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The short-circuit instability focuses current sheets to produce very high temperatures. Current dependence 8 sl i Z s
sheets are a ubiquitous feature of magnetized turbulence. The short-circuit instability occurs on temperature: U % 1014§
when current sheets form in a plasma with strongly temperature dependent ionization, such é o 10135
as the thermally ionized regions of a protoplanetary disk. The figure (above, upper panel) o = o2
shows an example current sheet in a MRI-turbulent simulation. The gray isosurface shows = v/ 1011:

regions with high current density, and the magnetic field lines are colored by azimuthal field
in the upper panel. In the lower panel, the same field lines are colored by plasma beta (the

ratio of magnetic pressure to gas pressure).
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The resulting strong gradients of resistivity dominate
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In the thermally ionized regions of the disk, the short-circuit instability is capable of heating to the temperatures required for thermal processing of chondrules and CAls.
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When including cooling of the gas by
radiation, and using realistic opacity
tables for the temperature dependence of
opacity two classes of short circuit
heating event are seen. In this case, the
decrease in opacity corresponding to the

Above: Space-time plots of a
short circuit event.
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The areas of the disk most susceptible to the Short Circuit instability are
magnetically active regions where the temperature of current sheets can
be sufficient to trigger significant ionization of potassium (>850 K). For
the bulk of the disk lifetime, the most favorable region is just radially
inward of the dead zone, near the midplane.
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Region where Short Circuits may occur

During an FU Ori event or other outburst, the disk may become much
hotter, leading to bursts of wide-spread short-circuit activity over wider
regions of the disk.

Disk during Outburst

Region where Short Circuts may occur
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