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In the recent past there has been a lot of activity in the theory and experiments dealing
with plasmas containing positive and negative ions of equal mass and opposite charge,
all initiated in a recent series of works [1] describing experimental production of pair
ions C^. In the present work we discuss the effects of the density gradient in the
direction perpendicular to the ambient magnetic field vector, that have been observed
in the experiments. A possible presence of electrons, that may enter the plasma attached
to negative ions, is also discussed in the context of plasma modes propagating at an angle
with respect to the magnetic field vector. It is shown [2] that the electron plasma mode
in a cold plasma may become backward in the presence of the density gradient, and this
behavior (described in Fig. 1.) may be controlled either by the electron number density
or the mode number in the perpendicular direction. A backward solution da/dk^ < 0,
is obtained by taking 5o = 0.1 T, L„ = Ueo/n'^Q, where neo{,r) = No exp(—r^/a^), so that
locally |L„| = a^/(2r). If a = ro, or a = 2ro, where ro = 4 cm is the plasma radius, at
r = ro this gives for the density 0.37 and 0.78 times its value at the axis, respectively. We
choose L„ = 8 mm, and take three values for the plasma number density: MQ = 10^^ m^^.
Mo = 5 • 10^^ m^^, and MQ = 10^^ m^^.
In plasma with hot electrons an instability may develop, driven by the combination of
electron collisions and the density gradient, and in the regime when the ions response
is similar to a sound mode (un-magnetized ions, mode frequencies much above the ion
gyro-frequency or mode wave-lengths shorter than the ion gyro-radius). The dispersion
equation becomes:
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Here, co* = —kyKTen'go/{eBorigo), ©o = co — kyVgo. For the pair-ion electron plasma,
Eq. (1) is solved for colhsion-less ions in terms of Mfco/«aO> and the result for the acoustic
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Transition from direct to backward mode.
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FIGURE 2. Left: the solution of Eq. (1) for a modified ion acoustic mode as a function of the negativeion number density, for equal temperatures of the two ion species. Right: additional acoustic mode from
Eq. (1) in the case of different temperatures of positive and negative ions, for Ta = 0.5 eV, and Tj = 0.3 eV.

mode is presented in Fig. 2 (left). In the case of different temperatures of two pair-ion
species, there appears an additional acoustic mode presented in Fig. 2 (right).
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