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ABSTRACT

The kinetic equation with Fokker-Planck collision term has been presented to obtain

the distribution function in the corona of inertial confinement fusion, in the presence of

the self generated magnetic field. The resulting distribution has non-local form with the

convolution in Maxwellian. An expression for thermal flux with self generated magnetic

field is obtained.
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1 Introduction

The kinetic study of electron heat flux in a steep temperature gradient has attracted con-
siderable attention in the field of the laser-produced plasma. Early experiments [1] with
laser-heated plasma show that classical Spitzer-Harm theory [2] of the thermal conduc-
tion significantly overestimates the heat flux. In this classical theory it is assumed that
the temperature scale length (LT) is much larger than the electron mean free path (A)
so that the electrons are in local thermodynamic equilibrium (i.e. the isotropic part of
the distribution is local Maxwellian). This assumption is violated in most laser-plasma
interaction experiments as the laser drives a heat front into plasma, the temperature and
density profiles become so steep that characteristic scale lengths become comparable to
the collisional mean free path of electrons that dominate thermal conduction. It has
been seen that the classical theory on the thermal conduction breaks down even at gentle
gradients [3].

To the solution of the transport problem numerical codes [4-10] has been developed
that solve the full Fokker-Planck Equation. These numerical simulations [6,7] have shown
that the problem of heat transport becomes non-local for the steep gradients case. Various
simplifications in Fokker-Planck Equation has been made to reproduce the simulation
results. One simplification in particular is to consider approximations appropriate to
the behaviour of "hot" electrons [11-14] with velocities greater than about the thermal
velocity. These studies results nonlocal heat transport models and give heat fluxes of the
order of 0.1 to 0.3 QFS where QFS is I r e e streaming heat flux. These nonlocal models
however, fail to explain experiments [15] that indicate heat fluxes on the order of 0.03 to
0.06 QFS or in some case [16] as low as 0.015 to 0.03 QFS- Thus, apparently the Fokker-
Planck Kinetic treatment of electron heat transport for steep temperature profiles does
not result in strong enough heat flux inhibition. Several other causes for the electron heat
inhibition have been proposed including ion acoustic turbulence [17], induced magnetic
field [18] and electric field generation [19] by hot electrons.

Following Albriton [20], with the reduced Fokker-Planck Equation and considering
finite Z-plasma electrons thermal transport has improved to 0.04 QFS [21-22].

Here we consider thermal transport problem using Fokker-Planck quation including
self-consistent magnetic field. We simplify our problem by assuming uniform constant
magnetic field.

2 Basic Theory

Let us consider transport equation for electron
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In the collision term we use Fokker-Planck collision term
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Z = ionic charge, inA. = Coulomb logarithm C, Dy, D^ are friction, parallel diffusion,
perpendicular diffusion due to electron-electron, electron-ion collision.

To linearize Eq.(l) we use diffusion approximation in which / is expanded as a series
of Legendre polynomials,

f = fo + --fi=fo + l*fi (2)
v

with fi — cos#, and 6 is the angle between / and v.
We will try to obtain steady state solution and assume that charge neutrality condition

so that E —> 0. There exists a self generated magnetic field and balances the equilibrium
plasma pressure. Taking zeroth and first moments we obtain a set of two coupled equations
for /o and f\ as

- 2v -vVrfo -u x fc = —fa (3)
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where A€ - ^Sfe\> A90 = 2irê cz+i)inA i s t h e m e a n e n e r§y f r e e P a t h a n d 90° deflection

mean free path, u — ̂  is cyclotron frequency and JMB = n (^Sr) e ~ ^ 1S Maxwellian
distr ibution. From Eq. (3) f\ is obtained and subst i tu ted in Eq.(4) to get an equat ion
for /<,.

To do tha t B is taken along z-axis so tha t u) — UJZ and tha t (3 = ^ and a = Y~

where As = / ^ " ^ a n d the variable v has been changed to € using G= |
Spatial gradient of n is taken along x-axis and T along y-axis. So, V^/o term will be

dropped onwards. The factor (1 + f32) can be simplified as

where 7 =
With this result, Eq. (5) can be written as

(6)

Since electrons that take part in transport process have about three time thermal velocity,
and for large magnetic field, we approximate (1/ G3 +7) = 7 and, we get

Let us define the variables

x y e
— = hx = £, — = hy = 77, - = r
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So that the solution of equation (7) is

OO r - O O

L e x p 4(G' - G) 4 ( 6 ' - G )
^ W (8)

n
9m2v^
( ) e \/

Similarly, in terms of XT, (3 and a can be written as

V0J
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Also, we let
/2 - /2 + /2

Using the definition of particle and heat flux, we obtain the component of fluxes after
integrating over double energy integrals, so that

and
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where A'r(/) are modified Bessel functions and
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3 Result and Discussion
In general two-dimensional situations, the current is to be treated as known and the
contribution to the heat flux will arise from the current as well as the temperature gradient.
In order to isolate these two contributions, we will commence by considering zero-current
case. We will analyse the limiting case of collisionless and steep gradient. For this case /
tends to zero which means long mean free path. Now, for current free conditions we get,

Such that the heat flux along x-axis due to density gradient is

0(7) [r(l)+ln/{0(14)-§0(12)}1
(14)

where H and c refer to hot and cold electrons. Similarly, for current free conditions along
y-axis we have

Dny, = — , ^ ^Dnx, (15)
V 0O (10(12) - §0(10)) '

So, heat flux along y-axis which is due to temperature gradient is

= 4 n ( T ^ - Tc) f / 5 _ 1 r(l)0(9) - 0(12))
81v^7rma;A9o L \ z z /

-0(12) (|J0(7) -^0(0) )} (16)
The heat flux due to density and temperature gradient found to be decreasing with B
according to 1/B. So, the model shows the inhibitions of flux due to self generated
magnetic field. A model with variable magnetic field is recommended as future work.
Such work require simultaneous solution of heat flux equation and evolution equation for
B field.

Acknowledgments
The authors would like to express thanks to the Royal Nepal Academy of Science and
Technology (RONAST), Nepal and to the National Institute for Fusion Science (NIFS),
Japan for supporting partially one of the authors (J.J.N.) in ICPP96, Nagoya. One of
the authors (L.N.J.) would like to acknowledge the International Centre for Theoreti-
cal Physics, Trieste and the Swedish Agency for Research Cooperation with Developing
Countries (SAREC) for sponsoring the visit to ICTP where a part of the work was done.



References
[1] W.L. Kruer, Comm. Plasma Phys. 5. G9 (1979).

[2] L. Spitzcr and R. Harm, Phys. Rev. 89, 977 (1953).

[3] D.R. Gray and D.J. Kilkenny, Plasma Phys. 22, 81 (1980).

[4] G. Zimmerman and W. Kruer, Comments Plasma Phys. Controlled Fusion 2, 85
(1975).

[5] D. Shvarts, C. Jablon, I.B. Bernstein. J. Virmont and P. Mora, Nucl. Fusion 19,
1457 (1979).

[6] A.R. Bell, R.G. Evans and D.J. Nicholas, Phys. Rev. Lett. 46 , 243 (1981).

[7] R.J. Mason, Phys. Rev. Lett. 47, 652 (1981).

[8] J.P. Matte and J. Vermont, Phys. Rev. Lett. 49, 1936 (1982).

[9] J.R. Albriton, Phys. Rev. Lett. 50, 2078 (1983).

[10] J.P. Matte, J.W. Johnston, J. Delettrez and R.L. McCroy, Phys. Rev. Lett. 53,

1461 (1984).

[11] K. Swartz and E.A. Williams, Bull. Am. Phys. Soc. 28, 1246 (1983).

[12] J .F. Luciani, P. Mora and J. Virmont, Phys. Rev. Lett, 5 1 , 1664 (1983).

[13] J.F. Luciani, P. Mora and R. Pellat, Phys. Fluids 28, 835 (1985).

[14] E.L. Lindman and K. Swartz, Phys. Fluids 89, 2657 (1986).

[15] W. Fechner et al., Phys. Fluids 27, 1552 (1984).

[16] K. Edmann et al., Phys. Rev. A30, 2268 (1984).

[17] W.M. Maheimmer, Phys. Fluids 20. 265 (1977).

[18] I.P. Shkarofsky, Phys. Rev. Lett. 42, 1342 (1979).

[19] H. Takabe, K. Mima and T. Yabe. J. Phys. Soc. Japan 5 1 , 2293 (1982).

[20] J.R. Albritton, E.A. Williams, I.B. Bernstein and K.P. Swartz, Phys. Rev. Lett. 57,
1887 (1986).

[21] G. Murtaza, Arshad M. Mirza and M.S. Quaisar, Physiea Scripta 44, 376 (1991).

[22] G. Murtaza, M.S. Quaisar and Arshad Mirza, Physica Scripta 46, 155 (1992).


