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Many possible scenarios for the evolution of the disk
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The most stringent limits come from paleomagnetic measurements
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Molecular polarization is a robust probe of magnetic fields
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We detected linearly polarized CO
emission from TW Hya, arising
from the Goldreich-Kylafis effect.
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Zeeman splitting can be detected in total intensity observations
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Not only is this far easier to schedule, this approach still
allows us to infer something about the field morphology.

PLANET FORMATION LAB - MIT EAPS LANKHAAR & TEAGUE (2023)



Radius (au)

TW Hya is threaded by 10mG field 50 100 150 200
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There Is an apparent transition
from a poloidal (vertical) field to a 90
toroidal field at 80au in the disk.
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Tentative evidence of lon-Neutral drift in TW Hya
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An ALMA Large Program
characterizing disk dynamics

Observed 15 sources with high angular and
spectral resolution in order to map the gas
dynamics in unparalleled detaill.
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exoALMA did not find convincing evidence for disk winds
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Variations clearly seen in all disks,
but no evidence for systematic

flows indicative of winds.



SHAKEN OR STIRRED? PROBABLY NEITHER..

exoALMA did not find convincing evidence for large-scale instabilities

No obvious signatures of well-known instabilities were found.

BARRAZA-ALFARO ET AL. (2025)
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exoALMA did find evidence for non-thermal broadening
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With higher spatial resolution and deep observations, the need
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SEE ALSO GUILLOTEAU ET AL.

for a non-thermal broadening component in DM Tau persisted.

HARDIMAN ET AL,
(2012), FLAHERTY ET AL.
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SHAKEN OR STIRRED? PROBABLY NEITHER..

Are we simply probing the wrong spatial scales?

a - Large scale motions
b - non-thermal broadening

C - semi-resolved motions
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Meso-scale fluctuations look more like noise than signal
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SHAKEN OR STIRRED? PROBABLY NEITHER..

Revert back to statistical descriptions?

Velocity structures can be mimicked
with a correlated Gaussian random

fleld. Empirical heuristics allow us to
characterize these sort of structures.
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A set of heuristics allow us to characterize the structure in the noise
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Spatial variations in the size of the
velocity fluctuations may offer an
orthogonal constraint on the
presence of turbulent motions.



The WSU will transform how we look at protoplanetary disks

Current ALMA 0.234 GHz - 30.6 kHz 7.5 GHz
WSU 16 GHz - 13.5 kHz
WSU zoom ~2 GHz - <13.5 kHz 16 GHz
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The Wideband Sensitivity Upgrade will transform our ability to
detect and characterize the magnetic fields which thread disks.
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SUMMARY 5 "' Sy '-\
We are making progress in understand
C A D
s ALMA's spatial and spectral resolution allows for deta o R
the gas dynamics to be made for many systems.. | Bty e
We can measure velocities at the 10 ms™ level across 10 au scal'es R PG
= We are starting to detect and characterize magnetm f Idsg }
‘ :L ..:’5}7\,-(,,. o4 ;.5 ', - ,I.:..\ 3
threading protoplanetary disks. e s
Future upgrades will allow us to drastically expand our sample size.

= As a field we are data rich, prediction poor. —
The transformation in data availability has forced us to confront the smtablllty
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