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Outline	
  

•  Background	
  

•  PIC	
  simula4ons	
  

•  Simple	
  theory	
  



Equatorial	
  Spread	
  F	
  

•  Large-­‐scale	
  phenomenon	
  
(plasma	
  bubble)	
  
•  Observed	
  by	
  radars	
  (e.g.	
  
Jicamarca,	
  50	
  MHz)	
  

•  What	
  causes	
  such	
  meter-­‐
scale	
  irregulari4es?	
  

•  Two	
  possibili4es:	
  
	
  Local	
  instability	
  
	
  Nonlinear	
  cascading	
  

	
  
Hysell D. L., J. Atmos. Solar-Terr. 
Phys, 62, 1037 (2000) 

We	
  explore	
  the	
  possibility	
  that	
  large-­‐scale	
  
bubble	
  gradients/electric	
  fields	
  generate	
  
small-­‐scale	
  waves	
  via	
  local	
  instability	
  
	
  



Typical	
  Simula4on	
  Parameters	
  
Common System Parameters 

Common Particle Parameters 

Large electron mass for 
numerical efficiency 

Density is smaller than F-region value  



PIC	
  Simula4ons:	
  Par4cle	
  DriYs	
  

T	
  =	
  500K	
  	
  



PIC	
  Simula4ons:	
  DriY	
  Waves	
  

T	
  =	
  1000K	
  	
  





Density	
  Profiles	
  



Density	
  Spectra	
  

Range of 
Diamagnetic 
Drift Velocities: 

Beginning 
Gradient 

Long Time Gradient 

Lower-hybrid waves (2600 s-1) were not excited in simulation. 

T	
  =	
  1000K	
  	
  



2D Case 3 (T = 250K): Density Spectra 

Range of 
Diamagnetic 
Drift Velocities: 

Beginning 
Gradient 

Long Time Gradient T	
  =	
  250K	
  	
  



Simplified	
  Linear	
  Theory	
  
•  Two-­‐fluid	
  (vs.	
  kine4c)	
  model:	
  	
  	
  
•  Electrosta4c,	
  quasi-­‐neutral	
  perturba4ons:	
  	
  	
  	
  	
  
•  Local	
  wave	
  approxima4on:	
  
•  Collisionless	
  plasma,	
  iner4aless	
  electrons	
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Linear	
  Theory:	
  𝜀=0.01,  k	
  =  10	
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Linear	
  Theory:	
  𝜀=0.075,    k	
  	
  =  10	
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Conclusions	
  

•  First	
  2-­‐D	
  PIC	
  simula4ons	
  of	
  a	
  local	
  nigh`me	
  F-­‐
region	
  plasma	
  density	
  gradient	
  are	
  performed.	
  

•  Meter-­‐size	
  electron	
  density	
  irregulari4es	
  show	
  
up	
  that	
  might	
  be	
  responsible	
  for	
  observed	
  
spread-­‐F	
  radar	
  echoes.	
  

•  Simple	
  analysis	
  supports	
  linear	
  instability	
  
driven	
  by	
  local	
  density	
  gradient	
  and	
  E-­‐field.	
  

•  Work	
  in	
  progress!	
  


