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The 1d flare loop
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/ -0 ¢  Example
. . . . . o = model:

heated in groups of n
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flare as 1 loop

3
-

A

e

2,

|

b
. T derived

i - from GOES .

max(EM) = 2 x 10°° cm3

10" 10" 10% 10%10% 107 107 10 100 1000
EM [ emn’] t [5]



50 100

t | min|

150

200

Real flare

N -5 ! [
E 10 ? 10 i : '; b1
S~ E : ""
= 2 -
v 107" |
Ll
O
O
1077 1k
2000 Z1:00 22:00 Z3:00 ' 100
2011 —Mar-7 ,
!
1
!
v o
} =
[ | ! L
_':.__ ] l::' B 4 = g
= i 11.0 =
— 3 : —
— i L
L =
L
" " .
0.1 1.0 10.0 0 20 4 G0 20 1390 120

EM [ 10% cm?]

t [min]



Solving the 1d problem
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Maxwellian

f.(E) |

fe(E)N&leP(— b

T kT

definesp, u & T

Non-thermal
electrons

|

1. Some process™ adds energy
to subset of es from
Maxwellian — creates NT
tail. Often a power law:

f (E) ~E®

2. Collisions return NT es to
Maxwellian: thermalization.
Adds energy to Maxwellian:
heating h

Q: where does
thermalization occur?
i.e. what is h(s)?

E *acceleration — more later
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Coronal deposition h(S)‘ S\ /
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A Conductive flux
T(x)
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Conductive flux
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Conduction-driven evaporation

T I Tr 1 ¢ 71 1 LA -
1
i transition;region 20
i : 10
|
~
- 40 ]
3 1
r 50 - /
0
L 604 |
- 1
1
1
|
- 1
1
1
o 1
N 1
B 1
- |
- corona
PR
—>
1
rchromosphere
1 ‘a X I PRRE S S S A 1
1 2 3 4 5 8 12

LENGTH (10%em) S

VELOCITY(I0"cm s7)

condensation®

2 s / T T LA S A A A
5040 30 10, 1
=) //m 10 3
0 )lllﬂl A
&0
50
-2 ...f‘
E
40 s
1 >
=
B
-4 20| g
evaporahon
20,
-6 .
- 1 1 1 1 ) T W T |
8 | 2 3 4 5 8 12
LENGTH (10%¢m)

£
£
-
-

T T T T T I T Ty

Al L a4

Lo e nitopo gl oa pagl 4 augr t o4

A 1 1

| I T 1

2 3 4 5
LENGTH(I08cm)

* Another historical term

G86T ledeN g aljsw3



Rarefaction f
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t = 4.2000001 [s]

.............................

Evaporatioin shock (ES)

20 30 40
¥ [ Mm ]




v [ Mm/s ]

t = 0.0000000 [s]

3 100

p [erg/em”]

0.5}

1.5
1.0

0.5

o.0f

0.0
—0.5
1—1.0

10 10

107

llll"'] llllmllllllllllllll llllllllllllll T

1085

pooel ol b bbb b b

1Q°

10*

& 8 8 0 10 20 30 40 50
¥ [ Mm ] ¥ [ Mm ]



Conduction-driven evaporation

_ conduction

chromosphere corona
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Conduction-driven evaporation
_ conduction
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Conduction-driven evaporation
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Riemann Problem
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Evaporation as Riemann Problem

- conduction creates uniform high temp. around TR
* evaporation occurs @ constant T for t>0
Isothermal Riemann problem
« isothermals sound speed a; isdcT Mach #: v/a = M)
e condensationshock (hypersonic)\ropagates down

\ -
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[Mg‘)]2=4R[r exp | —+v3 — M+ 7 )

/
M!D ~2.670 + 1.209 log(R,;/100) [1 +0.126 log(Ry/100)].
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X & Cp 0O
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Comparison to Od model
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] o E.=20 keV:
Chr-spheric deposition chr-spheric
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Chr-spheric deposition
E.=20 keV
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Radiative instability (@ constant n,)

CHIANTI 7.0

unstable

CCJA

T,, 106 107



Chr-spheric deposition
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F..: local heating Fo <F_ : gentle evaporation
exceeds radiation  F; > F_ : explosive evaporation
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Summary

* 1d dynamical evolution better models
dynamics
— Evaporation w/ significant KE
— Chromospheric Energy Deposition by NT e

* Od picture becomes accurate when KE has
subsided — cooling phase



