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Turbulence beats magnetic fields…sometimes. ALMA and AREPO tell the story.
Conclusions. In contrast with models of strong-field star
formation7,8, Ser-emb 8 exhibits neither an hourglass magnetic
field morphology nor a field orientation that is consistent from
large (JCMT) to small (ALMA) scales. Rather, our HRO
comparison shows that the Ser-emb 8 ALMA data are consistent
with the weakly magnetized AREPO simulations. We conclude
that Ser-emb 8 formed in an environment that is dominated not by a
strong magnetic field, but rather by turbulence, highlighting the
important role that turbulence plays across many orders of
magnitude in spatial scale in this distinct, weakly magnetized mode
of star formation.

Ser-emb 8

Multi-scale observations of the magnetic field in the very
young forming star Ser-emb 8. White line segments are the magnetic
field. Grayscale is dust emission. The three panels show the magnetic field
morphology across more than an order of magnitude in spatial scale.
For the curious poster viewer: Ser-emb 8 (RA = 18:29:48.089, DEC = +1:16:43.32) is a very young, “Class 0” protostellar core in
the Serpens Main star-forming region (d = 415 pc). Line segments represent the magnetic field orientation, rotated by 90º
from the dust polarization (the length of each segment is identical, and does not represent any other quantity). Grayscale is
total intensity (Stokes I) thermal dust emission. Panel a shows 870 µm JCMT observations1, b shows 1.3 mm CARMA
observations2, and c shows 870 µm ALMA observations3, revealing the magnetic field morphology with ~10,000, 1000, and
140 AU resolution, respectively. The red and blue arrows indicate the red- and blue-shifted lobes of the bipolar outflow2,4. The
text below each of the panels indicates the physical size of the image.

The Histogram of Relative Orientation (HRO)5,6
shows that the magnetic field in Ser-emb 8 is consistent
with the weakly magnetized AREPO simulations
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HRO of the ALMA data and the AREPO simulations. The HRO
shows whether or not the magnetic field plays a role in forming the structures
we see in the dust and gas. The Ser-emb 8 data and the weakly magnetized
AREPO simulations all have flat HROs, indicating that magnetic fields do not
play a dominant role in shaping the material that ultimately forms the star.
For the curious poster viewer: The calculated HRO relations comprise the PDF of the angle phi between the magnetic field
orientation and the density gradients in the Ser-emb 8 ALMA data (red curve) and the simulated data from the AREPO
simulations within a region of 3000 AU around the source. Ser-emb 8 shows randomly distributed orientations, consistent with
the weak-field simulations with Alfvén Mach numbers >1. The shaded error regions reflect the variation in the multiple lines of
sight used to calculate the HRO of each simulation.

AREPO simulations probing three orders of magnitude in spatial scale,
from the scale of the cloud (left) to the scale of the forming star probed by
ALMA (right). Only in the strongly magnetized simulation (bottom) does the
magnetic field (white line segments) play an obvious role in shaping the starforming material (grayscale).
For the curious poster viewer: The initial mean magnetic field points in the horizontal direction. The initial magnetic field
strengths (listed along the left edge) increase from top to bottom, and correspond to Alfvén Mach numbers of 35 (weakly
magnetized), 3.5, 1.2, and 0.35 (strongly magnetized). The full simulation boxes (left) are 5.2 pc in extent. The center panels
are zoom-ins between JCMT and CARMA scales. The right-hand panels are zoom-ins of cores at ALMA scales.
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