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electron-hole plasma

H. U. Rahrnan~ and M. Y. Yu .

Theoretische Physik I, Ruhr- Uniuersitat Bochurn, D-4630 Bochum,
Federal Republic of Germany

(Received 8 September 1981)

It is noted that, in a manner similar to that of the electrostatic-convective-cell mode,
the zero-frequency magnetostatic mode in an electron-hole plasma can cause anomalous
particle diffusion across the external magnetic field.

Okuda, Dawson, and Hooke' have interpreted an
enhanced Bohm-like diffusion across the applied
magnetic field in germanium plasmas near thermal
equilibrium in terms of vortex diffussion ' due to
thermally excited plasma convection. The en-

hanced diffusion, occurring at high magnetic
fields, arises from the collective E )& Bp (where E
is the electrostatic field of the mode and Bp = Bpz
is the applied magnetic field) drifts of the electrons
and holes. This phenomenon is physically analo-

gous to the electrostatic convective cell diffusion in
a low-density, highly magnetized electron-ion plas-
ma, since the E X Bp drift is independent of the
mass of the species.

Besides the convective cells, the plasma can also
support a magnetostatic mode at zero frequency.
This mode is similar to the electrostatic zero-
frequency convective cell mode in many respects.
In particular, the cross-field test-electron diffusion
due to the v, B/Bp drift (where B is the perturba-
tion magnetic field and v, is the parallel velocity of
the test electron) in a thermal plasma also exhibits
Bohm-like behavior. The main difference, on the
other hand, is that here the ion diffusion rate is
much smaller than that of the electrons, since the
ions have a heavier mass. The net-particle diffu-
sion is, however, ambipolar, in order to maintain
charge neutrality. Consequently, the magnetostatic
mode in an electron-ion plasma only gives rise to
enhanced electron shear viscosity and heat conduc-
tivity, but not particle diffusion.

From the above discussion, it is evident that in
an electron-hole plasma, where the electrons and
holes have nearly equal mass, the magnetostatic
mode can also give rise to net-particle diffusion.
In order to avoid nonessential details, we shall con-
sider the particularly simple case' in which the

8,v,j ———(qj /mc)B, A —vv,j,
cV A = —4mnpq(v„—v„), (2)

where qj
——+q, and the perturbation magnetic

field B = —z &( VA is perpendicular to Bp.
From (1) and (2), one obtains
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where ~ = 4m.npq /m.
Following Ref. 6, one can easily obtain the test-

particle (electron or hole) diffusion coefficient
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where T~~ is the parallel temperature of the elec-
trons and holes, L

~~
and L j are the parallel and

perpendicular linear dimensions of the system. In
obtaining (4), the fluctuation-dissipation theorem
and the orbit diffusion theory have been used to
calculate the magnetic field correlation, which is
needed because the test particle executes v, B/Bp
drift, where v, is the test-particle velocity parallel
to Bp. Equation (4) is valid if the fluctuation-
induced orbit decorrelation dominates over the col-
lisional damping, or
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electrons and holes have equal mass (m) and

charge (+q), as well as equal collision frequency
(v) with the lattice. We shall also assume a two-

dirnensional-mode structure in the plane perpendic-
ular to the applied field.

The equations governing the magnetostatic mode
are
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where 0 = qBO/mc, and we have assumed that
the temperature is isotropic. Thus, the magneto-
static mode diffusion is stronger when 2' )0

2and 8m.noT/Bo ) 1.

which is satisfied only for a hot-electron —hole

plasma of small parallel extent. On the other
hand, above-thermal magnetic fluctuations can also
cause the fluctuation-induced orbit diffusion to
dominate. '

The diffusion coefficient given in i4} is valid for
both electrons and holes, so that it is also ambipo-
lar, leading to net-particle diffusion. Thus, like the
convective diffusion, the magnetostatic mode diffu-
sion is also Bohm-like and independent of the col-
lision frequency.

The ratio of magnetostatic mode diffusion coef-
ficient to two-dimensional convective cell diffusion
coefficient (D, ) is

In conclusion, we have demonstrated by means
of a simple model that two-dimensional magneto-
static mode electron and hole diffusion can be as
important as the electrostatic convective cell diffu-
sion. This result may have significant effect on re-
lated phenomena, such as interaction of high-
frequency waves with the magnetostatic mode, '

interaction between the magnetostatic mode and
the convective cell mode, " etc. These problems, as
well as a more realistic formulation of the present
problem, are, however, beyond the scope of this
note.
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