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Plasma processes in Accretion Disk	

Courtesy	  of	  Kato	

Magneto-‐Rota&onal	  Instability	  	  (MRI)	  
Velikov	  1958,	  Chandrasekhar	  1961,	  Balbus	  &	  Hawly	  1991	



Magneto-Rotational Instability (MRI)	

Balbus	  and	  Hawley,	  1998	  weak	  magne&c	  field	  (β>>1)	  à	  β	  =	  1-‐10	  
dynamo	  process	

MHD	  simula&on	B-‐lines	



Collisionless Accretion Disk? 
	  
– Massive black hole (Sgr A*) 
–  Radia&vely	  Inefficient	  Accre&on	  Flow	  (RIAF)	  
– Accre&on	  rate	  much	  smaller	  than	  the	  Bondi	  rate	  of	  
10-‐5M*/yr	  	  à	  net	  accre&on	  rate	  10-‐8M*/yr	  	  

–  thermal	  and	  nonthermal	  electrons	  (X-‐ray	  flare	  by	  
observed	  Chandra	  &	  XMM-‐Newton),	  power	  law	  index	  
p~1.3	  <	  2	  

à Kine&c	  Magneto-‐Rota&onal	  Instability	  (MRI)	  and	  
par&cle	  accelera&on	  

	  	  	  	  	



“Collisionless”	  MRI	
MHD	  +	  Landau	  Fluid	  Approx.	

(Quataert+,	  ApJ,	  2002;	  Sharma+,	  ApJ,	  2006)	

Coupling	  to	  Mirror	  mode	

MRI	

Growth	  rate	  of	  MRI	



β=100,	  Kepler	  rota&on	  Ω	  
256x256x256	  grids	  	  40	  par&cles/cell,	  
periodic	  shearing	  box,	  	  
electron-‐positron	  plasma	  	  	  	

MRI and Reconnection in PIC simulation 	

B	

green:	  magne&c	  field	  lines	  
color	  contour:	  angular	  velocity	  



color	  contour:	  angular	  velocity	  
green:	  B-‐lines	  



2D-‐PIC	  simula&on	

Kepler	  rota&on	  Ω,	  	  	  Ω/	  Ωc	  =0.1,	  
gyro-‐radius	  Vi/	  Ωc	  =1.7x102	  at	  t=0	  	  
β=20000,	  	  	  200x200	  grids	  	  8000	  par&cles/cell,	  
periodic	  box	  in	  meridian	  plane,	  	  	  electron-‐positron	  plasma	  	  	  	
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Onset	  of	  Reconnec&on	

Laval	  and	  Pellat	  (1968),	  Chen	  and	  Palmadesso	  (1984)	  

Before	  Reconnec&on	   Aqer	  onset	  of	  Reconnec&on	  

Growth	  rate	  of	  tearing	  mode	  is	  enhanced	  for	  T⊥>	  T//	  
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high	  energe&c	  par&cles	  (γ>20)	  are	  
located	  outside	  magne&c	  islands	

middle	  energe&c	  par&cles	  (γ>5)	  are	  
located	  at	  outer	  edge	  of	  islands	

thermal	  plasma	  is	  confined	  
inside	  magne&c	  islands	
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2nd	  order	  Accelera&on	

Fermi,	  Phys.	  Rev.	  (1949)	
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1st	  order	  Accelera&on	

MH,	  PRL	  (2012)	  	  

Fermi acceleration in magnetic islands	



Summary	

•  Collisionless	  Magneto-‐Rota&onal	  Instability	  
	  
–  T⊥>	  T//	  during	  MRI	  evolu&on	  
–  Enhanced	  Reconnec&on	  due	  to	  T⊥>	  T//	  	  
	  
–  X-‐type	  accelera&on	  in	  a	  stretched	  magne&c	  field	  due	  
to	  MRI	  channel	  flow	  

– Hard	  energy	  spectrum	  with	  N(E)∝E-‐1.3	  	  (in	  2d	  PIC	  
simula&on)	  	  

– More	  par&cle	  accelera&on	  by	  mul&ple	  magne&c	  island	  
reconnec&on	  in	  a	  large	  scale	  system	  	


