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Outline of this Talk 

�  Part 1: Conditions for MRI 

�  Part 2: Simulations of portion of the PLD 

�  Future Directions 

Drake 2013  



Magneto-rotational Instability 
(MRI) 

�  Requirements: 
�  Magnetic Field Threading Disk 
�  Differential Rotation 
�  Ionization of Disk 



MHD Simulations 



Shearing Box Approximation 

credit: Jake Simon 



Disk Turbulence 

“Channel Flow” 



3D MHD Simulation of MRI 

� Similarities 
�  Initial magnetic 

field B=Bz sin(x) 
� No stratification 

(density change 
with z) 

� Shearing Box 

� Differences 
� PLUTO Code 

(Zeus) 
� Box grid 

dimensions 
�  Ideal E.O.S. 

(Ideal + 
Polytrope) 



Density over time 
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Higher Resolution 



Turbulence over time 
“Channel Flow” 

Turbulence dies with smaller grid 



Future Work 

�  Measure Diffusion following tracers in disk 

�  Different magnetic field configurations and equations of 
state 

�  Run longer simulation to see if turbulence persists 

For instance, with stronger magnetic field… 
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Extra Slides 



Chemistry of PLD 
�  Saha Equation 

�  Assuming Model: T(z) from Ward 2012 and T(r) from 
Thompson and Stevenson 1988 



Visscher & Fegley 2013 



Brugger 2015 Visscher & Fegley 
2013 



Visscher & Fegley 2013 

Re-plotted data 



Certain elements were above 
threshold for ionization to occur 



Digitizing Chemistry Data 



MRI 

perturb initially 
vertical magnetic field

shear leads to 
azimuthal displacement

magnetic tension 
transfers angular 
momentum

fluid elements separate
radially       instability

r



Turbulence snapshots (density) 



Model 



Equations of MHD 


