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Frequency simulation methods are used to investigate the non-
linear dynamics of the cyclotron instability that sets in in the
presence of a current flowing in a plasma in a direction perpendicu-
lar to the magnetic field. It is shown that ion capture leads to
stabilization of the instability. The maximum electric-field
amplitude of the excited wave is determined.

Ton currents flowing perpeudicular to a magnetic field produce in a plasma an electrostatic
instability at harmonics of the electron cyclotron frequency [1]. An investigation of the non-
linear dynamics of this instability is very important for the explanation of the mechanisms of
turbulent heating in experiments with collisionless shock waves and in 8 pinches ([2].

One of the possible mechanisms of stabilizing cyclotron instability is connected with the
electronic nonlinearity, namely the presence of unstable oscillations leads to the scattering of
the electrons by the turbulent pulsations of the electric field, and the oscillations stop grow-
ing if the effective collision frequency is high enough [3].

Another mechanism that stabilizes the cyclotron instability is connected with the deforma-
tion of the distribution function of the resonant ions as a result of the reaction of the excited
oscillations [4].

The purpose of our investigations was to examine these stabilization mechanisms in the
single-mode regime by using partial simulation with a computer [5]. In this case, the mechanism
of the electronic nonlinearity causes the discrete electronic resonances §(w - nwye), which
occur if the wave propagates strictly perpendicularly to the magnetic field, to broaden by an
amount v 1/kved,/mg (¢, is the amplitude of the excited-wave potential), and at sufficiently
large wave amplitude, when
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(wye is the electron cyclotron frequency and k is the wave number of the excited wave), these
resonances overlap and the cyclotron harmonics are nonlinearly damped by the electrons; this
leads to stabilizationl).

For an instability with a sufficiently small increment Yy < (me/mi)l/zw}{e (y is the wave
growth increment), a more substantial stabilization mechanism is the capture of the ions in the
potential wells produced by the wave excited by the ions, at an amplitude
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The captured ions, executing phase oscillations in the potential well, do not exchange
energy with the wave when averaged over the period of the oscillation, and the instability is

thus stabilized.

We present here results of an investigation of this stabilization mechanism with the aid
of a computer. We considered the kinetic instability that sets in at sufficiently large veloc-
ity spread of the resonant ions, vyj 2 v/k (vri is the ion thermal velocity). The ion current
excites in the plasma a potential wave of frequency w = nwge, corresponding to the maximum growth
increment [4]
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HJ' The dependence of the dimensionless growth increment Y/Y,
on the detuning zj at different values of the parameter
Te/Tiy is shown in Fig. 1. We see that with increasing
parameter To/Ti the maximum value of the increment
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shifts towards larger ]zil, remaining approximately con-
stant in magnitude, Ymax v 0.3. The presence of a maxi-
Fig. 2 mum in the growth increment justifies the possibility of
regarding the instability in the single-mode regime,
since it is the oscillations with the maximum increment
that will build up in the main. Accordingly, we express the electric field of the wave in the
form

E(t,x) =E(t)cos(kx - nwy t +a(t)). (4)
In the dimensionless variables
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(e ~ 1 corresponds to the amplitude of the potential of the wave (2)), the initial system of
equations for the problem (the equations of motion of the resonant ions and the equations for
the amplitude and phase of the field) takes the form
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In these equations, the parameter § = 2my,/kvr; characterizes the degree of smearing of the ion
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flux, V™ = kv™/2my, and v® is the upper limit of integration with respect to velocity. Rela-
tions (6) - (8) have been written out in the reference frame of the wave, with v' = v - vyp,

x' = X - vpht, X, and vy are the initial values of the dimensionless coordinate and velocity of
the partic?e, which is situated at the instant of time t at the point (x, v) of phase space.

The system (6) - (8) was integrated with a BESM-6 computer at k?A%2 << 1, § = 1, and
Te/Ti = 1/2 (the corresponding value is zj = -1.02). We integrated the trajectories of 6x103
particles, the initial coordinates of which were varied in the range -1/2 < gp < 1/2 in steps
of ALy = 1/20, and the velocities were varied in the range -3 < v, < 3 with steps of Av, = 1/48
and with time intervals h = 5x10°%. Figure 2 shows the results of the integration of Eqs. (6) -
(8), namely the time dependence of the dimensionless field amplitude. The initial section at
T < 15 corresponds to an exponential growth of the amplitude with increment ~ 0.3, which agrees
with sufficient accuracy with the increment of the linear theory. At T = 20, the maximum value
€max Vv 1.2 is reached, followed by amplitude oscillations corresponding to the phase oscilla-
tions of the captured ions.

The energy of the wave excited in the plasma is given by
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A separate communication will be devoted to the derivation of Eqs. (7) and (8), to a more
detailed examination of the stabilization by ion capture, and also to an investigation of the
other stabilization mechanism connected with the nonlinearity of the electrons.

In conclusion, the authors thank R. Z. Sagdeev and V., D. Shapiro for valuable advice and
for great help with the work.

1)Nonlinear damping of plasma oscillations propagating perpendicular to H, was investi-
gated in [6].
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