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A. Basic definitions, microscopic Hamiltonian of
the system, and the general structure of the
continuity equation

Description of collective behavior of quantum plasmas
can be started with the concentration or the number den-
sity of particles [1], [2], [3]

N
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which is the first collective variable in our model. Other
collective variables appear during the derivation. Equa-
tion (1) contains the following notations dR = Hfil dr;
is the element of volume in 3N dimensional configura-
tional space, with N is the number of electrons. Symbol
T means the Hermitian conjugation.

If we consider the separate spin evolution hydrody-
namics we need to split concentration of electrons on two
parts: me = ny + ny. This separation is made in accor-
dance with the structure of the wave function [2], [3], [4],

[5]
N
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where

U(R,t) = ( &Eg g ) . (3)

Symbol * means the complex conjugation. Sum in equa-
tion (2) is made for all electrons. The probability to have
a specified spin projection is kept in the wave function.
Spin polarization of each electron can be partial.
Evolution of functions (1) and (2) is calculated using
the Schrodinger equation 1h0 ¥ = HY with Hamiltonian
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where m; is the mass of i-th particle, p; = —hV; is the

momentum of i-th particle.
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Current of particles with the spin projection s appear
in the continuity equation in the following form [2], [3],

[4], [5]:

N
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with c.c. is the complex conjugation.

B. General structure of the momentum balance
equation

Definition of current (5) allows to derive the Euler
equation for the current (momentum density) evolution
using the Schrodinger equation with Hamiltonian (4):
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is the momentum flux, and
Fe,=— /(aaU(r —1'))ng s (r, 1/, t)dr’ (8)

is the force field for the Coulomb interaction, with the
two-particle concentration
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and the Coulomb interaction potential
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The Euler equation (6) is obtained in Refs. [2], [3], [4],

[5].

The Euler equation has simple structure. It shows that
the time evolution of the current or the momentum den-
sity j is caused by two mechanisms. One of them is the
kinetic momentum flux presented on the left-hand side.
It is related to the motion of particles being in the fixed
states. The second mechanism is the interaction. Same
structure repeats itself in other hydrodynamic equations
for the physical quantities with the higher rank tensors.
The evolution of the chosen quantities caused by its flux
and due to the interaction.

C. General structure of equation for the second
rank tensor

Extending the set of hydrodynamic equations we can
derive the equation for the momentum flux evolution.
Consider the time evolution of the momentum flux (7)
using the Schrodinger equation with Hamiltonian (4) and
derive the momentum flux evolution equation

1
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where the force field tensor
FoB — _ / [0°U (r — /)]y o (r, ¥, t)dr’ (12)

represents the interaction,
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is the flux of the momentum flux, and two-particle
current-concentration function:
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If quantum correlations are dropped function j§(r,r’,t)
splits on product of the current j*(r,¢) and the concen-
tration n(r’,t).

D. General structure of equation for the third rank
tensor

General structure of the evolution equation for the
third rank tensor M#7 is:
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is the quantum part of interaction reported in this paper,
FoBY — _ / [0°U (x — v )|1157 (r, v/, t)dr’ (17)

is the quasi-classic part of interaction,
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is the flux of M%7 and
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If quantum correlations are dropped function HSB (r,r',t)
splits on product of the momentum flux I1*?(r, #) and the
concentration n(r’,t).
General untruncated form of the equation for the
”thermal” part of the third rank tensor (the part defined
in the comoving frame) has the following form
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where Q?BV = QP + TP,
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is the third rank tensor which is the analog of the quan-
tum Bohm potential, the fourth rank tensor P70 is
constructed on the thermal velocities or the velocities in
the local frame, basically the fourth rank tensor P*%7°
is the analog of the pressure tensor with higher tensor
rank,
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is the main part of the fourth rank tensor which is the
analog of the quantum Bohm potential.

It is necessary to omit the term proportional to the
spatial derivatives of the fourth and second rank kinetic
tensors in accordance with estimations presented in Ref.
[6], but the term 95 P*?7° is kept to get some rough esti-
mations of the fourth rank pressure-like tensor contribu-
tion.

E. Equilibrium expressions for the pressure and
pressure-like third and fourth rank tensors

Perturbations of pressure tensor and the third rank
tensor can be found from the corresponding equations of
evolution. However, their equilibrium values are found
via the equilibrium distribution function chosen in the
form of the Fermi step function:
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The equation of state for the thermal part (or the Pauli
blocking part) of the fourth rank tensor is also found via
the equilibrium distribution function chosen in the form
of the Fermi step function:

DFs d3
5 p
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where symbol p with no indexes is the momentum, pps; =
(6m2n0,)'/3h is the partial Fermi momentum.

F. Fourth rank quantum Bohm potential

The fourth rank tensor, which is similar in nature with
the quantum Bohm potential, appears in the equation for
evolution of the third rank tensor equation (20). It has
rather complex form. Therefore, it is not demonstrated
in the main part of the paper.

Hence, this tensor is given as the superposition of three
parts:

3
TP = 3T, (26)
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The first part can be approximately written via the
concentration of fermions:
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Similar approximation is used for the quantum Bohm
potential in equation (5) in the main text.

The second part of tensor T*#7% contains the tradi-
tional quantum Bohm potential:
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where 7%

b o = (t%F). Equation (30) approximately gives
the quantum Bohm potential T, ., ~ T*8. However,
other expressions like (u®t%%) has no simple expression.
Using the theorem on average we can make the follow-
ing approximation (u®t?°) = (7% /n)(a?u®) = 0, since
(a®>u®) = 0 by definition of the thermal velocity. More-
over, we find (u®uPt7°) ~ (T7°/n)p®®. These expres-
sions are used as the equation of state for the described
functions.

The third part of tensor T2#7 is constructed of the

velocities
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Approximate equation of state for Tsagﬁ 7% has the fol-
lowing form
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It is equal to zero in the linear approximation for the
macroscopically motionless plasmas since it is nonlinear
on the velocity field.

G. Title of the developed approximation

Various extended hydrodynamics can be developed.
Suggested model is called 20-moment hydrodynamics.
We have five traditional moments: concentration n, pro-
jections of momentum nwv,, nv,, nv,, and energy density
(or the temperature) ¢ = pﬁg /3. Six functions are in
the pressure tensor p®?, but one of them is taken for the
energy density. Three functions are in the energy cur-
rent. Their account leads to the traditional 13-moments
approximation. Furthermore, the symmetric third rank
tensor Q57 has 10 independent elements, but three of
them give the energy current. Therefore, the account of
the third rank tensor Q%7 makes the model 20-moment
hydrodynamics, where twenty independent functions are
used to describe each species.
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