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Two velocity component of ions in laser produced plasma
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Radiation Hydro Simulation : 1X10™w/cm? 10ns gaussian pulse centered at 30ns.
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Isothermal expansion of plasma

At t =0, a plasma occupies the half space x < 0, and begins to expand into vacuum.

Equations of continuity and motion, Self-similar solution
Boltzmann distribution, and Poisson equation; Z'T
V=C, +X/t C, = :
2 m,
Efront = \/:EO
e n,=2Zn, =n,exp(—x/ct-1)
1/2
E — r.IeOkBTe — kBTe Ess — kBTe — EO
0 _80 elp, ‘ ect a)pit
0 oV Maximum lon Energy
(—+v—)n, =—n. —
ot ox OX 1
Eax = ZKT,[2In(@,;t) +In2-1]°
0 Ze 0O 2
(v y=-"C2
ot OX m; OX lon Energy Spectrum
n, =n., exp(ed/kT,) dN _ Sngcit expl— 2E ]
, dE 2EZKT, ZKT,
g oD _ e(n, —Zn.)
0 6X2 e i

P. Mora, Phys. Rev. Lett. 90, 185002 (2003)



Self-similar solution for isothermal explantion (1)

1. Fluid equations for ions:
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2. Boltzmann statistics for electrons:
(ed(r))
Ne(r,t) = Zn;(r,t) = ngc (1) eXDL J

3. Reduced partially differential equation system:

f;f; 1 a - 1nv): 0 1:planar
) r--or v =142 :cylinder
@ @ B _i@ | 3:spherical
L ot ar n or

LT, .
where ¢, = [—2% s the sound speed.
[
M.Murakami, et al., J. X-ray Sci. Technol. 2 127(1990)



Self-similar solution for isothermal expansion(2)

4. Similarity ansatz:
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5. Reduced ordinary deferential equation :
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Analytical model agrees fairly well with EUVA experiment

TOF data dependence on Xe jet diameter
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Analytical model agrees fairly well with ILE experiment
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lon trajectory (Thompson parabola)

lon trajectory =

E=7.5x10*"3V/m
B=46mT
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7 ions are measured.
Recombination/charge exchange
processes need to be studied.

Experiment by Fujioka, Nishimura



Multispecies ion plasma expansion

ne = 102/cm3, Te = 40eV _zni
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Higher charge state accelerates rapidly than lower charge state, thus yields higher energy.
The maximum energy is about 100keV



High energy ions and debris
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Summary

* lon energy spectrum based on isothermal expansion modeling was
compared to Faraday cup experiment. The qualitative feature compares
favorably with experiment. However, maximum ion energy of 100keV
may exist. cf. maximum ion energy of ETS at Sandia is higher than 60keV.

» Multispecies (five ions) plasma modeling was performed to compare
with Thompson parabola experiment. The higher charge state accelerated
more rapidly than lower charge state.

» Recombination and charge exchange dynamics will be investigated for
better modeling of fast ion energy spectrum.
cf. TP data shows <Z> =25 at 1.78m.

 Based on the fast ion study, optimum magnetic field is being designed for
debris mitigation. cf. r, =102,/uT, / ZB



