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Motivation
We observed
1 to 3keV Te
by LFEX heating
with magnetic guiding

coil

<«<—— Au cone (Conductor)

B
fast electrons

magnetic field

SEEEN imploded
core

Magnetic guiding of fast electrons is very important in our fast ignition scheme.

... | We will simulate the diffusion of externally applied magnetic field into the
interior of the cone target.

-----------




Summary

In order to simulate the temporal evolution of magnetic field,
we developed Maxwell solver in the cylindrical coordinates.

We have simulated the diffusion of externally applied magnetic field
into the interior of the cone target with 106 S/m.

The surface of the cone can be heated by the eddy current. However
the bulk of the gold wall remains at the temperature lower than 0.4 eV.

Magnetic diffusion time is 0.5ns / 40um thick gold of 105 S/m, which
Is short enough for the fast ignition exp. However, the intensity of
magnetic field inside cone is reduced by the eddy current.

With 104 S/m conductivity, the magnetic field can diffuse so faster and
the intensity of magnetic field inside the cone is comparable to that
outside the cone wall.

We calculated the electrical conductivity of gold in the range from
0.4to 5 eV.



We have developed 2D cylinder Maxwell solver.

r * | A(r, D, 2)
Maxwell equation
0B
VxE = ———
ot
oD
VxH = - J
ot Z
>
D = ¢E axis symmetry
B = uH
Ohm’s law
J = oF J/ Maxwell equation in cylindrical coordinate is solved
T by the directional split method
 uH, [ — B, | 0
\ l‘ 9, pidy O ¢ )
6_0_) | urH, | Z_O_ T_TE(b_
o} 9 [ €Br g Ho ] o[ 0 1 [ —oB -4
a EE(b R a— —Hr —|_8— Hz — _O-Eqb_jéb
| reE, | 1o | Y| —H, | | —rocE.—rj.




Conductivity of gold

108 Isochore for 22709 : gold

gas/plasma
P, T - dependent

10’

10°

m.p.1337.33K

s 104 S/ melting
" b.p. 3120K I

Ce: electrical conductivity (1/ohm-m)

10°
boiling
102

10*

10° 10° 104
Temperature (K)
102 kelvin 103 kelvin 104 kelvin

The conductivity of gold abruptly decreases after the
boiling is reached. This helps the magnetic diffusion.




0=1.0e6 S/m
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4 current
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0 > time
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0=1.0e6 S/m

(Hm)
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magnetic field B(r, z)

— 2D Cylinder with conductor of 1.0e6 S/m
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(Tesla)

Magnetic field (B2, Br) diffuse into the cone
target through 40micron thickness wall
with 106 S/m conductivity.
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magnetic field diffusion ~500ps

400ps

(pm) 100ps ‘ 200ps
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—
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N
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1

400

200
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|BI
7
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Magnetlc diffusion time is 0.5ns / 40um thlckness which is
O\ / - |short enough for the fast ignition exp. However, the intensity
L /[ /2 |of magnetic field inside cone is reduced by the eddy current.

11



0=1.0e6 S/m
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0=1.0e6 S/m

tr eddy current heating
(um)
- Te
800 = 2D Cylinder with conductor of 1.0e6 S/m Time = 0*10ps (eV)
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Surface of the cone can be heated to 1eV by 53333
son the eddy current. However the bulk of gold wall 25004
remains at the temperature lower than 0.1 eV. iy
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0=1.0e4 S/m

magnetic field B(r, z)
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magnetic field diffusion ~60ps

20ps 30ps 40ps
P P P B (I‘, Z)

With 104 S/m conductivity, magnetic diffusion
time through 40micron thick gold is about 60ps.




diffusion term

OB 1
5 =V X (V X B) + —M - V’B + displacement current is omitted.
0 1
fliaght: ¢ = = 2.9979x108 m/s
Speed of light : ¢ —

electrical cbnductivity

traveling time

1 vacuum
At >
\/,LL(E—I—JAt) c=0
metal
>
o =109 S/m
€ << oAt

Actually, the conductivity is not constant.
It is function of density and temperature.

Permeability: uo = 47 X 10~° H/m
Permittivity: €0 = 8.8542 x 10~ '* F/m

C At

L

At |~

oA
Vo diffusion time scale

At=poo L2

estimated simulated

L = 40 micron,
0=105/m ----- > 2ns 600ps

L = 40 micron,
c=104S/m ----- > 20ps 60ps
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Saha equation

n:Ne U: [2TtmekgT

ni_1 Ui, h?

ne electron number density

\4

n; i-fold ionized ion number density

Ui partition function = integral of gn exp(-En/koT)
from ground state to excited one with I,-Al

Il-Eff —[; — Al; effective ionization potential

Ne, No, N1, N2, ....Nz can be solved.

l

conductivity model

EOS (heat capacity) model
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We calculated the electrical conductivity’) of gold
at liquid density and in the 0.4 to 5eV temperature range.

w7 | AV E
] T BN Au ro = 17.31 glem’ 1 Au ro = 17.31 g/em’
RS LA 8 A O A BN A, 4
B ST S o M o I S S ¥ |
e e e R e e a8 o e s w3 28 &2 & e 5 1 M M A 28 e B A A s A sim S St 2222222 5 8 s S E A ’ -
o i ) e o A :
SR ) R ol ) O DR IS TR |
NN CRNS1 O N = O U S— ... 0.8
v. b IR R R Tl W O SRR IR gﬁ ......... d
..................................................................................................................................................... Ii.....
PR S bat st S B et U5t e ol St dndalSadota s il b S il g i § 0.6
N A A R T R O BRI R, SRR P ' S
A N I D Y N ) R T ’ i g
P i i o o o i S s S £
o N (A7 2 TS, (it il Vo0 o R i IR | R o
V < 0-4
0.2 |
o
0.4

Te (eV)

*) Zhijian Fu et al., High Energy Density Physics 9 (2013) 781786



Electrical conductivity of warm dense gold’is governed
by e-I collision

Au ro = 17.31 g/cm

107 .

—
o
G

—
o
o

Electrial conductivity (S/m)
=

—
o
w

—
o
N

*) Zhijian Fu et al., High Energy Density Physics 9 (2013) 781786
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Conductivity of gold

108 Isochore for 22709 : gold

gas/plasma
p, T - dependent

107 e R o

[
o
[+

[
o
[

mp1 33733K - Au ro = 17.31 g/f:mS-

Ce: electrical conductivity (1/ohm-m)

s 104 S/m melting

b.p. 3129K 2

10° ;
2 10°

S

102 g
© 10*

=

10! §
102 10° o 10°

Temperature (K)

l _I_I_I_I_I_I_I_I_l_ 10?

102 kelvin 103 kelvin Te (eV)

04 06 08 1 ‘ 3 5

We will calculate the magnetic diffusion with exact
density and temperature.
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‘ Summary / Conclusion ‘

In order to simulate the temporal evolution of magnetic field,
we developed Maxwell solver in the cylindrical coordinates.

We have simulated the diffusion of externally applied magnetic field
into the interior of the cone target with 105 S/m.

The surface of the cone can be heated by the eddy current. However
the bulk of the gold wall remains at the temperature lower than 0.4 eV.

Magnetic diffusion time is 0.5ns / 40um thick gold of 105 S/m, which
Is short enough for our fast ignition exp. However, the intensity of
magnetic field inside cone is reduced by the eddy current.

With 104 S/m conductivity, the magnetic field can diffuse so faster and
the intensity of magnetic field inside the cone is comparable to that
outside the cone wall.

We calculated the electrical conductivity of gold in the range from
0.4to 5 eV.

We will calculate EOS of warm dense matter and simulate
the magnetic diffusion with hydro-motion in the next step. 23
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