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Models for electron-ion interaction potentials
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Models for electron-ion interaction potentials
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Models for electron-ion interaction potentials
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Models for electron-ion interaction potentials

VIKT

Kelbg

F(X) =1- exp( x2) +/px(1- erf(x))
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Models for electron-ion interaction potentials
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Problems of classical MD simulations

A Choice of electron-ion interaction pseudopotential

7

A Presence of the bound states of electrons and
lons with incorrect binding energy

A Neglect of the antisymmetrization effects except
some corrections to the pseudopotentials which
reproduce the Pauli blocking

A Dependence of the pseudopotentials on
temperature which restricts to the systems close
to equilibrium
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1. Wave Packet Molecular Dynamics
high computational speed, electron+ion dynamics, high
temperatures, low densities, non-equilibrium

2. Electronic structure calculation (HF, DFT, ...)
high computational speed, ion dynamics only, degenerate
electrons, equilibrium

3. Path Integral Monte Carlo
low computational speed, no electron dynamics, high
temperature, equilibrium

4. Tomographic Quantum Dynamics
very low computational speed...
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Wave Packet Molecular Dynamics

Gaussian wave packet (WP) for a single particle:
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Non-antisymmetrized trial wave function:
Y({x} ) =0] (X.1)
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Antisymmetrized trial wave functiors({s an overlap matrix):

Y ({x, 1) = (N!det©)) 4 signs)Qj o, (x.1)



Real Space versus Fourier Space AWPMD
Implementations

1. Real Space (our code)
localized electrons, nearest image PBC, classical particle

mapping
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2. Fourier Space (Erlangen code)
periodic electron wavepackets, Ewald PBC
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Potential energy depending on the WP width
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Potential energy depending on the WP width
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Restriction of the WP width
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Dynamics of the WP width
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Correction of the trial function Instead of changing the hamiltonian
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*W. Ebeling, A. Filinov, M. Bonitz, V. Filinov, T. Pohl
J. Phys. A39(2006) 4309



Dynamical collision rate depending on the WP width
parameter g,: fitting the Kelbg simulation data

Re n(w)/w,, O  MD, Kelbg potentia
0.6— WPMD: different g,
J (shown on the curves)
e - —— WPMD: best fits

For the current plasma
properties the best fit of
the Kelbg simulations
Is obtained at g¢,= 0.71 ..
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Restriction of the WP width according to the minimal
electron-ion binding energy

Evolution of the WP width for a Evolution of the minimal electron-
single electron lon interaction energy
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Unconstrained WP width

FULL
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Evolution of the WPs mean width
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Initial setup corresponds to the molecular fluid




Visualization of MC propagation
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ANTISYMMETRISATION
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Pair distribution functions for antisymmetrized and

2.5

non-antisymmetrized versions (n,= 2L 2%6m?)
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Performances of A WPMC and WPMC codes
depending on the number of WPs
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