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Slavek Rucinski
in conversation with Bo Reipurth

Q: You did your thesis at Warsaw University in the 1960s.
What was the topic?

A: Studies of astronomy at that time were quite different
from the current format, they lasted 5 years and would
lead to a MSc degree. The studies were basically the same
as for physicists for the first 2 – 3 years and later the small
group of future astronomers would interact more closely
with astronomers. For my MSc, I was given observations
of an eclipsing binary DI Peg by A. Kruszewski, while ev-
erything took place under the supervision of our common
“Big Boss”, Prof. S. Piotrowski. The MSc work (1965)
turned out to be much more difficult than a routine appli-
cation of the “light-curve-solving” methods of that time:
I consistently got internal disagreements and could solve
them only by postulating a third light in the system, but
it was not visible spectroscopically (much later, in 1992,
Wen Lu did detect a third spectral component).

I worked first on stellar (my first paper in 1966 was on β
Lyrae) and interstellar polarization with Dr. K. Serkowski,
but when he left Poland in 1968, I switched back to eclips-
ing binaries. The PhD thesis (1970) was a collection of pa-
pers on various aspects of proximity effects. The most time
consuming and most challenging was an early modelling
effort on externally illuminated atmospheres for which I
used one of the finest computers of that time, the Danish-
built GIER. This way I learned computer skills, including
a good grounding in the great Algol and assembler lan-
guages. The knowledge of the latter was useful because
it was still a very small computer (although it occupied a
large room), but I was brave enough to use it for extensive
computations following Mihalas’ ideas on non-grey atmo-
sphere modelling.

Q: What was your path from Poland to Canada?

A: The path was quite complicated and full of turns. In
fact, I always wanted to live and work in Poland and a lot

had to happen until I realized that we should emigrate.

In 1970 – 1971, I went to Gainesville, Florida, to do my
Post-doc with Frank B. Wood. My wife was not permitted
to join me and was kept as a hostage by the communist
authorities. This was the standard of that time... The
stay was still very good for me: I met great people who
had great new ideas such as Bob Wilson, John Hutchings,
Doug Hall and John Whelan. Helmut Abt gave me some
of his Kitt Peak observing time for early tests of my (de-
veloped much later) Broadening Function method. I also
learned a lot about the world outside Poland and about
the US and the life there.

In 1975, I was granted a newly created Plaskett Research
Associate position at the Dominion Astrophysical Obser-
vatory in Victoria, BC. This time my family was permitted
to go. It was a great time in my professional life: I learned
spectroscopic techniques at DAO, used OAO-2 data, had
a small program on the OAO-3 satellite and went to Kitt
Peak for a couple of observing runs. I was still not sure
at that time what would interest me more, binary stars or
chromospherically active stars with spots.

I got fully into teaching after my return to the Warsaw
University Observatory in 1977. But I felt that I should
broaden my horizons. George Herbig was considered a
semi-god to my more advanced friends at the Observatory
(J. Smak, B. Paczyński, W. Krzemiński) and I read all his
publications. We were convinced that Soviet astronomical
publications were not well known in the West so we felt
placed in a privileged position of having access to both
worlds. The Yerevan 1978 conference paper by Herbig was
in English, but I assumed it to be generally overlooked,
which was probably a correct assumption. There, I learned
about the problem of the “missing post-T Tauri stars”.

Q: In 1983 you recognized that the now famous star TW
Hya is an isolated T Tauri star far from any dark cloud.
Please recount the circumstances.

A: I had definite plans to observe post-T Tauri stars pointed
out by Herbig, TW Hya, FK Ser and HD36705 (now known
as AB Dor) when, in 1980, I started a 2-year stay at the
Max Planck Institute in Munich and thus gained access to
ESO. My 1981 observations showed that TW Hya looks
very much like a genuine T Tauri star, exactly as predicted
by Herbig, but its isolated location was a puzzle. Addi-
tionally, simply from its apparent brightness, one could
easily tell that it is one of the nearest such stars to us.

Q: When the IRAS satellite released its mid- to far-infrared
all-sky survey, you studied a large number of T Tauri and
post-T Tauri stars. What were your conclusions?

A: I heard much about the accretion disks at Warsaw.
These were different disks from cataclysmic variables, but
all shared the common feature of extremely broad spectral
distributions. I was surprised to see the same, very broad
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spectra in the IRAS data for T Tauri stars. This result
was confirming indications of a common appearance of
large accretion disks in these stars.

Q: You have throughout your career made numerous stud-
ies of contact binaries.

A: Contact binaries have accompanied me through my
lifetime. They are quite common variable stars, but rather
elementary counting of star numbers among bright stars
indicate that they are simply the easiest variable stars to
detect; their frequency is not terribly high, around 1/500
of FGK dwarfs in the solar neighbourhood. I liked them
because they were easy to observe even with the modest
equipment in Poland.

There was a big excitement at Warsaw when in 1967 and
1968 Leon Lucy published his papers explaining these bi-
naries in terms of a very simple model of common Roche
equipotentials. The new insight changed the stagnant situ-
ation with their interpretation. Many papers in the 1970’s
and 1980’s dealt with details of Lucy’s model. It turned
out to be over-constrained, yet very appealing as a tool
for explanation of the observed light curves. Soon, easily-
obtainable light curves found an equally easily-applicable
Wilson-Devinney light-curve-synthesis tool and this re-
sulted in a continuing flood of light-curve “solutions”. Al-
though I was a strong proponent of Lucy’s model, cur-
rently I feel that we have been a bit too optimistic in its
general application; we simply do not have sufficient spec-
tral data to understand the physics of the direct contact
between two internally very different stars.

Q: The MOST satellite has been a major focus of yours
over the past decade or more. Please describe the project.

A: Initiation of the MOST project resulted from my own
changing circumstances. In 1984, after stays in Munich
and Cambridge, we were immigrating for good to Canada.
I had a job lined-up as manager of the Canadian portion of
the StarLab satellite project in Vancouver. The StarLab
funding was suddenly stopped by a change in the federal
government but, fortunately, my friends at the Univer-
sity of Toronto offered me a soft-money “cushion”. After
teaching at UofT on contracts for a few years, I moved
in 1987 to a newly created institute in the Province of
Ontario. Its mandate was to create new links between
academia and aerospace industry. I continued my own
research and had great opportunities to interact with bril-
liant engineers and entrepreneurs. But then the funding
stopped and the good time suddenly ended in 1997; I had
to look for a new job. Before doing that, I led a small
team preparing a project of a small (70 kg, 15cm tele-
scope) photometric satellite. I did not have much confi-
dence in the success of the application so I took a new job
as the Canadian Resident Astronomer at CFHT. However,
the MOST project did obtain funding from the Canadian

Space Agency in 1998; the launch took place in 2003. The
project lasted 14 years with the satellite providing the
first accurate (10−5) photometric data from an orbit which
was selected to be a Sun-synchronous dawn-to-dusk one.
Such an orbit precesses strictly at the solar rate and stays
always perpendicular to the Sun direction: The satellite
stays constantly illuminated, yet looks into the dark space
away from the Sun. Looking into the conical Continuous
Visibility Zone above the Earth horizon permitted con-
tinuous observations of brighter stars at a minute-interval
cadence for up to about 3 months.

Q: You have written a series of papers on TW Hya based
om MOST data. What have you learnt?

A: For many years attempts to characterize the time scale
of TW Hya photometric variability encountered time scales
of around 2 – 5 days, but no single periodicity could be
established. We suspected that the rotation rate of the
star must be somewhere in this range. Although TW Hya
was a bit faint for MOST, several runs which we did es-
tablished a consistent and repeatable variability pattern.
It is best explained by processes in the inner disk where it
directly interacts with the star. The MOST observations
were done for the first time in 2008 over 7.5 weeks; they
were repeated during several subsequent visibility seasons
by the same team, but led by Micha l Siwak. The semi-
periodic brightness perturbations showed a tendency to
start with periods of typically 7 – 8 days with a progres-
sive shortening to periods of about 2 - 3 days within about
15 – 20 days. The simplest explanation was of instabilities
in the inner accretion disk progressively moving to smaller
disk radii. This tendency could be detected very clearly
in TW Hya, but may be present also in other accreting
T Tauri stars.

Q: In collaboration with Micha l Siwak you have also used
MOST to study many other young stars. What are some
of the notable results?

A: This collaboration started while I was managing the
David Dunlap Observatory of UofT, after our return from
Hawaii. I was in charge of this venerable observatory since
1999 until its closure in 2008. I accepted the job fully ex-
pecting this fate of the observatory so my goal was to take
advantage of its 1.9m spectroscopic telescope the best way
possible. A medium-resolution project on bright, short-
period binaries was started; I felt it was needed when con-
fronted with the abundance of photometric studies. Young
Polish astronomers needed some exposure to spectroscopy
(Poland joined ESO only recently) and they were eager to
help with the binary-star work at DDO. Micha l Siwak was
one of the last participants. When DDO was closed, he
was ready to take on something different, and has since
then been continuing work on TW Hya, broadening the
scope to other T Tauri stars and including several other
ground-based instruments.
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Perspective

Dust trapping in
protoplanetary disks

Nienke van der Marel

0.1 Introduction

The planet formation process remains one of the major
puzzles in modern-day astronomy. A large amount of re-
search has been conducted in the second half of the twen-
tieth century, but many questions remain unanswered. In
particular, planet formation is hindered by a number of
growth barriers, according to dust evolution theory, while
observational evidence indicates that somehow these bar-
riers must have been overcome.

Planets are thought to form in protoplanetary disks of gas
and dust around young stars, where the disk itself is a
by-product of the star formation process due to conserva-
tion of angular momentum. Giant planets of ∼ Jupiter
mass must form before the gas in the disk is dissipated,
which is thought to happen within the first 5-10 million
years of the life of the disk (Williams & Cieza 2011). Al-
though gravitational instability or fragmentation allow a
rapid concentration and formation of Jupiter like planets
(e.g. Helled et al. 2014 and references therein), proto-
planetary disk masses are generally too low to make this
mechanism a common pathway for the formation of plan-
etary systems. This is a problem in particular considering
the observed diversity in exoplanetary masses (e.g. Winn
& Fabrycky 2015), which cannot all be produced by frag-
mentation. The core accretion process, where the accre-
tion of dust particles and planetesimals results into solid
cores of ∼Earth mass, followed by runaway gas accretion,
is a more promising mechanism to form the range of plan-
ets that are seen in both our Solar System and beyond.
However, the core accretion process requires the growth of
planetesimals from submicron-sized dust grains that are
seen in the interstellar medium (ISM). These first steps in

dust growth in protoplanetary disks, where the dust evo-
lution is governed by coagulation, fragmentation and the
drag forces between dust and gas, have proven to be one of
the most challenging parts in the planet formation process
(e.g. Testi et al. 2014 and references therein).

0.2 Grain growth

In the last two decades, clear evidence has been found
for dust grain evolution in disks beyond the grain sizes in
the interstellar medium, through analysis of mid-infrared
spectra of silicate features (e.g. van Boekel et al., 2003;
Kessler-Silacci et al., 2006) and (interferometric) millime-
ter observations of disks (e.g. Beckwith & Sargent, 1991;
Testi et al., 2003; Andrews & Williams, 2005; Natta et
al., 2007; Isella et al., 2009; Ricci et al., 2010), indicat-
ing the presence of millimeter and even centimeter-sized
particles in the outer regions of protoplanetary disks. The
main issue in explaining the presence of these dust parti-
cles is the so-called radial drift problem, which results in
a rapid inward drift of dust particles in a disk when grown
to millimeter sizes (Whipple, 1972; Weidenschilling, 1977).
For a disk with a smooth radial density profile, both the
gas surface density and temperature, and thus the pres-
sure, decrease radially outward (Figure 1). This additional
pressure support results in a slightly sub-Keplerian orbital
velocity for the gas. In contrast, dust particles are not
pressure supported and want to orbit at Keplerian speed,
but as they are embedded in a sub-Keplerian gas disk,
they are forced to orbit at lower speed which leads to a re-
moval of angular momentum from the particles to the gas,
causing the particles to spiral inward. The dust particles
are thus experiencing a drag force by the gas, depending
on its Stokes number St, which describes the coupling of
the particles to the gas and depends on the dust parti-
cle size and the local gas surface density (see e.g. Brauer
et al., 2008; Birnstiel et al., 2010). For small dust parti-
cles, St≪1, so they are strongly coupled to the gas and
do not drift inwards, but radial drift becomes significant
when the particle size increases and reaches its strongest
value when St = 1. In practice, millimeter-dust particles
in the outer disk can have St values close to unity and are
expected to drift inwards on time scales as short as 100
years, hence further dust growth is hindered. An addi-
tional problem is fragmentation: while low-velocity colli-
sions lead to particle growth, high-velocity impacts lead
to destruction according to experimental and theoretical
work on dust interaction (Blum & Wurm 2000). The com-
bination of the radial drift and fragmentation problems is
also called the ‘meter-size barrier’ because a one-meter size
object at 1 AU drifts efficiently inwards limiting further
growth, and equivalently dust particles in the outer disk
cannot grow beyond millimeter sizes.
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Figure 1: Illustration of radial drift in a protoplanetary
disk due to the pressure gradient in the gas. Small dust
particles are tightly coupled with the gas (blue arrow),
whereas larger dust particles are slowed down and spiral
inward (green arrows) due to the surrounding gas at sub-
Keplerian speed.

0.3 Pressure bumps

A proposed solution to explain the presence of larger dust
grains in disks as the start of planet formation, is a so-
called dust trap, where dust particles are being ‘trapped’
in a long-lived pressure bump in the outer disk (Whipple,
1972; Klahr & Henning, 1997; Rice et al., 2006; Brauer et
al., 2008). Such a pressure bump can arise as a radial dust
trap at the edges of dead zones (e.g. Varniere & Tagger,
2006), at the edges of gas gaps cleared by planets (Zhu et
al., 2012, Pinilla et al., 2012), in zonal flows (Johansen et
al. 2009) or as azimuthal dust traps in long-lived vortices
(e.g. Barge & Sommeria, 1995; Klahr & Henning, 1997),
which can be the result of a Rossby Wave Instability of
a radial pressure bump (e.g. Lovelace et al., 1999; Wolf
& Klahr, 2002; Lyra et al., 2009; Regaly et al., 2012).
However, with limited spatial information on the distri-
bution of millimeter dust grains in disks due to the low
resolution images of disks, these proposed ideas remained
mostly theoretical. Early continuum imaging by pioneer-
ing millimeter interferometers such as the SubMillimeter
Array (SMA), Plateau de Bure Interferometer (PdBI) and
the Combined Array for Research in Millimeter-wave As-
tronomy (CARMA) suggested the existence of lopsided
disks (e.g. Brown et al., 2009; Isella et al., 2010), but the
sensitivity, image fidelity and spatial resolution were in-
sufficient for strong claims on the origin of the observed

structures. The main targets of interest in these millimeter
interferometry studies were the transition disks — disks
where a deficit in the mid infrared part of their Spectral
Energy Distribution (SED) indicates that the inner part of
the disk was cleared of dust (see Espaillat et al., 2014, for a
review). The interferometric imaging was merely a confir-
mation that a dust cavity was indeed present and the disk
was in fact ring-shaped. One of the explanations for these
dust cavities is the presence of a recently formed young
planet, that has cleared the material along its orbit, emp-
tying the gap of dust and gas. However, at that time the
link with dust trapping was only made due to the sugges-
tion that some of the observed disk rings were somewhat
asymmetric, which could not be explained by dynamical
clearing alone. But due to the low signal-to-noise of the
images, the measured asymmetries were barely significant
and a link with dust traps remained highly debatable.
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Figure 2: Illustration of a pressure bump activing as a
dust trap at the edge of a gap carved by a planet (figure
by Paola Pinilla).

0.4 The discovery of the dust trap in Oph
IRS 48

The connection between theory and observations took a
huge leap when the Atacama Large Millimeter/submillimeter
Array (ALMA) started its operations in 2011. Even with
only one quarter of the current number of antennas, ALMA
produced astonishing images of disks in Early Science Cy-
cle 0. One of the Cycle 0 programs targeted Oph IRS
48, a bright transition disk around a Herbig star in the
star forming region Ophiuchus, observed at the highest
possible resolution at that time of ∼0.25” in the highest
frequency Band 9 (690 GHz or 0.45 mm) (van der Marel et
al., 2013). The aim of the program was to image the gas
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inside the cavity through the 12CO 6–5 line, motivated by
mid infrared imaging of the thermal dust by VLT/VISIR
at 18.7 µm (Geers et al., 2007), and spectro-astrometric
results of VLT/CRIRES on the near infrared CO rovibra-
tional line (Brown et al., 2012), both indicating that there
was a cavity in gas and dust, suggesting the presence of
a companion. The ALMA continuum came for free in the
spectral settings, but the team just expected to see a dust
ring, similar to other transition disks. The actual contin-
uum image was a big surprise, and at first very confusing;
rather than a dust ring, the data showed an extreme asym-
metry, with all continuum emission in a peanut-shape on
the southern side of the star, whereas the gas, as traced
by the CO emission, was evenly distributed and following
a regular Keplerian butterfly pattern, with an inner gas
cavity (Figure 3). After consultation with dust evolution
experts, it became clear that this was exactly what was
predicted by theoretical models of a dust trap in a vortex:
a solution to the radial drift problem! The crucial element
was the combination of the highly asymmetric millimeter
dust (an azimuthal contrast of >100), in combination with
the ring-like CO emission, and the axisymmetric distribu-
tion of the small dust grains as traced by the VISIR image .
The images provided evidence for a scenario where a sub-
stellar/planetary companion has cleared its orbit in the
gas and the small dust particles (seen in the 12CO emis-
sion and infrared images), the resulting pressure bump at
the edge of the gap has become Rossby unstable, forming
a long-lived vortex, trapping the millimeter dust particles
in the azimuthal direction. As trapping is very efficient
for larger dust particles, only a small (and undetectable)
azimuthal contrast in the gas of the vortex is required to
create the observed dust continuum contrast of >100 (de
Val-Borro et al., 2007; Birnstiel et al., 2013). Oph IRS
48 thus became the first disk with clear evidence for the
presence of dust trapping as an efficient way to explain
millimeter grains and dust growth in protoplanetary disks.
One major gap in this story though is the presence of the
inner companion; in order to explain planet formation by
dust traps, one needs another planet to begin with, cre-
ating a typical chicken-and-egg problem. However, as the
companion is expected to be massive, potentially substel-
lar, based on the depth of the gas gap (Bruderer et al.
2014), it may have formed as a binary companion rather
than a planet. Regardless of the origin of the pressure
bump, the evidence for the dust trap itself is solid, and
thus a basis for dust trapping as a general phenomenon in
protoplanetary disks.

0.5 Other dust traps

Several other transition disks were imaged in ALMA Early
Science, showing a wide range of azimuthal asymmetry
(and lack thereof), while SR 21 and HD 135344B (a.k.a.

Figure 3: Dust and gas observations of Oph IRS 48. From
left to right: the ALMA 0.44mm continuum image; the
integrated 12CO 6-5 line emission in red and blue and
continuum in green; the ALMA continuum overlaid on
the VLT/VISIR 18.7 µm image. Figure taken from van
der Marel et al. 2013.

SAO 206462) were found to be somewhat lop-sided (Perez
et al., 2014), and HD 142527 almost as asymmetric as
Oph IRS 48 (Casassus et al., 2013), other transition disks
such as J1604-2130, LkCa15, DoAr44, and SR 24S were
found to be perfectly circular (Zhang et al., 2014; van der
Marel et al., 2015b; Pinilla et al., 2017). An overview
of observed transition disk structures is shown in Figure
4. The wide range of asymmetries (and lack of extreme
asymmetries) is no reason to dismiss the trapping mecha-
nism; it is possible that in many cases only radial trapping
is efficient. A vortex through Rossby wave instability is
only expected to be long lived if the viscosity in the disk
is low and the pressure bump is sufficiently steep, which
could happen only in special cases or only on time scales
of a fraction of the disk lifetime. Also eccentric gaps have
been proposed to explain minor asymmetries in transition
disk rings as an alternative to azimuthal trapping (Ataiee
et al., 2014; Ragusa et al., 2017), although radial trapping
in that case would still be happening. Radial trapping is
observationally supported in many of these disks by com-
parison with the gas structure; the gas cavities as traced
by CO isotopologues are always found to be smaller than
the dust cavities (e.g. van der Marel et al., 2015b; Perez et
al., 2015; van der Marel et al., 2016b; Boehler et al., 2017;
Dong et al., 2017; Fedele et al., 2017; van der Marel et
al., 2018), an indicator that the dust is trapped in a nar-
row ring at the outer edge of the cavity. Dust traps are
further supported by scattered light images of the small
dust grains by e.g. VLT/NACO and VLT/SPHERE (e.g.
Garufi et al., 2013; Pinilla et al., 2015), where the mil-
limeter dust grains are clearly located further out than
the micrometer-sized dust grains, which can be explained
in a similar way, often described as ‘dust filtration’ (e.g.
Rice et al., 2006; Zhu et al., 2012). .

Multi-wavelength continuum imaging has allowed a fur-
ther characterization of the dust trapping process. As
trapping efficiency increases with particle size as the par-
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Figure 4: Continuum overview of a number of transition
disks observed by ALMA. The image reveals the large di-
versity of structures. Figure available for download at
http://www.nienkevandermarel.com.

ticle’s Stokes number gets closer to unity, measuring the
distribution of different particle sizes is a way to quan-
tify a dust trap. The spectral index αmm (millimeter
flux Fν ∼ ναmm) provides information on the particle size
in protoplanetary disks (Testi et al., 2014 and references
therein). For (sub)micrometer-sized dust, such as found
in the ISM, αmm is typically 3.5-4.0, but when dust grows
to millimeter sizes, αmm is expected to decrease (Draine
2006; Ricci et al., 2010). When the dust emission is opti-
cally thin and in the Rayleigh-Jeans regime, the observable
αmm can be related to the dust opacity index β = α − 2,
with β < 1 for millimeter grains and related to the opac-
ity as τν ∝ νβ . Spatially resolved multi-wavelength con-
tinuum observations thus provide a way to locate the re-
gions where dust grains are growing, under the assumption
of optically thin emission. Combining ALMA with VLA
centimeter observations has demonstrated azimuthal dust
trapping in Oph IRS 48 (van der Marel et al., 2015a),
HD142527 (Casassus et al., 2015) and MWC758 (Marino
et al., 2015) as the azimuthal width decreases with wave-
length. On the other hand, the asymmetry in AB Aur was
shown to be more extended at longer wavelengths (Fuente
et al., 2017), opposite to the dust trapping predictions.
This was interpreted as a time scale effect: as the vortex
decays, dust particles diffuse on different time scales out of
azimuthal trapping, depending on their particle size. An-
other interesting consequence of trapping in a vortex is a
size segregation due to the vortex’s self-gravity: whereas
smaller grains will be trapped in the center of the vor-
tex, larger grains are expected to be trapped ahead in the

azimuthal direction (Baruteau & Zhu, 2016), which was
indeed observed in the outer asymmetry in HD 135344B
in multi-wavelength ALMA observations (Cazzoletti et al.,
subm.). Radial trapping was demonstrated in e.g. SR 21
and SR 24S (Pinilla et al., 2015; 2017) through spatially
resolved α obtained from ALMA data, but optical depth is
an issue: even in ALMA Band 7 (850µm), the dust emis-
sion is often found to be optically thick, and a low α merely
indicates a change in optical depth rather than grain size.
It has become clear that the optical depth is a real prob-
lem, as spatial resolution has further improved: disk rings
are much narrower than initially assumed, pushing the
emission to the optically thick regime even at millimeter
wavelengths. Even marginally resolved observations indi-
cate that millimeter emission in disk images may be dom-
inated by optically thick emission (Tripathi et al., 2017).

Another spectacular ALMA result in this context is the
imaging of disks at ultra high angular resolution of ∼20
mas or a few AU at the distance of nearby star form-
ing regions. The mind-blowing image of HL Tau (ALMA
Consortium et al., 2015) of the ALMA Long Baseline Cam-
paign has revealed that even dust disks without inner cav-
ity contain ring-like structures. The HL Tau image was
quickly followed by other multi-ring disks, such as TW Hya
(Andrews et al., 2016) and HD 163296 (Isella et al., 2016).
Also several transition disks turned out to consist of mul-
tiple rings, e.g. HD 97048 (van der Plas et al., 2017),
HD 169142 (Fedele et al., 2017) or even a combination of
rings and asymmetries in HD 135344B (van der Marel et
al., 2016a), V1247 Ori (Kraus et al., 2017) and MWC 758
(Dong et al., 2018). An ALMA Large Program is on the
way to reveal even more rings and other substructures in a
large number of the brightest primordial disks (Andrews et
al., in prep.). Explanations for the dust rings range from
planets carving gaps (Lin & Papaloizou, 1979), snow lines
(Zhang et al., 2015), sintering (Okuzumi et al., 2016) and
secular gravitational instabilities (Takahashi et al., 2016).
If the dust rings are indeed caused by planets, trapping
is expected to occur. Multi-wavelength observations in-
deed reveal radial variations of αmm along the gaps and
rings (Carrasco-Gonzalez et al., 2016; Tsukagoshi et al.,
2016), but the evidence is still marginal with the currently
available data. Snow lines could explain some of the ring
locations without the need for trapping, but this suggests
some correlation between the ring locations and the stel-
lar properties which is not observed (van der Marel et al.
in prep., Huang et al. in prep.). For these narrow rings,
optical depth is an important issue in the interpretation
of the dust emission.

On the other hand, evidence for radial drift is evident as
well in observations. SMA observations already revealed
evidence for a segregation between the dust and gas in the
IM Lup disk (Panic et al., 2009), with the gas outer radius
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being twice as large as that of the dust. Multi-wavelength
continuum observations show a decrease of particle grain
size with radius for a number of primordial disks (Perez et
al., 2015; Tazzari et al., 2016). Clearly, in lack of one or
more dust traps in the outer disk, dust particles do drift
inwards to the nearest pressure maximum. On the other
hand, this implies that any extended dust disk must in
fact consist of one or more pressure bumps, to keep the
dust particles away from the center of the disk.

0.6 Future perspectives

The discovery of dust traps in protoplanetary disks has
revolutionized our understanding of planet formation. Al-
though the origin of the pressure bumps remains an im-
portant question, their presence is almost indisputable.
If caused by planets, the chicken-and-egg problem needs
to be solved, in order to explain the presence of the first
planet, although there is the interesting possibility of trig-
gered planet formation where as soon as the first planet
is formed, the next ones follow in sequence. Spatially re-
solved observations of the gas are crucial in order to under-
stand the origin of the pressure bumps. A further char-
acterization of the dust traps requires multi-wavelength
continuum observations at very high spatial resolution,
preferably at optically thin wavelengths. The Next Gen-
eration Very Large Array could play a crucial role here,
when it can observe disks at centimeter wavelengths at the
same level of detail as ALMA.
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Abstracts of recently accepted papers

Core fragmentation and Toomre stability analysis of W3(H2O): A case study of the
IRAM NOEMA large program CORE

A. Ahmadi1, H. Beuther1, J. C. Mottram1, F. Bosco1, H. Linz1, Th. Henning1, J. M. Winters2,

R. Kuiper3, R. Pudritz4, Á. Sánchez-Monge5, E. Keto6, M. Beltran7, S. Bontemps8, R. Cesaroni7,

T. Csengeri9, S. Feng10, R. Galvan-Madrid11, K. G. Johnston12, P. Klaassen13, S. Leurini14, S. N.

Longmore15, S. Lumsden12, L. T. Maud16, K. M. Menten9, L. Moscadelli7, F. Motte17, A. Palau11, T.

Peters18, S. E. Ragan19, P. Schilke5, J. S. Urquhart20, F. Wyrowski9 and H. Zinnecker21,22

1 MPI for Astronomy, Königstuhl 17, 69117 Heidelberg, Germany ; 2 IRAM, 300 rue de la Piscine, Domaine Univer-
sitaire de Grenoble, 38406 St.-Martin-d’Hères, France ; 3 Inst. of Astronomy and Astrophysics, Univ. of Tübingen,
Auf der Morgenstelle 10, 72076, Tübingen, Germany ; 4 Dept. of Physics and Astronomy, McMaster Univ., 1280
Main St. W, Hamilton, ON L8S 4M1, Canada ; 5 I. Physikalisches Institut, Univ. zu Köln, Zülpicher Str. 77,
D-50937, Köln, Germany ; 6 Harvard-Smithsonian CfA, 160 Garden St, Cambridge, MA 02420, USA ; 7 INAF, Oss.
Astrofisico di Arcetri, Largo E. Fermi 5, I-50125 Firenze, Italy ; 8 Lab. d’Astrophysique de Bordeaux - UMR 5804,
CNRS - Université Bordeaux 1, BP 89, 33270 Floirac, France ; 9 MPI für Radioastronomie, Auf dem Hügel 69, 53121
Bonn, Germany ; 10 MPI für Extraterrestrische Physik, Gissenbachstrasse 1, 85748 Garching, Germany ; 11 Inst. de
Radioastronomı́a y Astrof́ısica, UNAM, PO Box 3-72, 58090 Morelia, Michoacan, Mexico ; 12 School of Physics &
Astronomy, E.C. Stoner Building, Univ. of Leeds, Leeds LS2 9JT, UK ; 13 UK Astronomy Technology Centre, Royal
Obs. Edinburgh, Blackford Hill, Edinburgh EH9 3HJ, UK ; 14 INAF - Oss. Astronomico di Cagliari, via della Scienza
5, 09047, Selargius (CA), Italy ; 15 Astrophysics Research Institute, Liverpool John Moores Univ., 146 Brownlow Hill,
Liverpool L3 5RF, UK ; 16 Leiden Observatory, PO Box 9513, 2300 RA Leiden, The Netherlands ; 17 Univ. Grenoble
Alpes, CNRS, Inst. de Planétologie et d’Astrophysique, F-38000 Grenoble, France ; 18 MPIfA, Karl-Schwarzschild-
Str. 1, D-85748 Garching, Germany ; 19 School of Physics and Astronomy, Cardiff Univ., Cardiff CF24 3AA, UK ; 20

Centre for Astrophysics and Planetary Science, Univ. of Kent, Canterbury, CT2 7NH, UK ; 21 SOFIA Science Center,
Deutsches SOFIA Institut, NASA Ames Research Center, Moffett Field, CA, 94035, USA ; 22 Univ. Autonoma de
Chile, Av. Pedro de Valdivia 425, Santiago, Chile

E-mail contact: ahmadi at mpia.de

The fragmentation mode of high-mass molecular clumps and the properties of the central rotating structures surround-
ing the most luminous objects have yet to be comprehensively characterised. Using the IRAM NOrthern Extended
Millimeter Array (NOEMA) and the IRAM 30-m telescope, the CORE survey has obtained high-resolution observa-
tions of 20 well-known highly luminous star-forming regions in the 1.37 mm wavelength regime in both line and dust
continuum emission. We present the spectral line setup of the CORE survey and a case study for W3(H2O). At
∼0.35′′ (700 AU at 2.0 kpc) resolution, the W3(H2O) clump fragments into two cores (West and East), separated by
∼2300 AU. Velocity shifts of a few km s−1 are observed in the dense-gas tracer, CH3CN, across both cores, consistent
with rotation and perpendicular to the directions of two bipolar outflows, one emanating from each core. The kinemat-
ics of the rotating structure about W3(H2O) W shows signs of differential rotation of material, possibly in a disk-like
object. The observed rotational signature around W3(H2O) E may be due to a disk-like object, an unresolved binary
(or multiple) system, or a combination of both. We fit the emission of CH3CN (12K − 11K)K = 4 − 6 and derive a
gas temperature map with a median temperature of ∼165 K across W3(H2O). We create a Toomre Q map to study
the stability of the rotating structures against gravitational instability. The rotating structures appear to be Toomre
unstable close to their outer boundaries, with a possibility of further fragmentation in the differentially-rotating core
W3(H2O) W. Rapid cooling in the Toomre-unstable regions supports the fragmentation scenario. Combining millime-
ter dust continuum and spectral line data toward the famous high-mass star-forming region W3(H2O), we identify
core fragmentation on large scales, and indications for possible disk fragmentation on smaller spatial scales.

Accepted by Astronomy & Astrophysics

https://arxiv.org/pdf/1808.00472
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Re-visiting the case of R Mon: Is CO removed at R < 20 au?

T. Alonso-Albi1, P. Riviere-Marichalar2, A. Fuente1, S. Pacheco-Vázquez1, B. Montesinos3, R. Bachiller1,

and S.P. Treviño-Morales2,4

1 Observatorio Astronmico Nacional (IGN), Calle Alfonso XII, 3, 28014 Madrid, Spain; 2 Instituto de Ciencia de
Materiales de Madrid (ICMM-CSIC). E-28049, Cantoblanco, Madrid, Spain; 3 Departamento de Astrof́ısica, Centro
de Astrobioloǵıa (CAB, CSIC-INTA), ESAC Campus, Camino Bajo del Castillo s/n, E-28692 Villanueva de la Cañada,
Madrid, Spain; 4 Chalmers University of Technology, Onsala Space Observatory, 439 92 Onsala, Sweden

E-mail contact: t.alonso at oan.es

To our knowledge, R Mon is the only B0 star in which a gaseous Keplerian disk has been detected. However, there is
some controversy about the spectral type of R Mon. Some authors propose that it could be a later B8e star, where
disks are more common. We have re-evaluated the spectral type of R Mon using the available continuum data and
UVES emission lines. We used a power-law disk model to fit previous 12CO 1–0 and 2–1 interferometric observations
and the PACS CO data to investigate the disk structure. Interferometric detections of 13CO J=1–0, HCO+ 1–0,
and CN 1–0 lines using the IRAM Plateau de Bure Interferometer (PdBI) are presented. The HCN 1–0 line was
not detected. Our analysis confirms that R Mon is a B0 star. The disk model compatible with the 12CO 1–0 and
2–1 interferometric observations falls short of predicting the observed fluxes of the 14 < Ju < 31 PACS lines; this
is consistent with the scenario in which some contribution to these lines is coming from a warm envelope and/or
UV-illuminated outflow walls. More interestingly, the upper limits to the fluxes of the Ju > 31 CO lines suggest the
existence of a region empty of CO at R < 20 au in the proto-planetary disk. The intense emission of the HCO+ and
CN lines shows the strong influence of UV photons on gas chemistry. The observations gathered in this paper are
consistent with the presence around R Mon of a transition disk with a cavity about 20 au. This size is similar to the
photoevaporation radius that supports the interpretation that UV photoevaporation is main disk dispersal mechanism
in massive stars.

Accepted by A&A

http://arxiv.org/pdf/1807.01893

The low mass population of the Vela OB2 association from Gaia

Joseph J. Armstrong1, Nicholas J. Wright1 and R.D. Jeffries1

1 Astrophysics Group, Keele University, Keele, ST5 5BG, UK

E-mail contact: j.armstrong at keele.ac.uk

The first Gaia Data Release presents an opportunity to characterise the low-mass population of OB associations,
providing larger statistical samples and better constraints on the formation and evolution of clusters and associations.
Using previously known low mass members in a small region of Vela OB2 we have designed selection criteria that
combine Gaia and 2MASS photometry, independently of any astrometric information, to identify low-mass pre-main-
sequence (PMS) stars over the wider association area. Our method picks out the known clusters of young stars around
γ2 Velorum and NGC-2547, but also identifies other over-densities that may represent previously unknown clusters.
There are clear differences in the spatial distributions of the low-mass and the high-mass OB populations, suggesting
either that the structure and dynamics of these populations has evolved separately or that the initial mass function
can vary considerably on small scales within a single association.

Accepted by MNRAS

http://arxiv.org/pdf/1807.09262

Molecular filament formation and filament-cloud interaction: Hints from Nobeyama
45m telescope observations

Doris Arzoumanian1, Yoshito Shimajiri2, Shu-ichiro Inutsuka1, Tsuyoshi Inoue1, Kengo Tachihara1

1 Department of Physics, Graduate School of Science, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8602,
Japan; 2 Laboratoire AIM, CEA/DSM–CNRS–Université Paris Diderot, IRFU/Service d’Astrophysique, C.E.A. Saclay,
Orme des Merisiers, 91191 Gif-sur-Yvette, France
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E-mail contact: doris.arzoumanian at nagoya-u.jp

We present Nobeyama 45m telescope C18O, 13CO, and 12CO(1–0) mapping observations towards an interstellar fila-
ment in the Taurus molecular cloud. We investigate the gas velocity structure along the filament and in its surrounding
parent cloud. The filament is detected in the optically thin C18O emission as a single velocity component, ∼1 pc long,
∼0.06 pc wide structure. The C18O emission traces dust column densities larger than ∼5 × 1021 cm−2. The line-of-
sight (LOS) velocity fluctuates along the filament crest with an average amplitude of ∼0.2 km s−1. The 13CO and
12CO integrated intensity maps show spatially extended emission around the elongated filament. We identify three
extended structures with LOS velocities redshifted and blueshifted with respect to the average velocity of the filament
identified in C18O. Based on combined analyses of velocity integrated channel maps and intensity variations of the
optically thick 12CO spectra on and off the filament, we propose a 3-dimensional structure of the cloud surrounding
the filament. We further suggest a multi-interaction scenario where sheet-like extended structures interact, in space
and time, with the filament and are responsible for its compression and/or disruption, playing an important role in the
star formation history of the filament. We also identify, towards the same field, a very faint filament showing a velocity
field compatible with the filament formation process proposed by Inoue et al. (2017), where a filament is formed due
to convergence of a flow of matter generated by the bending of the ambient magnetic field structure induced by an
interstellar shock compression.

Accepted by PASJ

http://arxiv.org/pdf/1807.08968

The effect of magnetic field morphology on the structure of massive IRDC clumps

Nahid Bahmani1 and Mohsen Nejad-Asghar1

1 Department of Physics, University of Mazandaran, Babolsar, Iran

E-mail contact: nejadasghar at umz.ac.ir

Infrared dark clouds (IRDCs) have dense elongated clumps and filaments with the favorable viewing condition of being
on the near-side of a bright mid-infrared background. The clumps usually have multiple cores around the center. In
this work, we study the effect of magnetic field morphology on the structure of massive IRDC clumps. To achieve
this goal, we consider an axisymmetric isothermal oblate IRDC clump, embedded into a constant external magnetic
field. We assume a polynomial function for the magnetic field morphology inside the clump. We use the numerical
iterative methods to solve the equations: the successive over-relaxation method to find the magnetic and gravitational
fluxes, and then the bicongugate gradient method to find the optimized values of mass and current densities. The
results show that the IRDC clump will be very elongated along the perpendicular direction of the external magnetic
field lines. Also, the assumption of choosing of a polynomial function for the magnetic field morphology leads to the
formation of dense regions around the center. The greater the density of the central region, the larger the density of
these dense regions and the closer to the center. The presence of these dense regions can lead to the formation of cores
at these points.

Accepted by Ap&SS

http://arxiv.org/pdf/1807.08103

A sextet of clusters in the Vela OB2 region revealed by Gaia

Giacomo Beccari1, Henri M.J. Boffin1, Tereza Jerabkova1, Nicholas J. Wright2, Venu M. Kalari3,

Giovanni Carraro4, Guido De Marchi5 and Willem-Jan de Wit6

1 European Southern Observatory, Karl-Schwarzschild-Strasse 2, 85748 Garching bei Munchen; 2 Astrophysics Group,
Keele University, Keele, ST5 5BG, UK; 3 Departamento de Astronomia, Universidad de Chile, Casilla 36-D, Correo
Central, Santiago, Chile; 4 Dipartimento di Fisica e Astronomia Galileo Galilei, Vicolo Osservatorio 3, I-35122, Padova,
Italy; 5 Research & Scientific Support Department, ESA ESTEC, Keplerlaan 1, 2200 AG Noordwijk, The Netherlands;
6 European Southern Observatory, Casilla 19001, Santiago 19, Chile

E-mail contact: gbeccari at eso.org

Using Gaia DR2 data, combined with OmegaCAM ground-based optical photometry from the AD-HOC survey, and
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detailed Radial Velocity measurements from ESO-Gaia, we analyse in detail a 10x5 deg region around the Wolf-Rayet
star γ2 Vel, including the previously known clusters Gamma Vel and NGC2547. Using clustering analysis that considers
positions, proper motions and parallax, we discover 6 clusters or associations – 4 of which appear new. Analysis of
the colour-magnitude diagram for these clusters show that 4 of them formed coevally from the same molecular clouds
10 Myr ago, while NGC 2547 formed together with a newly discovered cluster 30 Myr ago. This study shows the
incredible wealth of data provided by Gaia for the study of young stellar clusters.

Accepted by MNRAS Letter

https://arxiv.org/pdf/1807.07073

First Core Properties: From Low- to High-mass Star Formation

Asmita Bhandare1, Rolf Kuiper2,1, Thomas Henning1, Christian Fendt1, Gabriel-Dominique Marleau2,3,1

and Anders Koelligan2

1 Max Planck Institute for Astronomy, Koenigstuhl 17, 69117 Heidelberg, Germany; 2 Institute for Astronomy und
Astrophysics, University of Tuebingen, Auf der Morgenstelle 10, 72076 Tuebingen, Germany; 3 Physikalisches Institute,
University of Bern, Sidlerstr. 5, 3012 Bern, Switzerland

E-mail contact: bhandare at mpia.de

In this study, the main goal is to understand the molecular cloud core collapse through the stages of first and second
hydrostatic core formation. We investigate the properties of Larsons first and second cores following the evolution
of the molecular cloud core until formation of Larson’s cores. We expand these collapse studies for the first time
to span a wide range of initial cloud masses from 0.5 to 100 M⊙. Understanding the complexity of the numerous
physical processes involved in the very early stages of star formation requires detailed thermodynamical modeling in
terms of radiation transport and phase transitions. For this we use a realistic gas equation of state via a density
and temperature-dependent adiabatic index and mean molecular weight to model the phase transitions. We use a
gray treatment of radiative transfer coupled with hydrodynamics to simulate Larsons collapse in spherical symmetry.
We reveal a dependence of a variety of first core properties on the initial cloud mass. The first core radius and mass
increase from the low-mass to the intermediate-mass regime and decrease from the intermediate-mass to the high-mass
regime. The lifetime of first cores strongly decreases towards the intermediate- and high-mass regime. Our studies
show the presence of a transition region in the intermediate-mass regime. Low-mass protostars tend to evolve through
two distinct stages of formation which are related to the first and second hydrostatic cores. In contrast, in the high-
mass star formation regime, the collapsing cloud cores rapidly evolve through the first collapse phase and essentially
immediately form Larson’s second cores.

Accepted by Astronomy and Astrophysics

https://arxiv.org/pdf/1807.06597

The ALMA-PILS survey: first detection of methyl isocyanide (CH3NC) in a solar-type
protostar

H. Calcutt1, M. R. Fiechter1,2, E. R. Willis3, H. S. P. M4, R. T. Garrod3, J. K. Jørgensen1, S. F.

Wampfler5, T. L. Bourke6, A. Coutens7, N. F. W. Ligterink8,9 and L. E. Kristensen1

1 Centre for Star and Planet Formation, Niels Bohr Institute & Natural History Museum of Denmark, University of
Copenhagen, Øster Voldgade 5–7, DK-1350 Copenhagen K., Denmark; 2 University of Groningen, Nijenborgh 4, 9747
AG, Groningen, The Netherlands; 3 Departments of Chemistry and Astronomy, University of Virginia, Charlottesville,
VA 22904, USA; 4 I. Physikalisches Institut, Universität zu Köln, Zülpicher Str. 77, 50937 Köln, Germany; 5 Center for
Space and Habitability, University of Bern, Gesellschaftsstrasse 6, CH-3012 Bern, Switzerland; 6 SKA Organization,
Jodrell Bank Observatory, Lower Withington, Macclesfield, Cheshire SK11 9DL, UK; 7 Laboratoire d’Astrophysique
de Bordeaux, Univ. Bordeaux, CNRS, B18N, allée Geoffroy Saint-Hilaire, 33615 Pessac, France; 8 Raymond and
Beverly Sackler Laboratory for Astrophysics, Leiden Observatory, Leiden University, PO Box 9513, 2300 RA Leiden,
The Netherlands; 9 Leiden Observatory, Leiden University, PO Box 9513, 2300 RA Leiden, The Netherlands
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Context. Methyl isocyanide (CH3NC) is the isocyanide with the largest number of atoms confirmed in the interstellar
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medium (ISM), but it is not an abundant molecule, having only been detected towards a handful of objects. Conversely,
its isomer, methyl cyanide (CH3CN), is one of the most abundant complex organic molecules detected in the ISM,
with detections in a variety of low- and high-mass sources.

Aims. The aims of this work are to determine the abundances of methyl isocyanide in the solar-type protostellar
binary IRAS 16293–2422 and understand the stark abundance differences observed between methyl isocyanide and
methyl cyanide in the ISM.

Methods. We use ALMA observations from the Protostellar Interferometric Line Survey (PILS) to search for methyl
isocyanide and compare its abundance with that of its isomer methyl cyanide. We use a new line catalogue from
the Cologne Database for Molecular Spectroscopy (CDMS) to identify methyl isocyanide lines. We also model the
chemistry with an updated version of the three-phase chemical kinetics model MAGICKAL, presenting the first
chemical modelling of methyl isocyanide to date.

Results. We detect methyl isocyanide for the first time in a solar-type protostar, IRAS 16293–2422 B, and present
upper limits for its companion protostar, IRAS 16293–2422 A. Methyl isocyanide is found to be at least 20 times more
abundant in source B compared to source A, with a CH3CN/CH3NC abundance ratio of 200 in IRAS 16293–2422 B
and ¿5517 in IRAS 16293–2422 A. We also present the results of a chemical model of methyl isocyanide chemistry in
both sources, and discuss the implications on methyl isocyanide formation mechanisms and the relative evolutionary
stages of both sources. The chemical modelling is unable to match the observed CH3CN/CH3NC abundance ratio
towards the B source at densities representative of that source. The modelling, however, is consistent with the upper
limits for the A source. There are many uncertainties in the formation and destruction pathways of methyl isocyanide,
and it is therefore not surprising that the initial modeling attempts do not reproduce observations. In particular,
it is clear that some destruction mechanism of methyl isocyanide which does not destroy methyl cyanide is needed.
Furthermore, these initial model results suggest that the final density plays a key role in setting the abundance ratio.
The next steps are therefore to obtain further detections of methyl isocyanide in more objects, as well as undertaking
more detailed physico-chemical modeling of sources such as IRAS16293.

Accepted by A&A
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A study of the c-C3HD/c-C3H2 ratio in low-mass star forming regions

J. Chantzos1, S. Spezzano1, P. Caselli1, A. Chacón-Tanarro1, L. Bizzocchi1, O. Sipilä1 and B. M.

Giuliano1

1 Max Planck Institute for Extraterrestrial Physics, Giessenbachstrasse 1, Garching 85748, Germany

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

We use the deuteration of c-C3H2 to probe the physical parameters of starless and protostellar cores, related to
their evolutionary states, and compare it to the N2H+-deuteration in order to study possible differences between the
deuteration of C- and N-bearing species. We observed the main species c-C3H2, the singly and doubly deuterated
species c-C3HD and c-C3D2, as well as the isotopologue c-H13CC2H toward 10 starless cores and 5 protostars in the
Taurus and Perseus Complexes. We examined the correlation between the N(c-C3HD)/N(c-C3H2) ratio and the dust
temperature along with the H2 column density and the CO depletion factor. The resulting N(c-C3HD)/N(c-C3H2)
ratio is within the error bars consistent with 10% in all starless cores with detected c-C3HD. This also accounts for
the protostars except for the source HH211, where we measure a high deuteration level of 23%. The deuteration of
N2H+ follows the same trend but is considerably higher in the dynamically evolved core L1544. We find no significant
correlation between the deuteration of c-C3H2 and the CO depletion factor among the starless and the protostellar
cores. Toward the protostellar cores the coolest objects show the largest deuterium fraction in c-C3H2. We show that
the deuteration of c-C3H2 can trace the early phases of star formation and is comparable to that of N2H+. However,
the largest c-C3H2 deuteration level is found toward protostellar cores, suggesting that while c-C3H2 is mainly frozen
onto dust grains in the central regions of starless cores, active deuteration is taking place on ice.
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The fractionation of nitrogen (N) in star-forming regions is a poorly understood process. To put more stringent
observational constraints on the N-fractionation, we have observed with the IRAM-30m telescope a large sample of
66 cores in massive star-forming regions. We targeted the (1–0) rotational transition of HN13C, HC15N, H13CN and
HC15N, and derived the 14N/15N ratio for both HCN and HNC. We have completed this sample with that already
observed by Colzi et al. (2018a), and thus analysed a total sample of 87 sources. The 14N/15N ratios are distributed
around the Proto-Solar Nebula value with a lower limit near the terrestrial atmosphere value (∼272). We have
also derived the 14N/15N ratio as a function of the Galactocentric distance and deduced a linear trend based on
unprecedented statistics. The Galactocentric dependences that we have found are consistent, in the slope, with past
works but we have found a new local 14N/15N value of ∼400, i.e. closer to the Prosolar Nebula value. A second
analysis was done, and a parabolic Galactocentric trend was found. Comparison with Galactic chemical evolution
models shows that the slope until 8 kpc is consistent with the linear analysis, while the flattening trend above 8 kpc
is well reproduced by the parabolic analysis.
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A number of ultracompact H II regions in Galactic star forming environments have been observed to vary significantly
in radio flux density on timescales of 10-20 years. Theory predicted that such variations should occur when the accretion
flow that feeds a young massive star becomes unstable and clumpy. We have targeted the massive star-forming region
W49A with the Karl G. Jansky Very Large Array (VLA) for observations at 3.6 cm with the B-configuration at 0.8”
resolution, to compare to nearly identical observations taken almost 21 years earlier (February 2015 and August 1994).
Most of the sources in the crowded field of ultracompact and hypercompact H II regions exhibit no significant changes
over this time period. However, one source, W49A/G2, decreased by 20% in peak intensity (from 71+/-4 mJy/beam
to 57+/-3 mJy/beam), and 40% in integrated flux (from 0.109+/-0.011 Jy to 0.067+/-0.007 Jy), where we cite 5
sigma errors in peak intensity, and 10% errors in integrated flux. We present the radio images of the W49A region at
the two epochs, the difference image that indicates the location of the flux density decrease, and discuss explanations
for the flux density decrease near the position of W49A/G2.
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An unsettled question concerning the formation and distribution of massive stars is whether they must be born in
massive clusters and, if found in less dense environments, whether they must have migrated there. With the advent
of wide-area digital photometric surveys, it is now possible to identify massive stars away from prominent Galactic
clusters without bias. In this study we consider 40 candidate OB stars found in the field around the young massive
cluster, Westerlund 2, by Mohr-Smith et al. (2017): these are located inside a box of 1.5×1.5 square degrees and are
selected on the basis of their extinctions and K magnitudes. We present VLT/X-shooter spectra of two of the hottest
O stars, respectively 11′ and 22′ from the centre of Westerlund 2. They are confirmed as O4V stars, with stellar
masses likely to be in excess of 40 M⊙. Their radial velocities relative to the non-binary reference object, MSP 182,
in Westerlund 2 are −29.4±1.7 and −14.4±2.2 km s−1, respectively. Using Gaia DR2 proper motions we find that
between 8 and 11 early O/WR stars in the studied region (including the two VLT targets, plus WR 20c and WR 20aa)
could have been ejected from Westerlund 2 in the last one million years. This represents an efficiency of massive-star
ejection of up to 25%. On sky, the positions of these stars and their proper motions show a near N–S alignment. We
discuss the possibility that these results are a consequence of prior sub-cluster merging combining with dynamical
ejection.
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We used the Green Bank Telescope to detect molecular lines observed toward Mid-Infrared (MIR) bubbles N62, N65,
N90, and N117. The bubbles were selected from Watson et. al (2016) who detected non-Gaussian CS (1-0) emission
lines toward the bubbles. Two of the bubbles are adjacent to infrared dark clouds (IRDCs); we examined these sources
for evidence of interaction between the bubble rim and IRDC. The other two bubbles contain YSOs interior to the
bubble rim; in these sources we observed the gas near the YSOs. We detect CS (1-0) emission toward all of the sources,
and in several pointings the CS emission shows non-Gaussian line shapes. HC3N (5-4), C34S (1-0), CH3OH (1-0), and
SiO (v=0) (1-0) were also detected in some pointings. We calculate column densities and abundances for the detected
molecules. We compare the velocity of optically-thick CS emission with the velocity of the other, optically thin lines
to look for evidence of infall. We find that even in pointings with non-Gaussian CS emission, our detections do not
support an infall model. We interpret the kinematics of the gas in N62, N65, and N117 as likely evidence of multiple
clouds along the line of sight moving at slightly offset velocities. We do not detect evidence of bubble rims interacting
with IRDCs in N62 or N90. The gas interior to bubbles appears more disrupted than the gas in the IRDCs. N65
shows significantly stronger emission lines than the other sources, as well as the most complicated non-Gaussian line
shapes.
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To investigate the physical processes, we present observational results of the sites S234, V582, and IRAS 05231+3512
situated toward l = 171◦.7-174◦.1. Based on the CO line data, we find that these sites are not physically connected,
and contain at least one filament (with length > 7 pc). The observed line masses (Mline,obs) of the filaments associated
with V582 and IRAS 05231+3512 are ∼37 and ∼28 M⊙ pc−1, respectively. These filaments are characterized as
thermally supercritical, and harbor several clumps. Groups of infrared-excess sources and massive B-type stars are
observed toward the filament containing V582, while a very little star formation (SF) activity is found around IRAS
05231+3512. Our results favour radial collapse scenario in the filaments harboring V582 and IRAS 05231+3512. In
the site S234, two filaments (i.e. ns1 (Mline,obs ∼130 M⊙ pc−1) and ns2 (Mline,obs ∼45 M⊙ pc−1)) are identified as
thermally supercritical. An extended temperature structure at 27-30 K surrounds a relatively cold (∼19 K) ∼8.9 pc
long filament ns1. At least four condensations (Mclump ∼70–300 M⊙) are seen in ns1, and are devoid of the GMRT
610 MHz radio emission. The filament ns2 hosting clumps is devoid of ongoing SF, and could be at an early stage of
fragmentation. An intense SF activity, having the SF efficiency ∼3.3% and SF rate ∼40–20 M⊙ Myr−1 (for tsf ∼1–2
Myr), is observed in ns1. The feedback of massive stars in S234 seems to explain the observed SF in the filament ns1.
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We have discovered a wide planetary-mass companion to the β Pic moving group member 2MASS J02495639−0557352
(M6 VL-G) using CFHT/WIRCam astrometry from the Hawaii Infrared Parallax Program. In addition, Keck laser
guide star adaptive optics aperture-masking interferometry shows that the host is itself a tight binary. Altogether,
2MASS J0249−0557ABc is a bound triple system with an 11.6+1.0

−1.3 MJup object separated by 1950±200 AU (40′′)

from a relatively close (2.17±0.22 AU, 0.′′04) pair of 48+12
−13 MJup and 44+11

−14 MJup objects. 2MASS J0249−0557AB
is one of the few ultracool binaries to be discovered in a young moving group and the first confirmed in the β Pic
moving group (22±6 Myr). The mass, absolute magnitudes, and spectral type of 2MASS J0249−0557 c (L2 VL-G)
are remarkably similar to those of the planet β Pic b (L2, 13.0+0.4

−0.3 MJup). We also find that the free-floating object
2MASS J2208+2921 (L3 VL-G) is another possible β Pic moving group member with colors and absolute magnitudes
similar to β Pic b and 2MASS J0249−0557 c. Pic b is the first directly imaged planet to have a “twin” namely
an object of comparable properties in the same stellar association. Such directly imaged objects provide a unique
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opportunity to measure atmospheric composition, variability, and rotation across different pathways of assembling
planetary-mass objects from the same natal material.
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We have performed a survey for new members of the Upper Sco association that have circumstellar disks using
mid-infrared photometry from the Wide-field Infrared Survey Explorer (WISE). Through optical and near-infrared
spectroscopy, we have confirmed 185 candidates as likely members of Upper Sco with spectral types ranging from
mid-K to M9. They comprise ∼36% of the known disk-bearing members of the association. We also have compiled all
available mid-infrared photometry from WISE and the Spitzer Space Telescope for the known members of Upper Sco,
resulting in a catalog of data for 1608 objects. We have used these data to identify the members that exhibit excess
emission from disks and we have classified the evolutionary stages of those disks with criteria similar to those applied
in our previous studies of Taurus and Upper Sco. Among 484 members with excesses in at least one band (excluding
five Be stars), we classify 296 disks as full, 66 as evolved, 19 as transitional, 22 as evolved or transitional, and 81 as
evolved transitional or debris. Many of these disks have not been previously reported, including 129 full disks and 50
disks that are at more advanced evolutionary stages.
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The formation of asteroids, comets, and planets occurs in the interior of protoplanetary disks during the early phase
of star formation. Consequently, the chemical composition of the disk might shape the properties of the emerging
planetary system. In this context, it is crucial to understand whether and what organic molecules are synthesized in
the disk. In this Letter, we report the first detection of formic acid (HCOOH) toward the TW Hydrae protoplanetary
disk. The observations of the trans-HCOOH 6(1,6)-5(1,5) transition were carried out at 129 GHz with Atacama Large
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Millimeter/Submillimeter Array (ALMA). We measured a disk-averaged gas-phase t-HCOOH column density of about
(2− 4)× 1012cm−2, namely as large as that of methanol. HCOOH is the first organic molecule containing two oxygen
atoms detected in a protoplanetary disk, a proof that organic chemistry is very active, albeit difficult to observe, in
these objects. Specifically, this simplest acid stands as the basis for synthesis of more complex carboxylic acids used
by life on Earth.
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Little is known about how high-mass stars form. Around 30% of the young high-mass stars in the Galaxy are observed
at the edges of ionized (H ii) regions. Therefore these are places of choice to study the earliest stages of high-mass star
formation, especially towards the most massive condensations. High-spatial resolution observations in the millimeter
range might reveal how these stars form and how they assemble their mass. We want to study the fragmentation process
down to the 0.01 pc scale in the most massive condensation (1700 M⊙) observed at the south-western edge of the
H ii region RCW 120 where the most massive Herschel cores (∼124 M⊙ in average) could form high-mass stars. Using
ALMA 3 mm continuum observations towards the densest and most massive millimetric condensation (Condensation
1) of RCW 120, we used the getimages and getsources algorithms to extract the sources detected with ALMA and
obtained their physical parameters. The fragmentation of the Herschel cores is discussed through their Jeans mass
to understand the properties of the future stars. We extracted 18 fragments from the ALMA continuum observation
at 3 mm towards 8 cores detected with Herschel , whose mass and deconvolved size range from 2 M⊙ to 32 M⊙ and
from 1.6 mpc to 28.8 mpc, respectively. The low degree of fragmentation observed, regarding to the thermal Jeans
fragmentation, suggests that the observed fragmentation is inconsistent with ideal gravitational fragmentation and
other ingredients such as turbulence or magnetic fields should be added in order to explain it. Finally, the range
of fragments’ mass indicates that the densest condensation of RCW 120 is a favourable place for the formation of
high-mass stars with the presence of a probable UCH ii region associated with the 27 M⊙ Fragment 1 of Core 2.
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Flares from the Sun and other stars are most prominently observed in the soft X-ray band. Most of the radiated
energy, however, is released at optical/UV wavelengths. In spite of decades of investigation, the physics of flares is
not fully understood. Even less is known about the powerful flares routinely observed from pre-main sequence stars,
which might significantly influence the evolution of circumstellar disks. Observations of the NGC 2264 star forming
region were obtained in Dec. 2011, simultaneously with three telescopes, Chandra (X-rays), CoRoT (optical), and
Spitzer (mIR), as part of the “Coordinated Synoptic Investigation of NGC2264” (CSI-NGC2264). Shorter Chandra
and CoRoT observations were also obtained in March 2008. We analyzed the lightcurves to detect X-ray flares with
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an optical and/or mIR counterpart. Basic flare properties from the three datasets, such as emitted energies and peak
luminosities, were then compared to constrain the spectral energy distribution of the flaring emission and the physical
conditions of the emitting regions. Flares from stars with and without circumstellar disks were also compared to
establish any difference that might be attributed to the presence of disks. Seventy-eight X-ray flares with an optical
and/or mIR counterpart were detected. Their optical emission is found to correlate well with, and to be significantly
larger than, the X-ray emission. The slopes of the correlations suggest that the difference becomes smaller for the
most powerful flares. The mIR flare emission seems to be strongly affected by the presence of a circumstellar disk:
flares from stars with disks have a stronger mIR emission with respect to stars without disks. This might be attributed
to the reprocessing of the optical (and X-ray) flare emission by the inner circumstellar disk, providing evidence for
flare-induced disk heating.
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We performed sensitive observations of the N15ND+(1–0) and 15NND+(1–0) lines toward the prestellar core L1544
using the IRAM 30m telescope. The lines are not detected down to 3σ levels in 0.2 km s−1 channels of ∼6 mK. The
non-detection provides the lower limit of the 14N/15N ratio for N2D+ of ∼700-800, which is much higher than the
elemental abundance ratio in the local interstellar medium of ∼200-300. The result indicates that N2 is depleted in
15N in the central part of L1544, because N2D+ preferentially traces the cold dense gas, and because it is a daughter
molecule of N2. In situ chemistry is probably not responsible for the 15N depletion in N2; neither low-temperature gas
phase chemistry nor isotope selective photodissociation of N2 explains the 15N depletion; the former prefers transferring
15N to N2, while the latter requires the penetration of interstellar far-ultraviolet (FUV) photons into the core center.
The most likely explanation is that 15N is preferentially partitioned into ices compared to 14N via the combination
of isotope selective photodissociation of N2 and grain surface chemistry in the parent cloud of L1544 or in the outer
regions of L1544, which are not fully shielded from the interstellar FUV radiation. The mechanism is most efficient
at the chemical transition from atomic to molecular nitrogen. In other words, our result suggests that the gas in
the central part of L1544 has previously gone trough the transition from atomic to molecular nitrogen in the earlier
evolutionary stage, and that N2 is currently the primary form of gas-phase nitrogen.
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We investigate the effects of gradual heating on the evolution of turbulent molecular clouds of mass 2 × 106 M⊙ and
virial parameters ranging between 0.7–1.2. This gradual heating represents the energy output from processes such
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as winds from massive stars or feedback from High Mass X-ray binaries (HMXBs), contrasting the impulsive energy
injection from supernovae (SNe). For stars with a mass high enough that their lifetime is shorter than the life of the
cloud, we include a SN feedback prescription. Including both effects, we investigate the interplay between slow and
fast forms of feedback and their effectiveness at triggering/suppressing star formation. We find that SN feedback can
carve low density chimneys in the gas, offering a path of least resistance for the energy to escape. Once this occurs the
more stable, but less energetic, gradual feedback is able to keep the chimneys open. By funnelling the hot destructive
gas away from the centre of the cloud, chimneys can have a positive effect on both the efficiency and duration of
star formation. Moreover, the critical factor is the number of high mass stars and SNe (and any subsequent HMXBs)
active within the free-fall time of each cloud. This can vary from cloud to cloud due to the stochasticity of SN delay
times and in HMXB formation. However, the defining factor in our simulations is the efficiency of the cooling, which
can alter the Jeans mass required for sink particle formation, along with the number of massive stars in the cloud.
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The HR8799 planetary system with four ∼10 MJup planets in wide orbits up to 70 au, and periods up to 500 yr has
been detected with the direct imaging. Its intriguing orbital architecture is not fully resolved due to time-limited
astrometry covering ∼20 years. Earlier, we constructed a heuristic model of the system based on rapid, convergent
migration of the planets. We developed a better structured and CPU-efficient variant of this model. We re-analyzed
the self-consistent, homogeneous astrometric dataset in Konopacky (2016). The best-fitting configuration agrees with
our earlier findings. The planets are likely involved in dynamically robust Laplace resonance chain. Hypothetical
planets with masses below the current detection limit of 0.1–3 Jupiter masses, within the observed inner, or beyond
the outer orbit, respectively, do not influence the long term stability of the system. We predict positions of such
non-detected objects. The long-term stable orbital model of the observed planets helps to simulate the dynamical
structure of debris disks in the system. A CPU-efficient fast indicator technique makes it possible to reveal their
complex, resonant shape in 106 particles scale. We examine the inner edge of the outer disk detected between 90–145
au. We also reconstruct the outer disk assuming that it has been influenced by convergent migration of the planets.
A complex shape of the disk strongly depends on various dynamical factors, like orbits and masses of non-detected
planets. It may be highly non-circular and its models are yet non-unique, regarding both observational constraints,
as well as its origin.
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RW Aur is a binary system composed of two young, low-mass stars. The primary, RW Aur A, has undergone visual
dimming events (∆V = 2 − 3 mag) in 2011, 2014-16, and 2017-2018. Visual and IR observations indicate a gray
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absorber that moved into the line-of-sight. This dimming is also associated with changes in the outflow. In 2017,
when the optical brightness was almost 2 mag below the long-term average we triggered a Chandra observation to
measure the absorbing column density NH and to constrain dust properties and the gas-to-dust ratio of the absorber.
In 2017, the X-ray spectrum is more absorbed than it was in the optically bright state (NH = (4 ± 1) × 1023 cm−2)
and shows significantly more hot plasma than in X-ray observations taken before. Also, a new emission feature at
6.63± 0.02 keV (statistic) ±0.02 keV (systematic) appeared indicating an Fe abundance an order of magnitude above
Solar, in contrast with previous sub-Solar Fe abundance measurements. Comparing X-ray absorbing column density
NH and optical extinction AV , we find that either the gas-to-dust ratio in the absorber is orders of magnitude higher
than in the ISM or the absorber has undergone significant dust evolution. Given the high column density coupled with
changes in the X-ray spectral shape, this absorber is probably located in the inner disk. We speculate that a break-up
of planetesimals or a terrestrial planet could supply large grains causing gray absorption; some of these grains would
be accreted and enrich the stellar corona with iron which could explain the inferred high abundance.
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Multi-wavelength observations in the sub-mm regime provide information on the distribution of both the dust column
density and the effective dust temperature in molecular clouds. In this study, we created high-resolution and high-
dynamic-range maps of the Pipe nebula region and explored the value of dust-temperature measurements in particular
towards the dense cores embedded in the cloud. The maps are based on data from the Herschel and Planck satellites,
and calibrated with a near-infrared extinction map based on 2MASS observations. We have considered a sample of
previously defined cores and found that the majority of core regions contain at least one local temperature minimum.
Moreover, we observed an anti-correlation between column density and temperature. The slope of this anti-correlation
is dependent on the region boundaries and can be used as a metric to distinguish dense from diffuse areas in the
cloud if systematic effects are addressed appropriately. Employing dust-temperature data thus allows us to draw
conclusions on the thermodynamically dominant processes in this sample of cores: external heating by the interstellar
radiation field and shielding by the surrounding medium. In addition, we have taken a first step towards a physically
motivated core definition by recognising that the column-density-temperature anti-correlation is sensitive to the core
boundaries. Dust-temperature maps therefore clearly contain valuable information about the physical state of the
observed medium.
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The infrared young stellar outflow source MHO 3252 Y3 in the Serpens South star-forming region was found to be
variable. The available photometric data can be fitted with a double peaked light curve of 904 d period. Color
variations are consistent with variable extinction with a flatter wavelength dependence than interstellar extinction,
i.e., larger grains. MHO 3252 Y3 is the source of a large scale bipolar outflow, but the most recent outflow activity
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has produced a microjet detectable in the shock excited H2 1–0 S(1) line while [FeII] emission appears confined to
the immediate vicinity of the central star. The proper motion of individual shock fronts in the H2 microjet has been
measured and traces these knots back to ejection events in the past two centuries. Integral field spectroscopy with
the Keck 1 adaptive optics system and the OSIRIS instrument shows velocity components near the launch region that
are distinct from the microjet both in radial velocity and apparent proper motion. They match the prediction of
dual wind models with a distinct low velocity disk wind component. We find evidence for the entrainment of this low
velocity component into the high velocity microjet, leading to shock excited emission at intermediate velocities in an
envelope around the microjet.
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The role of magnetic fields in the process of star formation is a matter of continuous debate. Clear observational proof
of the general influence of magnetic fields on the early phase of cloud collapse is still pending. First results on Bok
globules with simple structures indicate dominant magnetic fields across large spatial scales (Bertrang et al. 2014).
The aim of this study is to test the magnetic field influence across Bok globules with more complex density structures.
We apply near-infrared polarimetry to trace the magnetic field structure on scales of 104 − 105 au (∼ 0.05 − 0.5pc)
in selected Bok globules. The combination of these measurements with archival data in the optical and sub-mm
wavelength range allows us to characterize the magnetic field on scales of 103 − 106 au (∼ 0.005 − 5pc). We present
polarimetric data in the near-infrared wavelength range for the three Bok globules CB34, CB56, and [OMK2002]18,
combined with archival polarimetric data in the optical wavelength range for CB34 and CB56, and in the sub-millimeter
wavelength range for CB34 and [OMK2002]18. We find a strong polarization signal (P ≥ 2%) in the near-infrared for
all three globules. For CB34, we detect a connection between the structure on scales of 104 − 105 au (∼ 0.05 − 0.5pc)
to 105 − 106 au (∼ 0.5− 5pc). For CB56, we trace aligned polarization segments in both the near-infrared and optical
data, suggesting a connection of the magnetic field structure across the whole globule. In the case of [OMK2002]18,
we find ordered polarization structures on scales of 104−105 au (∼ 0.05−0.5pc). We find strongly aligned polarization
segments on large scales which indicate dominant magnetic fields across Bok globules with complex density structures.
To reconcile our findings in globules, the lowest mass clouds known, and the results on intermediate (e.g., Taurus)
and more massive (e.g., Orion) clouds, we postulate a mass dependent role of magnetic fields, whereby magnetic fields
appear to be dominant on low and high mass but rather sub-dominant on intermediate mass clouds.
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1 Konkoly Observatory, Research Centre for Astronomy and Earth Sciences, Hungarian Academy of Sciences, Konkoly-
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DQ Tau is a young low-mass spectroscopic binary, consisting of two almost equal-mass stars on a 15.8 day period
surrounded by a circumbinary disk. Here, we analyze DQ Tau’s light curves obtained by Kepler K2, the Spitzer
Space Telescope, and ground-based facilities. We observed variability phenomena, including rotational modulation by
stellar spots, brief brightening events due to stellar flares, long brightening events around periastron due to increased
accretion, and short dips due to brief circumstellar obscuration. The rotational modulation appears as sinusoidal
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variation with a period of 3.017 days. In our model, this is caused by extended stellar spots 400 K colder than the
stellar effective temperature. During our 80 day long monitoring we detected 40 stellar flares with energies up to
1.2× 1035 erg and duration of a few hours. The flare profiles closely resemble those in older late-type stars, and their
occurrence does not correlate with either the rotational or the orbital period. We observe elevated accretion rate up
to 5× 10−8M⊙ yr−1 around each periastron. Our Spitzer data suggests that the increased accretion luminosity heats
up the inner part of the circumbinary disk temporarily by about 100 K. We found an inner disk radius of 0.13 au,
significantly smaller than expected from dynamical modeling of circumbinary disks. Interestingly, the inner edge of the
disk is in corotation with the binary’s orbit. DQ Tau also shows short dips of <0.1 mag in its light curve, reminiscent
of the well-known “dipper phenomenon” observed in many low-mass young stars.
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Protostellar systems evolve from prestellar cores, through the deeply embedded stage and then disk-dominated stage,
before they end up on the main sequence. Knowing how much time protostellar systems spend in each stage is crucial
for understanding how stars and associated planetary systems form, because a key constraint is the time available to
form such systems. Equally important is understanding what the spread or uncertainty in these inferred time scales is.
The most commonly used method for inferring protostellar ages is to assume the lifetime of one evolutionary stage, and
then scale this lifetime to the relative number of protostars in the other stages, i.e., the method assumes populations
are in steady state. The number-counting method does not take into account the underlying age distribution and
apparent stochasticity of star formation, nor that star formation is sequential, i.e., populations are not in steady state.
To overcome this, we propose a new scheme where the lifetime of each protostellar stage follows a distribution based
on the formalism of sequential nuclear decay. In this formalism, the main assumptions are: Class 0 sources follow a
straight path to Class III sources, the age distribution follows a binomial distribution, and the star-formation rate is
constant throughout. The results are that the half-life of Class 0, Class I, and Flat sources are (2.4±0.2)%, (4.4±0.3)%,
and (4.3±0.4)% of the Class II half-life, respectively, which translates to 47±4, 88±7, and 87±8 kyr, respectively, for
a Class II half-life of 2 Myr for protostars in the Gould Belt clouds with more than 100 protostars. The mean age
of these clouds is 1.2±0.1 Myr, and the total inferred star formation rate is (8.3±0.5)×10−4 M⊙ yr−1 for a mean
protostellar mass of 0.5 M⊙. The critical parameters in arriving at these numbers are the assumed half-life of the
Class II stage, and the assumption that the star-formation rate and half-lives are constant. This method presents a
first step in moving from steady-state to non-steady-state solutions of protostellar populations.
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Carbon chain molecules may be an important reservoir of reactive organics during star and planet formation. Carbon
chains have been observed toward several low-mass young stellar objects (YSOs), but their typical abundances and
chemical relationships in such sources are largely unconstrained. We present a carbon chain survey toward 16 deeply
embedded (Class 0/I) low-mass protostars made with the IRAM 30 m telescope. Carbon chains are found to be
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common at this stage of protostellar evolution. We detect CCS, CCCS, HC3N, HC5N, l-C3H, and C4H toward 88%,
38%, 75%, 31%, 81%, and 88% of sources, respectively. Derived column densities for each molecule vary by one to
two orders of magnitude across the sample. As derived from survival analysis, median column densities range between
1.2 × 1011 cm−2 (CCCS) and 1.5 × 1013 cm−2 (C4H) and estimated fractional abundances with respect to hydrogen
range between 2×10−13 (CCCS) and 5×10−11 (C4H), which are low compared to cold cloud cores, warm carbon chain
chemistry (WCCC) sources, and protostellar model predictions. We find significant correlations between molecules
of the same carbon chain families, as well as between the cyanpolyynes (HCnN) and the pure hydrocarbon chains
(CnH). This latter correlation is explained by a closely-related production chemistry of CnH and cyanpolyynes during
low-mass star formation.

Accepted by ApJ

http://arxiv.org/pdf/1807.05231

ALMA observations of the very young Class 0 protostellar system HH 211-mms: a
30-au dusty disk with a disk-wind traced by SO?

Chin-Fei Lee1,2, Zhi-Yun Li3, Naomi Hirano1, Hsien Shang1, Paul T.P. Ho1,4, and Qizhou Zhang5

1 Academia Sinica Institute of Astronomy and Astrophysics, P.O. Box 23-141, Taipei 106, Taiwan; 2 Graduate Institute
of Astronomy and Astrophysics, National Taiwan University, No. 1, Sec. 4, Roosevelt Road, Taipei 10617, Taiwan;
3 Astronomy Department, University of Virginia, Charlottesville, VA 22904, USA; 4 East Asian Observatory, 660 N.
A’ohoku Place, University Park, Hilo, HI 96720, USA; 5 Harvard-Smithsonian Center for Astrophysics, 60 Garden
Street, Cambridge, MA 02138, USA

E-mail contact: cflee at asiaa.sinica.edu.tw

HH 211-mms is one of the youngest Class 0 protostellar systems in Perseus at ∼235 pc away. We have mapped its
central region at up to ∼7 AU (0.′′03) resolution. A dusty disk is seen deeply embedded in a flattened envelope, with
an intensity jump in dust continuum at ∼350 GHz. It is nearly edge-on and is almost exactly perpendicular to the jet
axis. It has a size of ∼30 au along the major axis. It is geometrically thick, indicating that the (sub)millimeter light
emitting grains have yet to settle to the midplane. Its inner part is expected to have transformed into a Keplerian
rotating disk with a radius of ∼10 au. A rotating disk atmosphere and a compact rotating bipolar outflow are detected
in SO. The outflow fans out from the inner disk surfaces and is rotating in the same direction as the flattened envelope,
and hence could trace a disk wind carrying away angular momentum from the inner disk. From the rotation of the disk
atmosphere, the protostellar mass is estimated to be <

∼50 MJup. Together with results from the literature, our result
favors a model where the disk radius grows linearly with the protostellar mass, as predicted by models of pre-stellar
dense core evolution that asymptotes to an r−1 radial profile for both the column density and angular velocity.
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To improve the census of the Upper Sco association (∼11 Myr, ∼145 pc), we have identified candidate members using
parallaxes, proper motions, and color-magnitude diagrams from several wide-field imaging surveys and have obtained
optical and infrared spectra of several hundred candidates to measure their spectral types and assess their membership.
We also have performed spectroscopy on a smaller sample of previously known or suspected members to refine their
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spectral types and evidence of membership. We have classified 530 targets as members of Upper Sco, 377 of which lack
previous spectroscopy. Our new compilation of all known members of the association contains 1631 objects. Although
the census of Upper Sco has expanded significantly over the last decade, there remain hundreds of candidates that lack
spectroscopy. The precise parallaxes and proper motions from the second data release of Gaia should extend down to
substellar masses in Upper Sco, which will greatly facilitate the identification of the undiscovered members.
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We have encountered an error in the program that was used to obtain the parameters of the components of our [OI]
emission line profiles. As a result, the widths given throughout the manuscript were incorrect, which affected some
of the results. Since the paper had not yet been published, we were able to make the appropriate corrections before
publication. Therefore the paper that will appear in A&A has been entirely corrected and the revised version has
now been uploaded to the arxiv. If you have previously downloaded the manuscript from the astro.ph link provided
in a previous SFN, we kindly ask you to replace it with the current, revised version, as some of the results have been
affected by the changes.
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We present high resolution spectroscopy of mid-infrared molecular emission from two very active T Tauri stars, AS 205
N and DR Tau. In addition to measuring high signal-to-noise line profiles of water, we report the first spectrally resolved
mid-infrared line profiles of HCN emission from protoplanetary disks. The similar line profiles and temperatures of
the HCN and water emission indicate that they arise in the same volume of the disk atmosphere, within 1–2 AU of
the star. The results support the earlier suggestion that the observed trend of increasing HCN/water emission with
disk mass is a chemical fingerprint of planetesimal formation and core accretion in action. In addition to directly
constraining the emitting radii of the molecules, the high resolution spectra also help to break degeneracies between
temperature and column density in deriving molecular abundances from low resolution mid-infrared spectra. As a
result, they can improve our understanding of the extent to which inner disks are chemically active. Contrary to
predictions from HCN excitation studies carried out for AS 205 N, the mid-infrared and near-infrared line profiles of
HCN are remarkably similar. The discrepancy may indicate that HCN is not abundant beyond a couple of AU or that
infrared pumping of HCN does not dominate at these distances.
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We present a detailed analysis of high-resolution spectropolarimetric observations of the weak-line T Tauri stars
(wTTSs) TWA 9A and V1095 Sco as part of a wider survey of magnetic properties and activity in weak-line T Tauri
stars, called MaTYSSE (Magnetic Topologies of Young Stars and the Survival of close-in giant Exoplanets). Our
targets have similar masses but differing ages which span the stage of radiative core formation in solar-mass stars. We
use the intensity line profiles to reconstruct surface brightness maps for both stars. The reconstructed brightness maps
for TWA 9A and V1095 Sco were used to model and subtract the activity-induced jitter, reducing the RMS in the
radial velocity measurements of TWA 9A by a factor of ∼7, and for V1095 Sco by a factor of ∼3. We detect significant
circular polarisation for both stars, but only acquired a high quality circular polarisation time-series for TWA 9A. Our
reconstructed large-scale magnetic field distribution of TWA 9A indicates a strong, non-axisymmetric field. We also
analyse the chromospheric activity of both stars by investigating their Hα emission, finding excess blue-ward emission
for most observations of V1095 Sco, and symmetric, double-peaked emission for TWA 9A, with enhanced emission at
one epoch likely indicating a flaring event.
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The origin of polarized emission from protoplanetary disks is uncertain. Three mechanisms have been proposed for
such polarized emission: grain alignment with magnetic fields, grain alignment with radiation gradients, and self-
scattering of thermal dust emission. Aiming to observationally identify the polarization mechanisms, we present
ALMA polarization observations of the 0.87 mm dust continuum emission toward the circumstellar disk around HD
142527 with high spatial resolution. We confirm that the polarization vectors in the northern region are consistent with
self-scattering. Furthermore, we show that the polarization vectors in the southern region are consistent with grain
alignment by magnetic fields, although self-scattering cannot be ruled out. To understand the differences between the
polarization mechanisms, we propose a simple grain size segregation model: small dust grains (≤ 100 microns) are
dominant and aligned with magnetic fields in the southern region, and middle-sized (∼ 100 microns) grains in the
upper layer emit self-scattered polarized emission in the northern region. The grain size near the middle plane in the
northern region cannot be measured because the emission at 0.87 mm is optically thick. However, it can be speculated
that larger dust grains (≥ cm) may accumulate near this plane. These results are consistent with those of a previous
analysis of the disk, in which large grain accumulation and optically thick emission from the northern region were
found. This model is also consistent with theories where smaller dust grains are aligned with magnetic fields. The
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magnetic fields are toroidal, at least in the southern region.
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Recent papers have found that the inferred slope of the high-mass (>1.5 M⊙) IMF for field stars in the solar vicinity
has a larger value (∼1.7–2.1) than the slopes (∼1.2–1.7; Salpeter = 1.35) inferred from numerous studies of young
clusters. We attempt to reconcile this apparent contradiction. Stars mostly form in Giant Molecular Clouds, and the
more massive stars (>∼3 M⊙) may have insufficient time before their deaths to uniformly populate the solar circle of
the Galaxy. We examine the effect of small sample volumes on the apparent slope, Γapp, of the high-mass IMF by
modeling the present day mass function (PDMF) over the mass range 1.5–6 M⊙. Depending on the location of the
observer along the solar circle and the size of the sample volume, the apparent slope of the IMF can show a wide
variance, with typical values steeper than the underlying universal value Γ. We show, for example, that the PDMFs
observed in a small (radius ∼200 pc) volume randomly placed at the solar circle have a ∼15–30% likelihood of resulting
in Γapp

>
∼ Γ + 0.35 because of inhomogeneities in the surface densities of more massive stars. If we add the a priori

knowledge that the Sun currently lies in an interarm region, where the star formation rate is lower than the average
at the solar circle, we find an even higher likelihood (∼50–60% ) of Γapp

>
∼Γ + 0.35, corresponding to Γapp

>
∼ 1.7 when

the underlying Γ = 1.35.
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Estimating molecular abundances ratios from the direct measurement of the emission of the molecules towards a variety
of interstellar environments is indeed very useful to advance in our understanding of the chemical evolution of the
Galaxy, and hence of the physical processes related to the chemistry. It is necessary to increase the sample of molecular
clouds, located at different distances, in which the behavior of molecular abundance ratios, such as the 13CO/C18O
ratio (X), is studied in detail. We selected the well-studied high-mass star-forming region G29.96−0.02, located at a
distance of about 6.2 kpc, which is an ideal laboratory to perform this kind of studies. To study the X towards this
region it was used 12CO J=3–2 data obtained from COHRS, 13CO and C18O J=3–2 data from CHIMPS, and 13CO
and C18O J=2–1 data retrieved from the CDS database (observed with the IRAM 30m telescope). The distribution
of column densities and X throughout the molecular cloud was studied based on LTE and non-LTE methods. Values
of X between 1.5 to 10.5, with an average of 5, were found, showing that, besides the dependency between X and
the galactocentric distance, the local physical conditions may strongly affect this abundance ratio. We found that
correlating the X map with the location of the ionized gas and dark clouds allows us to suggest in which regions the
far-UV radiation stalls in dense gaseous components, and in which ones it escapes and selectively photodissociates the
C18O isotope. The non-LTE analysis shows that the molecular gas has very different physical conditions, not only
spatially across the cloud, but also along the line of sight. This kind of studies may represent a tool to indirectly
estimate (from molecular lines observations) the degree of photodissociation in molecular clouds, which is indeed useful
to study the chemistry in the interstellar medium.
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The planets of our solar system formed from a gas-dust disk. However, there are some properties of the solar system
that are peculiar in this context. First, the cumulative mass of all objects beyond Neptune (TNOs) is only a fraction
of what one would expect. Second, unlike the planets themselves, the TNOs do not orbit on coplanar, circular orbits
around the Sun, but move mostly on inclined, eccentric orbits and are distributed in a complex way. This implies
that some process restructured the outer solar system after its formation. However, some of TNOs, referred to as
Sednoids, move outside the zone of influence of the planets. Thus external forces must have played an important part
in the restructuring of the outer solar system. The study presented here shows that a close fly-by of a neighbouring
star can simultaneously lead to the observed lower mass density outside 30 AU and excite the TNOs onto eccentric,
inclined orbits, including the family of Sednoids. In the past it was estimated that such close fly-bys are rare during
the relevant development stage. However, our numerical simulations show that such a scenario is much more likely
than previously anticipated. A fly-by also naturally explains the puzzling fact that Neptune has a higher mass than
Uranus. Our simulations suggest that many additional Sednoids at high inclinations still await discovery, perhaps
including bodies like the postulated planet X.
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Studying molecular species in protoplanetary disks is very useful to characterize the properties of these objects, which
are the site of planet formation. We attempt to constrain the chemistry of S-bearing molecules in the cold parts of
circumstellar disk of GG Tau A. We searched for H2S, CS, SO, and SO2 in the dense disk around GG Tau A with
the NOrthem Extended Millimeter Array (NOEMA) interferometer. We detected H2S emission from the dense and
cold ring orbiting around GG Tau A. This is the first detection of H2S in a protoplanetary disk. We also detected
HCO+, H13CO+, and DCO+ in the disk. Upper limits for other molecules, CCS, SO2, SO, HC3N, and c-C3H2 are
also obtained. The observed DCO+/HCO+ ratio is similar to those in other disks. The observed column densities,
derived using our radiative transfer code DiskFit, are then compared with those from our chemical code Nautilus. The
column densities are in reasonable agreement for DCO+, CS, CCS, and SO2. For H2S and SO, our predicted vertical
integrated column densities are more than a factor of 10 higher than the measured values. Our results reinforce the
hypothesis that only a strong sulfur depletion may explain the low observed H2S column density in the disk. The H2S
detection in GG Tau A is most likely linked to the much larger mass of this disk compared to that in other T Tauri
systems.
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This work is the second part of a project that attempts to analyze the formation of Solar system analogues (SSAs)
from the gaseous to the post-gas phase, in a self-consistently way. In the first paper (PI) we presented our model of
planet formation during the gaseous phase which provided us with embryo distributions, planetesimal surface density,
eccentricity and inclination profiles of SSAs, considering different planetesimal sizes and type I migration rates at the
time the gas dissipates. In this second work we focus on the late accretion stage of SSAs using the results obtained
in PI as initial conditions to carry out N-body simulations. One of our interests is to analyze the formation of rocky
planets and their final water contents within the habitable zone. Our results show that the formation of potentially
habitable planets (PHPs) seems to be a common process in this kind of scenarios. However, the efficiency in forming
PHPs is directly related to the size of the planetesimals. The smaller the planetesimals, the greater the efficiency in
forming PHPs. We also analyze the sensitivity of our results to scenarios with type I migration rates and gap-opening
giants, finding that both phenomena act in a similar way. These effects seem to favor the formation of PHPs for small
planetesimal scenarios and to be detrimental for scenarios formed from big planetesimals. Finally, another interesting
result is that the formation of water-rich PHPs seems to be more common than the formation of dry PHPs.
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HD 50138 is one of the brightest B[e] stars at a distance of ∼ 380 pc with strong infrared excess. The star was observed
in [O i] 63 µm and [C ii] 158 µm with high velocity resolution with upGREAT on SOFIA. The velocity resolved [O i]
emission provides evidence for a large gas-disk, ∼ 760 au in size, around HD 50138. Whereas previous interferometric
observations give strong evidence for a hot gas and dust disk in Keplerian rotation, our observations are the first to
provide unambiguous evidence for a large warm disk around the star. Herschel/PACS observations showed that the
[C ii] emission is extended, therefore the [C ii] emission most likely originates in an ionized gas shell created by a past
outflow event. We confirm the isolated nature of HD 50138. It is far from any star forming region and has low proper
motion. Neither is there any sign of a remnant cloud from which it could have formed. The extended disk around the
star appears carbon poor. It shows OH and [O i] emission, but no CO. The CO abundance appears to be at least an
order of magnitude lower than that of OH. Furthermore 13CO is enriched by more than a factor of five, confirming
that the star is not a Herbig Be star. Finally we note that our high spectral resolution [O i] and [C ii] observations
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provide a very accurate heliocentric velocity of the star, 40.8 ± 0.2 km s−1.
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CONTEXT. Weak and compact radio continuum and H2O masers are preferred tracers of the outflow activity nearby
very young stars. AIMS. We want to image the centimeter free-free continuum emission, in the range 1–7 cm (26–
4 GHz), which arises in the inner few 1000 au from those young stars also associated with bright H2O masers. We want
to study the radio continuum properties in combination with the H2O maser kinematics, in order to eventually quantify
the outflow energetics powered by single young stars. METHODS. We made use of the Karl G. Jansky Very Large
Array (VLA) in the B configuration at K band, and in the A configuration at both Ku and C bands, in order to image
the radio continuum emission towards 25 H2O maser sites with an angular resolution and thermal rms of the order of
0.1′′ and 10µJy beam−1, respectively. These targets add to our pilot study of 11 maser sites presented in Moscadelli et
al. (2016). The sample of H2O maser sites was selected among those regions having an accurate distance measurement,
obtained through maser trigonometric parallaxes, and H2O maser luminosities in excess of 10−6 L⊙. RESULTS. We
present high-resolution radio continuum images of 33 sources belonging to 25 star-forming regions. In each region, we
detect radio continuum emission within a few 1000 au of the H2O masers’ position; 50% of the radio continuum sources
are associated with bolometric luminosities exceeding 5× 103 L⊙, including W33A and G240.32+0.07. We provide a
detailed spectral index analysis for each radio continuum source, based on the integrated fluxes at each frequency,
and produce spectral index maps with the multi-frequency-synthesis deconvolution algorithm of CASA. The radio
continuum emission traces thermal bremsstrahlung in (proto)stellar winds and jets, with flux densities at 22 GHz below
3 mJy, and spectral index values between −0.1 and 1.3. We prove a strong correlation (r > 0.8) between the radio
continuum luminosity (Lrad) and the H2O maser luminosity (LH2O) of (L8GHz/mJy kpc2) = 103.8× (LH2O/L⊙)0.74.
This power-law relation is similar to that between the radio continuum and bolometric luminosities, which confirms
earlier studies. Since H2O masers are excited through shocks driven by (proto)stellar winds and jets, these results
provide support to the idea that the radio continuum emission around young stars is dominated by shock-ionization,
and this holds over several orders of magnitude of stellar luminosites (1 − 105 L⊙).
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Context. We investigate small-amplitude light variations in FU Ori occurring in timescales of days and weeks.
Aims. We seek to determine the mechanisms that lead to these light changes.
Methods. The visual light curve of FU Ori gathered by the MOST satellite continuously for 55 days in the 2013–2014
winter season and simultaneously obtained ground-based multi-colour data were compared with the results from a
disc and star light synthesis model.
Results. Hotspots on the star are not responsible for the majority of observed light variations. Instead, we found that
the long periodic family of 10.5–11.4 d (presumably) quasi-periods showing light variations up to 0.07 mag may arise
owing to the rotational revolution of disc inhomogeneities located between 16–20 R⊙. The same distance is obtained
by assuming that these light variations arise because of a purely Keplerian revolution of these inhomogeneities for a
stellar mass of 0.7 M⊙. The short-periodic (3–1.38 d) small amplitude (0.01 mag) light variations show a clear sign
of period shortening, similar to what was discovered in the first MOST observations of FU Ori. Our data indicate
that these short-periodic oscillations may arise because of changing visibility of plasma tongues (not included in our
model), revolving in the magnetospheric gap and/or likely related hotspots as well.
Conclusions. Results obtained for the long-periodic 10–11 d family of light variations appear to be roughly in line
with the colour-period relation, which assumes that longer periods are produced by more external and cooler parts of
the disc. Coordinated observations in a broad spectral range are still necessary to fully understand the nature of the
short-periodic 1–3 d family of light variations and their period changes.

Accepted by A&A

http://arxiv.org/pdf/1807.09134

Mass Assembly of Stellar Systems and their Evolution with the SMA - 1.3 mm Sub-
compact Data Release

Ian W. Stephens1, Michael M. Dunham2,1, Philip C. Myers1, Riwaj Pokhrel1,3, Tyler L. Bourke4,

Eduard I. Vorobyov5,6, John J. Tobin7,8, Sarah I. Sadavoy1, Jaime E. Pineda9, Stella S. R. Offner10,

Katherine I. Lee1, Lars E. Kristensen11, Jes K. Jørgensen12, Alyssa A. Goodman1, Héctor G. Arce13
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We present the Mass Assembly of Stellar Systems and their Evolution with the SMA (MASSES) survey, which uses
the Submillimeter Array (SMA) interferometer to map the continuum and molecular lines for all 74 known Class 0/I
protostellar systems in the Perseus molecular cloud. The primary goal of the survey is to observe an unbiased sample
of young protostars in a single molecular cloud so that we can characterize the evolution of protostars. This paper
releases the MASSES 1.3 mm data from the subcompact configuration (∼4 arcsec or ∼1000au resolution), which is
the SMA’s most compact array configuration. We release both uv visibility data and imaged data for the spectral
lines CO(2–1), 13CO(2–1), C18O(2–1), and N2D+(3–2), as well as for the 1.3 mm continuum. We identify the tracers
that are detected toward each source. We also show example images of continuum and CO(2–1) outflows, analyze
C18O(2–1) spectra, and present data from the SVS 13 star-forming region. The calculated envelope masses from the
continuum show a decreasing trend with bolometric temperature (a proxy for age). Typical C18O(2–1) linewidths
are 1.45 km s−1, which is higher than the C18O linewidths detected toward Perseus filaments and cores. We find
that N2D+(3–2) is significantly more likely to be detected toward younger protostars. We show that the protostars
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in SVS 13 are contained within filamentary structures as traced by C18O(2–1) and N2D+(3–2). We also present the
locations of SVS 13A’s high velocity (absolute line-of-sight velocities >150 km s−1) red and blue outflow components.
Data can be downloaded from https://dataverse.harvard.edu/dataverse/MASSES.
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High-mass young stellar objects (HMYSOs) can undergo accretion episodes that strongly affect the star evolution,
the dynamics of the disk, and its chemical evolution. Recently reported extraordinary bursts in the methanol maser
emission may be the observational signature of accretion events in deeply embedded HMYSOs. We analyze the light
curve of 6.7 GHz methanol masers in S255IR-NIRS3 during the 2015-2016 burst. 8.5-year monitoring data with an
average sampling interval of 5 days were obtained with the Torun 32 m radio telescope. Archival data were added,
extending the time series to ∼27 years. The maser emission showed moderate (25-30%) variability on timescales of
months to years over ∼23 years since its discovery. The main burst was preceded by a one-year increase of the total
flux density by a factor of 2.5, then it grew by a factor of 10 over ∼0.4 years and declined by a factor of 8 during the
consecutive 2.4 years. The peak maser luminosity was a factor of 24.5 higher than the pre-burst quiescent value. The
light curves of individual features showed considerable diversity but indicated a general trend of suppression of the
maser emission at blueshifted (<4.7 km s−1) velocities when the redshifted emission rapidly grew and new emission
features appeared at velocities >5.8 km s−1. This new emission provided a contribution of about 80% to the maser
luminosity around the peak of the burst. The duration of the burst at the extreme redshifted velocities of 7.1 to
8.7 km s−1 was from 0.9 to 1.9 years, and its lower limit for the other features was ∼3.9 years. The onset of the maser
burst exactly coincides with that of the infrared burst estimated from the motion of the light echo. This strongly
supports the radiative pumping scheme of the maser transition. The growth of the maser luminosity is the result of
an increasing volume of gas where the maser inversion is achieved.
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Observatory of Japan, 2-21-1 Osawa, Mitaka, Tokyo 181-8588, Japan; 14 School of Mathematical and Physical Science,
The Graduate University for Advanced Studies (SOKENDAI), Hayama, Kanagawa 240-0193, Japan; 15 Division of
Particle and Astrophysical Science, Graduate School of Science, Nagoya University, Furo-cho, Chikusa-ku, Nagoya,
Aich 464-8602, Japan; 16 College of Science, Ibaraki University, 2-1-1 Bunkyo, Mito, Ibaraki 310-8512, Japan; 17

Department of Physics, State University of New York at Fredonia, Fredonia, NY 14063, USA
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We present near-IR imaging polarimetry of five classical FU Ori-type objects (FU Ori, V1057 Cyg, V1515 Cyg, V1735
Cyg, Z CMa) with a ∼0.′′1 resolution observed using HiCIAO+AO188 at Subaru Telescope. We observed scattered
light associated with circumstellar dust around four of them (i.e., all but V1515 Cyg). Their polarized intensity
distribution shows a variety of morphologies with arms, tails or streams, spikes and fragmented distributions, many of
which were reported in our previous paper. The morphologies of these reflection nebulae significantly differ from many
other normal young stellar objects (Class I–II objects). These structures are attributed to gravitationally unstable
disks, trails of clump ejections, dust blown by a wind or a jet, and a stellar companion. We can consistently explain our
results with the scenario that their accretion outbursts (FUor outbursts) are triggered by gravitationally fragmenting
disks, and with the hypothesis that many low-mass young stellar objects experience such outbursts.

Accepted by ApJ
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The VLA Nascent Disk and Multiplicity Survey of Perseus Protostars (VANDAM). IV.
Free-free emission from protostars: links to infrared properties, outflow tracers, and
protostellar disk masses.

 Lukasz Tychoniec1,2, John J. Tobin1,3, Agata Karska4, Claire Chandler5, Michael M. Dunham6,7, Robert

J. Harris8, Kaitlin M. Kratter9, Zhi-Yun Li10, Leslie W. Looney8, Carl Melis11, Laura M. Pérez11,12,

Sarah I. Sadavoy6,13, Dominique Segura-Cox8 and Ewine F. van Dishoeck1,14

1 Leiden Observatory, Leiden University, P.O. Box 9513, NL-2300RA Leiden, The Netherlands; 2 Astronomical Obser-
vatory, Faculty of Physics, Adam Mickiewicz University, S loneczna 36, PL-60268 Poznań, Poland; 3 Homer L. Dodge
Department of Physics and Astronomy, University of Oklahoma, 440 W. Brooks Street, Norman, OK 73019, USA;
4 Centre for Astronomy, Nicolaus Copernicus University in Toru?, Faculty of Physics, Astronomy and Informatics,
Grudziadzka 5, PL-87100 Toruń, Poland; 5 National Radio Astronomy Observatory, P.O. Box O, 1003 Lopezville
Road, Socorro, NM 87801-0387, USA; 6 Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge,
MA, USA; 7 Department of Physics, State University of New York Fredonia, Fredonia, NY 14063, USA; 8 Department
of Astronomy, University of Illinois, Urbana, IL 61801, USA; 9 Department of Astronomy and Steward Observatory,
University of Arizona, 933 N Cherry Ave, Tucson, AZ 85721, USA; 10 Department of Astronomy, University of Vir-
ginia, Charlottesville, VA 22903, USA; 11 Center for Astrophysics and Space Sciences, University of California, San
Diego, CA 92093, USA; 12 Universidad de Chile, Departamento de Astronoma, Camino El Observatorio 1515, Las
Condes, Santiago, Chile; 13 Max-Planck-Institut für Astronomie, Königstuhl 17, D-69117 Heidelberg, Germany; 14

Max-Planck Institut für Extraterrestrische Physik, Giessenbachstrasse 1, 85748 Garching, Germany

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

Emission from protostars at centimeter radio wavelengths has been shown to trace the free-free emission arising from
ionizing shocks as a result of jets and outflows driven by protostars. Therefore, measuring properties of protostars at
radio frequencies can provide valuable insights into the nature of their outflows and jets. We present a C-band (4.1
cm and 6.4 cm) survey of all known protostars (Class 0 and Class I) in Perseus as part of the VLA Nascent Disk
and Multiplicity (VANDAM) Survey. We examine the known correlations between radio flux density and protostellar
parameters such as bolometric luminosity and outflow force, for our sample. We also investigate the relationship
between radio flux density and far-infrared line luminosities from Herschel. We show that free-free emission originates
most likely from J-type shocks; however, the large scatter indicates that those two types of emission probe different time
and spatial scales. Using C-band fluxes, we removed an estimation of free-free contamination from the corresponding
Ka-band (9 mm) flux densities that primarily probe dust emission from embedded disks. We find that the compact
(< 1 arcsec) dust emission is lower for Class I sources (median dust mass 96 M⊕) relative to Class 0 (248 M⊕), but
several times higher than in Class II (5-15 M⊕). If this compact dust emission is tracing primarily the embedded disk,
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as is likely for many sources, this result provides evidence for decreasing disk masses with protostellar evolution, with
sufficient mass for forming giant planet cores primarily at early times.

Accepted by ApJS

https://arxiv.org/pdf/1806.02434

Vialactea Visual Analytics tool for Star Formation studies of the Galactic Plane

F. Vitello1, E. Sciacca1, U. Becciani1, A. Costa1, M. Bandieramonte2, M. Benedettini3, M. Brescia5,

R. Butora4, S. Cavuoti6, A.M. Di Giorgio3, D. Elia3, S.J. Liu3, S. Molinari3, M. Molinaro4, G. Riccio5,

E. Schisano3 and R. Smareglia4

1 INAF-Astrophysical Observatory of Catania, Catania, Italy; 2 CERN, 385 Route de Meyrin 1217 Meyrin Suisse; 3

INAF-Institute for Astrophysics and Space Planetology, Rome, Italy; 4 INAF-Astronomical Observatory of Trieste,
Trieste, Italy; 5 INAF-Astronomical Observatory of Capodimonte, Napoli, Italy; 6 University of Napoli Federico II -
Dept. of Physics E. Pancini, Napoli, Italy

E-mail contact: fabio.vitello at oact.inaf.it

We present a visual analytics tool, based on the VisIVO suite, to exploit a combination of all new-generation surveys
of the Galactic Plane to study the star formation process of the Milky Way. The tool has been developed within the
VIALACTEA project, founded by the 7th Framework Programme of the European Union, that creates a common
forum for the major new-generation surveys of the Milky Way Galactic Plane from the near infrared to the radio, both
in thermal continuum and molecular lines. Massive volumes of data are produced by space missions and ground-based
facilities and the ability to collect and store them is increasing at a higher pace than the ability to analyze them. This
gap leads to new challenges in the analysis pipeline to discover information contained in the data. Visual analytics
focuses on handling these massive, heterogeneous, and dynamic volumes of information accessing the data previously
processed by data mining algorithms and advanced analysis techniques with highly interactive visual interfaces offering
scientists the opportunity for in-depth understanding of massive, noisy, and high-dimensional data.
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Magellan Adaptive Optics Imaging of PDS 70: Measuring the Mass Accretion Rate of
a Young Giant Planet within a Gapped Disk

Kevin Wagner1,2,3, Katherine B. Follete4, Laird M. Close1, Dániel Apai1,3,5,6, Aidan Gibbs1, Miriam

Keppler6, André Müller6, Thomas Henning6, Markus Kasper7, Ya-Lin Wu8, Joseph Long1, Jared

Males1, Katie Morzinski1, and Melissa McClure9

1 Steward Observatory, University of Arizona; 2 National Science Foundation Graduate Research Fellow; 3 NASA
NExSS Earths in Other Solar Systems Team; 4 Department of of Physics and Astronomy, Amherst College; 5 Lunar
and Planetary Laboratory, University of Arizona; 6 Max Planck Institute for Astronomy, Heidelberg, Germany; 7

European Southern Observatory, Garching, Germany; 8 Department of Astronomy, University of Texas, Austin; 9

University of Amsterdam, Netherlands

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

PDS 70b is a recently discovered and directly imaged exoplanet within the wide (>∼40 au) cavity around PDS 70
(Keppler et al. 2018, Müller et al. 2018). Ongoing accretion onto the central star suggests that accretion onto PDS
70b may also be ongoing. We present the first high contrast images at Hα (656 nm) and nearby continuum (643
nm) of PDS 70 utilizing the MagAO system. The combination of these filters allows for the accretion rate of the
young planet to be inferred, as hot infalling hydrogen gas will emit strongly at Hα over the optical continuum. We
detected a source in Hα at the position of PDS 70b on two sequential nights in May 2018, for which we establish a false
positive probability of <0.1%. We conclude that PDS 70b is a young, actively accreting planet. We utilize the Hα line
luminosity to derive a mass accretion rate of Ṁ = 10−8±1 MJup yr−1, where the large uncertainty is primarily due to
the unknown amount of optical extinction from the circumstellar and circumplanetary disks. PDS 70b represents the
second case of an accreting planet interior to a disk gap, and is among the early examples of a planet observed during
its formation.
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Evidence of a past disc-disc encounter: HV and DO Tau

Andrew J. Winter1, Richard A. Booth1, Cathie J. Clarke1

1 Institute of Astronomy, University of Cambridge, Madingley Road, Cambridge CB3 0HA, UK

E-mail contact: ajwinter at ast.cam.ac.uk

Theory and observations suggest that star formation occurs hierarchically due to the fragmentation of giant molecular
clouds. In this case we would expect substructure and enhanced stellar multiplicity in the primordial cluster. This
substructure is expected to decay quickly in most environments, however historic stellar encounters might leave imprints
in a protoplanetary disc (PPD) population. In a low density environment such as Taurus, tidal tails from violent star–
disc or disc–disc encounters might be preserved over time-scales sufficient to be observed. In this work, we investigate
the possibility that just such an event occured between HV Tau C (itself a component of a triple system) and DO
Tau ∼0.1 Myr ago, as evidenced by an apparent ‘bridge’ structure evident in the 160 µm emission. By modelling the
encounter using smoothed particle hydrodynamics (SPH) we reproduce the main features of the observed extended
structure (‘V’-shaped emission pointing west of HV Tau and a tail-like structure extending east of DO Tau). We
suggest that HV Tau and DO Tau formed together in a quadruple system on a scale of ∼5000 au (0.025 pc).

Accepted by MNRAS
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Modelling mid-infrared molecular emission lines from T Tauri stars

P. Woitke1,2, M. Min3, W.-F. Thi4, C. Roberts1, A. Carmona5, I. Kamp6, F. Ménard7, C. Pinte7
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University of Amsterdam, PO Box 94249, 1090 GE Amsterdam, The Netherlands; 4 Max Planck Institute for Ex-
traterrestrial Physics, Giessenbachstrasse, 85741 Garching, Germany; 5 Université de Toulouse, UPS-OMP, IRAP, 14
avenue E. Belin, Toulouse, 31400, France; 6 Kapteyn Astronomical Institute, Postbus 800, University of Groningen,
9700 AV Groningen, The Netherlands; 7 Univ. Grenoble Alpes, CNRS, IPAG, F-38000 Grenoble, France
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We introduce a new modelling framework called FLiTs to simulate infrared line emission spectra from protoplanetary
discs. This paper focuses on the mid-IR spectral region between 9.7 µm to 40 µm for T Tauri stars. The generated
spectra contain several tens of thousands of molecular emission lines of H2O, OH, CO, CO2, HCN, C2H2, H2 and a
few other molecules, as well as the forbidden atomic emission lines of S I, S II, S III, Si II, Fe II, Ne II, Ne III, Ar II and
Ar III. In contrast to previously published works, we do not treat the abundances of the molecules nor the temperature
in the disc as free parameters, but use the complex results of detailed 2D ProDiMo disc models concerning gas and
dust temperature structure, and molecular concentrations. FLiTs computes the line emission spectra by ray tracing in
an efficient, fast and reliable way. The results are broadly consistent with R = 600 Spitzer/IRS observational data of T
Tauri stars concerning line strengths, colour, and line ratios. In order to achieve that agreement, however, we need to
assume either a high gas/dust mass ratio of order 1000, or the presence of illuminated disc walls at distances of a few
au. The molecules in these walls cannot be photo-dissociated easily by UV because of the large densities in the walls
which favour their re-formation. Most observable molecular emission lines are found to be optically thick, rendering
a standard analysis with column densities difficult. We find that the difference between gas and dust temperatures in
the disc surface is important for the line formation. We briefly discuss the effects of C/O ratio and choice of chemical
rate network on these results. Our analysis offers new ways to infer the chemical and temperature structure of T Tauri
discs from future JWST/MIRI observations, and to possibly detect secondary illuminated disc walls based on their
specific mid-IR molecular signature.

Accepted by A&A
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Rotation in the NGC 1333 IRAS 4C Outflow

Yichen Zhang1, Aya E. Higuchi1, Nami Sakai1, Yoko Oya2, Ana López-Sepulcre3, Muneaki Imai2,

Takeshi Sakai4, Yoshimasa Watanabe5,6, Cecilia Ceccarelli7,8, Bertrand Lefloch7,8 and Satoshi Yamamoto2
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2 Department of Physics, The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113- 0033, Japan; 3 Institut
de Radioastronomie Millimétrique (IRAM), 300 rue de la Piscine, 38406 Saint- Martin-d’Hères, France; 4 Graduate
School of Informatics and Engineering, The University of Electro-Communications, Chofu, Tokyo 182-8585, Japan; 5
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We report molecular line observations of the NGC 1333 IRAS 4C outflow in the Perseus Molecular Cloud with the
Atacama Large Millimeter/Submillimeter Array. The CCH and CS emission reveal an outflow cavity structure with
clear signatures of rotation with respect to the outflow axis. The rotation is detected from about 120 au up to about
1400 au above the envelope/disk mid-plane. As the distance to the central source increases, the rotation velocity of
the outflow decreases while the outflow radius increases, which gives a flat specific angular momentum distribution
along the outflow. The mean specific angular momentum of the outflow is about 100 au km s−1. Based on reasonable
assumptions on the outward velocity of the outflow and the protostar mass, we estimate the range of outflow launching
radii to be 5 − 15 au. Such a launching radius rules out that this outflow is launched as an X-wind, but rather, it is
more consistent to be a slow disk wind launched from relatively large radii on the disk. The radius of the centrifugal
barrier is roughly estimated, and the role of the centrifugal barrier in the outflow launching is discussed.

Accepted by ApJ
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Abstracts of recently accepted major reviews

Chemistry During the Gas-rich Stage of Planet Formation

Edwin A. Bergin1 and L. Ilsedore Cleeves2

1 University of Michigan, Department of Astronomy, 1085 S. University Ave., Ann Arbor, MI, 48109, USA; 2 Harvard-
Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138

E-mail contact: ebergin at umich.edu

In this chapter we outline some of the basic understanding of the chemistry that accompanies planet formation. We
discuss the basic physical environment which dictates the dominant chemical kinetic pathways for molecule formation.
We focus on three zones from both observational and theoretical perspectives: (1) the planet forming midplane and
ice/vapor transition zones (snow-lines), (2) the warm disk surface that is shielded from radiation, which can be
readily accessed by todays observational facilities, and (3) the surface photodissociation layers where stellar radiation
dominates. We end with a discussion of how chemistry influences planet formation along with how to probe the link
between formation and ultimate atmospheric composition for gas giants and terrestrial worlds.

Accepted by Handbook of Exoplanets
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The Dawes Review 8: Measuring the Stellar Initial Mass Function

A.M. Hopkins1

1 Australian Astronomical Observatory, 105 Delhi Rd, North Ryde, NSW 2113, Australia

E-mail contact: ahopkins at aao.gov.au

The birth of stars and the formation of galaxies are cornerstones of modern astrophysics. While much is known about
how galaxies globally and their stars individually form and evolve, one fundamental property that affects both remains
elusive. This is problematic because this key property, the birth mass distribution of stars, referred to as the stellar
initial mass function (IMF), is a key tracer of the physics of star formation that underpins almost all of the unknowns
in galaxy and stellar evolution. It is perhaps the greatest source of systematic uncertainty in star and galaxy evolution.
The past decade has seen a growing number and variety of methods for measuring or inferring the shape of the IMF,
along with progressively more detailed simulations, paralleled by refinements in the way the concept of the IMF is
applied or conceptualised on different physical scales. This range of approaches and evolving definitions of the quantity
being measured has in turn led to conflicting conclusions regarding whether or not the IMF is universal. Here I review
and compare the growing wealth of approaches to our understanding of this fundamental property that defines so
much of astrophysics. I summarise the observational measurements from stellar analyses, extragalactic studies and
cosmic constraints, and highlight the importance of considering potential IMF variations, reinforcing the need for
measurements to quantify their scope and uncertainties carefully, in order for this field to progress. I present a new
framework to aid the discussion of the IMF and promote clarity in the further development of this fundamental field.

Accepted by PASA

http://arxiv.org/pdf/1807.09949
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Meetings

Exploring the Infrared Universe: The Promise of SPICA
20-23 May 2019 – Crete, Greece

The infrared wavelength range is key to understand the origin and evolution of galaxies, stars and planetary systems,
which are obscured by dust during a large part of their life cycles. With a large cold mirror and a sensitive suite of
instruments, SPICA, recently selected as a candidate for ESAs Cosmic Visions program, stands poised to revolutionize
these fields by providing ultra-deep spectroscopy in the 12-230 m range, as well as imaging (17-37 m and 100-350 m)
and polarimetry (100-350 m). With launch planned for 2030, SPICA will complement current and upcoming facilities,
filling the spectral gap between JWST and ALMA, while providing a huge leap over previous infrared space missions.
We would like to invite the international astronomical community to participate in the conference, Exploring the
Infrared Universe: The Promise of SPICA, which will take place on the island of Crete on 20-23 May 2019. At this
conference, participants will learn about the capabilities and current design of SPICA, which includes a significant
Guest Observer program, while discussing the exciting scientific promise of the mission. Up to date information about
the SPICA mission and its instruments can be found at http://www.spica-mission.org, in addition to links to a set of
whitepapers recently published in the journal PASA, that focus on some of extragalactic science enabled by SPICA.

Topics to be addressed at the meeting include:

-The rise of metals and dust across cosmic time

-Feedback and feeding processes in galaxy evolution

-Star formation and the baryon cycle in galaxies

-Magnetic fields and turbulence in star formation

-Protoplanetary disks and the formation of habitable planets

-Debris disks, planetary systems, and the Solar system

Confirmed invited speakers include: Susanne Aalto, Yuri Aikawa, Francoise Combes, Bill Dent, Edith Falgarone,
Davide Fedele, Andrea Ferrara, Javier Goicoechea, Masateru Ishiguro, Patrick Koch, Leon Koopmans, Ilse de Looze,
Roberto Maiolino, Thomas Mller, Tohru Nagao, Klaus Pontoppidan, Alexandra Pope, and Peter Roelfsema.

For further information about the conference, please visit http://www.spica2019.org/

Looking forward to seeing you in Crete!

The scientific organizing committee: Lee Armus, Marc Audard, Vassilis Charmandaris, Yasuo Doi, Eiichi Egami, David
Elbaz, Martin Giard, Matt Griffin, Carlotta Gruppioni, Doug Johnstone, Inga Kamp, Hidehiro Kaneda, Ciska Kemper,
Kotaro Kohno, Sue Madden, Mikako Matsuura, Stefanie Milam, Paco Najarro, Takashi Onaka, Luigi Spinoglio, Floris
van der Tak (chair), Jan Tauber
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Summary of Upcoming Meetings

Origins: From the Protosun to the First Steps of Life

20 - 23 August 2018, Vienna, Austria
http://ninlil.elte.hu/IAUS345/

Star Cluster Formation: Mapping the first few Myrs

29 - 31 August 2018, Grenoble, France
https://sfm.leeds.ac.uk/registerinterest/

Magnetic fields along the star-formation sequence: bridging polarization-sensitive views

30-31 August 2018, Vienna, Austria
http://escience.aip.de/iau30-fm4/

The Wonders of Star Formation

3 - 7 September 2018, Edinburgh, Scotland
http://events.ph.ed.ac.uk/star-formation

From First Stars to Life: Science with the Origins Space Telescope

4 - 7 September, Oxford, UK
https://www.ost-meeting.com

Triple Evolution and Dynamics

10 - 14 September 2018, Leiden, The Netherlands
http://www.lorentzcenter.nl/lc/web/2018/1016/info.php3?wsid=1016&venue=Oort

Take a Closer Look - The Innermost Region of Protoplanetary Discs and its Connection to the Origin

of Planets

15 - 19 October 2018, ESO Headquarters, Garching, Germany
http://www.eso.org/sci/publications/announcements/sciann17072.html

Planet Formation and Evolution

27 February - 1 March, Rostock, Germany
http://pfe2019.stat.physik.uni-rostock.de

Exploring the Infrared Universe: The Promise of SPICA

20 - 23 May 2019, Crete, Greece
http://www.spica2019.org

Zooming in on Star Formation - A tribute to Åke Nordlund

9 - 14 June 2019, Nafplio, Greece
http://www.nbia.dk/nbia-zoomstarform-2019

From Stars to Planets II: Connecting our Understanding of Star and Planet Formation

17 - 20 June 2019, Gothenburg, Sweden
http://cosmicorigins.space/fstpii
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Short Announcements

Fizeau exchange visitors program - call for applications

Electronic mail: fizeau@european-interferometry.eu

Date/Time: 15 September, 2018

Dear colleagues!

The Fizeau exchange visitors program in optical interferometry funds (travel and accommodation) visits of researchers
to an institute of his/her choice (within the European Community) to perform collaborative work and training on one of
the active topics of the European Interferometry Initiative. The visits will typically last for one month, and strengthen
the network of astronomers engaged in technical, scientific and training work on optical/infrared interferometry. The
program is open for all levels of astronomers (Ph.D. students to tenured staff), with priority given to PhD students
and young postdocs. non-EU based missions will only be funded if considered essential by the Fizeau Committee.
Applicants are strongly encouraged to seek also partial support from their home or host institutions.

The deadline for applications is September 15. Fellowships can be awarded for missions to be carried out between
November 2018 and April 2019!

Further informations and application forms can be found at www.european-interferometry.eu

The program is funded by OPTICON/H2020.

Please distribute this message also to potentially interested colleagues outside of your community!

Looking forward to your applications,
Josef Hron & Péter Ábrahám
(for the European Interferometry Initiative)
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