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4. Formation of Giant Planet Satellites

o0. Possible evidence of ongoing planet formation in AB Aurigae. A showcase of
the SPHERE/ALMA synergy

/. Protoplanetary Disks in the Orion Nebula Cluster: Gas Disk Morphologies and
Kinematics as seen with ALMA



Formation of GGiant Planet Satellites
Konstantin Batygin' and Alessandro Morbidelli?

I Division of Geological and Planetary Sciences California Institute of Technology, Pasadena, CA 91125, USA; °
Laboratoire Lagrange, Université Cote d’Azur, Observatoire de la Cote d’Azur, CNRS, CS 34229, F-06304 Nice,
France

E-mail contact: kbatygin at gps.caltech.edu

Recent analyses have shown that the concluding stages of giant planet formation are accompanied by the development
of large-scale meridional flow of gas inside the planetary Hill sphere. This circulation feeds a circumplanetary disk that
viscously expels gaseous material back into the parent nebula, maintaining the system in a quasi-steady state. Here
we investigate the formation of natural satellites of Jupiter and Saturn within the framework of this newly outlined
picture. We begin by considering the long-term evolution of solid material, and demonstrate that the circumplanetary
disk can act as a global dust trap, where sq ~ 0.1-10 mm grains achieve a hydrodynamical equilibrium, facilitated
by a balance between radial updrait and aerodynamic drag. This process leads to a gradual increase in the system’s
metallicity, and eventually culminates in the gravitational fragmentation of the outer regions of the solid sub-disk into
R ~ 100 km satellitesimals. Subsequently, satellite conglomeration ensues via pairwise collisions, but is terminated
when disk-driven orbital migration removes the growing objects from the satellitesimal feeding zone. The resulting
satellite formation cycle can repeat multiple times, until it is brought to an end by photo-evaporation of the parent
nebula. Numerical simulations of the envisioned formation scenario yield satisfactory agreement between our model
and the known properties of the Jovian and Saturnian moons.

Accepted by ApJ
http://arxiv.org/pdf/2005.08330
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Protoplanetary Disks in the Orion Nebula Cluster: Gas Disk Morphologies and Kine-
matics as seen with ALMA

Ryan D. Boyden' and Josh A. Eisner!
I Steward Observatory, University of Arizona, 933 North Cherry Avenue, Tucson, AZ 85721, USA

E-malil contact: rboyden at email.arizona.edu

We present Atacama Large Millimeter Array CO (3-2) and HCO™ (4-3) observations covering the central 1’ x 175
region of the Orion Nebula Cluster (ONC). The unprecedented level of sensitivity (~0.1 mJy beam™!) and angular
resolution (~0709 ~ 35 AU) of these line observations enable us to search for gas-disk detections towards the known
positions of submillimeter-detected dust disks in this region. We detect 23 disks in gas: 17 in CO (3-2), 17 in HCO™
(4-3), and 11 in both lines. Depending on where the sources are located in the ONC, we see the line detections in
emission, in absorption against the warm background, or in both emission and absorption. We spectrally resolve the
gas with 0.5 km s~! channels, and find that the kinematics of most sources are consistent with Keplerian rotation.
We measure the distribution of gas-disk sizes and find typical radii of ~50-200 AU. As such, gas disks in the ONC
are compact in comparison with the gas disks seen in low-density star-forming regions. (Gas sizes are universally
larger than the dust sizes. However, the gas and dust sizes are not strongly correlated. We find a positive correlation
between gas size and distance from the massive star 8! Ori C, indicating that disks in the ONC are influenced by
photoionization. Finally, we use the observed kinematics of the detected gas lines to model Keplerian rotation and
infer the masses of the central pre-main-sequence stars. Our dynamically-derived stellar masses are not consistent
with the spectroscopically-derived masses, and we discuss possible reasons for this discrepancy.

Accepted by ApJ
http://arxiv.org/pdf/2003.12580
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Outflows, cores, and magnetic field orientations in W43-MM1 as seen by ALMA

C. Arce', F. Louvet!?, P. C. Cortes®>*, F. Motte®, C. L. H. Hull*>%", V. J. M. Le Gouellec®?, G. Garay!,
T. Nony®, P. Didelon? and L. Bronfman'

I Universidad de Chile, Camino el Observatorio 1515, Las Condes, Santiago de Chile; ? Laboratoire AIM Paris-Saclay,
CEA/IRFU - CNRS/INSU - Université Paris Diderot, Service d’Astrophysique, Bat 709, CEA-Saclay, 91191 Gif-sur-
Yvette; 3 Join ALMA Observatory, Alonso de Cordova 3107, Vitacura, Santiago, Chile; * National Radio Astronomy
Observarory, Charlottesville, VA 22903, USA; ° Univ. Grenoble Alpes, CNRS, IPAG, F-38000 Grenoble, France; °
National Astronomical Observatory of Japan, NAOJ Chile, Alonso de Cordova, Santiago, Chile; © NAOJ Fellow; °
FEuropean Southern Observatory, Alonso de Cordova 3788, Santiago, Chile

E-mail contact: fabien.louvet at cea.fr

It has been proposed that the magnetic field, pervasive in the ISM, plays an important role in the process of massive
star formation. To better understand its impact at the pre and protostellar stages, high-angular resolution observations
of polarized dust emission toward a large sample of massive dense cores are needed. To this end, we used the Atacama
Large Millimeter Array in Band 6 (1.3 mm) in full polarization mode to map the polarized emission from dust grains at
a physical scale of ~2700 au in the massive protocluster W43-MM1. We used these data to measure the orientation of
the magnetic field at the core scale. Then, we examined the relative orientations of the core-scale magnetic field, of the
protostellar outflows determined from CO molecular line emission, and of the major axis of the dense cores determined
from 2D Gaussian fit in the continuum emission. We found that the orientation of the dense cores is not random with
respect to the magnetic field. Instead, the dense cores are compatible with being oriented 20-50° with respect to the
magnetic field. The outflows could be oriented 50-70° with respect to the magnetic field, or randomly oriented with
respect to the magnetic field, similar to current results in low-mass star-forming regions. In conclusion, the observed
alienment of the position angle of the cores with respect to the magnetic field lines shows that the magnetic field is
well coupled with the dense material; however, the 20-50° preferential orientation contradicts the predictions of the
magnetically-controlled core-collapse models. The potential correlation of the outflow directions with respect to the
magnetic field suggests that, in some cases, the magnetic field is strong enough to control the angular momentum
distribution from the core scale down to the inner part of the circumstellar disks where outflows are triggered.

Accepted by A&A
https://arxiv.org/pdf/2005.12921 15



The velocity structure of Cygnus OB2
Becky Arnold!?, Simon P. Goodwin' and Nick J. Wright’

I Department of Physics and Astronomy, University of Sheffield, Sheffield S3 7RH, UK: ? Department of Astronomy,
University of Massachusetts, Massachusetts, 01003, USA: ® Astrophysics Group, Keele University, Keele, Staffordshire,
STH5 bBG, UK

E-mail contact: kpoppenhaeger at aip.de

The kinematic structure of the Cygnus OB2 association is investigated. No evidence of expansion or contraction is
found at any scale within the region. Stars that are within ~0.5 parsecs of one another are found to have more similar
velocities than would be expected by random chance, and so it is concluded that velocity substructure exists on these
scales. At larger scales velocity substructure is not found. We suggest that bound substructures exist on scales of ~0.5
parsecs, despite the region as a whole being unbound. We further suggest that any velocity substructure that existed
on scales > 0.5 parsecs has been erased. The results of this study are then compared to those of other kinematic
studies of Cygnus OB2.

Accepted by MNRAS
http://arxiv.org/pdf/2005.10260
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On the Origin of the Bimodal Rotational Velocity Distribution in Stellar Clusters: Ro-
tation on the Pre-Main Sequence

Nate Bastian!, Sebastian Kamann'!, Louis Amard?, Corinne Charbonnel®*, Lionel Haemmerlé® and
Sean P. Matt?

I Astrophysics Research Institute, Liverpool John Moores University, 146 Brownlow Hill, Liverpool L3 5RF, UK; “

University of Exeter, Department of Physics & Astronomy, Stoker Road, Devon, Exeter EX4 4QL, UK; ® Department
of Astronomy, University of Geneva, Chemin de Pégase 51, 1290 Versoix, Switzerland; * IRAP, UMR 5277 CNRS and
Université de Toulouse, 14, Av. E.Belin, 31400 Toulouse, France

E-mail contact: N.J.Bastian at ljmu.ac.uk

We address the origin of the observed bimodal rotational distribution of stars in massive young and intermediate age
stellar clusters. This bimodality is seen as split main sequences at young ages and also has been recently directly
observed in the Vsin ¢ distribution of stars within massive young and intermediate age clusters. Previous models have
invoked binary interactions as the origin of this bimodality, although these models are unable to reproduce all of
the observational constraints on the problem. Here we suggest that such a bimodal rotational distribution is set up
early within a cluster’s life, i.e., within the first few Myr. Observations show that the period distribution of low-mass
(S2 Mg) pre-main sequence (PMS) stars is bimodal in many young open clusters and we present a series of models
to show that if such a bimodality exists for stars on the PMS that it is expected to manifest as a bimodal rotational
velocity (at fixed mass/luminosity) on the main sequence for stars with masses in excess of ~1.5 M. Such a bimodal
period distribution of PMS stars may be caused by whether stars have lost (rapid rotators) or been able to retain
(slow rotators) their circumstellar discs throughout their PMS lifetimes. We conclude with a series of predictions for
observables based on our model.

Accepted by MNRAS
http://arxiv.org/pdf/2005.01779
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Photoionising feedback in spiral arm molecular clouds
Thomas J. R. Bending!, Clare L. Dobbs! and Matthew R. Bate!
1 School of Physics and Astronomy, University of Exeter, Stocker Road, Exeter EX4 4QL, UK

E-mail contact: t

457 at exeter.ac.uk

We present simul

ations of a 500 pc? region, containing gas of mass 4 x 10° Mg, extracted from an entire spiral

galaxy simulation, scaled up in resolution, including photoionising feedback from stars of mass >18 M. Our region
is evolved for 10 Myr and shows clustered star formation along the arm generating ~ 5000 cluster sink particles ~ 5%
of which contain at least one of the ~ 4000 stars of mass >18 M. Photoionisation has a noticeable effect on the gas
in the region, producing ionised cavities and leading to dense features at the edge ot the HII regions. Compared to
the no-feedback case, photoionisation produces a larger total mass of clouds and clumps, with around twice as many
such objects, which are individually smaller and more broken up. After this we see a rapid decrease in the total mass

in clouds and the

number of clouds. Unlike studies of isolated clouds, our simulations follow the long range effects ot

ionisation, with some already-dense gas becoming compressed from multiple sides by neighbouring HII regions. This
causes star formation that is both accelerated and partially displaced throughout the spiral arm with up to 30% of
our cluster sink particle mass forming at distances >5 pc from sites of sink formation in the absence of feedback. At
later times, the star formation rate decreases to below that of the no-feedback case.

Accepted by MNRAS
https://arxiv.org/pdf/2005.06234
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Possible evidence of ongoing planet formation in AB Aurigae. A showcase of the
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Contexrt. Planet formation is expected to take place in the first million years of a planetary system through various
processes, which remain to be tested through observations. Aims. With the recent discovery, using ALMA, of two
gaseous spiral arms inside the ~120 au cavity and connected to dusty spirals, the famous protoplanetary disk around
AB Aurigae presents a strong incentive for investigating the mechanisms that lead to giant planet formation. A
candidate protoplanet located inside a spiral arm has already been claimed in an earlier study based on the same
ALMA data.

Methods. We used SPHERE at the Very Large Telescope to perform near-infrared high-contrast imaging of AB Aur in
polarized and unpolarized light in order to study the morphology of the disk and search for signs of planet formation.
Results. SPHERE has delivered the deepest images ever obtained for AB Aur in scattered light. Among the many
structures that are yet to be understood, we identified not only the inner spiral arms, but we also resolved a feature
in the form of a twist in the eastern spiral at a separation of about 30 au. The twist of the spiral is perfectly
reproduced with a planet-driven density wave model when projection effects are accounted for. We measured an
azimuthal displacement with respect to the counterpart of this feature in the ALMA data, which is consistent with
Keplerian motion on a 4 yr baseline. Another point sxce is detected near the edge of the inner ring, which is likely
the result of scattering as opposed to the direct emission from a planet photosphere. We tentatively derived mass
constraints for these two features.

Conclustons. The twist and its apparent orbital motion could well be the first direct evidence of a connection between

a protoplanet candidate and its manifestation as a spiral imprinted in the gas and dust distributions.
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