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Abstract

The nonlocal electron transport is analyzed to construct hydrodynamic equations to study the

non equilibrium behavior of a degenerate electron gas in plasmas. Electron transport is

modeled by the semiclassical Boltzmann equation where collisions processes are described

by the relaxation operator. The Boltzmann equation is analytically solved in the diffusive

approximation and the nonlocal transport coefficients are deduced.

I Introduction

Understanding nonlocal transport in a degenerate electron gas is of a great

importance in many physical situations such as in inertial confinement fusion, in white dwarf

stars and in metal surface. The hydrodynamic equations provide a powerful tool in analyzing

the properties of an inhomogeneous degenerate electron system. These equations are

obtained by taking different velocity moments of the Boltzmann kinetic equation which

describe at time t the evolution of the one-particle distribution function in phase space * +pr
EE

, .

The untruncated hierarchy of such equations is completely equivalent to the Boltzmann

equation and all kinetic informations are not lost in such a hierarchy. Usually, the infinite

system is truncated to the first three equations, for the density * +trn ,
E

, the flow velocity

* +trV ,
EE

 and the temperature * +trT ,
E

. The higher order moments computed from the kinetic

theory in terms of the lower moments constitute the closure relations of these fluid

equations. The aim of this work is to compute the nonlocal transport coefficients of partially

degenerate electron gases.

II. The kinetic model

The basic equation of our model is the Boltzmann equation that include the electron-

electron and the electron-ion collision contributions. In planar geometry and steady state

approximation it reads
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where * +v,v, xxf  is the electron distribution function (DF) and the other variables have their

usual meaning. In Eq. (1) the collisions relaxes the DF towards the Fermi-Dirac distribution

function
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where g , is the electron kinetic energy and o  is the chemical potential. The anisotropic

electron-ion collision operator is modeled by the Lee and More model [1], i.e.,

* + * + ffC eiei vp/? , where * + * +322

0

4
v4/lnv eeei mZen rgp N?  is the electron-ion collision

frequency, Z  is the ion charge, en  is the electron density and Nln  is the Coulomb

logarithm. The quantum effects in the cross section are included in Nln  [1]. For simplicity

we assume that * + * +
FDeeee fffC //? p  and * + * +

teiee Z vpcp ?  where * + 2/1
/v eet mT?  is the

thermal velocity. The parameter * +Zc  is defined to recover the transport properties in the

nondegenerate electron gas limit [2]. We rewrite Eq. (1) on the fluid velocity frame

* + * +xxVxV ˆ?
E

 and expand the DF on the Legendre polynomial basis

* + * + * +v/vv,v
0

xn
n

n Pfxf Â
¢

?

?
E

 obtaining, in the diffusive and the Lorentz approximations, the

following set of equations,
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where eTy /g? , jF  are the Fermi-Dirac integrals and we used the notation dyfyM n

mm

n Ð
¢

?
0

.

We should note that the invariance properties of the collision operators have been included

in Eq. (3).
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III The transport coefficients

We have solved analytically Eqs. (3)-(5) for weak nonlocal effects, i.e., 1
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where * +
teitei v/v pn ? , and computed the explicit expression of the components of the DF,

20 ff / . Then we have deduced the non-vanishing components of the stress tensor xxR , the

electron-ion momentum transfer xR  and of the heat flux xq . For convenience we present the

results in the Fourier space * +kx“  and at the lower order with respect to the small

parameter * +2kein , the local quantities are
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Taking into account the nonlocal contributions proportional to * +2
eikn , we obtain

* + * +

* +
* +

* +* +
* +

/

Ù
Ù
Ù
Ù
Ù
Ù

Ú

×

È
È
È
È
È
È

É

Ç

Õ
Õ
Ö

Ô
Ä
Ä
Å

Ã
/

Õ
Õ
Ö

Ô
Ä
Ä
Å

Ã
/-/

/?

42

2

3
4

22

2

2

2

32/7

2

2/93
2/11

15

16
1

/
16

3

88
13

15

22
1~

FF

F
F

Zk
F

FF

F

FF
F

Tqkq

ei

e

loc

x

nloc

x

cn

* + VkTn
F

F

F

F
eiee

2

2/1

2/9

2/1

2/11

53

44

3

13

615

64 nÕ
Õ
Ö

Ô
Ä
Ä
Å

Ã
/ (9)

* + * +
* +

* + * + * +

Ù
Ù
Ù
Ù
Ù

Ú

×

È
È
È
È
È

É

Ç

/

ÕÕ
Ö

Ô
ÄÄ
Å

Ã
/

/-

Ù
Ù
Ù
Ù
Ù

Ú

×

È
È
È
È
È

É

Ç
Õ
Õ
Ö

Ô
Ä
Ä
Å

Ã
/

/?
/

2

2

3

1

2/3

2

2/7

3

2/9

2/11

2

3

2/9

2/1

3

3

4

3

5

2

6

11

1~
/

5

11

3

16

315

216
1~

ei

loc

x

ei

loc

x

nloc

x k

F

F

F

F

F

F

F

F

TR
FF

k
F

F

F

F

VRkR n

n

(10)

* + * + * +2
2/1

2/9

2/1

2/11

53

44

3

13

615

64
~ eiee

loc

xx

nloc

xx kTn
F

F

F

F
Vk nÕ

Õ
Ö

Ô
Ä
Ä
Å

Ã
//R?R . (11)

31st EPS 2004; K.Bendib-Kalache et al. : Nonlocal electron transport in degenerate plasmas 3 of 4



The nonlocal part of the viscosity coefficient less important than the other contributions has

been neglected in Eq. (11). We note in Eqs. (9)-(11) that the nonlocal effects reduce the

transport coefficients and that the off-diagonal coefficients verify the Onsager symmetry.

Converting back to the real space Eqs. (9)-(11) we obtain expressions corresponding to

integro-differential operators. The resulting transport quantities constitute reliable closure

relations for the hydrodynamic equations to describe inhomogeneous degenerate electron

gas.

References

[1] Y. T. Lee and R. M. More, Phys. Fluids 27, 1273 (1984).

[2] L. Spitzer and R. Härm, Phys. Rev. 89, 977 (1953).

Acknowledgments

This work was supported by the Comité Mixte d’Evaluation et de Prospective (CMEP

project 02 MDU 548).

31st EPS 2004; K.Bendib-Kalache et al. : Nonlocal electron transport in degenerate plasmas 4 of 4


	Abstract

