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Nonideal plasmas and warm dense matter
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lemperature-density diagram
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Simulations of nonideal plasmas and WDM

[ - N\ [/ _ “\
Physical model Chemical model
Plasma is considered as a mixture of electrons Plasma is considered as a mixture of ‘reacting’
and ions that can form atoms and molecules electrons, ions, atoms, molecules, etc
. J \L J
\ . i
Q[ Classical molecular dynamics (MD) ]
N Dr Wave packet molecular dynamics I
. (WPMD) !

functional approach (QMD/DFT)

(PIMC/PIMD)

Path integral Monte-Carlo/molecular dynamics

A
N [ l Quantum molecular dynamics based on the density

M[ Classical Monte-Carlo (MC)




Exchange-correlation effects in WPMD

Original method of WPMD

Hartree approximation for the many-electron wave function

\ é Antisymmetrization of wave function for electrons
&{> with the same spin (AWPMD)

The method of unrestricted Hartree-Fock

J

4 . )
Combined WPMD-DFT approach

=D
Exchange-correlation effects are taken into account using the
density functional approach (similar to DFT)

g J
4 , D
Electron force fied (eFF)
M Pseudopotentials for election-electron and electron-ion
L interactions that account for symmetry effects )
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Classical molecular dynamics

Newton’s equations of motion
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Electron-ion relaxation time vs plasma nonideality

- = Landau-Spitzer, b, =y,

4
Mo 1l/t :
s, e |
\ |
\ |
2 - \ |
\\ '
\ ]
\ [}
\
. \
i L (/)
0.8 - -
0.7 —
0.6 m Azln(bmax/bmin)
0549 1, = Tii —L T 1/2
0.4 — me bmax - r-De — 4 BZ
_ en
. Tii_ 3 T2 T_E 2“ e
T, 4467 A ° o, b. =r = keT I
B'e
0.2 T TT] I T T T TT1T] I I
0.1 1

re (4rcne g2
3 KsT,

amne? )
o, =] =
p

m

e

. 3mm, KT,
" 8J2nnz% Al m,

1. L. P. Pitaevskii and E. M. Lifshitz. Physical Kinetics, Vol. 10. Butterworth-Heinemann, Oxford, 2012.

2. L. Spitzer. Physics of Fully lonized Gases. John Wiley & Sons, New York, 1962.

]3/2



Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Spitzer (C = 3) result, the blue line is the KA and BPS theories,
and the red line is a numerical fit [Eq. (15)] to the data.
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Interaction models

1. Like charges interacting via the repulsive Coulomb potential*
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Simulations of the electron-ion equilibration
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Averaging oVver initial nonequilibrium states
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1.2

Averaging oVver initial nonequilibrium states
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Averaging over initial nonequilibrium: states
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Averaging oVver initial nonequilibrium states
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Equilibration rate depending on the e-I mass ratio
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Equilibration rate depending on the e-i mass ratio
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Dependence on the number. of particles

Dependence of the relaxation time

on the number of particles
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Equilibration rate depending on the nonideality
parameter
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Electron-ion relaxation time vs plasma nonideality
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Conclusions

» Classical molecular dynamics simulations are used for
studying electron-ion temperature relaxation in nonideal
plasmas

» The accuracy of simulation results is improved due to
better statistical averaging and studying dependencies on
the number of particles and mass ratios

» Simulation results are obtained for two interaction
models: the corrected Kelbg and the pure Coulomb for like
charges

» The results for I > 0.3 are not in good agreement with
existing theoretical models and WPMD simulations; more
WPMD and WPMD-DFT simulations are to be done
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