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Gas Plasma



Shielding Effect



The development of a theory of quantum plasmas



Plasma 

Theories

MHD Fluid Kinetic

Study the Plasma 

as a Single Fluid

Deals with each 

Species as a Fluid

It Consider the 

Velocity Distribution

Function for each Species

F. F. Chen, Introduction to Plasma Physics and Controlled Fusion, Springer International Publishing AG

Switzerland, (USA), 2016.



Examples of non-Maxwellian distribution functions



• The velocity distribution function f(V ) for each
particle.

• This function is the number density of

particles in physical and velocity space

The fluid model is simple as it involves fewer dimensions.

The fluid variables are relatively easy to measure in
experiments, while it is difficult to measure a distribution
function accurately.



Vlasov Equation:

Boltzmann Equation:

Kinetic Theory 

(1)

(2)



Fluid Theory 

Continuity 

Equation

Momentum 

Equation

(3)

(4)



It is necessary to first understand what the 

term means



The wave nature of light









For classical state we have 

Ec =1/2 kT

Thus at T=0, Ec =0, but Ef ≠0

ND<1



The electron temperature inside a fluorescent light
bulb is about 20,000 K. “My, it doesn’t feel that hot!” !



Fig. 3

After the star exhaust the nuclear fuel it becomes white dwarf



Neutron stars are created when giant stars die in supernovas and their

cores collapse, with the protons and electrons essentially melting into

each other to form neutrons.



Inertial Confinement Fusion







quantum kinetic 

equations



quantum kinetic 

equations



Another direction in quantum plasma

theory is first principles computer

simulations such as quantum Monte Carlo.

5 T. Dornheim, S. Groth, A. Filinov, and M. Bonitz, “Permutation blocking path integral Monte Carlo: A highly
efficient approach to the simulation of strongly degenerate non-ideal fermions,” New J. Phys. 17, 073017 (2015).
6 A. V. Filinov, V. O. Golubnychiy, M. Bonitz, W. Ebeling, and J. W. Dufty, “Temperature-dependent quantum pair
potentials and their application to dense partially ionized hydrogen plasmas,” Phys. Rev. E 70, 046411 (2004).



Density Functional 

Theory (DFT)



• A functional is a function of a function.

• In DFT the functional is the electron density which is a

function of space and time.

• The electron density is used in DFT as the fundamental

property unlike Hartree-Fock theory which deals directly

with the many-body wavefunction.

• Instead of solving problems with wave equations for

each electron it uses the probabilities of electrons

being at different locations.

• Using the electron density significantly speeds up the

calculation. Whereas the many-body electronic

wavefunction is a function of 3N variables (the

coordinates of all N atoms in the system) the electron

density is only a function of x, y, z -only three

variables.



The last approaches are complicated
reflecting require time consuming
computer simulations.



It is natural to look for a fluid description also in the case
of quantum plasmas.



quantum Fluid 

model

Taking moments of the Wigner equation.



A prefactor γ=(D – 2)/3D should be added in
front of the Bohm term depending on the
system dimensionality D.



Recent experimental results on x-ray scattering suggest

that quantum mechanical effects are indeed important in

dense plasmas





The last term is due to quantum diffraction of the

electrons. The last term depends only on the scattering

geometry and the x-ray probe energy resulting in a

constant shift of ΔE = 4 eV.

Thermal velocity

The thermal

wavelength



N. Crouseilles, 2008



Special tips and tricks 

1- The quantum fluid model had a limit chance in
order to employed in electron/hole plasma owing to
the electron/hole lifetime should be greater than
the plasma oscillation time.

<<



2- The electron-electron interaction could be

ignored of the following criteria satisfied.

3- The Bohm term is incorrect when applied

to waves with phase speed greater than the

speed of light.



4- The concept of quantum dusty plasma

objects as white dwarf stars and the outer envelope of
neutron stars, as well as metals and micro- and
nanoelectromechanical devices.

Dust Particle

A



The heat flux to the
grain surface due to
energy deposition of
collected ions and
electrons and their
recombination.

The energy
loss flux due
to radiation.



Sputtering of the dust 

material.



Main Problem

Conduction Band

Valence Band
Fig. 14

5- W.T. Silfvast, Laser Fundamentals, Cambridge University Press, (USA), 2004.



For electrons

For holes

Quantum Fluid Equations

(5)

(6)

(7)

(8)



Poisson’s 

Equation

For electron 

beam

(9)

(10)

(11)



Technique Exac

t

Perturbation 

Techniques

Numerical 

Solution

Stretching

Expansion

8- H. Leblond, J. Phys. B: At. Mol. Opt. Phys. 043001, 41 (2008).

(12)

(13)



K-dV Equation

Non-linear 

term
Dispersion 

term

Soliton 

solution

Width
AmplitudeTravelling 

parameter

(14)

(15)



ub0

σ

Fig. 15



Soliton Energy

(16)

(17)



Fig. 16

ub0



Fig. 17



Gardner Equation

Non-linear 

term Dispersion 

term
Double layer 

solution

(18)

(19)

(20)



Fig. 18



Fig. 19



Soliton Wave 

Movie. 3



Shock-Like Wave

Movie. 4



Rogue Wave

Movie. 5




