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Overview	
  
•  Background	
  	
  

–  Descrip1on	
  

•  Ques1ons	
  
–  How	
  is	
  CME	
  plasma	
  heated?	
  	
  	
  
–  What	
  observa1onal	
  predic1ons	
  can	
  we	
  make	
  if	
  CMEs	
  were	
  not	
  heated?	
  

•  Goal:	
  Non-­‐equilibrium	
  ioniza1on	
  modeling	
  of	
  CMEs	
  
–  Specifically	
  looking	
  at	
  events	
  from	
  ac1ve	
  regions	
  

•  Methods:	
  
–  Parametric	
  studies	
  (grid	
  genera1on)	
  
–  Influence	
  of	
  one	
  parameter	
  on	
  charge	
  state	
  evolu1ons	
  
–  Visualize	
  results	
  using	
  python	
  	
  

•  Results	
  
–  What	
  did	
  we	
  find..	
  
–  What	
  did	
  we	
  learn..	
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Background	
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•  Coronal	
  Mass	
  ejec1ons	
  (CMEs)	
  
are	
  events	
  that	
  eject	
  magne1c	
  
flux	
  and	
  plasma	
  into	
  space	
  	
  

•  Caused	
  by	
  instability	
  of	
  
coronal	
  magne1c	
  field	
  	
  

•  Wide	
  range	
  of	
  consequences	
  
–  Radio	
  interference	
  
–  Power	
  grid	
  failures	
  
–  Destroying	
  earth	
  
–  Astronaut	
  health	
  

•  These	
  are	
  important	
  to	
  
study!!	
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Important	
  Anomalies:	
  	
  

4	
  

1)	
  Temperature	
  
-­‐  Cools	
  adiaba1cally	
  as	
  plasma	
  expands	
  
-­‐  Heat	
  is	
  added	
  somehow	
  
	
  

2)	
  Ioniza1on	
  
	
  -­‐	
  	
  Begins	
  in	
  equilibrium	
  in	
  lower	
  corona	
  
	
  -­‐	
  	
  Departs	
  from	
  equilibrium	
  upon	
  expansion	
  

X	
  0	
  +	
  heat	
  à	
  X+	
  	
  	
  +	
  	
  e	
  -­‐	
  	
  +	
  energy	
  (heat,	
  light)	
  	
  

Thermodynamic	
  history	
  of	
  the	
  plasma	
  is	
  
encoded	
  within	
  the	
  ioniza7on	
  state	
  
distribu7ons	
  

1.	
  hep://images.tutorcircle.com/cms/images/44/electron-­‐shell-­‐diagram.png	
  



Ques1ons	
  to	
  be	
  Answered	
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•  How	
  can	
  we	
  use	
  non-­‐equilibrium	
  ioniza1on	
  
modeling	
  to	
  diagnose	
  the	
  nature	
  of	
  the	
  plasma?	
  
	
  

•  	
  	
  How	
  are	
  CMEs	
  being	
  heated?	
  

	
  
•  	
  	
  Is	
  there	
  uniform	
  hea1ng	
  all	
  around?	
  



Goal	
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•  Model	
  CMEs	
  using	
  Non-­‐Equilibrium	
  Ioniza1on	
  (NEI)	
  
modeling	
  

	
  
–  Includes	
  radia1ve	
  cooling,	
  but	
  no	
  hea1ng	
  (for	
  now)	
  
–  Serves	
  as	
  baseline	
  study	
  



Methods	
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Reference	
  
Condi1ons	
  
• Ac1ve	
  Regions	
  

Define	
  Ini1al	
  
Parameters	
  

Create	
  
parametric	
  

study	
  
Plot	
  results	
  of	
  
simula1ons	
  

T	
  =	
  106	
  K	
  
	
  

n	
  =	
  108	
  -­‐109	
  cm-­‐3	
  
	
  

Ini1al	
  height	
  =	
  0.1km	
  

Focus	
  on	
  
Temperature	
  and	
  

Density	
  	
  

Temperature	
  
Density	
  

Final	
  Velocity	
  
Accelera1on	
  Timescale	
  
Expansion	
  Exponent	
  	
  



Results	
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  Key	
  Findings:	
  
	
  1)	
  	
  CMEs	
  star1ng	
  with	
  higher	
  plasma	
  density	
  olen	
  show	
  an	
  abundance	
  of	
  

lower	
  charge	
  states	
  above	
  the	
  freeze-­‐in	
  height.	
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  Key	
  Findings:	
  
	
  2)	
  CMEs	
  star1ng	
  from	
  higher	
  temperatures	
  olen	
  show	
  abundance	
  peaks	
  

at	
  charge	
  states	
  with	
  closed	
  electron	
  shells.	
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Key	
  Findings:	
  
	
  3)	
  CMEs	
  with	
  increasing	
  final	
  veloci1es	
  show	
  liele	
  influence	
  over	
  charge	
  

state	
  evolu1ons.	
  



•  Used	
  computa7onal	
  methods	
  to	
  simulate	
  CMEs	
  using	
  Non-­‐Equilibrium	
  
Ioniza7on	
  (NEI)	
  modeling	
  
	
   	
  -­‐	
  Parametric	
  studies	
  
	
   	
  -­‐	
  Visualize	
  results	
  using	
  python	
  

	
  
•  Density	
  and	
  temperature	
  parameters	
  demonstrated	
  the	
  strongest	
  influence	
  

on	
  charge	
  state	
  evolu7on.	
  

•  Increasing	
  final	
  velocity	
  parameters	
  demonstrated	
  a	
  weak	
  influence	
  on	
  
charge	
  state	
  evolu7on	
  for	
  the	
  given	
  condi7on.	
  
	
   	
  	
  

•  Future	
  Work	
  
	
   	
  -­‐	
  Add	
  hea7ng	
  to	
  model	
  
	
   	
  -­‐	
  Compare	
  model	
  predic7ons	
  to	
  observa7ons	
  
	
   	
  -­‐Develop	
  beNer	
  theore7cal	
  predic7ons	
  for	
  hea7ng	
  mechanisms*	
  
	
  

	
  

	
  

Conclusion/Discussion	
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