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Forming Disk vs. Magnetic Braking

Potential Solutions:
• Magnetic Fields inclined to 

Angular Momentum Vector
• Turbulence
• Non-ideal MHD

• Ohmic Dissipation
• Ambipolar Diffusion
• Hall Effect
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Questions / Discussion

• What disk properties should be compared?
• size
• inner radius
• scaleheight (as function of radius)
• lifetime
• inclined disks fraction
• …

• What disk properties can be obtained from observations?
• What processes increase the complexity?

• binary disks
• streamers
• feedback
• stellar cluster
• ,,,
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Observations

modeled in the axially symmetric accretion disk via a subgrid
module for alpha-shear viscosity (Mignone et al. 2007; Kuiper
et al. 2010).

The simulation is carried out on a two-dimensional grid in
spherical coordinates assuming axial and midplane symmetry.
The dimension of the computational domain in the radial
direction extends from 3 au up to 0.1 pc. The dimension of the
computational domain in the polar direction extends from 0° at
the rotation/symmetry axis down to 90° at the disk midplane.
To recover the basic morphology of gravitational infall on large
scales and disk formation on smaller scales, a fairly low spatial
resolution is required: the computational domain consists of 56
grid cells in the radial direction and 10 grid cells in the polar
direction; the grid resolution in the radial direction increases
linearly with radius toward the origin of the computation
domain; the width of the grid cells in the radial direction is
identical to the width in the polar direction. At the inner radial
boundary, we adopt a semipermeable wall boundary condition
allowing fluxes out of the computational domain (mimicking
accretion onto the central protostar), but inhibiting fluxes into
the computational domain. At the outer radial boundary, we
adopt a semipermeable wall boundary condition as well as
allowing fluxes out of the computational domain, but inhibiting
fluxes into the computational domain. Zero-gradient boundary
conditions are applied at the boundaries in the radial direction
for gas pressure and magnetic field; the temperature of the
radiation field is fixed to 10 K. In the polar direction, axially
and midplane symmetric boundary conditions are applied at the
upper and lower ends of the computational domain.

The initially supercritical prestellar core collapses under its
own gravity. In the early evolution, the system is dominated by
gravity, and hence leads to radial infall. A high-mass protostar
is formed at the center of the infalling core. Later in the
evolution, a circumstellar disk forms around the protostar, and
the disk grows with time. A magnetically driven, collimated,
high-velocity (>100 km s−1) jet is launched into the bipolar

direction perpendicular to the forming disk. At the simulation
time of 30 kyr after the start of collapse a 17Me protostar has
formed at the center. In the subsequent evolution the
protostellar mass and size of the rotating disk continue to grow.

4. Results

4.1. Morphologies and Kinematics

The main observational results from these polarization
observations are presented in Figure 1. The 1.3 mm dust
continuum Stokes I total intensity is dominated by a massive
dense core at the center. Furthermore, we identify filamentary
structures that lead toward the central core from the south-
western and northeastern directions. The linearly polarized
emission P, shown in the middle panel of Figure 1, exhibits
emission at similar locations to the Stokes I, i.e., strong
emission in the center and an extension toward the northeast
where the main Stokes I filament is also seen.
Even more important are the position angles of the linearly

polarized emission. Assuming that the polarized emission is
produced by dust grains gyrating around a rotation axis that is
aligned with the local magnetic fields (e.g., Lazarian &
Hoang 2007), we rotated all angles by 90° and show these
rotated angles outlining the direction of the magnetic field in all
panels of Figure 1. The morphology of the derived magnetic
field structure is neither uniform nor does it clearly resemble an
hourglass-like structure. However, it is intriguing that this
magnetic field structure is oriented radially toward the center of
the main Stokes I emission peak from almost all azimuthal
directions. This indicates that the magnetic field is dragged
toward the gravitational center of this active star-forming hot
molecular core.
Examining the filamentary emission oriented to the northeast

of the center (toward NE1 and NE2 in Figure 1), the magnetic
field is bent in a U-like shape, also directed radially toward the
center of the main millimeter continuum peak. This U-like

Figure 1. Compilation of the G327.3 continuum and dense gas emission data. The left and central panels present in color the 1.3 mm continuum Stokes I and linearly
polarized P emission, respectively. The contours start at the 3σ levels continuing in 6σ steps up to 42σ, then increasing further in 84σ steps (1σ are 1.5 mJy beam−1

and 50 μJy beam−1 for Stokes I and linearly polarized emission, respectively). The central core (C) and two positions toward the northeast (NE1 and NE2) are marked.
The box in the middle panel shows the zoom region presented in the right panel. There, the color scale presents the first moment (intensity-weighted peak velocity) of
13CH3CN(124–114). The constant-length line segments show in all three panels the magnetic field orientation (polarization angles rotated by 90°) derived from the
linearly polarized continuum data above the 2σ level (independent of the polarization fraction). Linear scale bars are presented in the left and right panels, the
synthesized beam (1 16×0 96) is shown in all panels in the bottom-left corner. The green circle in the right panel outlines the 2″ radius aperture where rotation
appears to distort the magnetic field (see also Section 4.2.1).
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the gas structure (Soler et al. 2013; Soler 2019). These Planck
results are typically interpreted in the strong field regime where
the gas flow follows the magnetic field orientation. Interest-
ingly, our data with the magnetic field structures perpendicular
to dense gas on scales of tens of thousands of au exhibit a
similar observational correlation, just on very different scales
and also because of different physical processes.

On the smallest scales another change of orientation between
dense gas and magnetic field apparently occurs. We propose
that this change then could be associated with the rotational
properties of any potential disk in the inner part of the star-
forming region, also suggested for a few other regions (e.g.,
Girart et al. 2013; Hull et al. 2014; Beltran et al. 2019; Kwon
et al. 2019).
Figure 4 presents qualitative and quantitative results from

MHD cloud collapse simulations where gravity dominates over
magnetic fields (see Section 3 for details on the simulations).
These simulations show field morphologies from a centrally
directed pattern in the outer parts of the cloud core to a more
circular pattern in the inner disk regions, resembling closely the
observed morphology of the magnetic field (Figure 1). On large
scales, radial specific kinetic energies er dominate, and the
magnetic field is dragged into the core’s central region due to
gravity-dominated infall. On the smaller scales of the disk
formation, centrifugal specific energies fe

kin become important,
and the magnetic field topology is transformed in a toroidal
structure (increase of etor

mag ). In the very inner region of the
simulations below 35 au radius (unresolved by our current
observations), the energies are dominated by the specific
poloidal magnetic component epol

mag that is also responsible for
removing angular momentum (strong decrease of fe

kin) and
driving an outflow. The inner regions (below radii of 1000 au)
will also be subject to future even-higher spatial resolution
observations with ALMA.
Comparing our results, in particular the f map (Figure 3),

with the angle distributions found previously by Koch et al.
(2018), we find similarities but also differences. While Koch
et al. (2018) also observe large angles around the central cores
with magnetic field to isophote contours in preferred perpend-
icular orientation, they find toward several cores so-called
“yellow channels” with almost parallel structures between
magnetic field and isophote contours. Such latter “yellow

Figure 3. Angle distribution between Stokes I isophote contours and magnetic
field orientation. Blue colors or large angles f correspond to the magnetic field
and isophote contours almost perpendicular to each other, whereas yellow and
low angle f values correspond to those largely parallel. The black line
segments correspond to the magnetic field orientation, and the red segments to
the orientation of the Stokes I intensity gradient (that is perpendicular to the
isophote contours). The contours are the Stokes I map with contour levels of
0.01, 0.02, 0.03, 0.06, 0.125, and 0.25 Jy beam−1. The beam is shown at the
bottom left, and the dots correspond to the grid where the line segments are
plotted at.

Figure 4. Numerical cloud collapse model. Face-on view of the gas mass density distribution (color) and magnetic field morphology (segments and arrows) in the
midplane. The left image shows a zoom onto the central region at 30 kyr after onset of the gravitational collapse. Blue line segments represent local magnetic field
orientation; the arrows connect them to trajectories/field lines. Details are given in Section 3. The right panel presents the radially averaged energy profiles for the
radial/azimuthal specific kinetic energies ( fe e,r

kin kin) and the poloidal/toroidal specific magnetic energies (e e,pol
mag

tor
mag ), respectively. The vertical lines at 35 and

1250 au mark approximate transition regions.

6

The Astrophysical Journal, 904:168 (8pp), 2020 December 1 Beuther et al.


