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Problems of classical MD simulations

ÁChoice of electron-ion interaction pseudopotential

ÁPresence of the bound states of electrons and 

ions with incorrect binding energy

ÁNeglect of the antisymmetrization effects except 

some corrections to the pseudopotentials which 

reproduce the Pauli blocking

ÁDependence of the pseudopotentials on 

temperature which restricts to the systems close 

to equilibrium



Ab-initio ñatomisticò models for plasma

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
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(r , p) particle coordinate and momentum (3D vectors)
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Real Space versus Fourier Space AWPMD 

implementations

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

mapping

2. Fourier Space (Erlangen code)
periodic electron wavepackets, Ewald PBC 
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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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parameterg0: fitting the Kelbg simulation data

For the current plasma 

properties the best fit of 

the Kelbg simulations 

is obtained atg0 = 0.7lth.
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Unconstrained WP width 

G= 1.0,  

T =3Ŀ104K

FULL 

ANTISYMMETRISATION
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Initial setup corresponds to the molecular fluid

ne= 2Ŀ10
23cm-3, T = 1Ŀ105K



Visualization of MC propagation

FULL 

ANTISYMMETRISATION

ne= 2Ŀ10
23cm-3, T = 1Ŀ105K
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Pair distribution functions for antisymmetrized and 

non-antisymmetrized versions (ne = 2Ŀ1023cm-3)
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Performances of AWPMC and WPMC codes 

depending on the number of WPs

ne= 2Ŀ10
23cm-3, T = 1Ŀ104Kne = 1.3Ŀ1021cm-3, T = 3Ŀ104K


