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Thermal Wave Instability as an Origin of Gap and Ring Structures
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in Protoplanetary Disks

Takahiro Ueda, Mario Flock, Tilman Birnstiel
ABSTRACT

Recent millimeter and infrared observations have shown that gap and ring-like structures are common
in both dust thermal emission and scattered-light of protoplanetary disks. We investigate the impact
of the so-called Thermal Wave Instability (TWI) on the millimeter and infrared scattered-light images
of disks. We perform 1+1D simulations of the TWI and confirm that the TWI operates when the disk
is optically thick enough for stellar light, i.e., small-grain-to-gas mass ratio of 2 0.0001. The mid-plane
temperature varies as the waves propagate and hence gap and ring structures can be seen in both
millimeter and infrared emission. The millimeter substructures can be observed even if the disk is fully
optically thick since it is induced by the temperature variation, while density-induced substructures
would disappear in the optically thick regime. The fractional separation between TWI-induced ring
and gap is Ar/r ~ 0.2-0.4 at ~ 10-50 au, which is comparable to those found by ALMA. Due to
the temperature variation, snow lines of volatile species move radially and multiple snow lines are
observed even for a single species. The wave propagation velocity is as fast as ~ 0.6 au yr—!, which
can be potentially detected with a multi-epoch observation with a time separation of a few years.
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No impact of core-scale magnetic field, turbulence, or velocity
gradient on sizes of protostellar disks in Orion A

Hsi-Wei Yen, Bo Zhao, Patrick M. Koch, Aashish Gupta
ABSTRACT

We compared the sizes and fluxes of a sample of protostellar disks in Orion A measured with the ALMA
0.87 mm continuum data from the VANDAM survey with the physical properties of their ambient environments
on the core scale of 0.6 pc estimated with the GBT GAS NH3; and JCMT SCUPOL polarimetric data. We did
not find any significant dependence of the disk radii and continuum fluxes on a single parameter on the core
scale, such as the non-thermal line width, magnetic field orientation and strength, or magnitude and orientation
of the velocity gradient. Among these parameters, we only found a positive correlation between the magnitude
of the velocity gradient and the non-thermal line width. Thus, the observed velocity gradients are more likely
related to turbulent motion but not large-scale rotation. Our results of no clear dependence of the disk radii on
these parameters are more consistent with the expectation from non-ideal MHD simulations of disk formation
in collapsing cores, where the disk size is self-regulated by magnetic braking and diffusion, compared to other
simulations which only include turbulence and/or a magnetic field misaligned with the rotational axis. There-
fore, our results could hint that the non-ideal MHD effects play a more important role in the disk formation.
Nevertheless, we cannot exclude the influences on the observed disk size distribution by dynamical interaction
in a stellar cluster or amounts of angular momentum on the core scale, which cannot be probed with the current
data.
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