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Abstract

The nonlinear interaction between an intense radar beam and the Farley-
Buneman (FB) modes in the Earth’s atmosphere is considered. It is found
that the FB instability can be stabilized by the radar beam. The impli-
cations of our investigation to the suppression of the plasma turbulence in
dusty meteor trails and polar mesospheric clouds are discussed.

Coherent radar beams probing the equatorial E-region ionosphere and the mesosphere
between 80 and 130 km frequently receive echoes from plasma trails that are left behind
ablating meteors or some other sources. The behavior of collision-dominated ionospheric
plasmas and meteor trails has been discussed in many books and review articles [1,2].
It has been recognized that the plasma structuring [3] in the Earth’s upper atmosphere
could be due to FB and gradient drift instabilities. However, the presence of charged dust
[4] in the meteor trails and in the mesosphere can affect [5,6] the threshold conditions for
the FB and ion wave two-stream instabilities which are triggered by the electron Eq x By
drift, where E; and B are the dc electric and magnetic fields, respectively. The European
Incoherent Scatter (EISCAT) radar is also being used [7] for determining the properties
of the turbulence at the mesospheric altitudes. In the present paper, we show that the
FB instability can be stabilized by intense radar beams due to parametric interactions
8].

Let us consider the nonlinear propagation of intense radar beams in the Earth’s meso-
spheric/ionospheric plasma in the geomagnetic field Byz, where By is the magnetic field

strength and z is the unit vector along the z axis. The plasma also has an equilibrium
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electric field Ey = Eyx so that the electrons have a drift velocity u.oy = —y(cEo/By),
where X and y are the unit vectors along the x and y axes, respectively. The con-
stituents of our plasma are electrons, ions, micron-sized massive charged dust particles,
and neutrals. The wave frequency wy and the wavevector ko of the radar beam satisfy
wg = kgc2 + wﬁewo /(wo + iv,), where wy is supposed to be much larger than the electron
gyrofrequency w.. = eBy/m.c and the electron-neutral collision frequency v.. Here c is
the speed of light in vacuum, wy, = (47n.e?/m,)'/? is the electron plasma frequency, n,
is the electron number density, e is the magnitude of the electron charge, and m, is the
electron mass.
The wave equation for a radar beam in the presence of an electron density perturbation
Net1 (= Ne — Neo) of the FB mode is

Ne1

(0 + ve) (af — CQVQ) A+l (1 + ) O A = 0, (1)

Neo

where w, = (47nee?/m.)'/? is the unperturbed plasma frequency.

We now present the relevant equations for the FB mode in the presence of the pon-
deromotive force of the radar beams. The dynamics of the FB mode is controlled by
the magnetized electrons and unmagnetized ions, since the mode frequency is much
smaller (larger) than the electron (ion) gyrofrequency. Furthermore, for the FB mode

|(Or + Ve + Ue00y)Ne1| K weener. Hence, for our purposes, we have [8]

UeOé )\ 2 2 «—2 Teé Nel ]/66 9 9
{6t+(5+\11)6y+yi(5+\11) lat VriVi |3+ T -~ 233((5+\I!)VJ“ 1%, (2)

where U = vv; /Weewei, wei = €Bo/myc, § = nig/neo, Te and T; are the electron and ion

temperatures, v; is the ion-neutral collision frequency, and Vi; = (T;/m;)*/2.

The parametric stabilization of the FB mode by a constant amplitude radar pump
(wo, ko) can be demonstrated from eqgs. (1) and (2). The pump generates radar sidebands
(wt,k) by interacting with the FB mode (w,k). Hence, we decompose the vector
potential as A = A, exp(—iwot+iko-r)+Ag_ exp(iwot —iko-r)+ >, _ A exp(—iwst+
ik - ), where A is the vector potential of the sidebands, wy ~ (kc* + wi)'/?, wy =
w + wy and ky = k + ky. Supposing that the electron density perturbation varies as

Ne1 = Ne exp(—iwt + ik - r), we Fourier analyze (1) and (2) and obtain
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[(kic - wi) (we +1ve) + wiwp] Ap= :Fwowpn—AOi, (3)
el

and
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o l/eékj (
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A AL+ A -AL). (4)
where Uy = ued/(d + U).

By using eq. (3) we can eliminate A from eq. (4). The resultant nonlinear dispersion
relation is [8]

Te5 -65 2k2A 2
w— kU —i )]:w—\l

2 _ 12172 ad y -1
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where |Ao|* = Aqg - Aoy, Di & F2up(w —k-vy+iT' FA), vy = koc®/wo, T = vew? /2w5,
and A = k%c?/2wy. Assuming that both sidebands are resonant, viz. Di = 0, we can

rewrite eq. (5) as

v Ted
okt~ i [ -4 (1 7))
_ VA KA ! .
wo BF(+ W) [(w—k-vy+il)? = A7

Letting w = k,Uy + v, where 7y, v/3kVy; (1 + 1.6 /3T;)Y/? < k,Uy ~ k - v,, we obtain from
eq. (6) the growth rate

N k2UGW VeSA kAP Wl )
TR +9) w6+ T) B: T2+ A

which reveals suppression of the FB mode if

By U3 + A?)wi ®
B? AwlwIAs

where E, = wy|Ay|/c corresponds to the pump wave electric field and w, = (Weewei )2
is the lower-hybrid resonance frequency. It turns out that the inequality (8) is satisfied
for parameters (E, ~ 0.01 V/cm, By ~ 0.5 gauss, wo/2m = 4 MHz, ue ~ 10° cm/s,
nip ~ 100 em™, T; ~ T, =0.02eV, 6§ =4, ¥ ~ 4, A ~ 10° s, w, ~ 3.5 x 10* s71,

Ve ~ 3%x10°s7!, and wy; ~ 2.5 x 10* s71), which are typical for the Earth’s mesosphere at
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an altitude of 90 km. Numerical estimates thus suggest that a sufficiently large amplitude
radar beam can stabilize the FB mode. The stability of the latter may provide a clue to
the reduction of the PMSE power when the EISCAT radar beams are used for probing
the highly collisional magnetoplasma at the Earth’s mesopause [7].
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