constructed the
cluster's spectral distribution and IMF, for a spatially and
extinction limited sample containing 250 members, down
to the completeness limit of our survey which corresponds
to approximately 4 M, (Fig. 3). We found the peak
of the spectral distribution to occur for a spectral type
M5 (Fig. 4), similar to other star forming regions such as
IC 348 and Cha | (e.g., Luhman et al. 2009). We did
not nd evidence for variations of the mass function down
to planetary masses when compared to other young clus-
ters. Given that the IMF cut-o has not yet been found,
other surveys are dedicated to a search for low luminosity
brown dwarfs that might still elude detection (Haisch et
al. 2010, Barsony et al. 2012), nding several photomet-
ric candidates that will need future spectroscopic con r-
mation. Finally, a candidate T dwarf has been found in

Oph (Marsh et al. 2010) which may be the lowest mass
object known in this cluster.

Figure 5: Them distribution for the Oph members.
The local surface density for each star is plotted against
its mass, showing the median (blue lines) and mean (black
lines) for the entire cluster (the dashed lines), and the
50 least and 50 most massive stars (the solid lines).

The remarkable advances in the spectroscopic census of
this cluster that were just described enabled us to draw
important conclusions on its substellar population: the
mass function was revealed to be a smooth continuation of
the lognormal tted to the stellar members of the cluster,
no dearth or excess of brown dwarfs was found, low-mass
brown dwarfs all the way down to a few M;y, showed
IR excesses and emission lines characteristic of accretion
disks, and the spatial distribution of all the members re-
vealed no signs of mass segregation. So far, the brown
dwarfs of Oph appeared to be a scaled-down version of
its low-mass stellar population, with a smooth transition

in properties, which would argue for a common formation
scenario. The discovery of a pre-brown dwarf by Ande
et al. (2012) using millimetre interferometric observations
has also lent additional evidence that brown dwarfs are ca-
pable of forming in the same way as solar-mass stars. To
d- further test this hypothesis, we decided to study the ob-
servational properties of the disks of brown dwarfs, to bet-

This new observational census of Oph allowed us to
quantify the spatial distribution of stars in the cluster, by
applying two di erent algorithms to search for mass seg-
regation (Parker, Maschberger, Alves de Oliveira 2012).
To that end, rst we used the ysr technique (Allison et
al. 2009a), which compares the minimum spanning tree
(MST) of a chosen subset of stars to MSTs of random
subsets of stars in the cluster, and determine the mass
segregation ratio, msg . Secondly, we used them
plot, which compares the local surface density surroun



Figure 6: HerschelPACS images of young brown dwarfs in Oph at 70 (top row), 100 (middle row), and 160 m
(bottom row). All images are 60" by 60" in size, centred on the brown dwarf coordinates (north is up, east is left).

ter understand their formation and evolution, and assess to calibrating NIRSpec, the ESA near-IR spectrograph for
whether the conditions to form planets may be present. JWST, | will certainly continue to explore this region us-
ing state of the art instruments, and hope to join forces

We paired up e orts with Peter Abraram (Konkoly Obser- with other Ophiuchus a cionados in this endeavour.

vatory) and collaborators, who lead a successful proposal ) ]
to observe the Oph substellar population with the Her- | would like to thank all my collaborators with whom |
schel Space Observatory. The existence of disks had beershare the enthusiasm of studying this cluster, and extend
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Abstracts of recently accepted papers

Tentative Evidence for Relativistic Electrons Generated b y the Jet of the Young Sun-like
Star DG Tau

Rachael E. Ainsworth 12, Anna M. M. Scaife 3, Tom P. Ray %2, Andrew M. Taylor !, David A. Green *
and Jane V. Buckle 45

! Dublin Institute for Advanced Studies, 31 Fitzwilliam Place, Dublin 2, Ir eland

2 School of Physics, Trinity College, Dublin 2, Ireland

3 School of Physics & Astronomy, University of Southampton, High eld, Southampton, SO17 1BJ, UK
4 Cavendish Laboratory, J J Thomson Avenue, Cambridge, CB3 OHE,UK

5 Kavli Institute for Cosmology, Madingley Road, Cambridge, CB3 0HA, UK

E-mail contact: rainsworth at cp.dias.ie

Synchrotron emission has recently been detected in the jet of a nssive protostar, providing further evidence that
certain jet formation characteristics for young stars are similar to those found for highly relativistic jets from active
galactic nuclei. We present data at 325 and 610 MHz taken with the Giat Metrewave Radio Telescope of the young,
low-mass star DG Tau, an analog of the Sun soon after its birth. Thisis the rst investigation of a low-mass young
stellar object at such low frequencies. We detect emission with a syafrotron spectral index in the proximity of the
DG Tau jet and interpret this emission as a prominent bow shock assoiated with this out ow. This result provides
tentative evidence for the acceleration of particles to relativistic energies due to the shock impact of this otherwise very
low-power jet against the ambient medium. We calculate the equiparition magnetic eld strength B,  0:11mG
and particle energyEmin 4 10% erg, which are the minimum requirements to account for the synchotron emission
of the DG Tau bow shock. These results suggest the possibility of lovenergy cosmic rays being generated by young
Sun-like stars.

Accepted by ApJ Letters
http://arxiv.org/pdf/1408.1892

On the radiation driven alignment of dust grains: Detection of the polarization hole in
a starless core

Felipe O. Alves % , Pau Frau 23, Josep M. Girart “, Gabriel A. P. Franco °, Fabio P. Santos © and Helmut
Wiesemeyer '

1 Argelander-Institut far Astronomie, Germany
Present address: Max-Planck-Institut far extraterrestrische Physik, Giessenbachstrasse 1, 85748, Garching, Germany
2 Instituto de Ciencias de Materiales de Madrid (CSIC), Spain
3 Observatorio Astroromico Nacional, Spain
4 Institut de Cencies de I'Espai (IEEC/CSIC), Spain
5 Departamento de Fsica - ICEx - UFMG, Brazil
6 Department of Physics and Astronomy, Northwestern University, USA
7 Max-Planck-Institut far Radioastronomie, Germany

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

We aim to investigate the polarization properties of a starless core iran early evolutionary stage. Linear polarization
data reveal the properties of the dust grains in the distinct phass of the interstellar medium. Our goal is to investigate
how the polarization degree and angle correlate with the cloud and a@ gas. We use optical, near infrared, and
submillimeter polarization observations on the starless object Pipet09 in the Pipe nebula. Our data cover a physical
scale range of 0.08 to 0.4 pc, comprising the dense gas, envelopeddhe surrounding cloud. The cloud polarization
is well traced by the optical data. The near infrared polarization is produced by a mixed population of grains from
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the core border and the cloud gas. The optical and near infrared plarization toward the cloud reaches the maximum
possible value and saturates with respect to the visual extinction.The core polarization is predominantly traced by
the submillimeter data and has a steep decrease with respect to theisual extinction. Modeling of the submillimeter
polarization indicates a magnetic eld main direction projected onto the plane-of-sky and loss of grain alignment for
densities higher than 6 10* cm 2 (or Ay > 30 mag). The object is immersed in a magnetized medium, with a very
ordered magnetic eld. The absence of internal source of radiatio signi cantly a ects the polarization e ciencies in
the core, creating a polarization hole at the center of the starlesgore. This result supports the theory of dust grain
alignment via radiative torques.

Accepted by Astronomy & Astrophysics Letters
http://arxiv.org/pdf/1408.5133

Shocks in dense clouds. IV. E ects of grain-grain processin g on molecular line emission
S. Anderl 1, V. Guillet ?, G. Pineau des Foréts 23, and D.R. Flower *

1 Argelander-Institut far Astronomie, Universitat Bonn, Auf de m Hagel 71, 53121 Bonn, Germany

2 Institut d'Astrophysique Spatiale (IAS), UMR 8617, CNRS, Batime nt 121, Universie Paris Sud 11, 91405 Orsay,
France

3 LERMA (UMR 8112 du CNRS), Observatoire de Paris, 61 Avenue de I'Otservatoire, 75014 Paris, France

4 Physics Department, The University of Durham, Durham DH1 3LE, UK

E-mail contact: sanderl at astro.uni-bonn.de

Grain-grain processing has been shown to be an indispensable ingredt of shock modelling in high density environ-
ments. For densities higher than 10° cm 3, shattering becomes a self-enhanced process that imposes sevehemical
and dynamical consequences on the shock characteristics. Skering is accompanied by the vaporization of grains,
which can directly release SiO to the gas phase. Given that SiO rotatioal line radiation is used as a major tracer
of shocks in dense clouds, it is crucial to understand the in uence fovaporization on SiO line emission. We have
developed a recipe for implementing the e ects of shattering and vporization into a 2- uid shock model, resulting in
a reduction of computation time by a factor 100 compared to a multi- uid modelling approach. This implementation
was combined with an LVG-based modelling of molecular line radiation traasport. Using this model we calculated
grids of shock models to explore the consequences of di erent duiprocessing scenarios. Grain-grain processing is
shown to have a strong in uence on C-type shocks for a broad rage of magnetic elds: they become hotter and
thinner. The reduction in column density of shocked gas lowers the itensity of molecular lines, at the same time as
higher peak temperatures increase the intensity of highly excited fansitions compared to shocks without grain-grain
processing. For OH the net e ect is an increase in line intensities, whilefor CO and H,O it is the contrary. The
intensity of H, emission is decreased in low transitions and increased for highly excddines. For all molecules, the
highly excited lines become sensitive to the value of the magnetic eld Although vaporization increases the intensity
of SiO rotational lines, this e ect is weakened by the reduced shockvidth. The release of SiO early in the hot shock
changes the excitation characteristics of SiO radiation.

Accepted by A&A
http://arxiv.org/pdf/1408.0140

IRAM-30m large scale survey of  12CO(2-1) and *3CO(2-1) emission in the Orion molec-
ular cloud

Olivier Berne %23 Nuria Marcelino * and Jose Cernicharo !

1 Centro de Astrobiologa (CSIC/INTA), Ctra. de Torrepn a Aja  lvir, km 4, 28850, Torrepn de Ardoz, Madrid, Spain
2 Universie de Toulouse; UPS-OMP; IRAP; Toulouse, France

3 CNRS; IRAP; 9 Av. colonel Roche, BP 44346, F-31028 Toulouse cea 4, France

4 NRAO, 520 Edgemont Road, Charlottesville, VA 22902, USA

E-mail contact: olivier.berne at gmail.com

Using the IRAM 30m telescope we have surveyed a 1 0:8 part of the Orion molecular cloud in the **CO and **CO
(2-1) lines with a maximal spatial resolution of 11" and spectral resolution of 0.4 km s 1. The cloud appears
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lamentary, clumpy and with a complex kinematical structure. We de rive an estimated mass of the cloud of 7700 Solar
masses (half of which is found in regions with visual extinctionsAy below 10) and a dynamical age for the nebula
of the order of 0.2 Myrs. The energy balance suggests that magtie elds play an important role in supporting
the cloud, at large and small scales. According to our analysis, theurbulent kinetic energy in the molecular gas
due to out ows is comparable to turbulent kinetic energy resulting from the interaction of the cloud with the HIl
region. This latter feedback appears negative, i.e. the triggering bstar formation by the HIl region is ine cient in
Orion. The reduced data as well as additional products such as theolumn density map are made available online at
http://Ink.nu/userpages.irap.omp.eu/1cit9.html.

Accepted by Astrophysical Journal
http://arxiv.org/pdf/1408.2999

An Enigmatic Pointlike Feature within the HD 169142 Transit ional Disk

Beth A. Biller 12, Jared Males % , Timothy Rodigas 4, Katie Morzinsk 3 | Laird M. Close 3, Attila Julasz  °,
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NASA Sagan Fellow
4 Department of Terrestrial Magnetism, Carnegie Institution of Wa shington, 5241 Broad Branch Road, NW Washing-
ton, DC 20015, USA
5 Leiden Observatory, Leiden University, P.O. Box 9513, 2300 RA Lei@n, The Netherlands
6 LESIA, CNRS/UMR-8109, Observatoire de Paris, UPMC, Universite Paris Diderot, 5 place Jules Janssen, 92195
Meudon, France
7 UJF-Grenoble 1 / CNRS-INSU, Institut de Plaretologie et d'Astrop hysique de Grenoble (IPAG) UMR 5274, Greno-
ble, F-38041, France
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9 SUPA, School of Physics and Astronomy, University of St Andrews North Haugh, St Andrews KY16 9SS, UK
10 universie Grenoble Alpes, IPAG, F-38000 Grenoble, France. CNRS, IPAG, F-38000 Grenoble, France

E-mail contact: bb at roe.ac.uk

We report the detection of a faint pointlike feature possibly related to ongoing planet-formation in the disk of the

transition disk star HD 169142. The pointlike feature has a mag(L) 6.4, at a separation of (P41 and PA 0 .

Given its lack of an H or K5 counterpart despite its relative brightness, this candidate canné be explained by purely

photospheric emission and must be a disk feature heated by an astyenknown source. Its extremely red colors make
it highly unlikely to be a background object, but future multi-wavelen gth followup is necessary for con rmation and

characterization of this feature.

Accepted by ApJL
http://arxiv.org/pdf/1408.0794

Stellar irradiated discs and implications on migration of e mbedded planets IlI: viscosity
transitions

Bertram Bitsch 12, Alessandro Morbidelli 2, Elena Lega 2, Katherine Kretke 3, Auelien Crida 2

! Lund Observatory, Department of Astronomy and Theoretical Physics, Lund University, Box 43, 22100 Lund, Sweden
2 Laboratoire Lagrange, UMR7293, Universie Nice Sophia-antipolis/ CNRS / Observatoire de la Céte d'Azur, 06300
Nice, France

3 Southwest Research Institute, Department of Space Studies, 050 Walnut Street, Suite 300, Boulder, CO 80302,
USA

E-mail contact: bert at astro.lu.se
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The migration strength and direction of embedded low-mass planetslepends on the disc structure. In discs with an
e cient radiative transport, the migration can be directed outwar ds for planets with more than 3{5 M . This is
due to the entropy driven corotation torque, a process that exends the lifetimes of growing planetary embryos. We
investigate the in uence on the disc structure caused by a jump in he alpha parameter of the viscosity to model a
dead-zone structure in the disc. We focus oML discs, which have a constant net mass ux. Using the resulting disc
structure, we investigate the consequences for the formationfoplanetesimals and determine the regions of outward
migration for proto-planets. We performed numerical hydrosimulaions of M. discs in the r-z-plane. We used the
explicit/implicit hydrodynamical code FARGOCA that includes a full ten sor viscosity and stellar irradiation as well
as a two-temperature solver that includes radiation transport in the ux-limited di usion approximation. Viscosity
transitions inside the disc create transitions in density that stop inward migration for small planets through the so-
called \planet trap" mechanism. This mechanism also works for planes down to Mp > 0.5 M . Additionally, the
viscosity transitions change the pressure gradient in the disc, whie facilitates planetesimal formation via the streaming
instability. However, a very steep transition in viscosity is needed toachieve in a pressure bump in the disc. The
transition in viscosity facilitates planetesimal formation and can stop the migration of small-mass planets Mp>0.5
M ), but still does not halt inward migration of smaller planets and planetesimals that are a ected by gas drag. A
very steep, probably unrealistic viscosity gradient is needed to tra planets of smaller masses and halt gas-drag-driven
planetesimal migration at a pressure bump.

Accepted by A&A
http://arxiv.org/pdf/1408.1016

Deuterated methanol in the pre-stellar core L1544
Luca Bizzocchi 12, Paola Caselli *, Silvia Spezzano 2 and Elvira Leonardo 2

1 Centre for Astrochemical Studies, Max-Planck-Institut far Ex traterrestrische Physik, Gie enbachstrae 1, 85748
Garching, Germany

2 Centro de Astronomia e Astrofsica, Observabrio Astroromic o de Lisboa, Tapada da Ajuda, 1349-018 Lisboa,
Portugal

3 I.Physikalisches Institut, Universitat zu Keln Zulpicherstrae 7 7, D-50937 Keln, Germany

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

Using the IRAM 30m telescope, we mapped the methanol emission in #h pre-stellar core L1544 and observed singly
deuterated methanol (CH,DOH and CH30D) towards the dust peak of L1544. Non-LTE radiative transfer modelling
was performed on three CHOH emissions lines at 96.7 GHz, using a Bonnor-Ebert sphere as a mdder the source.
We have also assumed a centrally decreasing abundance pro le to ka the molecule freeze-out in the inner core into
account. The column density of CHhDOH was derived assuming LTE excitation and optically thin emission. The
CH3OH emission has a highly asymmetric morphology, resembling a non-urdfm ring surrounding the dust peak,
where CO is mainly frozen onto dust grains. The observations provid an accurate measure of methanol deuteration
in the cold pre-stellar gas. The derived abundance ratio is [CHDOH]/[CH 3OH] = 0:10 0:03, which is signi cantly
smaller than the ones found in low-mass Class 0 protostars and smatléhan the deuterium Fraction measured in other
molecules towards L1544. The low deuterium fractionation obsene in L1544 and the morphology of the CH,OH
emission suggest that we are mainly tracing the outer parts of the are, where CO just started to freeze-out onto dust
grains.

Accepted by A&A
http://arxiv.org/pdf/1408.2491

Collapse and Fragmentation of Magnetic Molecular Cloud Cor es with the Enzo AMR
MHD Code. Il. Prolate and Oblate Cores

A. P. Boss ! and S. A. Keiser !

1 DTM, Carnegie Institution, 5241 Broad Branch Road, NW, Washington, DC 20015-1305, USA

E-mail contact: abossat carnegiescience.edu

We present the results of a large suite of three-dimensional (3D) wdels of the collapse of magnetic molecular cloud cores
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using the adaptive mesh re nement (AMR) code Enzo2.2 in the ideal nagnetohydrodynamics (MHD) approximation.
The cloud cores are initially either prolate or oblate, centrally condersed clouds with masses of 1.73 or 2.781
respectively. The radial density pro les are Gaussian, with centrd densities 20 times higher than boundary densities.
A barotropic equation of state is used to represent the transitionfrom low density, isothermal phases, to high density,
optically thick phases. The initial magnetic eld strength ranges from 6.3 to 100 G, corresponding to clouds that
are strongly to marginally supercritical, respectively, in terms of the mass to magnetic ux ratio. The magnetic eld
is initially uniform and aligned with the clouds' rotation axes, with initial r atios of rotational to gravitational energy
ranging from 10 # to 0.1. Two signi cantly di erent outcomes for collapse result: (1) f ormation of single protostars
with spiral arms, and (2) fragmentation into multiple protostar sys tems. The transition between these two outcomes
depends primarily on the initial magnetic eld strength, with fragmen tation occurring for mass to ux ratios greater
than about 14 times the critical ratio for prolate clouds. Oblate clouds typically fragment into several times more
clumps than prolate clouds. Multiple, rather than binary, system formation is the general rule in either case, suggesting
that binary stars are primarily the result of the orbital dissolution o f multiple protostar systems.

Accepted by Astrophysical Journal

https://home.dtm.ciw.edu/users/boss/ftp/prolateobla te.pdf
http://arxiv.org/pdf/1408.2479

NIR spectroscopy of the HAeBe star HD 100546: Ill. Further Ev idence of an Orbiting
Companion?

Sean D. Brittain !, John S. Carr 2, Joan R. Najita 2, Sascha P. Quanz # and Michael R. Meyer *

1 Department of Physics & Astronomy, 118 Kinard Laboratory, Clemson University, Clemson, SC 29634, USA
2 Naval Research Laboratory, Code 7211, Washington, DC 2037%JSA

3 National Optical Astronomy Observatory, 950 N. Cherry Ave., Tucson, AZ 85719, USA
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E-mail contact: sbritt at clemson.edu

We report high resolution NIR spectroscopy of CO and OH emission fom the Herbig Be star HD 100546. We discuss
how our results bear striking resemblance to several theoreticallpredicted signposts of giant planet formation. The
properties of the CO and OH emission lines are consistent with our edier interpretation that these diagnostics provide
indirect evidence for a companion that orbits the star close to the dsk wall (at 13 AU). The asymmetry of the OH
spectral line pro les and their lack of time variability are consistent with emission from gas in an eccentric orbit at the
disk wall that is approximately stationary in the inertial frame. The t ime variable spectroastrometric properties of the
CO v=1-0 emission line point to an orbiting source of CO emission with an enitting area similar to that expected for
a circumplanetary disk ( 0.1 AU?) assuming the CO emission is optically thick. We also consider a count&ypothesis
to this interpretation, namely that the variable CO emission arises from a bright spot on the disk wall. We conclude
with a brief suggestion of further work that can distinguish between these scenarios.

Accepted by Astrophysical Journal
http://arxiv.org/pdf/1409.0804

Herschel HIFI Observations of O  , Toward Orion: Special Conditions for Shock Enhanced
Emission
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We report observations of molecular oxygen (@) rotational transitions at 487 GHz, 774 GHz, and 1121 GHz toward
Orion Peak A. The O lines at 487 GHz and 774 GHz are detected at velocities of 10{12 km$ with line widths

3 kms 1; however, the transition at 1121 GHz is not detected. The obsered line characteristics, combined with
the results of earlier observations, suggest that the region resmsible for the O, emission is' 9" (6 10 cm) in size,
and is located close to theH, P eak 1 position (where vibrationally{excited H , emission peaks), and not atP eak A,
23" away. The peak O, column density is' 1.1 10 cm 2. The line velocity is close to that of 621 GHz water maser
emission found in this portion of the Orion Molecular Cloud, and having ashock with velocity vector lying nearly
in the plane of the sky is consistent with producing maximum maser gainalong the line{of{sight. The enhanced O,
abundance compared to that generally found in dense interstellarlouds can be explained by passage of a low{velocity
C-shock through a clump with preshock density 2 10* cm 2 if a reasonable ux of UV radiation is present. The
postshock G, can explain the emission from the source if its line of sight dimension is 10 times larger than its size
on the plane of the sky. The special geometry and conditions requid may explain why O, emission has not been
detected in the cores of other massive star{forming molecular clods.

Accepted by The Astrophysical Journal
http://arxiv.org/pdf/1408.1962

A non-equilibrium ortho-to-para ratio of water in the Orion PDR
Y. Choi %2, F. F. S. van der Tak %!, E. A. Bergin 2 and R. Plume *
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The ortho-to-para ratio (OPR) of H ;0 is thought to be sensitive to the temperature of water formation. The OPR
of H,O is thus useful to study the formation mechanism of water. We invetigate the OPR of water in the Orion
PDR (Photon-dominated region), at the Orion Bar and Orion S positions, using data fromHerschelHIFI. We detect
the ground-state lines of ortho- and para-H20 in the Orion Bar and Orion S and we estimate the column densities
using LTE and non-LTE methods. Based on our calculations, the orho-to-para ratio (OPR) in the Orion Bar is 0.1
0.5, which is unexpectedly low given the gas temperature of 85 K, and also lower than the values measured for
other interstellar clouds and protoplanetary disks. Toward Orion S our OPR estimate is below 2. This low OPR at 2
positions in the Orion PDR is inconsistent with gas phase formation andwith thermal evaporation from dust grains,
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but it may be explained by photodesorption.
Accepted by A&A Letters

On column density thresholds and the star formation rate
Paul C. Clark %2 and Simon C.O. Glover ?!
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We present the results of a numerical study designed to addresé question of whether there is a column density
threshold for star formation within molecular clouds. We have simulated a large number of di erent clouds, with
volume and column densities spanning a wide range of di erent valuesjsing a state-of-the-art model for the coupled
chemical, thermal and dynamical evolution of the gas. We show thatstar formation is only possible in regions where
the mean (area-averaged) column density exceeds #0cm 2. Within the clouds, we also show that there is a good
correlation between the mass of gas above a K-band extinctiok = 0:8 and the star formation rate (SFR), in
agreement with recent observational work. Previously, this relatonship has been explained in terms of a correlation
between the SFR and the mass in dense gas. However, we nd thahts correlation is weaker and more time-dependent
than that between the SFR and the column density. In support of pgrevious studies, we argue that dust shielding is
the key process: the true correlation is one between the SFR anche mass in cold, well-shielded gas, and the latter
correlates better with the column density than the volume density.
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We analyze very deep IRAC and MIPS photometry of 12,500 members of the 14 Myr old Double Cluster, h and
Persei, building upon on our earlier, shallower Spitzer studies (Currieet al. 2007a, 2008a). Numerous likely members
show infrared (IR) excesses at 8 m and 24 m indicative of circumstellar dust. The frequency of stars with 8 m
excess is at least 2% for our entire sample, slightly lower (higher) foB/A stars (later type, lower-mass stars). Optical
spectroscopy also identi es gas in about 2% of systems but with nolear trend between the presence of dust and gas.
Spectral energy distribution (SED) modeling of 18 sources with deg¢ctions at optical wavelengths through MIPS 24 m
reveals a diverse set of disk evolutionary states, including a high fietion of transitional disks, although similar data for
all disk-bearing members would provide better constraints. We corhine our results with those for other young clusters
to study the global evolution of dust/gas disks. For nominal cluster ages, the e-folding times (p) for the frequency
of warm dust and gas are 2.75 Myr and 1.75 Myr respectively. Assumip a revised set of ages for some clusters (e.g.,
Bell et al. 2013), these timescales increase to 5.75 and 3.75 Myr, pectively, implying a signi cantly longer typical
protoplanetary disk lifetime. The transitional disk duration, avera ged over multiple evolutionary pathways, is 1
Myr. Finally, 24 m excess frequencies for 4{81 stars appear lower than for 1{2.5M stars in other 10{30 Myr
old clusters.
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On the formation of planetary systems via oligarchic growth in thermally evolving vis-
cous discs

Gavin A.L. Coleman ! and Richard P. Nelson 1!
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We present N-body simulations of planetary system formation in themally-evolving, viscous disc models. The simula-
tions incorporate type | migration (including corotation torques and their saturation), gap formation, type Il migration,
gas accretion onto planetary cores, and gas disc dispersal thrgh photoevaporation. The aim is to examine whether
or not the oligarchic growth scenario, when combined with self-coristent disc models and up-to-date prescriptions for
disc-driven migration, can produce planetary systems similar to th@e that have been observed.

The results correlate with the initial disc mass. Low mass discs form lose-packed systems of terrestrial-mass planets
and super-Earths. Higher mass discs form multiple generations oflgnets, with masses in the range 1& m, < 45M
These planets generally type | migrate into the inner disc, becausefaorotation torque saturation, where they open
gaps and type Il migrate into the central star. Occasionally, a nal generation of low-to-intermediate mass planets
forms and survives due to gas disc dispersal. No surviving gas giantgere formed in our simulations. Analysis shows
that these planets can only survive migration if a core forms and expriences runaway gas accretion at orbital radii
r> 10 AU prior to the onset of type Il migration.

We conclude that planet growth above massesn, > 10 M during the gas disc life time leads to corotation torque
saturation and rapid inward migration, preventing the formation an d survival of gas giants. This result is in contrast
to the success in forming gas giant planets displayed by some popuiah synthesis models. This discrepancy arises,
in part, because the type Il migration prescription adopted in the population synthesis models causes too large a
reduction in the migration speed when in the planet dominated regime.
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Over two years 8,859 high-resolution H-band spectra of 3,493 youn(1 - 10 Myr) stars were gathered by the multi-
object spectrograph of the APOGEE project as part of the IN-SYNC ancillary program of that SDSS-IIl survey. Here
we present the forward modeling approach used to derive e ectivdemperatures, surface gravities, radial velocities,
rotational velocities, and H-band veiling from these near-infraredspectra. We discuss in detail the statisticaland
systematic uncertainties in these stellar parameters. In addition ve present accurate extinctions by measuring the
E(J-H) of these young stars with respect to the single-star phobmetric locus in the Pleiades. Finally we identify an
intrinsic stellar radius spread of about 25% for late-type stars in IC 348 using three (nearly) independent measures
of stellar radius, namely the extinction-corrected J-band magnitwe, the surface gravity and the R sini from the
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rotational velocities and literature rotation periods. We exclude that this spread is caused by uncertainties in the
stellar parameters by showing that the three estimators of stellarradius are correlated, so that brighter stars tend to
have lower surface gravities and largeR sini than fainter stars at the same e ective temperature. Tables providing

the spectral and photometric parameters for the Pleiades and IC348 have been provided online.
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Understanding water deuterium fractionation is important for constraining the mechanisms of water formation in
interstellar clouds. Observations of HDO and H2O transitions were carried out towards the high-mass star-formirg
region G34.26+0.15 with the HIFI instrument onboard the Herschel Space Observatory, as well as with ground-based
single-dish telescopes. Ten HDO lines and three 30 lines covering a broad range of upper energy levels (22{204K)
were detected. We used a non-LTE 1D analysis to determine the HD{M ,O ratio as a function of radius in the
envelope. Models with di erent water abundance distributions were considered in order to reproduce the observed
line proles. The HDO/H ,O ratio is found to be lower in the hot core ( 3.5 10 #{7.5 10 %) than in the colder
envelope ( 1.0 10 3{2.2 10 3). Thisis the rsttime that a radial variation of the HDO/H ,O ratio has been found
to occur in a high-mass source. The chemical evolution of this souecwas modeled as a function of its radius and the
observations are relatively well reproduced. The comparison beteen the chemical model and the observations leads
to an age of 10° years after the infrared dark cloud stage.
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Modelling the magnetic activity & Itering radial velocity curves of young Suns: the
weak-line T Tauri star LkCa 4
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We report results of a spectropolarimetric and photometric monitaring of the weak-line T Tauri star LkCa 4 within
the MaTYSSE programme, involving ESPaDONS at the Canada-Frane-Hawaii Telescope. Despite an age of only 2
Myr and a similarity with prototypical classical T Tauri stars, LkCa 4 shows no evidence for accretion and probes an
interesting transition stage for star and planet formation. Large pro le distortions and Zeeman signatures are detected
in the unpolarized and circularly-polarized lines of LkCa 4 using LeastSquares Deconvolution (LSD), indicating the
presence of brightness inhomogeneities and magnetic elds at theusface of LkCa 4.

Using tomographic imaging, we reconstruct brightness and magnét maps of LkCa 4 from sets of unpolarized and
circularly-polarized LSD pro les. The large-scale eld is strong and mainly axisymmetric, featuring a 2 kG poloidal
component and a 1 kG toroidal component encircling the star at equatorial latitudes - the latter making LkCa 4
markedly di erent from classical TTauri stars of similar mass and age. The brightness map includes a dark spot
overlapping the magnetic pole and a bright region at mid latitudes - providing a good match to the contemporaneous
photometry. We also nd that di erential rotation at the surface of LkCa 4 is small, typically 5.5 weaker than
that of the Sun, and compatible with solid-body rotation.

Using our tomographic modelling, we are able to Iter out the activity j itter in the RV curve of LkCa 4 (of full
amplitude 4.3 km s 1) down to a rms precision of 0.055 km s®. Looking for hot Jupiters around young Sun-like stars
thus appears feasible, even though we nd no evidence for such piets around LkCa 4.
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Water vapor has been detected in protoplanetary disks. In this wok we model the distribution of water vapor in
protoplanetary disks with a thermo-chemical code. For a set of peameterized disk models, we calculate the distribution
of dust temperature and radiation eld of the disk with a Monte Carlo method, and then solve the gas temperature
distribution and chemical composition. The radiative transfer includes detailed treatment of scattering by atomic
hydrogen and absorption by water of Lyman photons, since the Lyman line dominates the UV spectrum of
accreting young stars. In a ducial model, we nd that warm water vapor with temperature around 300 K is mainly
distributed in a small and well-con ned region in the inner disk. The inner boundary of the warm water region is
where the shielding of UV eld due to dust and water itself become sighcant. The outer boundary is where the dust
temperature drops below the water condensation temperature A more luminous central star leads to a more extended
distribution of warm water vapor, while dust growth and settling ten ds to reduce the amount of warm water vapor.
Based on typical assumptions regarding the elemental oxygen almdance and the water chemistry, the column density

19



of warm water vapor can be as high as 13 cm 2. A small amount of hot water vapor with temperature higher than
300 K exists in a more extended region in the upper atmosphere of thdisk. Cold water vapor with temperature
lower than 100 K is distributed over the entire disk, produced by phdodesorption of the water ice.
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The abundances of elements in stars are a critical clue to their origie. Observed star-to-star variations in logarithmic
abundance within an open cluster are typically only 0.01{0.05 over many elements, signi cantly smaller than the
variation of  0.06{0.3 seen in the interstellar medium from which the stars form. Itis unknown why clusters are so
homogenous, and whether homogeneity should also prevail in regisrof lower star formation e ciency that do not
produce bound clusters. Here we report adaptive mesh simulationssing passively-advected scalars in order to trace
the mixing of chemical elements as star-forming clouds form and colfasse. We show that turbulent mixing during
cloud assembly naturally produces a stellar abundance scatter at &st 5 times smaller than that in the gas, su cient
to fully explain the observed chemical homogeneity of stars. Moreger, mixing occurs very early, so that regions with
eciencies "  10% are nearly as well-mixed as those with  50%. This implies that even regions that do not
form bound clusters are likely to be well-mixed, and enhances the pipects for using chemical tagging to reconstruct
dissolved star clusters via their unique chemical signatures.
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In order to investigate the physical and chemical properties of masive star forming cores in early stages, we analyse
the excitation and abundance of four organic species, C¥OH, CH3;OCH3, HCOOCH3; and CH3CH,CN, toward 29
Extended Green Object (EGO) cloud cores that were observed byur previous single dish spectral line survey. The
EGO cloud cores are found to have similar methanol; J, rotation temperatures of 44K, a typical linear size of

0:036 pc, and a typical beam averaged methanol abundance of sea&10 ° (the beam corrected value could reach
several 10 /). The abundances of the latter three species, normalized by thabf methanol, are found to be correlated
also across a large variety of clouds such as EGO cloud cores, hotrecms, massive hot cores and Galactic Center
clouds. The chemical properties of the EGO cloud cores lie betweerhat of hot cores and hot corinos. However, the
abundances and abundance ratios of the four species can not batisfactorily explained by recent chemical models
either among the EGO cloud cores or among the various types of clalicores from literature.
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Cygnus OB2 is the most massive association within 2kpc from the Sunhosting hundreds of massive stars, thou-
sands of young low mass members, and some sights of active starrfation in the surrounding cloud. Recently, 10
photoevaporating proplyd-like objects with tadpole-shaped morghology were discovered in the outskirts of the OB
association, approximately 6-14 pc away from its center. The claggation of these objects is ambiguous, being either
evaporating residuals of the parental cloud which are hosting a primstar inside, or disk-bearing stars with an evapo-
rating disk, such as the evaporating proplyds observed in the Trapzium Cluster in Orion. In this paper we present a
study based on low resolution optical spectroscopic observationsiade with the Optical System for Imaging and low
Resolution Integrated Spectroscopy (OSIRIS), mounted on thel0:4 m Gran Telescopio CANARIAS (GTC), of two of
these protostars. The spectrum of one of the objects shows Elence of accretion but not of out ows. In the latter
object, the spectra show several emission lines indicating the preace of an actively accreting disk with out ow. We
present estimates of the mass loss rate and the accretion ratedm the disk, showing that the former exceeds the
latter as observed in other known objects with evaporating disks.We also show evidence of a strong variability in the
integrated ux observed in these objects, as well as in the accrén and out ow diagnostics.
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The emission from young stellar objects (YSOs) in the mid-IR is domin&ed by the inner rim of their circumstellar
disks. We present an IR-monitoring survey of 800 objects in the direction of the Lynds 1688 (L1688) star formiig
region over four visibility windows spanning 1.6 years using theSpitzer space telescope in its warm mission phase.
Among all lightcurves, 57 sources are cluster members identi ed bsed on their spectral-energy distribution and X-ray
emission. Almost all cluster members show signi cant variability. The amplitude of the variability is larger in more
embedded YSOs. Ten out of 57 cluster members have periodic variains in the lightcurves with periods typically
between three and seven days, but even for those sources, sigant variability in addition to the periodic signal
can be seen. No period is stable over 1.6 years. Non-periodic lightates often still show a preferred timescale of
variability which is longer for more embedded sources. About half of b sources exhibit redder colors in a fainter state.
This is compatible with time-variable absorption towards the YSO. The other half becomes bluer when fainter. These
colors can only be explained with signi cant changes in the structureof the inner disk. No relation between mid-IR
variability and stellar e ective temperature or X-ray spectrum is fo und.
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Young stars accrete mass from circumstellar disks and in many casgethe accretion coincides with a phase of massive
out ows, which can be highly collimated. Those jets emit predominantly in the optical and IR wavelength range.
However, in several cases X-ray and UV observations reveal a ak but highly energetic component in those jets.
X-rays are observed both from stationary regions close to the str and from knots in the jet several hundred AU
from the star. In this article we show semi-analytically that a fast stellar wind which is recollimated by the pressure
from a slower, more massive disk wind can have the right propertiesa power stationary X-ray emission. The size of
the shocked regions is compatible with observational constraints.Our calculations support a wind-wind interaction
scenario for the high energy emission near the base of YSO jets. iRthe speci c case of DG Tau, a stellar wind with
a mass loss rate of 510 1M yr ! and a wind speed of 800 km s? reproduces the observed X-ray spectrum. We
conclude that a stellar wind recollimation shock is a viable scenario to peer stationary X-ray emission close to the
jet launching point.
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The Kepler mission has recently discovered a number of exoplanetarsystems, such as Kepler-11 and Kepler-32, in
which ensembles of several planets are found in very closely packedbits (often within a few percent of an AU of one

another). These compact con gurations present a challenge fotraditional planet formation and migration scenarios.

We present a dynamical study of the assembly of these systems,;sing an N-body method which incorporates a
parametrized model of planet migration in a turbulent protoplanetary disc. We explore a wide parameter space,
and nd that under suitable conditions it is possible to form compact, close-packed planetary systems via traditional
disc-driven migration. We nd that simultaneous migration of multiple p lanets is a viable mechanism for the assembly
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of tightly-packed planetary systems, as long as the disc providesigni cant eccentricity damping and the level of
turbulence in the disc is modest. We discuss the implications of our ptferred parameters for the protoplanetary discs
in which these systems formed, and comment on the occurrence drsigni cance of mean-motion resonances in our
simulations.
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Massive exoplanets are observed preferentially around high metallily ([Fe/H]) stars while low-mass exoplanets do
not show such an e ect. This so-called planet-metallicity correlation generally favors the idea that most observed gas
giants at r < 10 AU are formed via a core accretion process. We investigate therigin of this phenomenon using
a semi-analystical model, wherein the standard core accretion tads place at planet traps in protostellar disks where
rapid type | migrators are halted. We focus on the three major explanetary populations - hot-Jupiters, exo-Jupiters
located atr ' 1 AU, and the low-mass planets. We show using a statistical approdcthat the planet-metallicity
correlations are well reproduced in these models. We nd that thee are speci c transition metallicities with values
[Fe/H] = 0:2to 0:4, below which the low-mass population dominates, and above which # Jovian populations
take over. The exo-Jupiters signi cantly exceed the hot-Jupiter population at all observed metallicities. The low-mass
planets formed via the core accretion are insensitive to metallicity, vinich may account for a large fraction of the
observed super-Earths and hot-Neptunes. Finally, a controlling &ctor in building massive planets is the critical mass
of planetary cores M..ciit ) that regulates the onset of runaway gas accretion. Assuming th current data is roughly
complete at [Fe/H] > 0:6, our models predict that the most likely value of the \mean" critical core mass of Jovian
planets ishiM..citi* 5M rather than 10 M . This implies that grain opacities in accreting envelopes should play an
important role in lowering M c.ci -
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We present the results of Keck Telescope laser adaptive optics intgal eld spectroscopy with OSIRIS of the innermost
regions of the NGC 1333 SVS 13 out ow that forms the system of Hebig-Haro objects 7-11. We nd a bright 0.2
arcsec long microjet traced by the emission of shock-excited [Fdll Beyond the extent of this jet, we nd a series
ofbubbles and fragments of bubbles that are traced in the lower esitation H, 1{0 S(1) line. While the most recent
out ow activity is directed almost precisely (PA  145) to the south-east of SVS 13, there is clear indication that prior
bubble ejections were pointed in di erent directions. Within these variations, a clear connection of the newly observed
bubble ejection events to the well-known, poorly collimated HH 7-11 gstem of Herbig-Haro objects is established.
Astrometry of the youngest of the expanding shock fronts at 3 pochs covering a time span of over two years gives
kinematic ages for two of these. The kinematic age of the youngedtubble is slightly older than the historically
observed last photometric outburst of SVS 13 in 1990, consistentvith that event launching the bubble and some
deceleration of its expansion. A re-evaluation of historic infrared fnotometry and new data show that SVS 13 has not
yet returned to its brightness before that outburst and thus shows a behavior similar to FUor outbursts, albeit with
a smaller amplitude. We postulate that the creation of a series of bubles and the changes in out ow direction are
indicative of a precessing disk and accretion events triggered by aepetitive phenomenon possibly linked to the orbit
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of a close binary companion. However, our high-resolution images inhe H and K bands do not directly detect any
companion object. We have tried, but failed to detect, the kinemaic signature of rotation of the microjet in the [Fell]
emission line at 1.644 m.
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Super-Earths with orbital periods less than 100 days are extremlg abundant around Sun-like stars. It is unlikely
that these planets formed at their current locations. Rather, they likely formed at large distances from the star and
subsequently migrated inward. Here we use N-body simulations to sidy the e ect of super-Earths on the accretion
of rocky planets. In our simulations, one or more super-Earths migates inward through a disk of planetary em-
bryos and planetesimals embedded in a gaseous disk. We tested a widege of migration speeds and con gurations.
Fast-migrating super-Earths ( mig 0.01{0.1 Myr) only have a modest e ect on the protoplanetary embryos and plan-
etesimals. Su cient material survives to form rocky, Earth-like pla nets on orbits exterior to the super-Earths'. In
contrast, slowly-migrating super-Earths shepherd rocky mateial interior to their orbits and strongly deplete the ter-
restrial planet-forming zone. In this situation any Earth-sized planets in the habitable zone are extremely volatile-rich
and are therefore probably not Earth-like.
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We have conducted the rst comprehensive mm-wave molecular emgon line surveys of the evolved circumstellar disks
orbiting the nearby T Tauri stars TW Hya and V4046 Sgr AB. Both dis ks are known to retain signi cant residual
gaseous components, despite the advanced ages of their hosarst. Our unbiased broad-band radio spectral surveys
of the TW Hya and V4046 Sgr disks were performed with the AtacamaPath nder Experiment (APEX) 12 meter
telescope and are intended to yield a complete census of bright molelar emission lines in the range 275{357 GHz
(1.1{0.85 mm). We nd that lines of '2CO, 3CO, HCN, CN, and C,H, all of which lie in the higher-frequency range,
constitute the strongest molecular emission from both disks in the gectral region surveyed. The molecule gH is
detected here for the rst time in both disks, as is CS in the TW Hya disk. The survey results also include the rst
measurements of the full suite of hyper ne transitions of CNN = 3{2 and C,H N = 4{3 in both disks. Modeling of
these CN and GH hyper ne complexes in the spectrum of TW Hya indicates that the emission from both species is
optically thick and may originate from very cold disk regions. It furth ermore appears that the fractional abundances
of CN and C,H are signi cantly enhanced in these evolved protoplanetary disks elative to the fractional abundances
of the same molecules in the environments of deeply embedded pratiars.
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Context: Dust grains coagulate to form dust aggregates in protoplanetarydisks. Their porosity can be extremely
high in the disks. Although disk emission may come from uy dust aggregates, the emission has been modeled with
compact grains.

Aims: We aim to reveal the mass opacity of uy aggregates from infrared to millimeter wavelengths with the lling
factor ranging from 1 down to 10 4.

Methods: We use Mie calculations with an e ective medium theory. The monomersare assumed to be 0.1 m sized
grains, which is much shorter than the wavelengths that we focus 0.

Results: We nd that the absorption mass opacity of uy aggregates are characterized by the producta f, where
a is the dust radius andf is the lling factor, except for the interference structure. The scattering mass opacity is
also characterized byaf at short wavelengths while it is higher in more uy aggregates at long wavelengths. We also
derive the analytic formula of the mass opacity and nd that it repro duces the Mie calculations. We also calculate
the expected di erence of the emission between compact and u yaggregates in protoplanetary disks with a simple
dust growth and drift model. We nd that compact grains and uy a ggregates can be distinguished by the radial
distribution of the opacity index . The previous observation of the radial distribution of is consistent with the
uy case, but more observations are required to distinguish between uy or compact. In addition, we nd that the
scattered light would be another way to distinguish between compatcgrains and uy aggregates.
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We clarify the mechanism of accelerated core formation by large-ste nonlinear ows in subcritical magnetic clouds by
nding a semi-analytical formula for the core formation time and describing the physical processes that lead to them.
Recent numerical simulations show that nonlinear ows induce rapid anbipolar di usion that leads to localized super-
critical regions that can collapse. Here, we employ non-ideal magmehydrodynamic simulations including ambipolar
di usion for gravitationally strati ed sheets threaded by vertical magnetic elds. One of the horizontal dimensions
is eliminated, resulting in a simpler two-dimensional simulation that can darify the basic process of accelerated core
formation. A parameter study of simulations shows that the core brmation time is inversely proportional to the
square of the ow speed when the ow speed is greater than the Alen speed. We nd a semi-analytical formula that
explains this numerical result. The formula also predicts that the cae formation time is about three times shorter
than that with no turbulence, when the turbulent speed is comparéable to the Alf\en speed.
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In the Solar System giant planets come in two avours: “gas giants' Jupiter and Saturn) with massive gas envelopes
and ‘ice giants' (Uranus and Neptune) with much thinner envelopes eound their cores. It is poorly understood how
these two classes of planets formed. High solid accretion rates, cessary to form the cores of giant planets within the
life-time of protoplanetary discs, heat the envelope and preventapid gas contraction onto the core, unless accretion is
halted. We nd that, in fact, accretion of pebbles ( cm-sized particles) is self-limiting: when a core becomes massive
enough it carves a gap in the pebble disc. This halt in pebble accretionubsequently triggers the rapid collapse of the
super-critical gas envelope. As opposed to gas giants, ice giant® chot reach this threshold mass and can only bind
low-mass envelopes that are highly enriched by water vapour fromublimated icy pebbles. This o ers an explanation
for the compositional di erence between gas giants and ice giants ithe Solar System. Furthermore, as opposed to
planetesimal-driven accretion scenarios, our model allows core favation and envelope attraction within disc life-times,
provided that solids in protoplanetary discs are predominantly in pelbles. Our results imply that the outer regions
of planetary systems, where the mass required to halt pebble acetion is large, are dominated by ice giants and that
gas-giant exoplanets in wide orbits are enriched by more than 50 Eéln masses of solids.

Accepted by A&A
http://arxiv.org/pdf/1408.6087

On the Role of Pseudodisk Warping and Reconnection in Protos tellar Disk Formation
in Turbulent Magnetized Cores

Zhi-Yun Li !, Ruben Krasnopolsky 2, Hsien Shang 2 and Bo Zhao ?!

1 University of Virginia, Charlottesville, VA 22904, USA
2 ASIAA, Taiwan

E-mail contact: zl4h at virginia.edu

The formation of rotationally supported protostellar disks is suppressed in ideal MHD in non-turbulent cores with
aligned magnetic eld and rotation axis. A promising way to resolve this so-called \magnetic braking catastrophe"
is through turbulence. The reason for the turbulence-enabled dis formation is usually attributed to the turbulence-
induced magnetic reconnection, which is thought to reduce the magetic ux accumulated in the disk-forming region.
We advance an alternative interpretation, based on magnetic deaapling-triggered reconnection of severely pinched
eld lines close to the central protostar and turbulence-induced varping of the pseudodisk of Galli and Shu. Such
reconnection weakens the central split magnetic monopole that lieat the heart of the magnetic braking catastrophe
under ux freezing. We show, through idealized numerical experimats, that the pseudodisk can be strongly warped,
but not completely destroyed, by a subsonic or sonic turbulence. fie warping decreases the rates of angular momentum
removal from the pseudodisk by both magnetic torque and out ow, making it easier to form a rotationally supported
disk. More importantly, the warping of the pseudodisk out of the disk-forming, equatorial plane greatly reduces
the amount of magnetic ux threading the circumstellar, disk-forming region, further promoting disk formation. The
bene cial e ects of pseudodisk warping can also be achieved by a midignment between the magnetic eld and rotation
axis. These two mechanisms of disk formation, enabled by turbulereeand eld-rotation misalignment respectively, are
thus uni ed. We nd that the disks formed in turbulent magnetized c ores are rather thick and signi cantly magnetized.
Implications of these ndings, particularly for the thick young disk in ferred in L1527, are brie y discussed.
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Interstellar molecules with a peptide link -NH-C(=0)-, like formamide ( NH,CHO), acetamide (NH,COCHj3) and
isocyanic acid (HNCO) are particularly interesting for their potentia |l role in pre-biotic chemistry. We have studied
their emission in the protostellar shock regions L1157-B1 and L115B2, with the IRAM 30m telescope, as part of the
ASAI Large Program. Analysis of the line pro les shows that the emission arises from the out ow cavities associated
with B1 and B2. Molecular abundance of' (0.4{1.1) 10 & and (3.3{8.8) 10 8 are derived for formamide and
isocyanic acid, respectively, from a simple rotational diagram analys. Conversely, NH,COCH3; was not detected down
to a relative abundance of a few 10 1°. B1 and B2 appear to be among the richest Galactic sources of HNC@nd
NH,>CHO molecules. A tight linear correlation between their abundances iobserved, suggesting that the two species
are chemically related. Comparison with astrochemical models favas molecule formation on ice grain mantles, with
NH,CHO generated from hydrogenation of HNCO.
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The early stage of stellar evolution is characterized by a star-disc lcking mechanism. The disc-locking prevents the
star to spin its rotation up, and its timescale depends on the disc lifetme. Some mechanisms can signi cantly shorten
this lifetime, allowing a few stars to start spinning up much earlier than other stars. In the present study, we aim
to investigate how the properties of the circumstellar environmentcan shorten the disc lifetime. We have identi ed a
few multiple stellar systems, composed of stars with similar masses, hich belong to associations with a known age.
Since all parameters that are responsible for the rotational evoltion, with the exception of environment properties
and initial stellar rotation, are similar for all components, we expect that signi cant di erences among the rotation
periods can only arise from dierences in the disc lifetimes. A photomegic timeseries allowed us to measure the
rotation periods of each component, while high-resolution spectrgrovided us with the fundamental parameters, vsini
and chromospheric line uxes. The rotation periods of the componats di er signi cantly, and the component B,
which has a closer companion C, rotates faster than the more distat and isolated component A. We can ascribe the
rotation period di erence to either di erent initial rotation periods or di erent disc-locking phases arising from the
presence of the close companion C. In the speci c case of BD{21 19, the second scenario seems to be more favored.
In our hypothesis of di erent disc-locking phase, any planet orbiting this star is likely formed very rapidly owing to
a gravitational instability mechanism, rather than core accretion. Only a large di erence of initial rotation periods
alone could account for the observed period di erence, leaving coparable disc lifetimes.
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A physical mechanism that drives FU Orionis-type outbursts is recasidered. We study the e ect of inner part of a
circumstellar disk covering a region from near the central star to he radius of approximately 5 AU (hereafter, the
inner disk). Using the uctuated mass accretion rate onto the inne disk My,:, we consider the viscous evolution of
the inner disk and the time variability of the mass accretion rate onto the central star My, by means of numerical
calculation of an unsteady viscous accretion disk in a one-dimensiohaxisymmetric model. First, we calculate the
evolution of the inner disk assuming an oscillatingMy,; . It is shown that the time variability of M, does not coincide
with Mgy due to viscous di usion. Second, we investigate the properties ofontaneous outbursts with temporally
constant Moy . Outburst occur only in a limited range of mass accretion rates ontothe inner disk 10 1© < Mgy <
3 10 M yr ! due to gravo-magneto limit cycle (GML). Finally, we discuss the case \ith a combination of episodic
Moyt and accretion outbursts cause by the GML in the inner disk. The GML can drive accretion outbursts onto the
star even for the case of uctuating My, although uctuations of M. decay during transmitting the inner disk inwards.
We newly identi ed two modes of outburst which are spontaneous oe and stimulated one. In a stimulated mode of
outburst, My,; does appear directly inM;, (the latter de ning the stellar accretion luminosity). In a spontane ous
mode of outburst, Mg, appears as the interval between outbursts.
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We present [Ci] and [Cii] observations of a linear edge region in the Taurus molecular cloud,rel model this region as
a cylindrically symmetric PDR exposed to a low-intensity UV radiation e Id. The sharp, long pro le of the linear edge
makes it an ideal case to test PDR models and determine cloud paraners. We compare observations of the [@],
3P1 ! 3Pg (492 GHz), [Ci], 3P, ! %P1 (809 GHz), and [Cii], 2P3-, ! 3P;-, (1900 GHz) transitions, as well as the lowest
rotational transitions of 2CO and 3CO, with line intensities produced by the RATRAN radiative transfer ¢ ode from
the results of the Meudon PDR code. We constrain the density strature of the cloud by tting a cylindrical density
function to visual extinction data. We study the e ects of variatio n of the FUV eld, '?C/3C isotopic abundance
ratio, sulfur depletion, cosmic ray ionization rate, and inclination of the lament relative to the sky-plane on the
chemical network of the PDR model and resulting line emission. We alsa@onsider the role of suprathermal chemistry
and density inhomogeneities. We nd good agreement between the odel and observations, and that the integrated
line intensities can be explained by a PDR model with an external FUV eld of 0.05 Gy, a low ratio of 12C to 13C 43,
a highly depleted sulfur abundance (by a factor of at least 50), a cemic ray ionization rate (3 6) 10 '"s !, and
without signi cant e ects from inclination, clumping or supratherma | chemistry.
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We study torques on migrating low-mass planets in locally isothermal écs. Previous work on low-mass planets
generally kept the planet on a xed orbit, after which the torque on the planet was measured. In addition to these
static torques, when the planet is allowed to migrate it experiences ghamical torques, which are proportional to
the migration rate and whose sign depends on the background voensity gradient. We show that in discs a few
times more massive than the Minimum Mass Solar Nebula, these dynamid torques can have a profound impact on
planet migration. Inward migration can be slowed down signi cantly, and if static torques lead to outward migration,
dynamical torques can take over, taking the planet beyond zerderque lines set by saturation of the corotation torque
in a runaway fashion. This means the region in non-isothermal discs ere outward migration is possible can be larger
than what would be concluded from static torques alone.
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We have carried out a search for lamentary structures in the Taurus molecular cloud using*3CO line emission data
from the FCRAO survey of 100ded. We have used the topological analysis tool, DisPerSe, and post-pcessed its
results to include a more strict de nition of laments that requires a n aspect ratio of at least 3:1 and cross section
intensity pro les peaked on the spine of the lament. In the velocity -integrated intensity map only 10 of the hundreds
of lamentary structures identi ed by DisPerSe comply with our crit eria. Unlike Herschel analyses, which nd a
characteristic width for laments of 0.1 pc, we nd a much broader distribution of pro le widths in our stru ctures,
with a peak at 0.4 pc. Furthermore, even if the identi ed laments ar e cylindrical objects, their complicated velocity
structure and velocity dispersions imply that they are probably gravitationally unbound. Analysis of velocity channel
maps reveals the existence of hundreds of 'velocity-coherent' lments. The distribution of their widths is peaked at
lower values (0.2 pc) while the uctuation of their peak intensities is indicative of stochastic origin. These laments are
suppressed in the integrated intensity map due to the blending of diuse emission from di erent velocities. Conversely,
integration over velocities can cause lamentary structures to agpear. Such apparent laments can also be traced,
using the same methodology, in simple simulated maps consisting of ralomly placed cores. They have pro le shapes
similar to observed laments and contain most of the simulated cores
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The amount of high-energy stellar radiation reaching the surface bprotoplanetary disks is essential to determine
their chemistry and physical evolution. Here, we use millimetric and catimetric radio data to constrain the EUV
luminosity impinging on 14 disks around young ( 2-10Myr) sun-like stars. For each object we identify the long-
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wavelength emission in excess to the dust thermal emission, attribie that to free-free disk emission, and thereby
compute an upper limit to the EUV reaching the disk. We nd upper limits lower than 10*2 photons/s for all sources

without jets and lower than 5 10°° photons/s for the three older sources in our sample. These lattevalues are low

for EUV-driven photoevaporation alone to clear out protoplanetary material in the timescale inferred by observations.

In addition, our EUV upper limits are too low to reproduce the [Nell] 12.81 micron luminosities from three disks with

slow [Nell]-detected winds. This indicates that the [Nell] line in thesesources primarily traces a mostly neutral wind

where Ne is ionized by 1 keV X-ray photons, implying higher photoevaprative mass loss rates than those predicted
by EUV-driven models alone. In summary, our results suggest thathigh-energy stellar photons other than EUV may

dominate the dispersal of protoplanetary disks around sun-like srs.
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The YY Ori stars are T Tauri stars with prominent time-variable red shifted absorption components that ank certain
emission lines. One of the brightest in this class is S CrA, a visual doublstar. We have obtained a series of high-
resolution spectra of the two components during four nights with the UVES spectrograph at the Very Large Telescope.
We followed the spectral changes occurring in S CrA to derive the pysical structure of the accreting gas.

We found that both stars are very similar with regard to surface temperature, radius, and mass. Variable redshifted
absorption components are particularly prominent in the SE comporent. During one night, this star developed a
spectrum unique among the T Tauri stars: extremely strong and lwoad redshifted absorption components appeared
in many lines of neutral and ionized metals, in addition to those of hydiogen and helium. The absorption depths of
cooler, low ionization lines peak at low velocities - while more highly ionized lies have peak absorption depths at
high velocities. The di erent line pro les indicate that the temperatu re and density of the accretion stream increase
as material approaches the star. We derive the physical conditiom of the ow at several points along the accretion
funnel directly from the spectrum of the infalling gas. We estimatedmass accretion rates of about 107 solar masses
per year, which is similar to that derived from the relation based on the strength of H emission line.

This is the rst time the density and temperature distributions in acc retion ows around a T Tauri star have been
inferred from observations. Compared with predictions from stamard models of accretion in T Tauri stars, which
assume a dipole stellar magnetic eld, we obtained higher densities and steeper temperature rise toward the star.

Astronomy and Astrophysics Letters, 568, L10 (2014)
http://arxiv.org/pdf/1408.1846

Evolutionary tracks of young massive star clusters
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Stars mostly form in groups consisting of a few dozen to several tethousand members. For 30 years, theoretical models
provide a basic concept of how such star clusters form and developghey originate from the gas and dust of collapsing
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molecular clouds. The conversion from gas to stars being incompletehe left over gas is expelled, leading to cluster
expansion and stars becoming unbound. Observationally, a directan rmation of this process has proved elusive, which
is attributed to the diversity of the properties of forming clusters. Here we take into account that the true cluster
masses and sizes are masked, initially by the surface density of theabkground and later by the still present unbound
stars. Based on the recent observational nding that in a given sar-forming region the star formation e ciency
depends on the local density of the gas, we use an analytical appgoh combined with N-body simulations, to reveal
evolutionary tracks for young massive clusters covering the rst10 Myr. Just like the Hertzsprung-Russell diagram
is a measure for the evolution of stars, these tracks provide equient information for clusters. Like stars, massive
clusters form and develop faster than their lower-mass counterarts, explaining why so few massive cluster progenitors
are found.

Accepted by ApJ
http://arxiv.org/pdf/1408.6021
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The frequency of discs around young stars, a key parameter founderstanding planet formation, is most readily
determined in young stellar clusters where many relatively coeval strs are located in close proximity. Observational
studies seem to show that the disc frequency decreases rapidly Witcluster age with <10% of cluster stars retaining
their discs for longer than 2-6 Myr. Given that at least half of all stars in the eld seem to harbor one or more planets,
this would imply extremely fast disc dispersal and rapid planet growth Here we question the validity of this constraint
by demonstrating that the short disc dissipation times inferred to date might have been heavily underestimated by
selection e ects. Critically, for ages >3Myr only stars that originally populated the densest areas of verypopulous
clusters, which are prone to disc erosion, are actually consideredlhis tiny sample may not be representative of the
majority of stars. In fact, the higher disc fractions in co-moving groups indicate that it is likely that over 30% of all
eld stars retain their discs well beyond 10 Myr, leaving ample time for planet growth. Equally our solar system, with
a likely formation time > 10 Myr, need no longer be an exception but in fact typical of planetay systems.

Accepted by ApJL
http://arxiv.org/pdf/1409.0978
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We report here our latest search for molecular out ows from yourg brown dwarfs and very low-mass stars in nearby
star-forming regions. We have observed three sources in Taurwgith the Submillimeter Array and the Combined Array
for Research in Millimeter-wave Astronomy at 230 GHz frequency tosearch for COJ = 2{1 out ows. We obtain a
tentative detection of a redshifted and extended gas lobe at abaul0°from the source GM Tau, a young brown dwarf
in Taurus with an estimated mass of 73M ;, which is right below the hydrogen-burning limit. No blueshifted emissian
around the brown dwarf position is detected. The redshifted gas Ibe that is elongated in the northeast direction
suggests a possible bipolar out ow from the source with a position agle of about 36. Assuming that the redshifted
emission is out ow emission from GM Tau, we then estimate a molecular ot ow mass in the range from 1.9 10
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M to29 10°M and an outow mass-loss rate from 2.7 10 °M yr *to41 108 M yr 1. These
values are comparable to those we have observed in the young bravdwarf ISO-Oph 102 of 60M; in  Ophiuchi and
the very low-mass star MHO 5 of 90M; in Taurus. Our results suggest that the out ow process in very lowmass
objects is episodic with duration of a few thousand years and the dwow rate of active episodes does not signi cantly
change for di erent stages of the formation process of very lownass objects. This may provide us with important
implications that clarify the formation process of brown dwarfs.

Accepted by ApJ
http://arxiv.org/pdf/1408.4506
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The [Cii] 158 m line is the brightest far{infrared cooling line in galaxies, representirg 0.1 to 1% of their FIR continuum
emission, and is therefore a potentially powerful tracer of star fomation activity. The [C ii] line traces di erent phases
of the interstellar medium (ISM), including the diuse ionized medium, warm and cold atomic clouds, clouds in
transition from atomic to molecular, and dense and warm photon doninated regions (PDRs). Therefore without
being able to separate the contributions to the [Cii] emission, the relationship of this ne structure line emission to
star formation has been unclear. We study the relationship betwee the [Cii] emission and the star formation rate
(SFR) in the Galactic plane and separate the relationship of di erent ISM phases to the SFR. We compare these
relationships to those in external galaxies and local clouds, allowing»@aminations of these relationships over a wide
range of physical scales. We compare the distribution of the [@] emission, with its di erent contributing ISM phases,
as a function of Galactocentric distance with the SFR derived from adio continuum observations. We also compare
the SFR with the surface density distribution of atomic and molecular gas, including the CO{dark H, component.
The [Cii] and SFR are well correlated at Galactic scales with a relationship thais in general agreement with that
found for external galaxies. By combining [Cii] and SFR data points in the Galactic plane with those in external
galaxies and nearby star forming regions, we nd that a single scalingelationship between the [Cii] luminosity and
SFR applies over six orders of magnitude. The [@i] emission from di erent ISM phases are each correlated with the
SFR, but only the combined emission shows a slope that is consistentith extragalactic observations. These ISM
components have roughly comparable contributions to the Galactic[Cii] luminosity: dense PDRs (30%), cold H
(25%), CO{dark H, (25%), and ionized gas (20%). The SFR{gas surface density relatiship shows a steeper slope
compared to that observed in galaxies, but one that it is consistentwith those seen in nearby clouds. The di erent
slope is a result of the use of a constant CO{to{H conversion factor in the extragalactic studies, which in turn is
related to the assumption of constant metallicity in galaxies. We nd a linear correlation between the SFR surface
density and that of the dense molecular gas.

Accepted by Astronomy and Astrophysics
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To broaden the search and study stars in the early evolutionary plase, we investigated a sample of 17 pre-main sequence
objects previously detected as either H emission-line pre-main sequence stars or T Tauri variables located ithe eld
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of the North America/Pelican Nebula complex. Johnson-CousinsB;V; Rc; Ic magnitudes and mean color indices for
the program stars are determined from more than 12400 measumgents from archive photographic plates and from
CCD data collected at 7 observatories covering the period of almost0 years from 1954 up to 2013. We complemented
previously rare insights on the photometry of the program stars ad presented their photometric history, which for
almost all program stars is the rst long term photometric monitorin g on a timescale of 6 decades. Eight program
stars are found to be classical T Tauri stars of variability type Il, while 6 program stars are weak-line T Tauri stars
of variability type I. For the rst time, periodicity is found for three stars: V1716 Cyg indicates a 4.15 day period,
V2051 Cyg indicates a 384 day period, and V521 Cyg a period of 503 gs.

Accepted by Astronomy & Astrophysics
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Despite the simplicity of theoretical models of supersonically turbulet, isothermal media, their predictions successfully
match the observed gas structure and star formation activity within low-pressure P=k < 10° K cm 2) molecular
clouds in the solar neighbourhood. However, it is unknown if these thories extend to clouds in high-pressureR=k >
10’ K cm 32) environments, like those in the Galaxy's inner 200 pc Central Moleclar Zone (CMZ) and in the early
Universe. Here we present ALMA 3mm dust continuum emission within acloud, G0.253+0.016, which is immersed
in the high-pressure environment of the CMZ. While the log-normal $iape and dispersion of its column density
PDF is strikingly similar to those of solar neighbourhood clouds, thereis one important quantitative di erence: its
mean column density is 1{2 orders of magnitude higher. Both the similaity and di erence in the PDF compared to
those derived from solar neighbourhood clouds match predictionsfaurbulent cloud models given the high-pressure
environment of the CMZ. The PDF shows a small deviation from log-namal at high column densities con rming
the youth of G0.253+0.016. Its lack of star formation is consistentwith the theoretically predicted, environmentally
dependent volume density threshold for star formation which is or@rs of magnitude higher than that derived for solar
neighbourhood clouds. Our results provide the rst empirical evidence that the current theoretical understanding
of molecular cloud structure derived from the solar neighbourhoodalso holds in high-pressure environments. We
therefore suggest that these theories may be applicable to undstand star formation in the early Universe.

Accepted by ApJL
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and the possibility of multiple planet formation
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We present L° and J-band high-contrast observations of HD169142, obtained with te VLT/NACO AGPM vector
vortex coronagraph and the Gemini Planet Imager, respectively.A source located at 0".156 0".032 north of the host
star (PA=7.4 11.3) appears in the nal reduced L° image. At the distance of the star ( 145 pc), this angular
separation corresponds to a physical separation of 22.74.7 AU, locating the source within the recently resolved inner
cavity of the transition disk. The source has a brightness ofL%12.2 0.5 mag, whereas it is not detected in thel
band (J >13.8 mag). If its L° brightness arose solely from the photosphere of a companion andvgn the J  L°
color constraints, it would correspond to a 28-32M jpier  Object at the age of the star, according to the COND
models. Ongoing accretion activity of the star suggests, howevethat gas is left in the inner disk cavity from which
the companion could also be accreting. In this case the object coulde lower in mass and its luminosity enhanced by
the accretion process and by a circumplanetary disk. A lower masskgect is more consistent with the observed cavity
width. Finally, the observations enable us to place an upper limit on theL. %band ux of a second companion candidate
orbiting in the disk annular gap at 50 AU, as suggested by millimeter observations. If the second conmapion is also
con rmed, HD169142 might be forming a planetary system, with at least two companions opening gaps and possibly
interacting with each other.

Accepted by The Astrophysical Journal Letters
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AB Aur is a Herbig Ae star with a transitional disk. Transitional disks p resent substantial dust clearing in their
inner regions, most probably because of the formation of one or mie planets, although other explanations are still
viable. In transitional objects, accretion is found to be about an ader of magnitude smaller than in classical full
disks. Since accretion is believed to be correlated with out ow activiy, centimeter free-free jets are expected to be
present in association with these systems, at weaker levels than idassical protoplanetary (full) systems. We present
new observations of the centimeter radio emission associated witthe inner regions of AB Aur and conclude that the
morphology, orientation, spectral index and lack of temporal vaiability of the centimeter source imply the presence
of a collimated, ionized out ow. The radio luminosity of this radio jet is, however, about 20 times smaller than that
expected for a classical system of similar bolometric luminosity. We aaclude that centimeter continuum emission
is present in association with stars with transitional disks, but at levels than are becoming detectable only with the
upgraded radio arrays. On the other hand, assuming that the jetvelocity is 300 km s 1, we nd that the ratio of
mass loss rate to accretion rate in AB Aur is 0.1, similar to that found for less evolved systems.
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We report measurements of trigonometric parallaxes for six high-rass star-forming regions in the Scutum spiral arm
of the Milky Way as part of the BeSSeL Survey. Combining our measuements with 10 previous measurements from
the BeSSel Survey yields a total sample of 16 sources in the Scutuarm with trigonometric parallaxes in the Galactic
longitude range from 5 to 32 . Assuming a logarithmic spiral model, we estimate a pitch angle of 18 3:1 for the
Scutum arm, which is larger than pitch angles reported for other sjral arms. The high pitch angle of the arm may be
due to the arm's proximity to the Galactic bar. The Scutum arm sources show an average peculiar motion of 4 km &
slower than the Galactic rotation and 8 km s ! toward the Galactic center. While the direction of this non-circular
motion has the same sign as determined for sources in other spiratras, the motion toward the Galactic center is
greater for the Scutum arm sources.
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We present a new 3.3 mm continuum map of the OMC-2/3 region. When pired with previously published maps of 1.2
mm continuum and NH3z-derived temperature, we derive the emissivity spectral index of dst emission in this region,
tracking its changes across the lament and cores. We nd that the median value of the emissivity spectral index is 0.9,
much shallower than previous estimates in other nearby molecular cleds. We nd no signi cant di erence between
the emissivity spectral index of dust in the OMC-2/3 lament and the starless or protostellar cores. Furthermore,
the temperature and emissivity spectral index, , are anti-correlated at the 4 level. The low values of the emissivity
spectral index found in OMC-2/3 can be explained by the presencefamillimeter-sized dust grains in the dense regions
of the laments to which these maps are most sensitive. Alternativdy, a shallow dust emissivity spectral index may
indicate non-powerlaw spectral energy distributions, signi cant free-free emission, or anomalous microwave emission.
We discuss the possible implications of millimeter-sized dust grains congred to the alternatives.

Accepted by MNRAS
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We present [Fe Il] 1.644 m features around ultracompact H Il regions (UCHIIs) found on a quest for the \foot-

print" out ow features of UCHIIs|the feature produced by the  out owing materials ejected during the earlier, active

accretion phase of massive young stellar objects (MYSOs). We sueyed 237 UCHIIs in the 1st Galactic quadrant,
employing the CORNISH UCHII catalog and UWIFE data which is an imaging survey in [Fe 1] 1.644 m performed
with UKIRT-WFCAM under 0°%8 seeing condition. The [Fe II] features were found around ve UEllls, one of
which is of low plausibility. We interpret that the [Fe Il] features are shock-excited by out ows from YSOs, and

estimate the out ow mass loss rates from the [Fe Il] ux, whichare 1 10 ®{4 10 ® Msyr . We propose that
the [Fe 1] features might be the \footprint" out ow features, b ut more studies are required to clarify it. This is based
on the morphological relation between the [Fe Il] and 5 GHz radio fetures, the out ow mass loss rate, the travel time

of the [Fe Il] features, and the existence of several YSO candides near the UCHIIs. The UCHIIs accompanying the
[Fe 1] features have a relatively higher peak ux density. The fraction of UCHIIs accompanying the [Fe II] features,
5/237, is small when compared to the 90% detection rate of high-velocity CO gas around UCHIIs. We discas some
possible explanations on the low detection rate.
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Context. The earliest phases of high-mass star formation are poorly undetsod.

Aim. Our goal is to determine the physical conditions and kinematic stru¢ure of massive star-forming cloud clumps .
Methods. We analyze H,O 557 GHz line pro les observed with HIFI toward four positions in two infrared-dark cloud
clumps . By comparison with ground-based ¢’0O, N,H* , CH3OH and NH3 line observations, we constrain the volume
density and kinetic temperature of the gas and estimate the columrdensity and abundance of HO and N,H* .
Results. The observed water lines are complex with emission and absorption agponents. The absorption is red
shifted and consistent with a cold envelope, while the emission is intemgted as resulting from protostellar out ows.
The gas density in the clumps is 10’ cm 3. The 0-H,O out ow column density is 0:3 3:0 10 cm 2, The 0-H,0
absorption column density is between 15 10 and 26 10' cm 2 with cold o-H,O abundances between s 10 °
and 31 10 8.

Conclusions. All clumps have high gas densities ( 10’ cm 2) and display infalling gas. Three of the four clumps
have out ows. The clumps form an evolutionary sequence as prolseby H,O N,H*, NH3 and CH3OH. We nd that
G28-MM is the most evolved, followed by G11-MM then G28-NH. The least evolved clump is G11-NH which shows
no sign-posts of star-formation. G11-NH is a high-mass pre-stellar core.
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In recent years many models of chondrule formation have been ppmsed. One of those models is the processing of
dust in shock waves in protoplanetary disks. In this model, the dustand the chondrule precursors are overrun by
shock waves, which heat them up by frictional heating and thermalexchange with the gas. In this paper we reanalyze
the nebular shock model of chondrule formation and focus on the @vnstream boundary condition. We show that for
large-scale plane-parallel chondrule-melting shocks the postshbequilibrium temperature is too high to avoid volatile
loss. Even if we include radiative cooling in lateral directions out of thedisk plane into our model (thereby breaking
strict plane-parallel geometry) we nd that for a realistic vertical extent of the solar nebula disk the temperature
decline is not fast enough. On the other hand, if we assume that theshock is entirely optically thin so that particles
can radiate freely, the cooling rates are too high to produce the okerved chondrules textures. Global nebular shocks
are therefore problematic as the primary sources of chondrules.
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Molecular gas constitutes the dominant mass component of protoanetary discs. To date, these sources have not
been studied comprehensively at the longest far-infrared and shitest submillimetre wavelengths. This paper presents
Herschel SPIRE FTS spectroscopic observations toward 18 protoplanetar discs, covering the entire 450{1540 GHz
(666{195 m) range at R 400{1300. The spectra reveal clear detections of the dust coimuum and, in six targets, a
signi cant amount of spectral line emission primarily attributable to 12CO rotational lines. Other targets exhibit little

to no detectable spectral lines. Low signal-to-noise detections adsinclude signatures from*3CO, [CI] and HCN. For
completeness, we present upper limits of non-detected lines in all tgets, including low-energy transitions of H,O and
CH* molecules. The ten*?CO lines that fall within the SPIRE FTS bands trace energy levels of 50{500 K. Combined
with lower and higher energy lines from the literature, we compare tle CO rotational line energy distribution with
detailed physical-chemical models, for sources where these areadtable and published. Our'3CO line detections in
the disc around Herbig Be star HD 100546 exceed, by factors of10{30, the values predicted by a model that matches
a wealth of other observational constraints, including the SPIRE?CO ladder. To explain the observed*?CO/3CO
ratio, it may be necessary to consider the combined e ects of optial depth and isotope selective (photo)chemical
processes. Considering the full sample of 18 objects, we nd thathe strongest line emission is observed in discs
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around Herbig Ae/Be stars, although not all show line emission. In adlition, two of the six T Tauri objects exhibit
detectable >CO lines in the SPIRE range.

Accepted by MNRAS
http://arxiv.org/pdf/1408.5432

E ects of grain growth on the interstellar polarization cur ve

Nikolai V. Voshchinnikov ' and Hiroyuki Hirashita 2

1 Sobolev Astronomical Institute, St. Petersburg University, Universitetskii prosp., 28, St. Petersburg 198504, Russia
2 Institute of Astronomy and Astrophysics, Academia Sinica, P.O. Bax 23-141, Taipei 10617, Taiwan

E-mail contact: n.voshchinnikov@spbu.ru

We apply the time evolution of grain size distributions by accretion and coagulation found in our previous work to
the modelling of the wavelength dependence of interstellar polarizabn. We especially focus on the parameters of the
Serkowski curveK and mnax characterizing the width and the maximum wavelength of this curve, respectively. We
use aligned silicate and non-aligned carbonaceous spheroidal patts with di erent aspect ratios a=h The imperfect
alignment of grains with sizes larger than a cut-o sizery.q is considered. We nd that the evolutionary e ects on
the polarization curve are negligible in the original model with commonlyused material parameters (hydrogen number
density ny = 103 cm 3, gas temperatureTqas = 10 K, and the sticking probability for accretion Saec = 0:3). Therefore,
we apply the tuned model where the coagulation threshold of silicatés removed. In this model, nax displaces to the
longer wavelengths and the polarization curve becomes widelK( reduces) on time-scales (30 50)(ny=10°cm 3) 1
Myr. The tuned models at T < 30(ny=10°cm %) ! Myr and di erent values of the parameters ry..,; can also explain
the observed trend betweenK and max. It is signicant that the evolutionary e ect appears in the perpen dicular
direction to the e ect of ry.ct On the K { max diagram. Very narrow polarization curves can be reproduced if we
change the type of particles (prolate/oblate) and/or vary a=h

Accepted by MNRAS
http://arxiv.org/pdf/1408.4682

Formation of pebble-pile planetesimals
Karl Wahlberg Jansson ! and Anders Johansen !

1 Lund Observatory, Department of Astronomy and Theoretical Physics, Lund University, Box 43, SE-221 00 Lund,
Sweden

E-mail contact: kalle at astro.lu.se

Asteroids and Kuiper belt objects are remnant planetesimals from he epoch of planet formation. The rst stage
of planet formation is the accumulation of dust and ice grains into mmem-sized pebbles. These pebbles can clump
together through the streaming instability and form gravitationally bound pebble 'clouds'. Pebbles inside such a cloud
will undergo mutual collisions, dissipating energy into heat. As the claud loses energy, it gradually contracts towards
solid density. We model this process and investigate two important poperties of the collapse: (i) the timescale of the
collapse and (ii) the temporal evolution of the pebble size distribution Our numerical model of the pebble cloud is
zero-dimensional and treats collisions with a statistical method. Wend that planetesimals with radii larger than 100
km collapse on the free-fall timescale of about 25 years. Lower-rsa clouds have longer pebble collision timescales
and collapse much more slowly, with collapse times of a few hundred yesfor 10-km-scale planetesimals and a few
thousand years for 1-km-scale planetesimals. The mass of the pale cloud also determines the interior structure of
the resulting planetesimal. The pebble collision speeds in low-mass cloadire below the threshold for fragmentation,
forming pebble-pile planetesimals consisting of the primordial pebbledrom the protoplanetary disk. Planetesimals
above 100 km in radius, on the other hand, consist of mixtures of dst (pebble fragments) and pebbles which have
undergone substantial collisions with dust and other pebbles. The RBsetta mission to the comet 67P/Churyumov-
Gerasimenko and the New Horizons mission to Pluto will both provide vduable information about the structure of
planetesimals in the Solar System. Our model predicts that 67P is a gable-pile planetesimal consisting of primordial
pebbles from the Solar Nebula, while the pebbles in the cloud which comaicted to form Pluto must have been ground
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down substantially during the collapse.
Accepted by Astronomy & Astrophysics
http://arxiv.org/pdf/1408.2535v1

Accretion-ejection connection in the young brown dwarf can didate 1ISO-Chal 217

E.T. Whelan 1, J.M. Alcah 2, F. Bacciotti 3, B. Nisini 4, R. Bonito %®, S. Antoniucci *, B. Stelzer ¢, K.
Biazzo 2, V. D'Elia 7, and T.P. Ray 8

1 Institut far Astronomie und Astrophysik, Kepler Center for Ast ro and Particle Physics, Eberhard Karls Universitat,
72076 Tabingen, Germany ? INAF-Osservatorio Astronomico di Capodimonte, via Moiariello, 16, 1-80131, Napoli,
Italy

3 INAF-Osservatorio Astro sico di Arcetri, Largo E. Fermi 5, I-5 0125 Firenze, Italy

4 INAF-Osservatorio Astronomico di Roma, via Frascati 33, I-00040 Monteporzio Catone, ltaly

5 Dipartimento di Fisica e Chimica, Universia di Palermo, Piazza del Parlamento 1, 1-90134 Palermo, Italy ® INAF-
Osservatorio Astronomico di Palermo, Piazza del Parlamento 1, 90134 Palermo, Italy

7 ASI Science Data Center, Via del Politecnico snc, 1-00133 Rome, lly

8 Dublin Institute for Advanced Studies, 31 Fitzwilliam Place, Dublin 2, Ir eland

E-mail contact: emma.whelanat astro.uni-tuebingen.de

As the number of observed brown dwarf out ows is growing it is important to investigate how these out ows compare
to the well studied jets from young stellar objects. A key point of cmmparison is the relationship between out ow
and accretion activity and in particular the ratio between the mass aut ow and accretion rates (Moyt/ Macc). The

brown dwarf candidate 1SO-Chal 217 was discovered by our groupas part of a spectro-astrometric study of brown
dwarfs, to be driving an asymmetric out ow with the blue-shifted lob e having a position angle of 20 . The aim here
is to further investigate the properties of ISO-Chal 217, the mophology and kinematics of its out ow, and to better

constrain (Mout/ Macc). The out ow is spatially resolved in the [SI]] 6716, 6731 lines and is detected out to 196 in

the blue-shifted lobe and 1%in the red-shifted lobe. The asymmetry between the two lobes is conmed although

the velocity asymmetry is less pronounced with respect to our preius study. Using thirteen di erent accretion

tracers we measure log{lacc) [M /yr]=  10:6 0:4. As it was not possible to measure the e ect of extinction on the
ISO-Chal 217 out ow My, was derived for a range of values of , up to a value of A = 2.5 mag estimated for the
source extinction. The logarithm of the mass out ow (M) was estimated in the range 11:7 to 11:1 for both jets
combined. Thus Mg,/ Macc [M /yr] lies below the maximum value predicted by magneto-centrifugal jet launching

models. Finally, both model tting of the Balmer decrements and spectro-astrometric analysis of the H line show
that the bulk of the H | emission comes from the accretion ow.

Accepted by A&A
http://arxiv.org/pdf/1408.5011

The Chandra Cygnus OB2 Legacy Survey: Design and X-ray Point Source Catalog

Nicholas J. Wright %2, Jeremy J. Drake !, Mario G. Guarcello !, Tom L. Aldcroft !, Vinay L. Kashyap 1,
Francesco Damiani 2, Joe DePasquale ! , and Antonella Fruscione !

! Center for Astrophysics, 60 Garden Street, Cambridge, MA 0218, USA
2 Centre for Astrophysics Research, University of Hertfordshire Hat eld AL10 9AB, UK
3 INAF - Osservatorio Astronomico di Palermo, Piazza del Parlamenb 1, 1-90134 Palermo, Italy

E-mail contact: nick.nwright at gmail.com

The Cygnus OB2 association is the largest concentration of youngrad massive stars within 2 kpc of the Sun, including
an estimated 65 O-type stars and hundreds of OB stars. The Chadafra Cygnus OB2 Legacy Survey is a large imaging
program undertaken with the Advanced CCD Imaging Spectromet& onboard the Chandra X-ray Observatory. The
survey has imaged the central 0.5 degof the Cyg OB2 association with an e ective exposure of 120 ks andraouter
0.35 ded area with an exposure of 60 ks. Here we describe the survey designd observations, the data reduction
and source detection, and present a catalog of 8,000 X-ray pointasirces. The survey design employs a grid of 36
heavily ( 50%) overlapping pointings, a method that overcomes Chandra's lowo -axis sensitivity and produces a
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highly uniform exposure over the inner 0.5 ded. The full X-ray catalog is described here and is made available online.
Accepted by ApJS
http://arxiv.org/pdf/1408.6579

Ambipolar di usion in smoothed particle magnetohydrodyna mics

James Wurster !, Daniel Price ! and Ben Aylie !

1 Monash Centre for Astrophysics (MoCA), School of Mathematicd Sciences, Monash University, Vic. 3800, Australia
E-mail contact: james.wurster at monash.edu

In partially ionised plasmas, the magnetic eld can become decoupledrém the neutral gas and di use through it in a
process known as ambipolar di usion. Although ambipolar di usion has been implemented in several grid codes, we
here provide an implementation in smoothed particle magnetohydroginamics (SPMHD). We use the strong coupling
approximation in which the ion density is negligible, allowing a single uid approach. The equations are derived to
conserve energy, and to provide a positive de nite contribution tothe entropy. We test the implementation in both a
simple 1D SPMHD code and the fully 3D code PHANTOM. The wave dampingtest yields agreement within 0.03%{2%
of the analytical result, depending on the value of the collisional copling constant. The oblique C-shocks test yields
results that typically agree within 4% of the semi-analytical result. Our algorithm is therefore suitable for exploring
the e ect ambipolar di usion has on physical processes, such as th formation of stars from molecular clouds.

Accepted by MNRAS
http://arxiv.org/pdf/1408.1807

The Discovery of Radio Stars within 10  %of Sgr A* at 7mm

F. Yusef-Zadeh !, D. A. Roberts !, H. Bushouse 2, M. Wardle 3, W. Cotton “, M. Royster !, & G. van
Moorsel °

1pepartment of Physics and Astronomy and CIERA, Northwestern University, Evanston, IL 60208
2Space Telescope Science Institute, Baltimore, MD 21218

3Dept of Physics and Astronomy, Macquarie University, Sydney NSW2109, Australia

4National Radio Astronomy Observatory, Charlottesville, VA 22903

SNational Radio Astronomy Observatory, Socorro, NM 87801

E-mail contact: zadeh@northwestern.edu

Very Large Array observations of the Galactic Center at 7 mm haveproduced an image of the 36°surrounding Sgr
A* with a resolution of 82 42 milliarcseconds (mas). A comparison with IR images taken simultaneusly with the

Very Large Telescope (VLT) identi es 41 radio sources with L-band (3.8 m) stellar counterparts. The well-known

young, massive stars in the central Sgr A* cluster (e.g., IRS 16C,RS 16NE, IRS 16SE2, IRS 16NW, IRS 16SW, AF,
AFNW, IRS 34W and IRS 33E) are detected with peak ux densities beween 0.2 and 1.3 mJy. The origin of the
stellar radio emission in the central cluster is discussed in terms of idmed stellar winds with mass-loss rates in the
range 0:8 5 10 °M yr ! Radio emission from eight massive stars is used as a tool for regiation between
the radio and infrared frames with mas precision within a few arcseaads of Sgr A*. This is similar to the established
technique of aligning SiO masers and evolved stars except that radistars lie within a few arcseconds of Sgr A*. Our
data show a scatter of 6.5 mas in the positions of the eight radio sources that appear in boththe L-band and 7 mm

images. Lastly, we use the radio and IR data to argue that member®f IRS 13N are Young Stellar Objects rather
than dust clumps, supporting the hypothesis that recent star famation has occurred near Sgr A*.

Accepted by ApJ (792, L1)
http://arxiv.org/pdf/1407.4135

Dust Trapping by Vortices in Transitional Disks: Evidence f or Non-ldeal MHD E ects
in Protoplanetary Disks

Zhaohuan Zhu 12 and James M. Stone !
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1 Department of Astrophysical Sciences, 4 Ivy Lane, Peyton Hall, Pinceton University, Princeton, NJ 08544, USA
2 Hubble Fellow

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

We study particle trapping at the edge of a gap opened by a planet in aprotoplanetary disk. In particular, we
explore the e ects of turbulence driven by the magnetorotationd instability on particle trapping, using global three-
dimensional magnetohydrodynamic (MHD) simulations including Lagrangian dust particles. We study disks either in
the ideal MHD limit or dominated by ambipolar di usion (AD) that plays an essential role at the outer regions of
a protoplanetary disk. With ideal MHD, strong turbulence (the equivalent viscosity parameter 10 2?) in disks
prevents vortex formation at the edge of the gap opened by a 9 ; planet, and most particles (except the particles
that drift fastest) pile up at the outer gap edge almost axisymmetrically. When AD is considered, turbulence is
signi cantly suppressed ( < 10 3), and a large vortex forms at the edge of the planet induced gap, ich survives
1000 orbits. The vortex can e ciently trap dust particles that spa n 3 orders of magnitude in size within 100 planetary
orbits. We have also carried out two-dimensional hydrodynamical Bnulations using viscosity as an approximation
to MHD turbulence. These hydrodynamical simulations can reprodice vortex generation at the gap edge as seen in
MHD simulations. Finally, we use our simulation results to generate sythetic images for ALMA dust continuum
observations on Oph IRS 48 and HD 142527, which show good agreent with existing observations. Predictions for
future ALMA cycle 2 observations have been made. We conclude thathe asymmetry in ALMA observations can be
explained by dust trapping vortices and the existence of vortices auld be the evidence that the outer protoplanetary
disks are dominated by ambipolar di usion with < 10 2 at the disk midplane.

Accepted by ApJ
http://arxiv.org/pdf/1405.2790

Abstracts of recently accepted major reviews

Stellar multiplicity in the Orionis cluster: a review
Jo® A. Caballero *

1 Centro de Astrobiologa (CSIC-INTA), Madrid, Spain

E-mail contact: caballero at cab.inta-csic.es

The nearby, young, extinction-free  Orionis cluster is acknowledged as a cornerstone for studying thetellar and
substellar formation and evolution, especially at very low masses. Heever, the relatively limited knowledge of
multiplicity in the cluster is dispersed among numerous papers and proeedings with very di erent aims and, therefore,
is di cult to apprehend even for researchers in the subject. Here | review comprehensively the sexdecuple system
Ori in the central arcminute, and all close ( = 0°%{4% and wide ( > 4% binaries, triples, hierarchical multiples,
and spectroscopic binaries in the cluster that have been reporte¢h the literature until 2014. | conclude with a brief
enumeratation of the next steps that should be taken in the near @iture for having a clear picture of the multiplicity

in the  Orionis cluster.

Accepted by The Observatory
http://arxiv.org/pdf/1408.2231
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Dissertation Abstracts

New insights from aperiodic variability of young stars

Krzysztof Findeisen

California Institute of Technology, Pasadena, CA, USA
1200 E. California Blvd., M/C 249-17, Pasadena, CA 91125, USA
Electronic mail: krzys at astro.caltech.edu
Ph.D dissertation directed by: Lynne Hillenbrand
Ph.D degree awarded: June 2014

Nearly all young stars are variable, with the variability traditionally div ided into two classes: periodic variables and
aperiodic or\irregular" variables. Periodic variables have been studed extensively, typically using periodograms, while
aperiodic variables have received much less attention due to a lack aftandard statistical tools. However, aperiodic

variability can serve as a powerful probe of young star accretion pysics and inner circumstellar disk structure. For

my dissertation, | analyzed data from a large-scale, long-term swey of the nearby North America Nebula complex,

using Palomar Transient Factory photometric time series collected o a nightly or every few night cadence over several
years. This survey is the most thorough exploration of variability in a sample of thousands of young stars over time
baselines of days to years, revealing a rich array of lightcurve shags, amplitudes, and timescales.

| have constrained the timescale distribution of all young variables,periodic and aperiodic, on timescales from less
than a day to 100 days. | have shown that the distribution of timescales for apepdic variables peaks at a few
days, with relatively few ( 15%) sources dominated by variability on tens of days or longer. My @nstraints on
aperiodic timescale distributions are based on two new tools, magnitde- vs. time-di erence ( m- t) plots and peak-
nding plots, for describing aperiodic lightcurves; this thesis provides simulations of their performance and presents
recommendations on how to apply them to aperiodic signals in other tine series data sets. In addition, | have measured
the error introduced into colors or SEDs from combining photometly of variable sources taken at di erent epochs.
These are the rst quantitative results to be presented on the didributions in amplitude and time scale for young
aperiodic variables, particularly those varying on timescales of weekto months.
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From Cores to Envelopes to Disks:
A Multi-scale View of Magnetized Star Formation

Charles L. H. (Chat) Hull

University of California, Berkeley, USA
B-20 Hearst Field Annex, Berkeley, CA 94720-3411
Address as of 15 Sep 2014: 160 Concord Ave., Cambridge, MA 02138
Electronic mail: chat at astro.berkeley.edu
Ph.D dissertation directed by: Richard Plambeck
Ph.D degree awarded: Aug 2014

Observations of polarization in star forming regions have been madeacross many wavelengths, many size scales,
and many stages of stellar evolution. One of the overarching goalsfdhese observations has been to determine the
importance of magnetic elds|which are the cause of the polarizatio n|in the star formation process. We begin
by describing the commissioning and the calibration of the 1.3mm dual-plarization receiver system we built for
CARMA (the Combined Array for Research in Millimeter-wave Astrono my), a radio telescope in the eastern Sierra
region of California. One of the primary science drivers behind the plarization system is to observe polarized
thermal emission from dust grains in the dense clumps of dust and gawhere the youngest, Class O protostars are
forming. We go on to describe the CARMA TADPOL survey|the larges t high-resolution (1000 AU scale) survey
to date of dust polarization in low-mass protostellar cores|and discuss our main ndings: (1) Magnetic elds (B-
elds) on scales of 1000 AU are not tightly aligned with protostellar out ows. Rather, t he data are consistent both
with scenarios where out ows and magnetic elds are preferentiallymisaligned (perpendicular) and where they are
randomly aligned. (2) Sources with high CARMA polarization fractions have consistent B- eld orientations on large
scales ( 20 arcsec, measured using single-dish submillimeter telescopes) asmrthall scales ( 2.5 arcsec, measured
by CARMA). We interpret this to mean that in at least some cases B- elds play a role in regulating the infall of
material all the way down to the 1000 AU scales of protostellar envelopes. Finally, (3) While on the whie out ows
appear to be randomly aligned with B- elds, in sources with low polarization fractions there is a hint that out ows are
preferentially perpendicular to small-scale B- elds, which suggestghat in these sources the elds have been wrapped
up by envelope rotation. This work shows that the 1000AU protostellar envelope may be a turning point: at
larger scales B- elds may still retain the memory of the global B- eld drawn in from the ambient medium; but at
smaller scales the B- elds may be a ected by the dynamics of both emelope and disk rotation. This sets the stage
for ALMA (the Atacama Large Millimeter/submillimeter Array), which w ill soon reveal the morphology of B- elds in
circumstellar disks themselves.

You can nd a PDF copy of my thesis on the CV page at http://www.chathull.com
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New Jobs

Postgraduate Scholarship in Star Formation

Job Announcement:

The Dublin Institute for Advanced Studies (DIAS) is o ering a postg raduate scholarship to work in the Star Formation
Group led by Prof. Tom Ray. Funding is available for 4 years starting in October 2014. The funding includes a
stipend, postgraduate fees and covers conference/workshguarticipation. The student will work on the interpretation
of observations of young stellar objects (YSOs), their disks and at ows. DIAS is collaborating on two interferometer
projects involving LOFAR and GRAVITY on the VLT. It is envisaged th at the student will work in the area of
interferometry of YSOs.

A primary degree in physics, or a related eld, and some backgroundn observational astronomy are mandatory.
Programming skills and experience with astronomical data analysis & bene cial.

Interested students are encouraged to send a brief statemerdf intent and a curriculum vitae to Ms. Eileen Flood,
(elfood@cp.dias.ie), with the names of two referees. Inquiries canebmade to Prof. Tom Ray (tr@cp.dias.ie). The
deadline for submissions is September 30th 2014.

Moving ... ??

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

Disc Dynamics & Planet Formation
29" June - 3™ July 2015, Larnaka, Cyprus

Rationale

The connection between star formation, protostellar discs and plaetary systems is unquestionable but the path from
stars to planets is highly uncertain. Recent discoveries with spac&orne telescopes (Spitzer, CoRoT, Kepler) and
ground-based facilities (VLT, Gemini, ALMA) have given new impetus to the search for exoplanetary systems and for
the properties of their maternal discs. The number of known exofanets has doubled within the last year thanks to
transit observations, and the discovery of an increasing number fodirectly-imaged wide-orbit exoplanets has shown
that they are more diverse than we may have thought. At the sametime the properties of the discs where these planets
form are revealed from their earliest phases around young embedd protostars to their latest phases when most of the
gas has dispersed. The discovery of the rst exoplanet, a hot Juier, two decades ago, challenged planet formation
theories and introduced the idea that planets migrate within their host disc towards the central star. In the last few
years the discovery of wide-orbit exoplanets has similarly put planetformation theories to the test. Are we con dent
that we know how discs form, what physical processes drive theirwlution and how gas giants and terrestrial planets
eventually form in and interact with them? This meeting aims at bringing together theorists and observers to discuss
recent developments on the theory of disc dynamics and planet fonation, how these t with current observations,
and what we may expect in the future.

Topics

- The formation of protostellar discs

- Observations of protostellar discs

- Disc accretion theory and disc dispersal

- Protostellar disc modeling: hydrodynamics, thermodynamics, magetic elds, turbulence

- Planet formation; core accretion and disc fragmentation
- Disc-planet interactions and planet migration

Invited Speakers

- Sean Andrews (Harvard-Smithsonian Center for AstrophysicslUSA)

- Aurlien Crida (Univ. Nice Sophia-antipolis / CNRS / Observatoire de la C te d'Azur, France)
- Geo roy Lesur (Observatoire de Grenoble, France)

- Neal Turner (JPL, Caltech, USA) (TBC)

- Andrew Youdin (University of Arizona, USA)

Scienti ¢ Organising Committee

Richard Alexander (University of Leicester, UK), Phil Armitage (Un iversity of Colorado, USA), Benoit Commercon
(Ecole Normale Superieure de Lyon, France), Barbara Ercolano (Mnich University, Germany), Sebastian Fromang
(CEA, Saclay), Shu-ichiro Inutsuka (Nagoya University, Japan), Doug Lin (UCSC, USA), Giuseppe Lodato (Milan,
Italy), Anders Johansen (Lund Observatory, Sweden), Ken Rice(University of Edinburgh, UK), Dimitris Stamatellos
(UCLAN, UK) (Chair).

Location

The conference will be held at the UCLAN Cyprus Campus at the outkirts of Larnaka in Cyprus. Delegates will be
given a choice between on campus accommodation and o campus, bér in the centre of Larnaka or on the beach
front outside the city.

Registration
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Registration is now open. Note that your registration is not complete until you pay the registration fee ($270 until
15/03/2015; $320 afterwards). The fee covers lunches, the conference dimmand social activities.

Contact: For any questions please contact discs2015@uclan.ac.uk.
Conference Webpage: http://www.star.uclan.ac.uk/discs2015

45th Saas-Fee Advanced Course: From Protoplanetary Disks t o Planet
Formation { Registration now open

Registration for the 45th Saas-Fee \Advanced Course" of the Swgs Society for Astrophysics and Astronomy: From
Protoplanetary Disks to Planet Formation, is how open.

The course will take place from 15-20 March 2015 in the Swiss ski reg, Les Diablerets. In the tradition of Saas-Fee
courses, three topics will be presented by three speakers for atal of 24 lectures:

Processes in protoplanetary disks: Prof. Philip J. Armitage
Observational properties of protoplanetary disks: Dr. Leonard Testi
Planet formation and disk-planet interactions: Prof. Willhelm Kley.

Important dates are as follows:

30 Sep 2014: Deadline for fee waiver request

31 Oct 2014: Fee waiver awarding decision

30 Nov 2014: Early registration deadline

31 Jan 2015: Regular registration & Hotel booking deadlines

More details can be found on the course websitehttp://isdc.unige.ch/sf2015

The organizers: Marc Audard (University of Geneva), Yann Alibert (University of Bern), Michael R. Meyer (ETH
Zurich), and Martine Logossou (University of Geneva)
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Summary of Upcoming Meetings

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

Filamentary Structure in Molecular Clouds
10 - 11 October 2014 Charlottesville, USA

https://science.nrao.edu/science/meetings/2014/fila mentary-structure/

MIRA Conference on Circumstellar Disks and Planet Formatio n

12 - 14 October 2014 Ann Arbor, USA

http://www.Isa.umich.edu/mira/workshopsconferences/ circumstellardisksandplanetformationconference

The Early Life of Stellar Clusters: Formation and Dynamics
3 - 7 November 2014, Copenhagen, Denmark
http://www.nbia.dk/nbia-clusters-2014

Star Formation Across Space and Time
11-14 November 2014 Noordwijk, The Netherlands
http://congrexprojects.com/14a09/

Triple Evolution & Dynamics in Stellar and Planetary System S
15 - 21 November 2014 Haifa, Israel
http://trendy-triple.weebly.com

45th \Saas-Fee Advanced Course™:

From Protoplanetary Disks to Planet Formation
15-20 March 2015, Switzerland
http://isdc.unige.ch/sf2015

The Soul of Massive Star Formation
15 - 20 March 2015 Puerto Varas, Chile
http://www.das.uchile.cl/msf2015/

Star and Planet Formation in the Southwest
23 - 27 March 2015 Oracle, Arizona, USA
no website yet

Disk dynamics and planet formation

29 June - 3 July 2015 Larnaka, Cyprus
http://www.star.uclan.ac.uk/discs2015

Extreme Solar Systems Il
29 November - 4 December 2015 Hawaii, USA
http://ciera.northwestern.edu/Hawaii2015.php

The 19th Cambridge Workshop on Cool Stars, Stellar Systems, and the Sun
6 - 10 June 2016 Uppsala, Sweden
http://www.coolstars19.com

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