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The problem of the presence of high-frequency oscillations in lower hybrid cavities in the plasma of the earth's
ionosphere is considered. It is assumed that the oscillations in the cavity are excited due to the ring ion current
across the magnetic field, in addition to the mechanism of the Hall current arising from the radial inhomogeneity of
the plasma density. The radial dependence of the density of the ring ion beam is also taken into account.
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INTRODUCTION

The lower hybrid cavities (LHC) are axisymmetric
spatially localized solitary structures in the ionosphere,
elongated along the geomagnetic field. They are charac-
terized by localized oscillations of the electric field at
frequencies near the lower hybrid resonance as well as a
decrease in density to several tens of percent [1]. Cur-
rently, there are two class of theories applied to LHC.
The first class [2 - 4] includes the theory of strong tur-
bulence of the lower hybrid collapse, which suggests
that the depletion of density and oscillations of the elec-
tric field are directly related to the ponderomotive force.
However, it was stated in [5] that the theoretical conclu-
sions of the theory of strong turbulence do not corre-
spond to the statistical properties of most of the ob-
served cavities. Second class [6, 7] includes linear theo-
ries which suggest that density depletions already exist,
and use the spatial properties of density depletions to
determine the characteristics of low-hybrid waves. It is
assumed that the excitation mechanism of the lower
hybrid waves is the Hall current created by electron drift
across the gradient of a density profile. This current is
not canceled by ions, which, for these oscillation fre-
quencies, can be considered unmagnetized in the cavity.
As for the mechanism of wave excitation due to the cur-
rent across the density gradient, this assumption of line-
ar theories is generally true, but there is every reason to
believe that ions moving in the cavity also participate in
the initiation of lower-hybrid waves. Observations by
spacecraft showed that ions in a cavity have an in-
creased energy across the magnetic field compared to
ions of the surrounding plasma. Thus, a group of ions
may appear in the cavity, which encircles the axis of
depletion. These ions produce an azimuth current,
which will be another factor besides the Hall current to
amplify the lower hybrid waves.

In [8] the excitation of electrostatic lower hybrid
waves in a cylindrically symmetric magnetized plasma
by ions encircles the plasma axis was investigated. The
Gaussian plasma density distribution over the radius
was considered. It was shown that the instability is ex-
cited as a result of the Cherenkov interaction of resonant
ionsrotating around the plasma axis with lower hybrid
waves. In [9] the excitation of lower hybrid waves in a
plasma with an ion-ring distribution with a radially in-
homogeneous density in a homogeneous plasma was
studied. The effect of inhomogeneity of the ring ion
beam on the conditions for the excitation of waves was
established. In the present paper the excitation of lower
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hybrid waves by ion beam encircling of axis of sym-
metry, taking into account its in homogeneity, is consid-
ered as applied to the plasma conditions of lower hybrid
cavities.

INSTABILITY OF LOWER HYBRID WAVES
IN PLASMA OF LHC

The radial density profile in plasma of LHC has the
form of an inverted Gaussian distribution [1]

n(r):no(l—aexp(—zr—zzn, (1)
%

where 7, is the length of the inhomogeneity of plasma

density, a is the positive constant, equal to the depth of
the cavity. Suppose that a part of plasma ions in the cav-
ity encircle the axis of depletion and thereby form an
ion ring beam. The presence of such ions in the cavity
can be explained by their energization, which is con-
firmed by observations. Assume, that density profile of
ion ring beam in the cavity is

n, (r):nOb {l—aexp(—;—zzjj(—;—ij, 2)
i s

which takes into account the distribution of plasma den-
sity in the cavity, as well as the inhomogeneity of the
profile of the beam itself, whose density outside the
cavity tends to zero. The characteristic length of the
inhomogeneity of the ion beam #, actually characterizes
the level of its heating and is equal to the thermal gyro
radius of heated ions in the cavity. It is assumed that
r, <1,. The part of ions encircling the cavity axis are
considered small in comparison with the bulk of plasma
ionsso it is assumed that n,, << n, . Distribution (2) has

a minimum at » =0, and a maximum at

2
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when the condition
2
a (1 +%j >1 (4)
o

is satisfied. Otherwise, the distribution has only a max-
imum at »=0. In other words, the ion flux, encircling
the axis of depletion has a density maximum at a radius
(3) different from zero if the depth of the cavity is suffi-
ciently large so that the condition (4) is true. Otherwise,
when the depth of the cavity is small and the condition
(4) is not fulfilled, the density of ions encircling the axis
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of depletion is decreasing for all radius values. Figure
shows examples of two cases of density distribution of
ion beam, where curve 1 corresponds to the case when
condition (4) is satisfied, and curve 2, when (4) is not
satisfied

r 5 T
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Dependence of the ion beam density in the cavity
on the radiuswhen condition (4) is satisfied, 1,
and not satisfied, 2

Let us now consider the conditions for the excitation
of lower hybrid waves in the plasma of the cavity by a
ring ion beam having a radial density profile as (2).
Dispersion equation for lower hybrid waves in a cylin-

drically symmetric plasma has the form [9]
2 2
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where m and K(k k. ) are azimuthal, transverse and

longitudinal wavenumbers, A,, is the Debye length,
@ =arctan(k, /k,) is the angle of wave propagation
relative to the magnetic field, @, is the plasma fre-

quency
z, =0/ 2k, vy, , 2, = (0+ma, —ma,) ! 2k v,,
wh* = _a)c/)p72"b (d ln nb (’jy ) / r:ydrv )

is the drift frequency of beam ions and n,(r,) is the
density of beam ions (2), where radial coordinate r is
replaced by variable r. =|m|/k . Equation (5) in the
short wavelength limit |m |>>1 determines the disper-
sion properties of cylindrical waves J, (k J) which are

Bessel functions. The value of radius », =|m|/k, sepa-
rates the aperiodic and oscillatory parts of Bessel func-
tion, which approximately is equal the radial coordinate
of its first maximum.

The dielectric permittivities for beam and plasma
ions in (5) correspond to the approximation of null
magnetic field, assuming that the ions move in straight
orbits. However, the cyclotron motion of beam ions in
expressions for z, is taken into account by the term

ma,, which is the Doppler shift causedby theirrotation

around the axis of depletion. We now suppose that ine-
quality |z, |>>1 is met. However we assume that Che-
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renkov interaction of resonant ions rotating around axis
for the beam ions is significant, i.e. equality |z, |=1

hold. This equality is possible when the resonant condi-
tion |w+maw, —ma,. = 2k Vv, 1s satisfied. In this

case the dispersion relation takes the form [9]
2 2 2
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Suggesting that k_/k <m,/m., as well as k*;, >1
we get the real frequency Rew, (K ) and growth rate
7., (K) for lower hybrid waves
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From eq. (8) it follows that the growth rate is posi-
tive, and therefore the lower hybrid waves are unstable
when the azimuthal wave number satisfies the condi-
tionsm < 0 and

exp(—z,f ) . (®

OLH
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Condition (9) indicates that for the radial coordinates
of ion ring beam where Vn,(r)>0 unstable waves

|m|>( >1. )

have a greater absolute value of azimuthal wave num-
bers, than where Vn, (r)<0. However, Figure shows

that the region along radius with a negative density gra-
dient of the ion beam prevails; therefore, lower hybrid
waves with lower azimuthal wave numbers occupy a
larger region. In addition, if the depth of the cavity is
insignificant, so that condition (4) is not fulfilled, a part
of radius with a positive density gradient of the ion
beam is completely absent. Thus, taking into account
the inhomogeneity of the ion beam along the radius cor-
rects the azimuthal wave numbers down.

Now we estimate the electric field strength in the
lower hybrid wave in the cavity and for this we use the
saturation level of lower hybrid instability due to a ring-
ion beam in a cylindrically symmetric plasma which
was obtained in [9]. It was assumed that the instability
is saturated due to effect of scattering of beam ions by
the random fluctuations of the electrostatic turbulence
[10]. It is established, that the level of saturation of in-
stability is

e, <(D(r)> Tn (h)&
T;) a)LH a)LH

where (CD(r)) is a root-mean-square amplitude of the

(10)

perturbed electrostatic potential, 7, is the temperature
of ion beam, @, is the ion cyclotron frequency. Since
for the ionosphere the condition @, << ®,,, is satis-
fied, then the oscillation energy is much lower than ion
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temperature. To estimate the strength of the electric
field created by lower-hybrid oscillations we assume
that the temperature of ions is about 0.5 eV, wavelength
is A=2xr/m, where ris the oscillation localization
radius, which in order of magnitude is equal to the
thermal Larmor radius of the ions of the ring beam,
r=pp, and m is the azimuthal wavenumber, which
determined by (9). Electric field strength in density de-
pletion we estimate as

(@(r)) m(CD(r)> '

~ = 11
< > A2 P (b
Considering (9) and (10), we get
(E)~ L (12)
7Pne

Assuming p,, =5m for cavity conditions, we obtain
(E > ~0.03 V/m, which is generally consistent with the
measurement data.

CONCLUSIONS

Energization of ions in the cavity leads to the ap-
pearance of a group of ions that encircle the axis of den-
sity depletion and thereby create an azimuth current.
The radial density profile of a ring ion beam is deter-
mined by the relation (2). This density profile can have
a local maximum or on the axis of the cavity or on a
radius not equal to zero (3), depending on the depth of
the cavity, which is determined by the condition (4).

Ions encircling the cavity axis lead to the growth of
lower hybrid waves, due to the Cherenkov interaction of
resonant ions with waves. These waves are unstable when
the azimuthal wave number satisfies the condition (7).
Taking into account the radial inhomogeneity of the
density distribution of the ring ion beam decrease the
values of azimuthal wave numbers. The presented insta-
bility mechanism is an addition to the mechanism of the
Hall current, created by electron drift due to the density
profile gradient [1].

The saturation of the lower hybrid instability in the
cavity occurs due to the effect of beam ion scattering by
random fluctuations of electrostatic turbulence. An es-

timate of the electric field strength in the lower hybrid
wave is <E>~ 0.03 V/m, which is generally consistent

with the measurement data.
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BBICOKOYACTOTHBIE KOJIEBAHMS TIJIA3MbI HUKHETMBPUIHBIX TIOJIOCTEN
H.A. A3apenkos, /1.B.9uoucos

PaccmaTpuBaeTcss mpoOiieMa MPUCYTCTBUSI BBICOKOYACTOTHBIX KOJCOAaHWH B HIDKHETMOPHIHBIX MOJOCTSAX B
miazme noHocdepsl 3emin. [Ipeanonaraercs, 4To KojaeOaHUs B TOJIOCTH BO30YKIAIOTCS 32 CUET TOKA KOJBIIEBOTO
MOHHOTO My4YKa IMOIEePeK MarHUTHOI'O MOJIsi B IOMOJHEHHE K MEXaHH3My TOKa XOJUla, BO3HHKAIOIIErO W3-3a Pajiv-
aJNbHON HEOJHOPOJHOCTH IUIOTHOCTH IUIA3Mbl. YUHTHIBAETCS TAKKE paldalibHAsl 3aBUCHMOCTh IIOTHOCTH KOJIbIIE-
BOTO HOHHOTO ITyYKa.

BUCOKOYACTOTHI KOJIUBAHHS ITJIASMHA HUKHBOT'IGPUAHUX ITOPOXXHUH
M.O. Azapenxos, /.B.Hivicos

Posrisnaersest mpobiaeMa NpuCyTHOCTI BUCOKOYACTOTHHX KOJIMBAHb Y HHKHBOT1I0pPHUAHUX TOPOKHUHAX Y IJIa3Mi
ioHoctepu 3emui. [lependavaeTbesi, 0 KOJIMBAHHS B IMOPOXKHMHI 30YIKYIOThCS 32 PaXyHOK CTPYMY KiJIbLIEBOTO
10OHHOTO ITy4YKa IIONIEPeK MarHiTHOTO MOJIs Ha JI0JIATOK J0 MEXaHi3My CTpyMy XoJula, 0 BUHHUKAE Yepe3 paialibHy
HEO/HOPITHICTh LIIIBHOCTI IUIa3MHU. BpaxoByeThcsl TakoX paliaiibHa 3ajJeKHICTh INIIBHOCTI KUBLIEBOIO i0OHHOTO
mydKa.
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