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The	  1d	  flare	  loop	  
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BUT	  a	  real	  flare	  is	  
built	  from	  many	  
diff.	  loops	  –	  	  
each	  evolving	  
independently	  



1000	  loops:	  
•  Ffl	  =	  1011	  erg/s/cm2	  

•  L	  =	  5	  ×	  109	  cm	  	  
•  Ei	  =	  2	  ×	  1028	  erg	  
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Each	  loop:	  

Flare	  as	  1	  loop:	  

Example	  
model:	  

heated	  in	  groups	  of	  n	  

n(t)	  has	  decaying	  
envelope	  

n=26	   Hori	  et	  al.	  1997,	  
Warren	  et	  al.	  2002,	  	  
Reeves	  &	  Warren	  
2002,	  Qiu	  et	  al.	  2012,	  
2013,	  …	  

E	  =	  	  2	  ×	  1031	  erg	  



GOES	  

F1−8 ≈ 4×10
−5 W
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E30
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Flare	  as	  1	  loop:	  

flare	  as	  1	  loop	  

1000	  loop	  composite	  
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flare	  as	  1	  loop	  

max(EM)	  =	  2	  ×	  1050	  cm3	  	  
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Solving	  the	  1d	  problem	  
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Source	  of	  flare	  energy:	  
heat	  originaMng	  in	  
magneMc	  energy,	  
kineMc	  energy,	  or	  	  
non-‐thermal	  electrons	  
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Petschek	  reconnecAon:	  	  
•  converts	  magneMc	  
energy	  to	  kineMc	  
energy	  of	  ouglow	  

•  shocks	  convert	  KE	  	  
	  to	  heat	  
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1.   Some	  process*	  adds	  energy	  
to	  subset	  of	  	  e-‐s	  from	  
Maxwellian	  —	  	  creates	  NT	  
tail.	  	  Ojen	  a	  power	  law:	  	  	  	  
	   	  	  fe(E)	  ∼	  E-‐δ	  

2.   Collisions	  return	  NT	  e-‐s	  to	  
Maxwellian:	  thermalizaAon.	  	  
Adds	  energy	  to	  Maxwellian:	  
heaMng	  h	  
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Maxwellian	  

E-‐δ	


defines	  ρ,	  u	  &	  T	  

Non-‐thermal	  
electrons	  

*acceleraMon	  –	  more	  later	  

1	  

Q:	  where	  does	  
thermalizaMon	  occur?	  	  
i.e.	  what	  is	  h(s)?	  
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Ec	  =	  3	  keV	  

Q:	  where	  does	  
thermalizaMon	  occur?	  
A:	  Where	  the	  e-‐s	  stop	  
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spectrum	  



Ec=	  10	  keV	  
beam	  

ring	  

isotropic	  

Ffl=1011	  erg	  cm-‐2	  s-‐1	  
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Coronal	  deposiMon	  

Fc	  

Fc	  

ReconnecMon,	  or	  small	  Ec,	  
or	  large	  δ, or	  small µ0	
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IF	  gradient	  is	  shallow	  	  
or	  m.f.p.	  is	  small	  
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Fourier’s	  law	  –	  
classical	  heat	  flux	  

Fc	  
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e-‐s	  :	  smallest	  m	  	  
most	  heat	  flux	  

κ =	  κ0 T5/2	  	  [erg	  cm-‐2	  s-‐1	  K-‐1]	


	  κ0 ≃	  10-‐6	  erg	  cm-‐2	  s-‐1	  K-‐7/2	  	


ConducAve	  flux	  
Fc = 3

2 nvkb T+ −T−( )

Fc ≈ − 3
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∂T
∂xRutherford	  scavering	  
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nv	  parMcle	  flux:	  
same	  both	  
direcMons	  
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(3/2)	  nv	  kbT-‐	  

energy	  flux:	  
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Free-‐streaming	  
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=Ffs	  

Fc	  
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vf	  
energy	  flux	  
from	  flare:	  Ffl	  
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Ffl	  =	  1.2	  ×	  1010	  	  erg	  cm-‐2	  s-‐1	  
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= 2.8×107K

ne	  =	  109	  	  cm-‐3	  at	  first	  

7	  Mm/s	   7	  Mm/s	  

Longcope	  &	  Klimchuk	  2015	  
heat	  front	  reaches	  TR	  in	  ~	  3	  sec.	  
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evaporaMon	  

condensaMon*	  

chromosphere	  

s	  

transiMon	  region	  

corona	  

ConducMon-‐driven	  evaporaMon	  

*	  Another	  historical	  term	  



EvaporaMon	  

EvaporaMon	  shock	  (ES)	  
RarefacMon	  	  
Wave	  (RW)	  

CondensaMon	  
shock	  (CS)	  



EvaporaMon	  



ConducMon-‐driven	  evaporaMon	  

T(z)	  

ρ(s)	  
chromosphere	   corona	  

p(z)	  

conducMon	  

TransiMon	  region:	  
density/temperature	  
jump	  @	  constant	  
pressure	  



T(z)	  

ρ(s)	  
chromosphere	   corona	  

p(z)	  

conducMon	  

T(z)	  

ρ(s)	  

p(z)	  

ConducMon-‐driven	  evaporaMon	  



T(z)	  

ρ(s)	  

p(z)	  

TransiMon	  region:	  
pressure	  jump	  @	  
constant	  temperature	  
Riemann	  Problem	  

ConducMon-‐driven	  evaporaMon	  



EvaporaMon	  as	  Riemann	  Problem	  

T(z)	  

ρ(s)	  

p(z)	  

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

t=0	  

Rtr	  

Rtr	  
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RarefacMon	  	  
Wave	  (RW):	  

CondensaMon	  
shock	  (CS):	  
(hypersonic)	  



Fisher,	  Canfield	  &	  
McClymont	  1984	  
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Ce	  =	  0.38	  

SimulaMons	  
from	  the	  past	  





Comparison	  to	  0d	  model	  

ET	  

EK	  

Etot	  

equilibrium	  heaMng	   evap	  



<T>	  

Tpk	  

equilibrium	  

equilib.	  

EBTEL	  

dynamic	  

evap	  



Ec=	  

Nc	  =	  5.6	  ×	  1019	  cm-‐2	  

E0	  Ec	  

F(E0)	  

E-‐δ	


µ0	  =	  1	  

Ec	  =	  20	  keV:	  
chr-‐spheric	  
deposiMon	  

h ~ Ffl (t)
ne(s)
µ0Nc

N
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Ffl=1011	  erg	  cm-‐2	  s-‐1	  

Chr-‐spheric	  deposiMon	  



Chr-‐spheric	  deposiMon	  

Nc	  

ne2Λ(T)	  

ne2	  max(Λ)	  

chr	  

Ffl	  =	  3	  ×	  10
11	  

Ffl	  =	  3	  ×	  10
10	  

Ec=	  20	  keV	  
δ	  =	  4	  

beamed:	  
<µ0>	  =	  1	  
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max(Λ)	  

unstable	  stable	  

RadiaMve	  instability	  (@	  constant	  ne)	  

Λ
(T
)	  

104	  K	   105	   106	   107	   108	  TΛm	  



Ec=	  20	  keV	  

E0	  Ec	  

F(
E 0
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Ffl	  <	  Fcr	  :	  gentle	  evaporaMon	  
Ffl	  >	  Fcr	  :	  explosive	  evaporaMon	  

Fcr ≈
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Summary	  
•  1d	  dynamical	  evoluMon	  bever	  models	  
dynamics	  
– EvaporaMon	  w/	  significant	  KE	  
– Chromospheric	  Energy	  DeposiMon	  by	  NT	  e-‐	  

•  0d	  picture	  becomes	  accurate	  when	  KE	  has	  
subsided	  –	  cooling	  phase	  


