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On the diversity and statistical properties of protostellar discs
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Spatially associated clump populations in Rosette from CO and dust maps

Todor V. Veltchev'“, Volker Ossenkopf-Okada®, Orlin Stanchev', Nicola Schneider?, Sava Donkov’,
and Ralf S. Klessen®

! University of Sofia, Faculty of Physics, 5 James Bourchier Blvd., 1164 Sofia, Bulgaria; * Universitdt Heidelberg,
Zentrum fiir Astronomie, Institut fiir Theoretische Astrophysik, Albert-Ueberle-Str. 2, 69120 Heidelberg, Germany:
 I. Physik. Institut, University of Cologne, D-50937 Cologne, Germany; * Department of Applied Physics, Technical
University, 8 Kliment Ohridski Blvd., 1000 Sofia, Bulgaria

E-mail contact: eirene at phys.uni-sofia.bg

Spatial association of clumps from different tracers turns out to be a valuable tool to determine the physical properties
of molecular clouds. It provides a reliable estimate for the X-factors, serves to trace the density of clumps seen in
column densities only and allows to measure the velocity dispersion of clumps identified in dust emission. We study
the spatial association between clump populations, extracted by use of the GAUSSCLUMPS technique from **CO
(1-0), CO (1-0) line maps and Herschel dust-emission maps of the star-forming region Rosette, and analyse their
physical properties. All CO clumps that overlap with another CO or dust counterpart are found to be gravitationally
bound and located in the massive star-forming filaments of the molecular cloud. They obey a single mass-size relation
M. x R, with v = 3 (implying constant mean density) and display virtually no velocity-size relation. We interpret
their population as low-density structures formed through compression by converging flows and still not evolved
under the influence of self-gravity. The high-mass parts of their clump mass functions are fitted by a power law
dN.l/dlog M, o M), and display a nearly Salpeter slope [' ~ —1.3. On the other hand, clumps extracted from the
dust-emission map exhibit a shallower mass-size relation with v = 2.5 and mass functions with very steep slopes
I' ~ —2.3 even if associated with CO clumps. They trace density peaks of the associated CO clumps at scales of a few
tenths of pc where no single density scaling law should be expected.
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We present a continuum radiative transfer model grid for fitting observed spectral energy distributions (SEDs) of
massive protostars. The model grid is based on the paradigm of core accretion theory for massive star formation with
pre-assembled gravitationally-bound cores as initial conditions. In particular, following the Turbulent Core Model,
initial core properties are set primarily by their mass and the pressure of their ambient clump. We then model the
evolution of the protostar and its surround structures in a self-consistent way. The model grid contains about 9000
SEDs with 4 free parameters: initial core mass, the mean surface density of the environment, the protostellar mass,
and the inclination. The model grid is used to fit observed SEDs via x? minimization, with the foreground extinction
additionally estimated. We demonstrate the fitting process and results using the example of massive protostar G35.20-
0.74. Compared with other SED model grids currently used for massive star formation studies, in our model grid,
the properties of the protostar and its surrounding structures are more physically connected, which reduces the
dimensionality of the parameter spaces and the total number of models. This excludes possible fitting of models that
are physically unrealistic or that are not internally self-consistent in the context of the Turbulent Core Model. Thus,
this model grid serves not only as a fitting tool to estimate properties of massive protostars, but also as a test of core
accretion theory. The SED model grid is publicly released with this paper.

Accepted by ApJ



#302 3

Magnetic fields at the onset of high-mass star formation

Henrik Beuther', Juan Soler!, Wouter Vlemmigs?, Hendrik Linz', Thomas Henning', Rolf Kuiper?,
Ram Rao®*, Rowan Smith®, Takeshi Sakai®, Katharine Johnston’, Andrew Walsh® and Siyi Feng’

! Max Planck Institute for Astronomy, Koenigstuhl 17, 69117 Heidelberg, Germany; ? Department of Earth and
Space Sciences Chalmers University of Technology, Onsala Space Observatory, 439 92, Onsala, Sweden; ® Institute
of Astronomy and Astrophysics, University of Tuebingen, Auf der Morgenstelle 10, 72076, Tuebingen, Germany; *
Academia Sinica Institute of Astronomy and Astrophysics, 645 N. Aohoku Place, Hilo, HI 96720, USA 0000-0002-
1407-7944; ® School of Physics and Astronomy, University of Manchester, Oxford Road, Manchester M13 9PL, UK; ©
Department of Communication Engineering and Informatics, The University of Electro-Communications, Chofugaoka,
Chofu, Tokyo 182-8585, Japan; * School of Physics and Astronomy, University of Leeds, Leeds, LS2 9JT, UK; &
International Centre for Radio Astronomy Research, Curtin University, GPO Box U1987, Perth WA 6845, Australia;
9 Max-Planck-Institut fuer Extraterrestrische Physik, Giessenbachstrasse 1, 85748 Garching, Germany

E-mail contact: beuther af mpia.de

Contezt: The importance of magnetic fields at the onset of star formation related to the early fragmentation and
collapse processes is largely unexplored today.

Aims: We want to understand the magnetic field properties at the earliest evolutionary stages of high-mass star
formation.

Methods: The Atacama Large Millimeter Array is used at 1.3mm wavelength in full polarization mode to study
the polarized emission and by that the magnetic field morphologies and strengths of the high-mass starless region
IRDC 18310-4.

Results: The polarized emission is clearly detected in four sub-cores of the region. In general it shows a smooth
distribution, also along elongated cores. Estimating the magnetic field strength via the Davis-Chandrasekhar-Fermi
method and following a structure function analysis, we find comparably large magnetic field strengths between ~0.6
and 3.7 mG. Comparing the data to spectral line observations, the turbulent-to-magnetic energy ratio is low, indicating
that turbulence does not significantly contribute to the stability of the gas clump. A mass-to-flux ratio around the
critical value 1.0 — depending on column density — indicates that the region starts to collapse which is consistent with
the previous spectral line analysis of the region.

Conclusions: While this high-mass region is collapsing and thus at the verge of star formation, the high magnetic
field values and the smooth spatial structure indicate that the magnetic field is important for the fragmentation and
collapse process. This single case study can only be the starting point for larger sample studies of magnetic fields at
the onset of star formation.
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ABSTRACT

Cl Tau is a young (~2 Myr) classical T Tauri star located in the Taurus star forming region. Radial velocity
observations indicate it hosts a Jupiter-sized planet with an orbital period of approximately 9 days. In this work,
we analyze time series of CI Tau's photometric variability as seen by K2. The lightcurve reveals the stellar rotation

period to be ~6.6 d. Although there is no evidence that CI Tau b transits the host star, a ~9 d signature is also
present in the lightcurve. We believe this is most likely caused by planet-disk interactions which perturb the accretion

flow onto the star, resulting in a periodic modulation of the brightness with the ~ 9 d period of the planet’s orbit.

Keywords: stars: individual (CI Tau) - stars: activity — stars: magnetic field - stars: planet-disk
interactions
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The growth of a planetary core by pebble accretion stops at the so called pebble isolation mass, when the core generates
a pressure bump that traps drifting pebbles outside its orbit. If the isolation mass is very small, then gas accretion
is protracted and the planet remains at a few Earth masses with a mainly solid composition. For larger values of the
pebble isolation mass, the planet might be able to accrete gas from the protoplanetary disc and grow into a gas giant.
Previous works have determined a scaling of the pebble isolation mass with cube of the disc aspect ratio. Here we
expand on previous measurements and explore the dependency of the pebble isolation mass on all relevant parameters
of the protoplanetary disc. We use 3D hydrodynamical simulations to measure the pebble isolation mass and derive a
simple scaling law that captures the dependence on the local disc structure and the turbulent viscosity parameter c.
We find that small pebbles, coupled to the gas, with Stokes number 7+ < 0.005 can drift through the partial gap at
pebble isolation mass. However, as the planetary mass increases, particles must be decreasingly smaller to penetrate
through the pressure bump. Turbulent diffusion of particles, however, can lead to an increase of the pebble isolation
mass by a factor of two, depending on the strength of the background viscosity and on the pebble size. We finally
explore the implications of the new scaling law of the pebble isolation mass on the formation of planetary systems by
numerically integrating the growth and migration pathways of planets in evolving protoplanetary discs. Compared to
models neglecting the dependence of the pebble isolation mass on the -viscosity, our models including this effect result
in larger core masses for giant planets. These larger core masses are more akin to the core masses of the giant planets
in the Solar System.
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