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MHD-based radiative modeling of polarization 
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In-situ Acceleration:  
regions of (radio) Flat Spectra 
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Magnetically Dominated Corona 

Brief Summary of Key features of jets, 
lobes, and coronae: 
 
1) in-situ acceleration needed; 
2) Volumetric; 
3) Likely magnetically dominated.  
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“Experiment A”: 
Forming Current Sheet 
Self-Consistently and 

Particle Energization 
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What Should We Expect? 
Magne7c:	
  
1) 	
  Cascade	
  
2) 	
  Field	
  Line	
  diffusion	
  
3) 	
  Current	
  sheet	
  forma7on	
  
	
  
How	
  about	
  par7cles?	
  
1)	
  Stochas7c	
  energiza7on	
  

Q:  
Will it produce non-
thermal particles?  
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Hierarchical	
  Current	
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Sheet	
  Proper7es:	
  	
  
1)	
  3D	
  Structures;	
  2)	
  Dynamic;	
  3)	
  not	
  focr-­‐free	
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  et	
  al.	
  2015	
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  et	
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  13,14	
  

Current	
  sheet:	
  3D	
  
Thickness:	
  	
  ~	
  de	
  
Width: 	
   	
  ~	
  10	
  de	
  
Length:	
  	
   	
  ~	
  100	
  de	
  

|JxB|	
  
Non-­‐force-­‐free 



Proper7es:	
  	
  
4)	
  Significant	
  
frac7on	
  of	
  
dissipa7on	
  	
  
in	
  current	
  
sheets	
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Rela7ve	
  strong	
  correla7on	
  	
  
between	
  |J|	
  and	
  |J.E| 
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  et	
  al.	
  2016 

LL Case 
βe	
  =	
  0.02 



E_parallel	
  Dominant LL Case 
βe	
  =	
  0.02 



Sample Particle Trajectories 
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Brief Summary on “Expt A”: 
 
1) Significant particle energization can 

  occur in low-beta (< 0.02) plasmas;  
2) E_parallel associated with (transient) 

  current sheet reconnection seems to 
 be the main acceleration (similar to 
 strong guide field reconnection?) 

3) More work needed to differentiate the 
  relative role of reconnection 
 acceleration and 2nd order Fermi.  



“Experiment B”: 
Thick Current Sheet and 

Particle Energization in MHD  

Thick Sheets:  
1)   tearing is unimportant 
2) Thickness > LV99 sheet 
3) Turbulence injection scale > 

thickness 

High Ec 



What Should We Expect? 

Using the same 
turbulence injection,  
comparing the case 
with and without a 
current sheet,  
Q:  
will we get a different 
amount of energy 
dissipation? 

Beresnyak	
  &	
  Li	
  2013	
  (unpublished) 



More Dissipation with (thick) 
Current Sheet  

Beresnyak	
  &	
  Li	
  2013	
  (unpublished) 

Implication: 
Thick sheets are 
unstable to turbulence 
in ~ 10 Alfven time.  
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Linking	
  Global	
  Energy	
  Conversion	
  with	
  
Par>cle	
  Energy	
  Gain 

Fluid	
  energy	
  conversion: 

Par7cle	
  energy	
  via	
  curvature	
  drio: 
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“Experiment C”: 
Thick Current Sheet and 

Particle Energization in PIC  

Thick Sheets:  
1)   Collisionless tearing is 

unimportant 
2)   Turbulence injection 

scale > thickness 
High Ec 



Ini7al	
  PIC	
  Simula7on	
  Set-­‐up	
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Force-­‐free	
  Harris	
  Current	
  Sheet	
  	
  +	
  	
  3D	
  perturba7ons: 



|J|:	
  3D	
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dB/B0	
  =	
  0.03	
  (pairs) dB/B0	
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  0.1	
  (pairs) 



Higher	
  Perturba7on	
  Enhances	
  
Growth	
  of	
  Tearing 
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Par7cle	
  Distribu7on	
  (dB/B0	
  =	
  0.1,	
  pairs)	
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Curvature	
  Drio	
  Term	
  Important 
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  F.	
  Guo+	
  2015	
  



“Hea7ng”	
  state	
  

Summary 

•  Depending	
  on	
  the	
  “configura7on	
  energy”,	
  
the	
  forma7on,	
  shape,	
  and	
  life7me	
  of	
  
current	
  sheets	
  can	
  vary;	
  this	
  gives	
  different	
  
par7cle	
  energiza7on	
  processes.	
  	
  

•  Hea7ng	
  state:	
  when	
  current	
  sheets	
  are	
  
rela7vely	
  transient,	
  we	
  can	
  get	
  significant	
  
hea7ng;	
  

•  Accelera7on	
  state:	
  when	
  current	
  sheets	
  are	
  
large	
  and	
  long-­‐lived,	
  it	
  is	
  possible	
  to	
  
produce	
  highly	
  non-­‐thermal	
  par7cles	
  via	
  
both	
  1st	
  order	
  Fermi	
  and	
  E_parallel;	
  

•  Much	
  more	
  work	
  is	
  needed	
  to	
  build	
  up	
  this	
  
picture.	
  	
  “Accelera7on”	
  state	
  


