National Aeronautics and Space Administration

Powering the Line Emission from Planet-Forming Disks

We show that protostellar disks’ near- and mid-IR molecular line
emission can come from the accretion layer on the disk surface,
where magnetic stresses drive transonic turbulence. The
accretion power is converted to heat in thin current sheets that

we suggest are the source of the line emission.

Motivation

Mid-IR lines of water
and C-bearing
molecules are
widespread among
young low-mass stars
with disks.

Water lines form at

T~500 K at R~1 AU —
hotter than the disk
photosphere.

Spitzr RS cata from
Pontoppidan et al. 2010

Jet Propulsion Laboratory, California Institute of Technology

Japan Agency for Marine-Earth Science and Technology

Turbulence

Stellar X-rays

-
At1AUIn the
Solar nebula

n

Short-Lived

log ¢ (s

+, oma s Glasana 1999)

Radionuclides

 Long:Lived Radionuclides

ionize the disk surface

Stellar X-Rays

Interstellar
Cosmic Rays

Midplane
fonization
s weak!

Near-IR emission from CO in the atmospheres of a few
protostellar disks indicates transonic turbulence.
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A resistive, magnetically inactive dead zone
encloses much of the planet-forming region
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The lines cannot be powered by stellar visible and X-ray
illumination, but can be powered by accretion if turbulent
speeds in the atmosphere approach the sound speed.
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We explore whether the lines form in a disk
atmosphere where turbulent magnetic stresses drive
the accretion flow.

We make the first calculations of protostellar disks”
MRI turbulence to include both the starlight heating
and the stellar X-ray ionization that couples the disk
atmosphere to the magnetic fields.

The domain is a small patch of disk

located 1 AU from a T Tauri star.
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Calculation
Ingredients:

* Magnetic forces drive turbulence.
through the magneto-rotational
nstabilty (MRI)

* The Ohmic resistvity varies
Inversely with the ionization
fraction and can shut off MR,

* Stellar X-ray ionization competes,
with recombination on grains

* Well-mixed 0.1-um grains have
mass fraction 10°,

* Starlight heating is computed by
solving the transfer equation.

* Disk thermal radiation is treated
with fluxlimited diffusion, using
separate temperatures for gas
and radiation,

Turbulent speeds reach the sound speed
in the disk atmosphere
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The turbulent magnetic fields are buoyant
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Starlight and the dissipation of the rising fields together
heat the atmosphere .
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Conclude:

1. Magnetic activity yields a warm transonic turbulent
atmosphere overlying a cold quiescent interior.
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