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ABSTRACT

Tonospheric noise shows strong peaks at lower hybrid frequencies.
It is proposed that wave-particle energy exchange processes lead
to the growth of a beam instability which has mode, frequencies
centred on the lower hybrid frequencye The onset of the beam inst-
ability and its saturation through energy transfer to part of the
ion population are analyzed. The theory has implications for iono-
spheric radio communicationse

1. INTRODUCTICH

Plasma instabilities in the jonosphere play a role in the emission
of background noise and, in this way, on the effectiveness of rad=
io communications. Measurements show that jonospheric noise has
intensity prominences at the lower hybrid frequency, w o= L,
(Gurnett & Frank, 1972; Maggs, 1978). We amalyze the onset Pind
evolution of the lower hybrid instability, and show that the range
of the values of its wave frequency are consistent with measured
intensity peaks, The paper is organized as follows: Section 2 rel-
ates magnetic reconnection processes in the earth's magnetic tail
to the inflow of energetic electron beams into the upper iemesphere,
Section 3 discusses the unstable ionospheric waves which are exci-
ted by the electron beams, and section 4 concludes the paper with
comments on the saturation of the lower hybrid mode through energy
transfer to the ion populationa

2. DYNAMICS OF THE BARTH'S MAGNETOTAIL
The earth's magnetic tail is produced by interaction between the
earth's magnetic field and the solar wind, and contains a neutral
layer which separates regions of oppositely directed equilibrium
magnetic fields. The magnetotail equilibrium magnetic field confi-
guration can be described by

3= (Bax/rB)Ey ? (1)
where B (approximately 1.6 X 10~'G) is the typical field strength
outside’the neutral layers Applying Maxwell's equations, we subst-
itute for each time-varying quantity g as follows:

B = (%) + Eqexp(~iwt + ikylds

to find the following results:
gx b1 iA1rB/B°x x (2)
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where g is the x-component of the fluid displacement, and A,, the
perturbeé magnetic vector potential, is related to the magnetic fi-
eld by

_B_1 = V x A,'.
Then, from eq (2), we see that g o as x — 0, Thus, in this
description, the fluid displacemeﬁt is singular on the neutral sh-
eet. In order to resolve this singularity, a more detailed descri-
ption of the region x § i centred on the neutral sheet, is
needed, where L

%i =42 girB)
is a scale length which is typical of ion particle orbits, and _?
is the ion Larmor radiuse. The differential equation for A, whi;:hl
is valid in the region x » $., the so-called "outer region', is
obtained as follows: On one handy the equations LT_,‘ % B ala T wlB,

=0 T =0 1
=O,V.§_1=O,and v,,g,l:ogve

J']Z = {iB'!:/kBo)(dJOz,/dx)‘

On the other hand, using Ampere's law, V x By = 47"_{,1/0, and V .
Bed O R s g
I, = (/4770 ) (4/k) (d7/dx" - k7)B e

!

These equations for J, , with B, = --i.kA1, give the equation for
A gn tH . : 1;,’ 1x
q in the outer region?

(d%/ax?) —kg-ao/x)A,l =0 (3)

Eq (3) leads to the "cat's eyes' field configuration shown in fig=
ure 1. The closed form solution of eg (3), valid near x = 0, is
(Chike=Obi, 1991):

A% 2 A (001 + dyx £ AN x + dyx (In(x)) ()
This solution should be matched to the solution for A, in the inner
region x £ §.. The constants d, and d, are given by the bound-
ary conditions at the outer edges of the Plasma,
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Figure 1: The formation of magnetic islands.
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To describe the inner region, we use the appropriate equilibrium
particle distribution functions. Then, the linearized Vlasov equa-
tion, with Ampere's law for the electrons and ions, gives the inner
layer equatxon for A :

&a /o’ = tw/s A2 x YA, @'/, (5)

In this equat:on, see Chlke-Obl (1991,, P is an anomalous conduc—
tivity, W' is the Doppler shifted frequeficy, and A, is the ele-
ctron Debye length. The boundary conditions are that“Ehe inner A1
is constant at x = O, and that it matches with the outer solution
given in eq (4), as the inner variable x goes to infinity. The
matching gives the growth rate:

=z 3/2
Wes i 2z § 0 oy Y@ AT« T 6)
In a time interval of the order of'g , particles are acceleratedto

kinetic energles
= ojFr e /n, @)

A variety of satelllte measurements (see Chike-Obi (1991) and the
references cited therein), give values for r_, B , T , and T,, from
which we find ¥~ 1s and (KE) ~~ 2,02MeV. Brhe’vaifie for k&netlc
energy agrees well with measuréments of the energies of incoming
electrons of geomagnetic origin, and suggests that mmgnetic recon-—
nection is the mechanicm for the acceleration of electron beams
which are thought to excite the lower hybrid instability in the
upper ionosphere.

3%, THE IONOSPHERIC LOWER HYBRID MODE

In the beam instability, an incoming beam of electrons, withspeeds
centred on v, , transfers some of its energy to any waves in the
plasma having phase velocities w £ v_, thereby causing the am-
plification of such waves. In the ionosphere, following magnetic
reconnection in the magnetotail, am electron beam is accelerated
into a background plasma which is initially Maxwellian, to give the
following double=peaked distribution

f, = (nec/veo)7T-%exp{ -(v /veo)z}
1
+ (o /v, )Tf—ﬁexné vy -v ‘/veb]az,

where v (2T /m)g and v . = (2T /m) The ions are also Maxw-
elllan,egnd deséRibed by the equlll%rlum dlstrlbutlon f., in which
we include a perpendicular hot ion component, as an extension to
the analysis in Chike-Obi (1991):

:
= (n; /v, I Zexp( ~(v/v, )?

+ (nih/vih)TT-%exp -(v/vih) ‘

where ngo r n =n 4, v, o= (27,/)2, and M is the ion mass.

o postulate B'Ti = T, with 8 > 1, and Ty = 26Ty, where & 4

1. Then, the collisionless Vlasov equation gives the first order
nerturbed electron and ion distributions:
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fe1

(iq/m)E"vv fe/(w - k)
i
39 = -GaME . £/(0 -k . v)
From these, the perturbed densities are
By = Joq8v = (B @A) (s iGe)
/TG
g1 = 83007 = (Basr, n, +n Wex)),
where x = wW/k Veo! X = (0 - k1f£)/k Ve and X, = uj/kvio. W(x)
is the Landau function, >
w0 = =772 (8" as/(s = 0,

and is related to the plasma dispersion function Z(x) (Fried
Conte, 1961) by

Wix) = =(1 + x4{x)).
Substituting n., and A, into Poisson's equation, T . = = MT‘q(niq

and

and
n

%

- ne1)' the dispersion relation is,
2 ane
1= G [ny/T WGe) + (g, WG,
2 2 2 2
+n Kk /m =+ n, k /Mw ] (8)
This mode is of lower hybrid type because, evaluating eq (8) in the

realistic limit x, ) 1 and xe)) 1, using the asymptotic expansion
of the Landau fun%tion, the réal part Ldr of the complex frequency

) is
w2 - wii['l + 2R ()] )

r
Bq (9) shows that W_ is about the ion plasma frequency, and thus
corresponds to the lbwer hybrid wave (Shohet, 1971). Does £ . =
W_./2IC give values in the range 7,3%5kHz to 105kHz, measuzred for
iofidspheric noise? (Gurnett & Framk (1972); Maggs (1976). Substdtu-
ting values for n_. for the ionosphere at heights of about 5000km
(Ratcliffe, 1972)7%we find that £4 1S in the range 6.6kHz to

105kHz, suggesting that the intensity peaks reported by Perkins
(1968) and Gurnett & Frank (1972) are due to lower hybrid oscilla-
tions.

L, ION EVOLUTION AND CONCLUDING REMARKS

NowT it is seen that for Vph = ﬁlrfk"-S Vi the wave resonates
with the magnetotail beam electrons, gaining energy from them. This
suggests the interesting observation that there will be a part of
the ion population for which v & @ _/k. These ions will be heated
by the unstable lower hybrid wave. In this case the dispersion re-
lation in eq (8) for the lower hybrid wave will be medified to the

form
® =, 1y, -1,
since the growth which is fed by the beam electrons is damped by

¥




The onset and saturation of the ionospheric lower hybrid mode 85

the hot ion component. The theory may therefore be suggested as the
first step in a sequence of plasma processes which produces upwardly
accelerated and field-aligned energetic icns of ionospheric origin
(Chang & Coppi, 1981). Broadband noise of lower hybrid frequencies
have been observed, and this is a problem in radio commmications
because of its contribution to undesirable background noise. Ener-
getic electron beams of magnetotail origin havé been detected
which, in this paper, we propose as the driving mechanism for the
ionospheric lower hybrid beam instability. We also suggest that
subsequent energy transfer from the wave to the ions is part of the
mechanism for the evolution of ionospheric ions,
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