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Close-‐up	  of	  that	  brightening	  
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M
odel:	  Karpen	  et	  al.	  2012	  



How	  they	  relate…	  
the	  basic	  picture	  

CME	  

Current	  sheet	  

flare	  



Progress	  of	  a	  flare	  

1.  Release	  of	  magneCc	  energy	  
2.  Downward	  energy	  transport	  

a.  Thermal	  conducCon	  (fluid)	  
b.  Non-‐thermal	  electrons	  (beyond	  fluid)	  

3.  EvaporaCon:	  Loops	  fill	  
4.  Loops	  Cool	  

a.  Thermal	  conducCon	  
b.  RadiaCve	  cooling	  

Flare:	  X-‐ray	  
brightening	  

m
ost	  observaCons	  



magneCc	  energy	  released	  

evaporaCon	  

energy	  
transport	  

Forbes	  &	  Acton	  1996	  

loops	  cool	  



1.	  Energy	  release	  

•  Based	  on	  Lin	  &	  Forbes	  2000	  
•  Fix	  flux	  rope	  (focus	  on	  flare)	  
•  CS	  beneath	  
•  Current	  density	  K(z)	  
•  Integrates	  to	  current	  I 
•  reconnected	  flux	  in	  arcade	  
•  Maps	  to	  chromospheric	  
ribbons	  
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Electrodynamic	  work	  done	  

Φ	  

I	  

E	  ⨉	  L	  =	  dΦ/dt	  

=	  drop	  in	  magneCc	  energy	  
–	  energy	  release	  



AIA	  1600	  A:	  
100,000	  K	  plasma	  
chromospheric	  feet	  

AIA	  171	  A:	  
1,00,000	  K	  plasma	  
coronal	  loops	  



Flux	  measured	  from	  
flare	  ribbons	  
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reconnected flux


reconnection rate


(see Qiu+2002-2010)


Φ(t)	  

W = I dΦ∫ ~ 1
2 I0ΔΦ ~

(ΔΦ)2

8π L
=
(1.5×1021)2

8π ⋅7.5×109
=	  1.2	  ⨉	  1031	  erg	  	  

E	  ⨉	  L	  =	  dΦ/dt	  
	  	  	  	  =	  1010	  V	  



2.	  Energy	  transport	  
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e-‐s	  trapped	  in	  CS?	  

Observed	  by	  RHESSI	  (Lin	  et	  al.)	  
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Yokoyama	  &	  Shibata	  2001	  
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Higher	  density	  corona	  	  
or	  lower	  energy	  e-‐s:	  
All	  thermal	  (fluid)	  



3.	  EvaporaCon	  
z	  

T(z)	  ρ(z)	  

hot	  
106	  K	  

cold	  
104	  K	  From	  Yokoyama	  &	  Shibata	  1998	  



Cheng	  et	  al.	  
1983	  
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Modeling	  evaporaCon	  
Krall	  &	  

AnCochos	  
1980	  
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“condensaCon”	  
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The	  Basic	  Picture	  

T(z)	  

ρ(s)	  
chromosphere	   corona	  

p(z)	  

conducCon	  

TransiCon	  region:	  
density/temperature	  
jump	  @	  constant	  
pressure	  



The	  Basic	  Picture	  
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The	  Basic	  Picture	  

T(z)	  

ρ(s)	  

p(z)	  

TransiCon	  region:	  
pressure	  jump	  @	  
constant	  temperature	  
Riemann	  Problem	  



EvaporaCon	  as	  Riemann	  Problem	  

T(z)	  

ρ(s)	  

p(z)	  

• 	  conducCon	  creates	  uniform	  high	  temp.	  around	  TR	  	  	  
• 	  evaporaCon	  occurs	  @	  constant	  T	  for	  t>0	  	  
	  	  	  Isothermal	  Riemann	  problem	  
• 	  isothermal	  –	  sound	  speed	  a;	  iso-‐T	  Mach	  #:	  	  	  v/a	  =	  M(it)	  
• 	  condensaCon	  shock	  (hypersonic)	  propagates	  down	  	  

t=0	  

Rtr	  

Rtr	  



Riemann’s	  Problem:	  
what	  happens	  when	  the	  dam	  breaks?	  

Riemann	  



Riemann’s	  Problem:	  
what	  happens	  when	  the	  dam	  breaks?	  

IniCal	  	  
disconCnuity	  

v	  
v(x,0)=0	  

x	  

t=0	  



Riemann’s	  Problem:	  
what	  happens	  when	  the	  dam	  breaks?	  
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Fisher,	  Canfield	  &	  
McClymont	  1984	  
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Ce	  =	  0.38	  

SimulaCons	  
from	  the	  past	  



Milligan	  &	  Dennis	  2009	  

Hinode	  EIS	  

RHESSI	  	  
20-‐25	  keV	  

EvaporaCon	  observed	  





AIA	  1600	  A:	  
100,000	  K	  plasma	  
chromospheric	  feet	  

AIA	  171	  A:	  
1,00,000	  K	  plasma	  
coronal	  loops	  

4.	  Loops	  cool	  off	  



•  Energy	  released	  
•  Feet	  brighten	  
•  Loop	  appears	  	  @	  106	  K	  	  	  	  
	  	  	  	  	  	  	  –	  44	  min.	  later	  
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Cooling	  observed	  
6	   3	  T=10	   2	   1	  MK	  

11:32	   12:20	   12:44	  

Fe	  XXI	  
Fe	  XVIII	  

Fe	  XVI	  
Fe	  XIV	  

Fe	  XII	  
Fe	  XI	  



The	  popula)on:	  flare	  staCsCcs	  
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April	  2002	  
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GOES	  

M	   X	  

101.15	  =	  14	  
M-‐flare	  14⨉	  more	  
likely	  than	  X-‐flare	  

1976-‐2003	  



What	  could	  it	  mean?	  

S-‐1.15	  
Solar	  Flares	  

Earthquakes	  



DistribuCons	  as	  a	  forecasCng	  tool	  

Predicted	  
based	  on	  prior	  
power	  law	  

observed	  
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Summary	  
•  A	  Flare	  is	  a	  sudden	  brightening	  of	  the	  enCre	  star	  
(the	  Sun)	  in	  X-‐rays	  

•  Energy	  is	  released	  from	  the	  coronal	  magneCc	  
field	  

•  Non-‐magneCc	  energy	  is	  transported	  downward	  
to	  drive	  chromospheric	  evaporaCon	  	  

	  	  	  	  –	  the	  actual	  ``flare’’	  
•  Loops	  cool	  and	  then	  appear	  in	  various	  EUV	  
images	  

•  Flares	  of	  various	  amplitudes	  appear	  at	  different	  
frequencies:	  larger	  flares	  less	  frequently	  


