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What kind of  objects are we dealing with?

• Plasma and dust accretion  
• Experimental study of  linear 

instability (e.g. Richard and 
Zahn 1999). 

• Linear instability mechanisms 
are not efficient nor reproduce 
the observed astrophysical 
time scales. (Ji et al. 2006) 

• Linear instability of  a stratified 
flow causing turbulence (e.g. 
Klahr and Bodenheimer 2003, 
Urpin 2003). 

• The latter mechanism present 
or inefficient (e.g. Arlt and 
Urpin 2004 …). 



Protoplanetary disk structure  

• Fleming & Stone 2003: MRI occurs only in the upper layers of  the disks. The transport is maintained 
by velocity fluctuations in the center of  the disk. CHANGES THE CONCEPT of  DEAD ZONE 

• Salmeron & Wardle 2003, 2004: hall effect and ambipolar diffusion change the growth of  fluctuations 
at the mid plane, enhancing the transport at the midplane. 

• Mori et al. 2019: the effect of  radiation in the vertical structure of  non ideal coefficients. 
• Faure and Nelson 2015: planet trapping and migration, planet filtering by the transition (dead/

turbulent) surface.



• A setup for a local, non stratified protoplanetary disk to 

study of  the transition between the active and ohmic dead 

zone in the radial direction. 

• The ideal case: saturation and stress tensor, force balance. 

• Saturation, stress tensor and force balance in a simulation 

with a resistivity profile which varies with R. 

• Density accumulation and ring formation in a local system. 

• Do spectral features of  the magnetic field vary in the 

transition between active and resistive domains?

Outline 



• Non isothermal equation of  State (ask Matt Coleman) and 
radiative losses (e.g. Faure et al (2014)).  

• Vertical stratification (Ambipolar diffusion e.g. Desch 
(2004)). 

• The Hall effect (Bai and Stone (2017)) was found to 
respectively enhance or reduce the stresses and wind 
transport, depending on the disk vertical magnetic field 
being aligned or antialigned with respect to the angular 
momentum of  the disk.  

• Disk Chemistry ( see e.g. Ilgner and Nelson (2006) ) 
• Dust grain shape functions (Desch and Turner (2015))

What I will not talk about 



Vertical resistivity profile 

Rem = c2s/⌦⌘ > 104
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Sano et al. 1998 

Fleming et al. 2000

Poloidal field no 
net flux MRI  
activation
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 Hayashi 1981  

⌃CR = 100gcm�2
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Fleming & Stone 2003



The shearing Box: Initial conditions 

t= 0 orbits

Vertical constant weak B  

field along z direction

P (t)⇢(t) = cost

B0z =
p

2P0/�0

�0 = 104

P0 = 1, ⇢0 = 1
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The shearing box equations and the angular  
Momentum transport  
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Hawley, Gammie, Balbus 1995 



Ideal configuration 
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<latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit><latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit><latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit><latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit>

Periodic boundaries in z, shear periodic in x, periodic in y 
 



Stress Tensor 

Normalization and actual calculation. From Shi et al 2015: 

Setup 1:ideal
From, e.g. Stone and Gardiner 2010 

Shear at t=0 in  �
<latexit sha1_base64="FmlZaySNEujpt2nC+4QVUtYJwzs=">AAAB9nicdVDLTgJBEJzFF+IL9ehlIjHxtJndgMKN6MUjJvJIgJDZoYEJs4/M9BrJhl/wqidvxqu/48F/cRcxUaN1qlR1p6vLi5Q0yNiblVtZXVvfyG8WtrZ3dveK+wctE8ZaQFOEKtQdjxtQMoAmSlTQiTRw31PQ9qaXmd++BW1kGNzgLIK+z8eBHEnBMZN60UQOiiVmM7daKbuU2W6F1ZxaSirMqZ2VqWOzBUpkicag+N4bhiL2IUChuDFdh0XYT7hGKRTMC73YQMTFlI+hm9KA+2D6ySLrnJ7EhmNII9BUKroQ4ftGwn1jZr6XTvocJ+a3l4l/ed0YR9V+IoMoRghEdgilgsUhI7RMSwA6lBoQeZYcqAyo4JojgpaUC5GKcdpKIe3j62n6P2m5tsNs57pcql8sm8mTI3JMTolDzkmdXJEGaRJBJuSePJBH6856sp6tl8/RnLXcOSQ/YL1+ACuXkww=</latexit><latexit sha1_base64="FmlZaySNEujpt2nC+4QVUtYJwzs=">AAAB9nicdVDLTgJBEJzFF+IL9ehlIjHxtJndgMKN6MUjJvJIgJDZoYEJs4/M9BrJhl/wqidvxqu/48F/cRcxUaN1qlR1p6vLi5Q0yNiblVtZXVvfyG8WtrZ3dveK+wctE8ZaQFOEKtQdjxtQMoAmSlTQiTRw31PQ9qaXmd++BW1kGNzgLIK+z8eBHEnBMZN60UQOiiVmM7daKbuU2W6F1ZxaSirMqZ2VqWOzBUpkicag+N4bhiL2IUChuDFdh0XYT7hGKRTMC73YQMTFlI+hm9KA+2D6ySLrnJ7EhmNII9BUKroQ4ftGwn1jZr6XTvocJ+a3l4l/ed0YR9V+IoMoRghEdgilgsUhI7RMSwA6lBoQeZYcqAyo4JojgpaUC5GKcdpKIe3j62n6P2m5tsNs57pcql8sm8mTI3JMTolDzkmdXJEGaRJBJuSePJBH6856sp6tl8/RnLXcOSQ/YL1+ACuXkww=</latexit><latexit sha1_base64="FmlZaySNEujpt2nC+4QVUtYJwzs=">AAAB9nicdVDLTgJBEJzFF+IL9ehlIjHxtJndgMKN6MUjJvJIgJDZoYEJs4/M9BrJhl/wqidvxqu/48F/cRcxUaN1qlR1p6vLi5Q0yNiblVtZXVvfyG8WtrZ3dveK+wctE8ZaQFOEKtQdjxtQMoAmSlTQiTRw31PQ9qaXmd++BW1kGNzgLIK+z8eBHEnBMZN60UQOiiVmM7daKbuU2W6F1ZxaSirMqZ2VqWOzBUpkicag+N4bhiL2IUChuDFdh0XYT7hGKRTMC73YQMTFlI+hm9KA+2D6ySLrnJ7EhmNII9BUKroQ4ftGwn1jZr6XTvocJ+a3l4l/ed0YR9V+IoMoRghEdgilgsUhI7RMSwA6lBoQeZYcqAyo4JojgpaUC5GKcdpKIe3j62n6P2m5tsNs57pcql8sm8mTI3JMTolDzkmdXJEGaRJBJuSePJBH6856sp6tl8/RnLXcOSQ/YL1+ACuXkww=</latexit><latexit sha1_base64="FmlZaySNEujpt2nC+4QVUtYJwzs=">AAAB9nicdVDLTgJBEJzFF+IL9ehlIjHxtJndgMKN6MUjJvJIgJDZoYEJs4/M9BrJhl/wqidvxqu/48F/cRcxUaN1qlR1p6vLi5Q0yNiblVtZXVvfyG8WtrZ3dveK+wctE8ZaQFOEKtQdjxtQMoAmSlTQiTRw31PQ9qaXmd++BW1kGNzgLIK+z8eBHEnBMZN60UQOiiVmM7daKbuU2W6F1ZxaSirMqZ2VqWOzBUpkicag+N4bhiL2IUChuDFdh0XYT7hGKRTMC73YQMTFlI+hm9KA+2D6ySLrnJ7EhmNII9BUKroQ4ftGwn1jZr6XTvocJ+a3l4l/ed0YR9V+IoMoRghEdgilgsUhI7RMSwA6lBoQeZYcqAyo4JojgpaUC5GKcdpKIe3j62n6P2m5tsNs57pcql8sm8mTI3JMTolDzkmdXJEGaRJBJuSePJBH6856sp6tl8/RnLXcOSQ/YL1+ACuXkww=</latexit>

q = �1

2

dln⌦2

dlnr
=

3

2
<latexit sha1_base64="qwjK4+EvJwAcu05rRg+x0JCCZR0=">AAACI3icbVDNS8MwHE39nPOr6tFLcAheHO0mKMJg6MWbE9wHrHOkabqFpWlNUmGU/i9e/Fe8eFCGFw/+L6ZbD7r5IPDy3vuR/J4bMSqVZX0ZS8srq2vrhY3i5tb2zq65t9+SYSwwaeKQhaLjIkkY5aSpqGKkEwmCApeRtju6zvz2ExGShvxejSPSC9CAU59ipLTUNy8fa/DU8XyBcGKnSSXNuQcZh85tQAbooZImnr6JFNZyt5ol+2bJKltTwEVi56QEcjT65sTxQhwHhCvMkJRd24pUL0FCUcxIWnRiSSKER2hAuppyFBDZS6Y7pvBYKx70Q6EPV3Cq/p5IUCDlOHB1MkBqKOe9TPzP68bKv+gllEexIhzPHvJjBlUIs8KgRwXBio01QVhQ/VeIh0i3oHStRV2CPb/yImlVyna1XLk7K9Wv8joK4BAcgRNgg3NQBzegAZoAg2fwCt7Bh/FivBkT43MWXTLymQPwB8b3D1UIpBo=</latexit>



Setups 

a = 0.1
<latexit sha1_base64="GnAUD8p8LDvVLBgHJ0LwchPPVGk=">AAAB93icdVDLSgNBEJyNrxhfUY9eBoPgaZkNiZqDEPCitwjGBJIgvZNOHJx9MNMrhOA3eNWTN/Hq53jwX5zECCpap6Kqm66uMNXKkhBvXm5ufmFxKb9cWFldW98obm5d2iQzEpsy0Ylph2BRqxibpEhjOzUIUaixFd6cTPzWLRqrkviCRin2IhjGaqAkkJOacCz84KpYEr4oH1UrZS78clXUgpojVRHUDio88MUUJTZD46r43u0nMoswJqnB2k4gUuqNwZCSGu8K3cxiCvIGhthxNIYIbW88DXvH9zILlPAUDVeaT0X8vjGGyNpRFLrJCOja/vYm4l9eJ6PBUW+s4jQjjOXkECmN00NWGuVaQN5XBolgkhy5irkEA0RoFAcpnZi5Wgquj6+n+f/ksuwHrrzzSql+Nmsmz3bYLttnATtkdXbKGqzJJFPsnj2wR2/kPXnP3svnaM6b7WyzH/BePwCkdZKt</latexit><latexit sha1_base64="GnAUD8p8LDvVLBgHJ0LwchPPVGk=">AAAB93icdVDLSgNBEJyNrxhfUY9eBoPgaZkNiZqDEPCitwjGBJIgvZNOHJx9MNMrhOA3eNWTN/Hq53jwX5zECCpap6Kqm66uMNXKkhBvXm5ufmFxKb9cWFldW98obm5d2iQzEpsy0Ylph2BRqxibpEhjOzUIUaixFd6cTPzWLRqrkviCRin2IhjGaqAkkJOacCz84KpYEr4oH1UrZS78clXUgpojVRHUDio88MUUJTZD46r43u0nMoswJqnB2k4gUuqNwZCSGu8K3cxiCvIGhthxNIYIbW88DXvH9zILlPAUDVeaT0X8vjGGyNpRFLrJCOja/vYm4l9eJ6PBUW+s4jQjjOXkECmN00NWGuVaQN5XBolgkhy5irkEA0RoFAcpnZi5Wgquj6+n+f/ksuwHrrzzSql+Nmsmz3bYLttnATtkdXbKGqzJJFPsnj2wR2/kPXnP3svnaM6b7WyzH/BePwCkdZKt</latexit><latexit sha1_base64="GnAUD8p8LDvVLBgHJ0LwchPPVGk=">AAAB93icdVDLSgNBEJyNrxhfUY9eBoPgaZkNiZqDEPCitwjGBJIgvZNOHJx9MNMrhOA3eNWTN/Hq53jwX5zECCpap6Kqm66uMNXKkhBvXm5ufmFxKb9cWFldW98obm5d2iQzEpsy0Ylph2BRqxibpEhjOzUIUaixFd6cTPzWLRqrkviCRin2IhjGaqAkkJOacCz84KpYEr4oH1UrZS78clXUgpojVRHUDio88MUUJTZD46r43u0nMoswJqnB2k4gUuqNwZCSGu8K3cxiCvIGhthxNIYIbW88DXvH9zILlPAUDVeaT0X8vjGGyNpRFLrJCOja/vYm4l9eJ6PBUW+s4jQjjOXkECmN00NWGuVaQN5XBolgkhy5irkEA0RoFAcpnZi5Wgquj6+n+f/ksuwHrrzzSql+Nmsmz3bYLttnATtkdXbKGqzJJFPsnj2wR2/kPXnP3svnaM6b7WyzH/BePwCkdZKt</latexit><latexit sha1_base64="GnAUD8p8LDvVLBgHJ0LwchPPVGk=">AAAB93icdVDLSgNBEJyNrxhfUY9eBoPgaZkNiZqDEPCitwjGBJIgvZNOHJx9MNMrhOA3eNWTN/Hq53jwX5zECCpap6Kqm66uMNXKkhBvXm5ufmFxKb9cWFldW98obm5d2iQzEpsy0Ylph2BRqxibpEhjOzUIUaixFd6cTPzWLRqrkviCRin2IhjGaqAkkJOacCz84KpYEr4oH1UrZS78clXUgpojVRHUDio88MUUJTZD46r43u0nMoswJqnB2k4gUuqNwZCSGu8K3cxiCvIGhthxNIYIbW88DXvH9zILlPAUDVeaT0X8vjGGyNpRFLrJCOja/vYm4l9eJ6PBUW+s4jQjjOXkECmN00NWGuVaQN5XBolgkhy5irkEA0RoFAcpnZi5Wgquj6+n+f/ksuwHrrzzSql+Nmsmz3bYLttnATtkdXbKGqzJJFPsnj2wR2/kPXnP3svnaM6b7WyzH/BePwCkdZKt</latexit>

Name Nx Ny Nz ⌘ � Lx Ly Lz T [Orbits]
Setup1 256 128 64 0 104 4 4 2 ⇠ 70
Setup2 256 128 64 10�2 104 4 4 2 ⇠ 70
Setup3 256 256 64 10�2 102 4 4 1 ⇠ 25

<latexit sha1_base64="wltpXKe2b+vc2ibQrwW3CxtYx5I="></latexit><latexit sha1_base64="wltpXKe2b+vc2ibQrwW3CxtYx5I="></latexit><latexit sha1_base64="wltpXKe2b+vc2ibQrwW3CxtYx5I="></latexit><latexit sha1_base64="wltpXKe2b+vc2ibQrwW3CxtYx5I="></latexit>

⌘(r) =
⌘0
2
(tanh((r + 1)/a)� tanh((r � 1)/a));

<latexit sha1_base64="CFw4KR8jZaRmBtSDULPoWQgVGK0="></latexit><latexit sha1_base64="CFw4KR8jZaRmBtSDULPoWQgVGK0="></latexit><latexit sha1_base64="CFw4KR8jZaRmBtSDULPoWQgVGK0="></latexit><latexit sha1_base64="CFw4KR8jZaRmBtSDULPoWQgVGK0="></latexit>

⌘0
<latexit sha1_base64="bzNo+/N5NX4WgnVOaqDA8tHw3jI=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCgjKChjJI5CElUbS+bMIp57N1t44UWW75Clqo6BAt/0HBv2CHFJAw1WhmVzs7QaykJc/7dFZW19Y3Nktb5e2d3b199+CwaaPECGyISEWmHYBFJTU2SJLCdmwQwkBhKxjfFH5rgsbKSN/TNMZeCCMth1IA5VLfdbuDoQGRZmkXCfpe1ncrXtWbgS8Tf04qbI563/3qDiKRhKhJKLC243sx9VIwJIXCrNxNLMYgxjDCTk41hGh76Sx5xk8TCxTxGA2Xis9E/L2RQmjtNAzyyRDowS56hfif10loeNVLpY4TQi2KQyQVzg5ZYWReCfKBNEgERXLkUnMBBojQSA5C5GKSd1TO+/AXv18mzfOq71X9u4tK7XreTIkdsxN2xnx2yWrsltVZgwk2YU/smb04j86r8+a8/4yuOPOdI/YHzsc3q1WYQQ==</latexit><latexit sha1_base64="bzNo+/N5NX4WgnVOaqDA8tHw3jI=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCgjKChjJI5CElUbS+bMIp57N1t44UWW75Clqo6BAt/0HBv2CHFJAw1WhmVzs7QaykJc/7dFZW19Y3Nktb5e2d3b199+CwaaPECGyISEWmHYBFJTU2SJLCdmwQwkBhKxjfFH5rgsbKSN/TNMZeCCMth1IA5VLfdbuDoQGRZmkXCfpe1ncrXtWbgS8Tf04qbI563/3qDiKRhKhJKLC243sx9VIwJIXCrNxNLMYgxjDCTk41hGh76Sx5xk8TCxTxGA2Xis9E/L2RQmjtNAzyyRDowS56hfif10loeNVLpY4TQi2KQyQVzg5ZYWReCfKBNEgERXLkUnMBBojQSA5C5GKSd1TO+/AXv18mzfOq71X9u4tK7XreTIkdsxN2xnx2yWrsltVZgwk2YU/smb04j86r8+a8/4yuOPOdI/YHzsc3q1WYQQ==</latexit><latexit sha1_base64="bzNo+/N5NX4WgnVOaqDA8tHw3jI=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCgjKChjJI5CElUbS+bMIp57N1t44UWW75Clqo6BAt/0HBv2CHFJAw1WhmVzs7QaykJc/7dFZW19Y3Nktb5e2d3b199+CwaaPECGyISEWmHYBFJTU2SJLCdmwQwkBhKxjfFH5rgsbKSN/TNMZeCCMth1IA5VLfdbuDoQGRZmkXCfpe1ncrXtWbgS8Tf04qbI563/3qDiKRhKhJKLC243sx9VIwJIXCrNxNLMYgxjDCTk41hGh76Sx5xk8TCxTxGA2Xis9E/L2RQmjtNAzyyRDowS56hfif10loeNVLpY4TQi2KQyQVzg5ZYWReCfKBNEgERXLkUnMBBojQSA5C5GKSd1TO+/AXv18mzfOq71X9u4tK7XreTIkdsxN2xnx2yWrsltVZgwk2YU/smb04j86r8+a8/4yuOPOdI/YHzsc3q1WYQQ==</latexit><latexit sha1_base64="bzNo+/N5NX4WgnVOaqDA8tHw3jI=">AAACBHicbVC7TsNAEDzzDOFloKQ5ESFRRTZCgjKChjJI5CElUbS+bMIp57N1t44UWW75Clqo6BAt/0HBv2CHFJAw1WhmVzs7QaykJc/7dFZW19Y3Nktb5e2d3b199+CwaaPECGyISEWmHYBFJTU2SJLCdmwQwkBhKxjfFH5rgsbKSN/TNMZeCCMth1IA5VLfdbuDoQGRZmkXCfpe1ncrXtWbgS8Tf04qbI563/3qDiKRhKhJKLC243sx9VIwJIXCrNxNLMYgxjDCTk41hGh76Sx5xk8TCxTxGA2Xis9E/L2RQmjtNAzyyRDowS56hfif10loeNVLpY4TQi2KQyQVzg5ZYWReCfKBNEgERXLkUnMBBojQSA5C5GKSd1TO+/AXv18mzfOq71X9u4tK7XreTIkdsxN2xnx2yWrsltVZgwk2YU/smb04j86r8+a8/4yuOPOdI/YHzsc3q1WYQQ==</latexit>

Blaes, Balbus 1994 

⌫c = ↵ini

✓
1 +

↵i

↵a

1� �

�

◆

� =
ni

na + ni

↵ = �v̄
<latexit sha1_base64="jpJVyA/x0EYky3ku6noe9Pj3jIM="></latexit>

⌫c > ⌫epi(r,�, z) = 4⌦2 +
@⌦2

@lnr
<latexit sha1_base64="rmy/xHYwAByzPy7HeUo/lesbsiE="></latexit>

r = 1AU, n = 1013cm�3 ) � = 10�11
<latexit sha1_base64="CemkEx7GmLdk4WhXcJ1rMEcfDi8="></latexit>



⌘ = 10�2
<latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit>

B�
<latexit sha1_base64="cRiC8nxS72F/8EpgFRuD9HJIHjQ="></latexit><latexit sha1_base64="cRiC8nxS72F/8EpgFRuD9HJIHjQ="></latexit><latexit sha1_base64="cRiC8nxS72F/8EpgFRuD9HJIHjQ="></latexit><latexit sha1_base64="cRiC8nxS72F/8EpgFRuD9HJIHjQ="></latexit>

Setup2: Beta=104 

⇥10�1
<latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit><latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit><latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit><latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit>

Bz
<latexit sha1_base64="P/5sotVJb5THqi+GjJByaHJFEMA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjIKDWUQ5CElVrS+bMIp54fu1qBg5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yWXmd+5RGxkGtzSN0PVhHMiRFECpdNMYPA4qVbtm5+CLxClIlRVoDipf/WEoYh8DEgqM6Tl2RG4CmqRQOCv3Y4MRiAmMsZfSAHw0bpJHnfHj2ACFPELNpeK5iL83EvCNmfpeOukD3Zl5LxP/83oxjS7cRAZRTBiI7BBJhfkhI7RMO0A+lBqJIEuOXAZcgAYi1JKDEKkYp6WU0z6c+e8XSfu05tg15/qsWm8UzZTYITtiJ8xh56zOrliTtZhgY/bEntmL9WC9Wm/W+8/oklXsHLA/sD6+Ac9okjg=</latexit><latexit sha1_base64="P/5sotVJb5THqi+GjJByaHJFEMA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjIKDWUQ5CElVrS+bMIp54fu1qBg5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yWXmd+5RGxkGtzSN0PVhHMiRFECpdNMYPA4qVbtm5+CLxClIlRVoDipf/WEoYh8DEgqM6Tl2RG4CmqRQOCv3Y4MRiAmMsZfSAHw0bpJHnfHj2ACFPELNpeK5iL83EvCNmfpeOukD3Zl5LxP/83oxjS7cRAZRTBiI7BBJhfkhI7RMO0A+lBqJIEuOXAZcgAYi1JKDEKkYp6WU0z6c+e8XSfu05tg15/qsWm8UzZTYITtiJ8xh56zOrliTtZhgY/bEntmL9WC9Wm/W+8/oklXsHLA/sD6+Ac9okjg=</latexit><latexit sha1_base64="P/5sotVJb5THqi+GjJByaHJFEMA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjIKDWUQ5CElVrS+bMIp54fu1qBg5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yWXmd+5RGxkGtzSN0PVhHMiRFECpdNMYPA4qVbtm5+CLxClIlRVoDipf/WEoYh8DEgqM6Tl2RG4CmqRQOCv3Y4MRiAmMsZfSAHw0bpJHnfHj2ACFPELNpeK5iL83EvCNmfpeOukD3Zl5LxP/83oxjS7cRAZRTBiI7BBJhfkhI7RMO0A+lBqJIEuOXAZcgAYi1JKDEKkYp6WU0z6c+e8XSfu05tg15/qsWm8UzZTYITtiJ8xh56zOrliTtZhgY/bEntmL9WC9Wm/W+8/oklXsHLA/sD6+Ac9okjg=</latexit><latexit sha1_base64="P/5sotVJb5THqi+GjJByaHJFEMA=">AAAB9XicbVC7TsNAEDzzDOEVoKQ5ESFRRTZCgjIKDWUQ5CElVrS+bMIp54fu1qBg5RNooaJDtHwPBf+CbVxAwlSjmV3t7HiRkoZs+9NaWl5ZXVsvbZQ3t7Z3dit7+20TxlpgS4Qq1F0PDCoZYIskKexGGsH3FHa8yWXmd+5RGxkGtzSN0PVhHMiRFECpdNMYPA4qVbtm5+CLxClIlRVoDipf/WEoYh8DEgqM6Tl2RG4CmqRQOCv3Y4MRiAmMsZfSAHw0bpJHnfHj2ACFPELNpeK5iL83EvCNmfpeOukD3Zl5LxP/83oxjS7cRAZRTBiI7BBJhfkhI7RMO0A+lBqJIEuOXAZcgAYi1JKDEKkYp6WU0z6c+e8XSfu05tg15/qsWm8UzZTYITtiJ8xh56zOrliTtZhgY/bEntmL9WC9Wm/W+8/oklXsHLA/sD6+Ac9okjg=</latexit>⇥10�1

<latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit><latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit><latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit><latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit>

⇢
<latexit sha1_base64="jD6bYPXpikiMfgBnAqF8D+C9toc=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgjKChjJI5CElVnS+bJJTzmfrbo2IovwCLVR0iJbfoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubpa3y9s7u3n7l4LBlo8QIbIpIRaYTcItKamySJIWd2CAPA4XtYHKT+e0HNFZG+p6mMfohH2k5lIJTJvXMOOpXqm7NzcGWiVeQKhRo9CtfvUEkkhA1CcWt7XpuTP6MG5JC4bzcSyzGXEz4CLsp1TxE68/yrHN2mlhOEYvRMKlYLuLvjRkPrZ2GQToZchrbRS8T//O6CQ2v/JnUcUKoRXaIpML8kBVGpiUgG0iDRDxLjkxqJrjhRGgk40KkYpK2Uk778Ba/Xyat85rn1ry7i2r9umimBMdwAmfgwSXU4RYa0AQBY3iCZ3hxHp1X5815/xldcYqdI/gD5+MbzP2SzA==</latexit><latexit sha1_base64="jD6bYPXpikiMfgBnAqF8D+C9toc=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgjKChjJI5CElVnS+bJJTzmfrbo2IovwCLVR0iJbfoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubpa3y9s7u3n7l4LBlo8QIbIpIRaYTcItKamySJIWd2CAPA4XtYHKT+e0HNFZG+p6mMfohH2k5lIJTJvXMOOpXqm7NzcGWiVeQKhRo9CtfvUEkkhA1CcWt7XpuTP6MG5JC4bzcSyzGXEz4CLsp1TxE68/yrHN2mlhOEYvRMKlYLuLvjRkPrZ2GQToZchrbRS8T//O6CQ2v/JnUcUKoRXaIpML8kBVGpiUgG0iDRDxLjkxqJrjhRGgk40KkYpK2Uk778Ba/Xyat85rn1ry7i2r9umimBMdwAmfgwSXU4RYa0AQBY3iCZ3hxHp1X5815/xldcYqdI/gD5+MbzP2SzA==</latexit><latexit sha1_base64="jD6bYPXpikiMfgBnAqF8D+C9toc=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgjKChjJI5CElVnS+bJJTzmfrbo2IovwCLVR0iJbfoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubpa3y9s7u3n7l4LBlo8QIbIpIRaYTcItKamySJIWd2CAPA4XtYHKT+e0HNFZG+p6mMfohH2k5lIJTJvXMOOpXqm7NzcGWiVeQKhRo9CtfvUEkkhA1CcWt7XpuTP6MG5JC4bzcSyzGXEz4CLsp1TxE68/yrHN2mlhOEYvRMKlYLuLvjRkPrZ2GQToZchrbRS8T//O6CQ2v/JnUcUKoRXaIpML8kBVGpiUgG0iDRDxLjkxqJrjhRGgk40KkYpK2Uk778Ba/Xyat85rn1ry7i2r9umimBMdwAmfgwSXU4RYa0AQBY3iCZ3hxHp1X5815/xldcYqdI/gD5+MbzP2SzA==</latexit><latexit sha1_base64="jD6bYPXpikiMfgBnAqF8D+C9toc=">AAAB9nicbVC7TsNAEFzzDOEVoKQ5ESFRRTZCgjKChjJI5CElVnS+bJJTzmfrbo2IovwCLVR0iJbfoeBfsI0LSJhqNLOrnZ0gVtKS6346K6tr6xubpa3y9s7u3n7l4LBlo8QIbIpIRaYTcItKamySJIWd2CAPA4XtYHKT+e0HNFZG+p6mMfohH2k5lIJTJvXMOOpXqm7NzcGWiVeQKhRo9CtfvUEkkhA1CcWt7XpuTP6MG5JC4bzcSyzGXEz4CLsp1TxE68/yrHN2mlhOEYvRMKlYLuLvjRkPrZ2GQToZchrbRS8T//O6CQ2v/JnUcUKoRXaIpML8kBVGpiUgG0iDRDxLjkxqJrjhRGgk40KkYpK2Uk778Ba/Xyat85rn1ry7i2r9umimBMdwAmfgwSXU4RYa0AQBY3iCZ3hxHp1X5815/xldcYqdI/gD5+MbzP2SzA==</latexit>

⇥10�1
<latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit><latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit><latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit><latexit sha1_base64="tqDBhVa/oc03qEgP7JbdXAkk7Ds=">AAACAHicbVC7TsNAEDzzDOEVoKQ5ESHREPkQEpQRNJRBIg8pcaLzZRNOOZ+tuzVSZKXhK2ihokO0/AkF/4JtXEDCVKOZXc3u+JGSFl3301laXlldWy9tlDe3tnd2K3v7LRvGRkBThCo0HZ9bUFJDEyUq6EQGeOAraPuT68xvP4CxMtR3OI3AC/hYy5EUHFOp30MZgKXM7SenbDaoVN2am4MuElaQKinQGFS+esNQxAFoFIpb22VuhF7CDUqhYFbuxRYiLiZ8DN2Uap6GeUl+9Ywex5ZjSCMwVCqai/B7I+GBtdPATycDjvd23svE/7xujKNLL5E6ihG0yIJQKsiDrDAyrQPoUBpA5NnlQKWmghuOCEZSLkQqxmk/5bQPNv/9Immd1ZhbY7fn1fpV0UyJHJIjckIYuSB1ckMapEkEMeSJPJMX59F5dd6c95/RJafYOSB/4Hx8AyA0lj4=</latexit>



2D profiles : resistive vs ideal case, stress tensor 



Ideal configuration: Force balance 



⌘ = 10�2
<latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit>

Setup2: Beta=104, force balance 



Density bump and azimuthal jets

Integrated over  
last 10 orbits

Kato et al. 2012



The viscoresistive corotation theorem

V. C. A. Ferraro, MNRAS, 97, 458 (1937) 

R. Benini et al 2011 EPL 96 19002 

@r = Cr
<latexit sha1_base64="iLVsje0Z5fvALz6duGUjwi8dyug=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTBd0IxW5cVrAP6AxDJs20oZlMSDJCHYq/4saFIm79D3f+jZl2Ftp64MLhnHuTe08oGFXacb6t0srq2vpGebOytb2zu2fvH3RUkkpM2jhhieyFSBFGOWlrqhnpCUlQHDLSDcfN3O8+EKlowu/1RBA/RkNOI4qRNlJgH3kCSU0RCyT0hKLXsAllYFedmjMDXCZuQaqgQCuwv7xBgtOYcI0ZUqrvOkL7Wf4yZmRa8VJFBMJjNCR9QzmKifKz2fZTeGqUAYwSaYprOFN/T2QoVmoSh6YzRnqkFr1c/M/rpzq68jPKRaoJx/OPopRBncA8CjigkmDNJoYgLKnZFeIRkghrE1jFhOAunrxMOvWae16r311UGzdFHGVwDE7AGXDBJWiAW9ACbYDBI3gGr+DNerJerHfrY95asoqZQ/AH1ucPbHmUiw==</latexit>

Axial symmetry

B slowly changing with time!

⌘ = 0 ) ! = !( )
<latexit sha1_base64="Vpxq3iAAUWYxJqTJJ9EvLb+jJcw=">AAACD3icbVA9SwNBEN2L3/ErammzGBRtwp0K2ghBG0sVo0IuhLnNJFmyd3vszikh5B/Y+FdsLBSxtbXz37j5KPx6MMzjvRl250WpkpZ8/9PLTUxOTc/MzuXnFxaXlgsrq1dWZ0ZgRWilzU0EFpVMsEKSFN6kBiGOFF5HnZOBf32LxkqdXFI3xVoMrUQ2pQByUr2wFSLBkc/DC9lqExij73ioY2zB0ahth6mVO/VC0S/5Q/C/JBiTIhvjrF74CBtaZDEmJBRYWw38lGo9MCSFwn4+zCymIDrQwqqjCcRoa73hPX2+6ZQGb2rjKiE+VL9v9CC2thtHbjIGatvf3kD8z6tm1Dys9WSSZoSJGD3UzBQnzQfh8IY0KEh1HQFhpPsrF20wIMhFmHchBL9P/kuudkvBXmn3fL9YPh7HMcvW2QbbZgE7YGV2ys5YhQl2zx7ZM3vxHrwn79V7G43mvPHOGvsB7/0L6Geb8w==</latexit>

Function of  the magnetic flux surface

⌘ = O(1)
<latexit sha1_base64="L95oBXR+o6H4cQpsUw0igXO3/UM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CnoRgl68GcE8MFnC7GQ2GTI7u8z0CiHkL7x4UMSrf+PNv3HyOGhiQUNR1U13V5BIYdB1v53Myura+kZ2M7e1vbO7l98/qJs41YzXWCxj3Qyo4VIoXkOBkjcTzWkUSN4IBjcTv/HEtRGxesBhwv2I9pQIBaNopcc2R3pF7oreaSdfcEvuFGSZeHNSgDmqnfxXuxuzNOIKmaTGtDw3QX9ENQom+TjXTg1PKBvQHm9ZqmjEjT+aXjwmJ1bpkjDWthSSqfp7YkQjY4ZRYDsjin2z6E3E/7xWiuGlPxIqSZErNlsUppJgTCbvk67QnKEcWkKZFvZWwvpUU4Y2pJwNwVt8eZnUyyXvrFS+Py9UrudxZOEIjqEIHlxABW6hCjVgoOAZXuHNMc6L8+58zFozznzmEP7A+fwBvkOPpg==</latexit>

The Ferraro Theorem is valid depending on the order of  

~rI
<latexit sha1_base64="qlwzxoMxhAzBuJbRCQHrJh06+eA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoRW8RzAOyMcxOOsmQ2dllZjYSlvyHFw+KePVfvPk3TpI9aGJBQ1HVTXdXEAuujet+Oyura+sbm7mt/PbO7t5+4eCwrqNEMayxSESqGVCNgkusGW4ENmOFNAwENoLhzdRvjFBpHskHM46xHdK+5D3OqLHSoz9ClvqSBoJOyF2nUHRL7gxkmXgZKUKGaqfw5XcjloQoDRNU65bnxqadUmU4EzjJ+4nGmLIh7WPLUklD1O10dvWEnFqlS3qRsiUNmam/J1Iaaj0OA9sZUjPQi95U/M9rJaZ31U65jBODks0X9RJBTESmEZAuV8iMGFtCmeL2VsIGVFFmbFB5G4K3+PIyqZdL3nmpfH9RrFxnceTgGE7gDDy4hArcQhVqwEDBM7zCm/PkvDjvzse8dcXJZo7gD5zPH0v8kl8=</latexit>



2D profiles : resistive vs ideal case, magnetic field 



Solution of  vr for Prandtl # 1



The line color 
correspond to 
the x1 value 
where the fft 
is calculated 
in the graph 
below 

Setup2: profiles of  v2 ,Beta=104 , ⌘ = 10�2
<latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit>

The line color has no 
meaning 

This is a 1D cut of the 
spatial domain to 

show 
the kinetic energy 
value in real space 

for z=0, y=0. 

This cube of data is at t=47.75[orbits] v^2

-2 -20
x (radius, in unit of thickness of the disk)

How to read the spectra? 

Averaged  between 
t=38.20 [orbits] 

and 
t=47.75 [orbits] 

ky [log]
<latexit sha1_base64="f5P6TNpKVRtrumXd36fSwSWTwyc=">AAAB/nicbVDLSsNAFJ34rPVVdelmsAgupCQi6LLoxmUF+4A0lMn0tg6dTIaZG6GEgl/hVlfuxK2/4sJ/MYlZaOtZHc65l3vuCbUUFl3301laXlldW69sVDe3tnd2a3v7HRsnhkObxzI2vZBZkEJBGwVK6GkDLAoldMPJde53H8BYEas7nGoIIjZWYiQ4w0zqTwbpdNY/9WU8Dga1uttwC9BF4pWkTkq0BrWv/jDmSQQKuWTW+p6rMUiZQcElzKr9xIJmfMLG4GdUsQhskBaZZ/Q4sQxjqsFQIWkhwu+NlEXWTqMwm4wY3tt5Lxf/8/wER5dBKpROEBTPD6GQUByy3IisDKBDYQCR5cmBCkU5MwwRjKCM80xMsnaqWR/e/PeLpHPW8NyGd3teb16VzVTIITkiJ8QjF6RJbkiLtAknmjyRZ/LiPDqvzpvz/jO65JQ7B+QPnI9v4A2WNA==</latexit><latexit sha1_base64="f5P6TNpKVRtrumXd36fSwSWTwyc=">AAAB/nicbVDLSsNAFJ34rPVVdelmsAgupCQi6LLoxmUF+4A0lMn0tg6dTIaZG6GEgl/hVlfuxK2/4sJ/MYlZaOtZHc65l3vuCbUUFl3301laXlldW69sVDe3tnd2a3v7HRsnhkObxzI2vZBZkEJBGwVK6GkDLAoldMPJde53H8BYEas7nGoIIjZWYiQ4w0zqTwbpdNY/9WU8Dga1uttwC9BF4pWkTkq0BrWv/jDmSQQKuWTW+p6rMUiZQcElzKr9xIJmfMLG4GdUsQhskBaZZ/Q4sQxjqsFQIWkhwu+NlEXWTqMwm4wY3tt5Lxf/8/wER5dBKpROEBTPD6GQUByy3IisDKBDYQCR5cmBCkU5MwwRjKCM80xMsnaqWR/e/PeLpHPW8NyGd3teb16VzVTIITkiJ8QjF6RJbkiLtAknmjyRZ/LiPDqvzpvz/jO65JQ7B+QPnI9v4A2WNA==</latexit><latexit sha1_base64="f5P6TNpKVRtrumXd36fSwSWTwyc=">AAAB/nicbVDLSsNAFJ34rPVVdelmsAgupCQi6LLoxmUF+4A0lMn0tg6dTIaZG6GEgl/hVlfuxK2/4sJ/MYlZaOtZHc65l3vuCbUUFl3301laXlldW69sVDe3tnd2a3v7HRsnhkObxzI2vZBZkEJBGwVK6GkDLAoldMPJde53H8BYEas7nGoIIjZWYiQ4w0zqTwbpdNY/9WU8Dga1uttwC9BF4pWkTkq0BrWv/jDmSQQKuWTW+p6rMUiZQcElzKr9xIJmfMLG4GdUsQhskBaZZ/Q4sQxjqsFQIWkhwu+NlEXWTqMwm4wY3tt5Lxf/8/wER5dBKpROEBTPD6GQUByy3IisDKBDYQCR5cmBCkU5MwwRjKCM80xMsnaqWR/e/PeLpHPW8NyGd3teb16VzVTIITkiJ8QjF6RJbkiLtAknmjyRZ/LiPDqvzpvz/jO65JQ7B+QPnI9v4A2WNA==</latexit><latexit sha1_base64="f5P6TNpKVRtrumXd36fSwSWTwyc=">AAAB/nicbVDLSsNAFJ34rPVVdelmsAgupCQi6LLoxmUF+4A0lMn0tg6dTIaZG6GEgl/hVlfuxK2/4sJ/MYlZaOtZHc65l3vuCbUUFl3301laXlldW69sVDe3tnd2a3v7HRsnhkObxzI2vZBZkEJBGwVK6GkDLAoldMPJde53H8BYEas7nGoIIjZWYiQ4w0zqTwbpdNY/9WU8Dga1uttwC9BF4pWkTkq0BrWv/jDmSQQKuWTW+p6rMUiZQcElzKr9xIJmfMLG4GdUsQhskBaZZ/Q4sQxjqsFQIWkhwu+NlEXWTqMwm4wY3tt5Lxf/8/wER5dBKpROEBTPD6GQUByy3IisDKBDYQCR5cmBCkU5MwwRjKCM80xMsnaqWR/e/PeLpHPW8NyGd3teb16VzVTIITkiJ8QjF6RJbkiLtAknmjyRZ/LiPDqvzpvz/jO65JQ7B+QPnI9v4A2WNA==</latexit>
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<latexit sha1_base64="LIVeRY/WxDl9VLjPCPJZqkUlMLc=">AAACD3icbVC7SgNBFJ2NrxhfUcs0g0GIEMJuELQQCdpYRjAPSNZldnITh8w+mLkbiMsWfoJfYauVndj6CRb+i5uYQhNPdTjnXu49xw2l0Gian0ZmaXlldS27ntvY3Nreye/uNXUQKQ4NHshAtV2mQQofGihQQjtUwDxXQssdXk781giUFoF/g+MQbI8NfNEXnGEqOfnC2eg2rialoROPk6NzJ74vY9Itd2QwsJ180ayYU9BFYs1IkcxQd/Jf3V7AIw985JJp3bHMEO2YKRRcQpLrRhpCxodsAJ2U+swDbcfTEAk9jDTDgIagqJB0KsLvjZh5Wo89N530GN7peW8i/ud1Iuyf2rHwwwjB55NDKCRMD2muRNoO0J5QgMgmnwMVPuVMMURQgjLOUzFK68qlfVjz6RdJs1qxzIp1fVysXcyayZICOSAlYpETUiNXpE4ahJMH8kSeyYvxaLwab8b7z2jGmO3skz8wPr4BEj6cNQ==</latexit><latexit sha1_base64="LIVeRY/WxDl9VLjPCPJZqkUlMLc=">AAACD3icbVC7SgNBFJ2NrxhfUcs0g0GIEMJuELQQCdpYRjAPSNZldnITh8w+mLkbiMsWfoJfYauVndj6CRb+i5uYQhNPdTjnXu49xw2l0Gian0ZmaXlldS27ntvY3Nreye/uNXUQKQ4NHshAtV2mQQofGihQQjtUwDxXQssdXk781giUFoF/g+MQbI8NfNEXnGEqOfnC2eg2rialoROPk6NzJ74vY9Itd2QwsJ180ayYU9BFYs1IkcxQd/Jf3V7AIw985JJp3bHMEO2YKRRcQpLrRhpCxodsAJ2U+swDbcfTEAk9jDTDgIagqJB0KsLvjZh5Wo89N530GN7peW8i/ud1Iuyf2rHwwwjB55NDKCRMD2muRNoO0J5QgMgmnwMVPuVMMURQgjLOUzFK68qlfVjz6RdJs1qxzIp1fVysXcyayZICOSAlYpETUiNXpE4ahJMH8kSeyYvxaLwab8b7z2jGmO3skz8wPr4BEj6cNQ==</latexit><latexit sha1_base64="LIVeRY/WxDl9VLjPCPJZqkUlMLc=">AAACD3icbVC7SgNBFJ2NrxhfUcs0g0GIEMJuELQQCdpYRjAPSNZldnITh8w+mLkbiMsWfoJfYauVndj6CRb+i5uYQhNPdTjnXu49xw2l0Gian0ZmaXlldS27ntvY3Nreye/uNXUQKQ4NHshAtV2mQQofGihQQjtUwDxXQssdXk781giUFoF/g+MQbI8NfNEXnGEqOfnC2eg2rialoROPk6NzJ74vY9Itd2QwsJ180ayYU9BFYs1IkcxQd/Jf3V7AIw985JJp3bHMEO2YKRRcQpLrRhpCxodsAJ2U+swDbcfTEAk9jDTDgIagqJB0KsLvjZh5Wo89N530GN7peW8i/ud1Iuyf2rHwwwjB55NDKCRMD2muRNoO0J5QgMgmnwMVPuVMMURQgjLOUzFK68qlfVjz6RdJs1qxzIp1fVysXcyayZICOSAlYpETUiNXpE4ahJMH8kSeyYvxaLwab8b7z2jGmO3skz8wPr4BEj6cNQ==</latexit><latexit sha1_base64="LIVeRY/WxDl9VLjPCPJZqkUlMLc=">AAACD3icbVC7SgNBFJ2NrxhfUcs0g0GIEMJuELQQCdpYRjAPSNZldnITh8w+mLkbiMsWfoJfYauVndj6CRb+i5uYQhNPdTjnXu49xw2l0Gian0ZmaXlldS27ntvY3Nreye/uNXUQKQ4NHshAtV2mQQofGihQQjtUwDxXQssdXk781giUFoF/g+MQbI8NfNEXnGEqOfnC2eg2rialoROPk6NzJ74vY9Itd2QwsJ180ayYU9BFYs1IkcxQd/Jf3V7AIw985JJp3bHMEO2YKRRcQpLrRhpCxodsAJ2U+swDbcfTEAk9jDTDgIagqJB0KsLvjZh5Wo89N530GN7peW8i/ud1Iuyf2rHwwwjB55NDKCRMD2muRNoO0J5QgMgmnwMVPuVMMURQgjLOUzFK68qlfVjz6RdJs1qxzIp1fVysXcyayZICOSAlYpETUiNXpE4ahJMH8kSeyYvxaLwab8b7z2jGmO3skz8wPr4BEj6cNQ==</latexit>

ky=64 

!Frequencies are k= 2*pi/L*n 
While in the grephs, n is shown 



⌘ = 10�2
<latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit>Kin 1D spectra: Beta=104 

Averaged  between 
t=38.20 [orbits] 

and 
t=47.75 [orbits] 

t=38.20 [orbits]
t=47.75 [orbits]

t=38.20 [orbits]

t=47.75 [orbits]

v2

�vx = vx

�vy = vy � v0y

�vz = vz
<latexit sha1_base64="DagmG56MXeusZ9kaKahfxNs1X+c=">AAACK3icbZDLSgNBEEV7fBtfUZduGoPgxjAjQtwIQTcuFYwKmTDUdCqxsedBd01wMuRT/AS/wq2uXCm69D/sxCC+LjRcTlVRXTdMlTTkus/OxOTU9Mzs3HxpYXFpeaW8unZukkwLbIhEJfoyBINKxtggSQovU40QhQovwuujYf2ih9rIJD6jPMVWBN1YdqQAsigo1/w2KgLeC24O7PP90hfILch3ekHh5oPvvG95PyhX3Ko7Ev9rvLGpsLFOgvKb305EFmFMQoExTc9NqVWAJikUDkp+ZjAFcQ1dbFobQ4SmVYwOHPCtzAAlPEXNpeIjiN8nCoiMyaPQdkZAV+Z3bQj/qzUz6uy3ChmnGWEshotIKhwtMkJLmxzyttRIBMOfI5cxF6CBCLXkIISFmY2yZPPwfl//15zvVj236p3uVeqH42Tm2AbbZNvMYzVWZ8fshDWYYLfsnj2wR+fOeXJenNfP1glnPLPOfsh5/wDY9Kea</latexit><latexit sha1_base64="DagmG56MXeusZ9kaKahfxNs1X+c=">AAACK3icbZDLSgNBEEV7fBtfUZduGoPgxjAjQtwIQTcuFYwKmTDUdCqxsedBd01wMuRT/AS/wq2uXCm69D/sxCC+LjRcTlVRXTdMlTTkus/OxOTU9Mzs3HxpYXFpeaW8unZukkwLbIhEJfoyBINKxtggSQovU40QhQovwuujYf2ih9rIJD6jPMVWBN1YdqQAsigo1/w2KgLeC24O7PP90hfILch3ekHh5oPvvG95PyhX3Ko7Ev9rvLGpsLFOgvKb305EFmFMQoExTc9NqVWAJikUDkp+ZjAFcQ1dbFobQ4SmVYwOHPCtzAAlPEXNpeIjiN8nCoiMyaPQdkZAV+Z3bQj/qzUz6uy3ChmnGWEshotIKhwtMkJLmxzyttRIBMOfI5cxF6CBCLXkIISFmY2yZPPwfl//15zvVj236p3uVeqH42Tm2AbbZNvMYzVWZ8fshDWYYLfsnj2wR+fOeXJenNfP1glnPLPOfsh5/wDY9Kea</latexit><latexit sha1_base64="DagmG56MXeusZ9kaKahfxNs1X+c=">AAACK3icbZDLSgNBEEV7fBtfUZduGoPgxjAjQtwIQTcuFYwKmTDUdCqxsedBd01wMuRT/AS/wq2uXCm69D/sxCC+LjRcTlVRXTdMlTTkus/OxOTU9Mzs3HxpYXFpeaW8unZukkwLbIhEJfoyBINKxtggSQovU40QhQovwuujYf2ih9rIJD6jPMVWBN1YdqQAsigo1/w2KgLeC24O7PP90hfILch3ekHh5oPvvG95PyhX3Ko7Ev9rvLGpsLFOgvKb305EFmFMQoExTc9NqVWAJikUDkp+ZjAFcQ1dbFobQ4SmVYwOHPCtzAAlPEXNpeIjiN8nCoiMyaPQdkZAV+Z3bQj/qzUz6uy3ChmnGWEshotIKhwtMkJLmxzyttRIBMOfI5cxF6CBCLXkIISFmY2yZPPwfl//15zvVj236p3uVeqH42Tm2AbbZNvMYzVWZ8fshDWYYLfsnj2wR+fOeXJenNfP1glnPLPOfsh5/wDY9Kea</latexit><latexit sha1_base64="DagmG56MXeusZ9kaKahfxNs1X+c=">AAACK3icbZDLSgNBEEV7fBtfUZduGoPgxjAjQtwIQTcuFYwKmTDUdCqxsedBd01wMuRT/AS/wq2uXCm69D/sxCC+LjRcTlVRXTdMlTTkus/OxOTU9Mzs3HxpYXFpeaW8unZukkwLbIhEJfoyBINKxtggSQovU40QhQovwuujYf2ih9rIJD6jPMVWBN1YdqQAsigo1/w2KgLeC24O7PP90hfILch3ekHh5oPvvG95PyhX3Ko7Ev9rvLGpsLFOgvKb305EFmFMQoExTc9NqVWAJikUDkp+ZjAFcQ1dbFobQ4SmVYwOHPCtzAAlPEXNpeIjiN8nCoiMyaPQdkZAV+Z3bQj/qzUz6uy3ChmnGWEshotIKhwtMkJLmxzyttRIBMOfI5cxF6CBCLXkIISFmY2yZPPwfl//15zvVj236p3uVeqH42Tm2AbbZNvMYzVWZ8fshDWYYLfsnj2wR+fOeXJenNfP1glnPLPOfsh5/wDY9Kea</latexit>

ACTIVE  
LAYERS 

DEAD 
LAYERS 



⌘ = 10�2
<latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit><latexit sha1_base64="OWN8TqghYy2gWysNv44JRLryhHU=">AAAB/nicdVDLSgNBEJyN7/iKevQyGAQvLrNLouYgCF70pmAekETpHTtxcPbBTK8gS8Cv8Konb+LVX/Hgv7iJEVS0TkVVN11dQaKVJSHenMLE5NT0zOxccX5hcWm5tLLasHFqJNZlrGPTCsCiVhHWSZHGVmIQwkBjM7g+HPrNGzRWxdEZ3SbYDaEfqZ6SQLnU6SDBvifOs21/cFEqC1f4e9WKz4XrV0XNq+WkKrzaToV7rhihzMY4uSi9dy5jmYYYkdRgbdsTCXUzMKSkxkGxk1pMQF5DH9s5jSBE281GmQd8M7VAMU/QcKX5SMTvGxmE1t6GQT4ZAl3Z395Q/Mtrp9Tb62YqSlLCSA4PkdI4OmSlUXkZyC+VQSIYJkeuIi7BABEaxUHKXEzzdop5H19P8/9Jw3c94XqnlfLB8biZWbbONtgW89guO2BH7ITVmWQJu2cP7NG5c56cZ+flc7TgjHfW2A84rx/+HpWv</latexit>

Mag 1D spectra: Beta=104 
Averaged  between 

t=38.20 [orbits] 
and 

t=47.75 [orbits] 

t=38.20 [orbits]
t=47.75 [orbits]

t=47.75 [orbits] 
Same as  

t=38.20 [orbits]

ACTIVE  
LAYERS 

DEAD 
LAYERS 



Setup1: 2D Spectra  

B(r = R̄,�, z, t = t̄)
<latexit sha1_base64="ISoH28wM1iq/r2sK6UUorwdDfyU="></latexit><latexit sha1_base64="ISoH28wM1iq/r2sK6UUorwdDfyU="></latexit><latexit sha1_base64="ISoH28wM1iq/r2sK6UUorwdDfyU="></latexit><latexit sha1_base64="ISoH28wM1iq/r2sK6UUorwdDfyU="></latexit>

FFT2(B(r = R̄,�, z, t = t̄)) = F�{Fz{B(r = R̄,�, z, t = t̄)}}
<latexit sha1_base64="hyZcE++itEmobsZvwVXxu8dQGNc="></latexit><latexit sha1_base64="hyZcE++itEmobsZvwVXxu8dQGNc="></latexit><latexit sha1_base64="hyZcE++itEmobsZvwVXxu8dQGNc="></latexit><latexit sha1_base64="hyZcE++itEmobsZvwVXxu8dQGNc="></latexit>

:= B̃(r = R̄, k�, kz, t = t̄)
<latexit sha1_base64="rxtckdMjKoegELKgGXsOJDs1xIU="></latexit><latexit sha1_base64="rxtckdMjKoegELKgGXsOJDs1xIU="></latexit><latexit sha1_base64="rxtckdMjKoegELKgGXsOJDs1xIU="></latexit><latexit sha1_base64="rxtckdMjKoegELKgGXsOJDs1xIU="></latexit>



• Develop the diagnostics for the resistive setup: spectra and 

stress tensors. 

• Is the dead zone affected by wave injection from the 

turbulent zone? 

• How do the dead zone boundaries evolve? 

• How MRI saturation is affected? 

Future work  

• Simulate a resistivity which depends on the temperature. 

• Relax the isothermal conditions to study the 

thermodynamics of  the disk (see Faure et al. 2014) 

Conclusions


