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Introduction: The magnetorotational instability (MRI) 

drives magnetized turbulence in sufficiently ionized regions of 

protoplanetary disks, leading to mass accretion. The dissipation 

of the potential energy associated with this accretion determines 

the thermal structure of regions with active MRI. Until recently, 

the heating from the turbulence has only been treated in an 

azimuthally averaged sense, neglecting local fluctuations. 

However, magnetized turbulence dissipates its energy 

intermittently in current sheet structures. If these structures are 

large and long lived, they will generate local hotspots in their 

disk.  

This Study: We study this intermittent energy dissipation 

using high resolution resistive MHD simulations including a 

treatment of radiative thermal diffusion in an optically thick 

regime [1]. Our models predict that these turbulent current sheets 

drive temperature variations on the same scale as the background 

temperature itself (i.e., by 10-100% of background) even where 

the MRI is damped strongly by Ohmic resistivity. These 

temperature variations are large enough to have major 

consequences for mineral formation in disks, including melting 

chondrules, remelting calcium-aluminum rich inclusions, and 

annealing silicates; and may drive hysteresis: current sheets in 

MRI active regions could be significantly more conductive than 

the remainder of the disk.  In the outer disk, these temperature 

variations will also broaden ice lines, forcing icy grains to 

experience multiple condensation/evaporation cycles. 

Our results imply that the current sheet structures where 

energy dissipation occurs must be well resolved to correctly 

capture the flow structure in numerical models. Higher 

resolutions are required to resolve energy dissipation than to 

resolve the magnetic field strength or accretion stresses.  

Discussion: These models consider only fixed resistivity and 

opacity coefficients. However, they show that current sheets do 

form, are large scale in two dimensions (hence the name “sheet”) 

and live at least on orbital time scales.  Our results indicate that 

the current sheets heat the disk sufficiently to trigger the short 

circuit instability [2,3], which happens when heating increases 

thermal ionization, hence the abundance of free electrons. The 

short-circuit instability drives yet more rapid and localized 

heating, and provides a potent potential mechanism for chondrule 

formation. 
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