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Four simple scaling solutions .
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Outline of presentation ) .

= derivation of basic equations
= five regimes of superthermal electron transport:
= free streaming, transient J.E
« J.E
J.E to cold electron collisional drag transition
cold electron collisional drag
diffusive
= applications:
= fast ion generation
= magnetic field generation
= self similar plasma conditions
= E-field transport inhibition
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Starting point for physics

Start with collisional Vlasov equation
oMo - Iy Zoe g, Of
a : o o E. o _ Clf ,f
ot ok T m, v % (fasp)

using Fokker-Planck collision operator
and three species

f, =fy;(v) (ions)
f=fy, (v)+Ve8Ff(v) (cold electrons)
fo =n, g(Q) 8(v —~2T, /m) (hot electrons)
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Full moment equations

cold electron equations

thermoelectric pressure
4— hot-cold electron collisional drag

Ry,

E=——>-VT, (momentum)
o 2e en,
J°E heating
thermal diffusion J hot-cold electron collisional drag heating
3 4T, J> J-R, 31 5T,
5 n, ey —v'(KVTC)+ ;— ry +0,+ 5 Z J-VTC+ i‘ ? v

(energy)

hot electron equations

et %+meuh 0alth+v'(”h“h)) =—Vp—V.Il—-en,E—- ; n::h
(momentum)

irh(fﬁ’l+v.(nhu},)) = —en,E-u, —Q, (ener
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where
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Op=5Tpnp/ 7y
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p=mn;{(v—u,)*3)

(V_“h)2
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Reduced set of equations

NOW assume.
1. n. = constant > ny,
2. Ty > T,

3. J = —J, (quasi-neutrality)

4. up, </ 3Th/me

which gives the following set of 1D equations:
E= (cold electron momentum, Ohm’s law)

o(T,)

3 9T, 9 or. 1 (emu,) 3
2% =g[’<(Tc) ax}f GE'Th) +5mIu/Ta (cold electron energy)

on Z
0=T,—*+emE+ Enhmeuh/Tch (hot electron momentum)

(enhuh )E
81,12

up, < \/3Th/me (hot electron flux limit)

%J,_a_(nhuh):_

ok -n,/7,, (hot electron energy)
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Dimensionless equations

dT. _c2 d (Ts/z JdT, )+(2A)Tc—3/2(nhuh)2 +£Z€nhTh—l/2‘

ot ox\ ° ox
on J 2ANT."? 2 2B, _
—t= __(nhuh) - - (n,,.u,,) —g s
ot ox 3) T, Z
two coupled 1D nonlinear nu, =-T, any, /( BT‘3/2 + AnhT"3/2)
parabolic partial differential ox
equations S up /3T,
" w4+ /3T,
using these variables to scale the quantities:
J
W=l T = om0
C =4 .
b() = 62/T0 1/7’0 = ncbgqu In A 253;\//53/\?”3/2
and boundary conditions:
T (x=0) _dT (x={) _on(x=0) _ 0 s Bl
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Simple scalings 1) ..

thermal diffusion hot-cold electron drag heating

J*E heating

'
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dT. [T )+O(T;3/2)+O[2BnhT;1/2],
A

ot E
adveftion J°E heating drag heating
on, 1 2B .
—t . 0| — |-0| = |- 0| =n,T;** |,
ot L T, Z
hot electron resistivity flux limit
cold electron resistivity l
.| n T5/ .
I ~ mm[ b T,T¥ n,(3T,)" L ]
B
where the density and thermal scale lengths are defined as:
L ~ nh/(é’nh/Bx)
L, ~T./(dT,/ox)




Regimes determined by which terms )
dominate

|| transient JeE JE drag—JeE transition drag diffusion
T, ~ £215 £215 £215 -1 ( Z )'“2 : TH9 219
h 232
T, . s 1/2 1 ,3/5 1 ,3/5 A sl & 12
n (3Th) t Th l Th ; T; (2B2) Th ﬁ
~ 1/2 1 3/5 1,305 e 519 7/9
Ly (371,) "t Tyt Tyt T2 (2B2) %y
_ s v Z ~ Z 1/2 Z 1/2
nh 3T 1/2 T 1 t2/5 (_) T1/2 ¢ 3/5 Z -1/2 Z _1/2
( h) h 2B h 7 Th ) Th
f .~ 0 514 an( Z A 5/6 7 9/14
" (7, /3) () | v | (&
0T, e
8; ~ JE JE drag drag diffusion
onp - - advection advection advection
Z~h .  advection advection vs. drag vs. drag vs. drag
ot
L.~ flux limit  cold electron cold electron hot electron hot electron
" resistivity resistivity resistivity resistivity
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Example solutions ) 2.

for Z =79 and T},/Tp = 10*

TC/TO nh/nc
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Comparison to LASNEX ) .

3 x 10""W/ecm®, T), = 100keV, n, = 0.24gm/cc

ny, (107! /cc)

numerical
| solution




APP: fast ion generation

fast ions €—

viam’iaEivpi

momentum and energy exchange at surface:
1 dp,
—— b= RO
area dt (m0,) (m.v,)
1 . dE - 5 1 dp

area dt area dt

ion velocity from two expressions for ion energy:

n, 5 a
“(mv’)d~|——Ldt~nT,d
Z( ' ') , area dt 278

v; ~ 1
mi me

compare to rate of hot electron production:

dE; /dt (m, [T, v Zm, "
dE,/dt \n \T, m, )

use of ny, scaling gives:
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dE, | dt ~(g)‘” Zm,
dE, /dt) ~— \2 m,

1/2
7,) 1
T, )B*Z /2

]1/10

1ps, 1017W/cm2, 80 keV, Z* = 25 for Au

simple model LASNEX
hydrogen 4 % 4 %
solid gold 12 % 11 %
hydrogen on 18 % 18 %
solid gold
500A




APP: magnetic field generation @

3 X 1017W/Cm2,Th = 100 keV,n. = 0.24gm/cc

[y
)
S}
i
AN
|
T

BL, (MGpum)
S

N numerical
solution
: , 10°+ +
from Maxwell’s equations:
B=—-c¢VxE~CcE/L e
/Ls 107 10° 10 10*
t (psec)

from Ohm'’s law for cold electrons:

E = Bo(AZ In A)(T,/T,) /2
By = e’n. /Ty
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APP: similar plasma conditions %=
o= 1019W/cm2, A = 0.1pm, Tpyise = 1ps, ne = 10%% /cc
from Kruer & Eastbrook: ® I, = 10"°W/cm® A\, = lum, 7, = 100ps, n. = 103 /cc
1027
Th -~ (I)\Q)l/S
given base conditions, find: |
5
Isa)\8_>n877_8 ’8102_
(&)
B IRNE A e
ns — nc 7 >\ 1023__
A\ ! i
Ts — Tpulse 7 1021 I | | | | 10-1 | | | | |
1014 1016 lgIS 1020 1014 f 1616 I 1618 1020
Is(W/cm®) I,(W/cm?)
108ttt

1015_E :

condition I (W/cm?) tpulse (PSec) ne (/cc) Th (keV) 12:: il

A 1016 750 1022 200 Lo 10T s

B 1018 1 1023 200 9 10°F T

e 1019 0.1 1023 1000 B T T

D 1019 1 1026 100 10°1 T

E 1o0b 100 Jp2+ 10 05T T

F 1016 750 1024 200 L €




APP: E-field transport inhibition @&

2% absorption of 3 x 10"°W /em®, 7 = 100 ps, A = 1um, T}, = 14 keV

1022__ I I I 1 I T T e
1019:; solid\/‘ “4 _E
— plasma . -
167 B
l nC7 TC7 Z* — 30 —————— [9 10 EE :E
— Au Ca 100 T
Jo, T i 10107 T
supra thermal electrons 10°L E_ﬁfrlfn;%%igted K
L, =1L for solid i L
n max 4 : I |

gold foil targets of L = 0.25Lma for 0.5 % solid 10, Ly {6 b i o

solid and 0.5% solid T /T

density

L, < min[(3T3)Y%t,(Z/2B*)Y/*T?] = Lyae if E-field inhibited transport

Bond, Hares, Kilkenny, PRL 45, 252 (1980).
Beg et al., Phys. Plasmas 4, 447 (1997). (for 10'° W /cm?)
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