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It is shown that the presence of high frequency electron plasma wave turbulence can nonlinearly amplify

obliquely propagating, electrostatic, ion cyclotron modes.

It is well known that high frequency, short wavelength
turbulence can affect low frequency, long wavelength
modes either by anomalous transport effects or by di-
rect mode-mode coupling. Substantial work has been
done in both of these areas and we address the latter
possibility in this note. Vedenov ef al.! have developed
a general formalism which describes the interaction be-
tween high frequency waves and low frequency turbu-
lence. In fact, it has been shown that high frequency
electron plasma wave turbulence can generate and/or
modify low frequency drift waves in inhomogeneous
plasmas.?® Recently, Pozzoli and Ryutov* have inves-
tigated the modulational instability produced by broad
spectra of Langmuir turbulence in a magnetic field.

The physical processes involved can be described by
considering the high frequency turbulence as quasi-
particles or plasmons which obey the kinetic wave equa-
tion
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where N, = |E,|?/47w, is the plasmon distribution func-
tion, V,=aw,/dk is the group velocity of the plasma
waves, and w, is the wave frequency of the plasma
waves. Based upon Eq. (1), we consider the behavior
of the plasmons on a slow time scale (i.e., low fre-
quency cyclotron mode) where the dominant coupling

is via the ponderomotive force affecting the electron
dynamics. Indeed, we demonstrate that the plasma
wave turbulence can generate or enchance ion cyclo-
tron modes. This process may be relevant to both toka-
mak and space plasmas. Although the recent observa-
tions of ion cyclotron turbulence in the TFR tokamak®
and in the auroral region® may be attributed to a cur-
rent-driven ion cyclotron instability, it is possible that
this nonlinear effect is important since there is evi-
dence of high frequency turbulence in these plasmas.,”®
We point out that the mathematical analysis parallels
that of Satya and Kaw.?

We assume that a stationary, high frequency, short
wavelength spectrum of plasma wave turbulence exists
in a low g magnetized plasma (B=B,8). The eigenfre-
quency of the waves is given by

wi=(R2/kP)wd, (1+3k%23), (2)
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where w,, = (4me?/m )"'? is the electron plasma fre-
quency and A, = (T,/4mne®)*/ 2 is the electron Debye
length. We have assumed w3 <w? and kA3, <1 (where
W, =eBo/mec is the electron cyclotron frequency) since
this parameter regime is consistent with the TFR toka-
mak and auroral plasmas. We note that Pozzoli and
Ryutov* consider the case wﬁe >» w? . Moreover, we con-
sider low frequency, long wavelength ion cyclotron
modes described by

| = eC, (3)

where w,; =eB,/m;c is the ion cyclotron frequency, Cg
=(T,/m;)"'? is the ion sound speed, and it is assumed
that ¢, <<g,. In order that the plasma wave turbulence
be accurately described by the wave kinetic equation
[Eq. (1)] in the presence of ion cyclotron turbulence,
we require w,>»>Q_ and k>gq.

The low frequency density perturbation én, produced
by the ion cyclotron modes perturbs the plasmon dis-
tribution function and linearizing Eq. (1) we obtain
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where N} is the unperturbed plasmon distribution func-
tion, and we have used dw,/dr = (igw,/2) 8n,/n, which
is obtained from Eq. (2). The modification of the
plasma turbulence affects the low frequency electron
motion through the ponderomotive force term. We
find that the parallel electron motion on the slow time
scale is described by*°®

T, 3 2
__s__ﬁne+io¢__“’£e__a_ _6_]\_]5:0, (5)
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where 6N, = | 6E,|?/4nw,. Thus, by combining Eqgs. (4)
and (5), we find that the perturbed electron density is

on,/ny=(ed¢/T,)(1 ~A)*, (6)
w - (aN3/3k) . e o |7
A=g w, ——————-qn(_qfvh)dk<fN2—k—dk) , (1)

W= (c/n,T,) f N? w,d% is the normalized energy density
of the electron plasma wave turbulence, and c is a
normalization constant involved in going from J, - f dk.

The ion motion is unaffected by the plasma wave tur-
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bulence and the ion density perturbation is simply given
by
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We now make use of quasi-neutrality on; ~ o, to deter-
mine the dispersion equation and find from Eqs. (6) and
(8) that

Q= WP, +*CE(1 - A) . 9)

In the absence of high frequency turbulence (4 =0) we
recover Eq. (3) from Eq, (9). Note that A is a compli-
cated function of £ and q. Thus, Eq. (9) describes the
modification of low frequency ion cyclotron waves due
to high frequency electron plasma wave turbulence.

Certainly for realistic plasmas a two-dimensional
plasma wave spectrum should be used. However, such
a spectrum complicates the analysis considerably and
is not expected to significantly alter the results based
upon a one-dimensional wave spectrum.?® Thus, for sim-
plicity, we assume the plasma wave turbulence to be
one dimensional (i.e., k=k2,) and model the unperturbed
plasmon distribution by

Ny =(na%) 2 exp[ - (k = ko)?/ 7] . (10)
Substituting Eq. (10) into Eq. (7), we find that the dis-
persion equation [Eq. (9)] becomes
Q%= w? +¢q?C% {l - (W/6n,T,)(1/ 8202 )[1+£Z(0)]},
where

C:EQ ( £
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and Z is the plasma dispersion function. We now solve
Eq. (11) in the “cold” and “warm” limits,

“Cold” limit (£ >1): We assume ky(2/q,V,~1)> A and
find that the dispersion equation becomes

0.
(12)

We write Q=9+ 50 and let Q =+ (%, +¢*C%)"/% and
Q, =q,V, Assuming 5Q <, we find that

3w, 1 q:V?
2 _ (? +g3%C2) = g2C2 0 - 170 -
@ <wﬂ 1 CS) 1 Cs 4n0Te kcz)hzbg (9_ qlVO)z
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,
and obtain an instability for @ <0, The growth rate is
given by

3 ( w 1 (14)
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Note that substantial growth can occur in the weak tur-
bulence regime, W/n,T,~m/m, for q,/q~(m /m,)"?
and kAp, = 1.

“Warm” limit (£ <<1): In this limit we assume ky(2/

q,Vo— 1) << A and obtain the following dispersion equa-
tion:
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which has the solution (for y <)
w 1 1/2
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Thus, we require _<gq,V, and that the phase velocity

of the ion cyclotron wave be in the same direction as the
group velocity of the Langmuir turbulence for instabil-
ity.

Thus, we have shown that for rather modest levels of
turbulence, nonlinear coupling of high frequency elec-
tron plasma wave turbulence can excite ion cyclotron
oscillations, This interaction, in fact, may be impor-
tant in both tckamak and space plasmas. However, due
to the limited experimental data, it is not possible to
make a quantitative comparison between this theory
and observational results. Several improvements of
the theory are presently being considered and will be
reported in a future publication. First, the ion density
perturbation can be determined using kinetic theory.
This will allow higher-order cyclotron harmonics to
be investigated since several harmonics have been
observed® and will include finite ion Larmor radius cor-
rections. Second, a two-dimensional wave spectrum
of electron plasma wave turbulence will be considered
which is more realistic than a one-dimensional spec-
trum. Finally, the dispersion equation will be solved
numerically for parameters typical of relevant labora-
tory and space plasmas,
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