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What	
  is	
  a	
  solar	
  flare?	
  
A	
  member	
  of	
  a	
  popula9on	
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What	
  is	
  a	
  solar	
  flare?	
  





AIA	
  1600	
  A:	
  
100,000	
  K	
  plasma	
  

Chromospheric/TR	
  feet	
  

AIA	
  171	
  A:	
  
1,00,000	
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  plasma	
  
coronal	
  loops	
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  is	
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  flare?	
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How	
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  model	
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1.	
  magne9c	
  
energy	
  released	
  

3.	
  evapora9on	
  

2.	
  energy	
  
transport	
  

Forbes	
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  Acton	
  1996	
  

4.	
  loops	
  cool	
  

CSHKP*:	
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standard	
  model	
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  big	
  erup9ve	
  flares)	
  

*Carmichael	
  1964,	
  Sturrock	
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Progress	
  of	
  a	
  flare	
  

0.	
  	
  	
  Storage	
  of	
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  energy	
  
1.  Release	
  of	
  stored	
  energy	
  
2.  Downward	
  energy	
  transport	
  

a.  Thermal	
  conduc9on	
  (fluid)	
  
b.  Non-­‐thermal	
  electrons	
  (beyond	
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  fill	
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1.  Energy	
  release	
  
	
  
•  MHD	
  –	
  large	
  

scale,	
  slow	
  
evolu9on	
  (>	
  msec)	
  

•  Instability	
  
•  Reconnec9on	
  

β  <<   1	



 focus	
  on	
  
magne9c	
  field	
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Ques9ons	
  to	
  address	
  

•  What	
  is	
  the	
  nature	
  of	
  the	
  MHD	
  instability	
  
driving	
  a	
  CME?	
  

•  How	
  does	
  magne9c	
  energy	
  get	
  released?	
  
– What	
  triggers	
  the	
  release?	
  
– What	
  roles	
  is	
  played	
  by	
  magne9c	
  reconnec9on?	
  

•  Into	
  which	
  other	
  forms	
  is	
  the	
  magne9c	
  energy	
  
converted?	
  	
  How?	
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  ribbons	
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3.	
  Evapora9on	
  

From	
  Yokoyama	
  &	
  Shibata	
  1998	
  



Cheng	
  et	
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1983	
  

Modeling	
  loops	
  

Krall	
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  An9ochos	
  1980	
  s	
  

H(s)	
  

H(s)	
  

1d	
  gas-­‐dynamics	
  

energy	
  input	
  (i.e.	
  1	
  &	
  2)	
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Observing	
  loops	
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•  Energy	
  released	
  
•  Feet	
  brighten	
  
•  Loop	
  appears	
  	
  @	
  106	
  K	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  –	
  44	
  min.	
  later	
  

4.	
  Loops	
  cool	
  off	
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Cooling	
  observed	
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2.	
  Energy	
  transport	
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How	
  do	
  we	
  “see”	
  50	
  keV	
  e-­‐s?	
  
1.	
  From	
  ~	
  50	
  keV	
  photons	
  they	
  emit:	
  	
  hard	
  X-­‐rays	
  

2.	
  From	
  plasma	
  waves	
  they	
  create:	
  
	
  µ-­‐waves	
  and	
  radio	
  waves	
  

50-­‐75	
  keV	
  

17	
  GHz	
  

34	
  GHz	
  

Kuroda	
  et	
  al.	
  2015	
  



e-­‐s	
  trapped	
  in	
  CS?	
  

Observed	
  by	
  RHESSI	
  (Lin	
  et	
  al.)	
  



Modeling	
  the	
  e-­‐	
  popula9on	
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µ = cosθ f (s,µ, p, t)dsdµ dp

s	
  

=	
  #	
  e-­‐s	
  in	
  volume	
  of	
  	
  
(s,µ,p)	
  space	
  

Fokker-­‐Planck	
  equa9on:	
  

f (µ, p)~e− p
2 /2mkT

NB:	
  Maxwellian	
  



Petrosian	
  2012	
  



Next	
  

•  CME/Flare	
  consists	
  of	
  4	
  things:	
  	
  
	
  erg.	
  release,	
  erg.	
  Xport,	
  evapora9on,	
  loop	
  cooling	
  	
  

•  Involve	
  different	
  elements	
  of	
  Physics:	
  
	
  	
  	
  	
  Fluids	
  (MHD),	
  radia9on,	
  kine9c	
  theory	
  

•  Will	
  cover	
  all	
  4	
  in	
  this	
  course	
  –	
  out	
  of	
  order	
  

Summary	
  

Physics	
  of	
  erup9on:	
  MHD	
  instabili9es	
  


