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ABSTRACT

It is shown that the presence of hot, anisotropic protons of ring current in outer plasmasphere lead to
the modification of the dispersion of A- and FMS-waves in the low frequency region. In this case, a
periodic instability of A-waves is observed, and during their propagation, the change of polarization
is possible. This can explain the presence of right-hand polarization waves in the ring current zone.

INTRODUCTION

It is common knowledge that the ring current has a significant effect on the dynamics of
ionosphere-magnetosphere interactions by generating MHD waves. In this connection, while
describing interactions of waves with plasma particles, there arises the need to know the spectral
energy density of Alfven (A) and fast magnetosonic (FMS) waves.

In the satellite measurements, carried out in the overlap zone of the ring current and the
plasmasphere, fairly insensitive electromagnetic waves with frequencies of 0.1-10 Hz were detected
(see e.g. /2,10,17/ and references therein). These waves are identified as ICW's and are observed in
an approximately equal mixture of left-hand polarized (L or A) and right-hand polarized (R or
FMS ) modes. The source of the free energy for the generations of ICW's is the hot ions with
anisotropic temperature (T > T"). However, the condition for generation is fulfilled only for L-
waves (see /3,8/ and others). In this connection, there arises a question of mechanisms of emergence
of the observed R-waves.

For a long time the ICW's propagating along the external magnetic field were studied only in
ground experiments /5,7/ and only about 15 years ago they began to be studied intensively using
satellites. The first direct measurements of these waves were carried out on ATS-1 /2/. GEOS-1 and
GEOS-2 researchers continued their study of these waves using special instrumentation on board the
satellites intended for investigation oscillations in the region of 0.1-10 Hz /5,9,14,16,17/. These
experiments revealed a substantial effects of helium ions, the presence of magnetic fields 6B with L-
and R- polarization's, were detected. Similar results were also obtained on ACE-6 /4,12,13/.
Experimental detection of the importance of helium ions in generation and propagation of ICW's
gave rise to a series of theoretical papers. In these papers the dispersive properties of a plasma in the
presence of heavy ions (see e.g. /11/ and others), as well as ray trajectories of ICW's with the presence
of an addition of helium ions in the plasma (see e.g. /15,17/), were calculated. One of the principle
results of these works is the possibility of liner transformation in an inhomogeneous plasma of left-
hand polarized waves into right-hand polarized waves in the presence of helium ions /9,17/. Thus, at
present, the generally accepted mechanism of the emergence of the R-mode in the overlap region of
the plasmasphere and the ring current is the following: L- polarized waves are generated in the
equatorial region at the expense of anisotropy of ring current protons (T > T") and propagate into
the region of higher magnetic latitude. If their frequency is greater than the equatorial crossover
frequency, then propagating in the inhomogeneous plasma and reaching the local crossover
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frequency, they transfrorm into right-hand polarized oscillations. From this discussion it follows
that the frequency of oscillations with the R- polarization registered on GEOS-1, must be greater
than the equatorial crossover frequency. However, in some cases R- oscillations with a lower
frequency were registered.

In the present paper we will consider the change of the dispersive properties of MHD oscillations in
the presence of a small addition of hot anisotropic protons. Taking into account the group of hot
anisotropic ions leads, in particular, to the possibility of transformation of L- polarized oscillations
into R- polarized waves during the propagation in an inhomogneous plasma. This effect can be of
substantial importance in magnetospheric conditions because there are satellite measurement in
which both L- and R- polarized waves with frequencies substantially lower than the local helium
gyrofrequency, were registered (see e.g. /10/). Unfortynately, from the results obtained on the IRM
satellite, it is impossible to say anything about the effect of helium ions upon the registered ICW's,
since no simultaneous observations of ICW's and the ion composition of plasma were carried out.

MHD-OSCILLATIONS IN THE PRESENCE OF A SMALL ADDITION OF HOT
ANISOTROPIC PROTONS

Let us consider the electron-proton plasma placed in a homogeneous field Eo- Assuming the main
part of particles to be cold, let us write the dispersive equation for A- and FMS- waves. In the
coordinate system with axis z along the external magnetic field, we have /1/:
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while the polarization vector (if the wave vector k lies in the plane x0z) can be written as:
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where cosO=k, /k, and €,€,,e, are the components of the dielectric permeability tensor.

Let us assume that the hot addition of anisotropic protons has the bi-Maxwellian velocity
distribution. Then the expressions for the components of the dielectric permeability tensor have the
form /1/:
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Writing (3)-(5), we used the following notation: ®;, ® , are the plasma frequencies of cold protons
and electrons; @, is the proton gyrofrequency; =(T Y T"—l) is the temperature anisotropy of hot
protons; u= N, /N, is the relative concentration of hot protons; z=wp, /|kz|vﬁ' ) v,’ll =21,/ m,.

Besides, while deriving (3)-(5), inequalities z<<1 and k_v" /v20, <<1 were assumed to be
fulfilled. The latter inequality, as is seen from (3), (4), is unimportant provided that effects of
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collisionless generation-damping are neglected. Note, also, that the second term in (4) is the
uncompensated part of the electron contribution, since N, +N, =N,.

For the longitudinal propagation (cos8=1) the dispersive equation (1) is reduced to the form:
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where V, =8,/ 1’4nm‘.N‘.c is Alfven velocity.
Let us analyze (6) at a positive anisotropy (let us assume A =1 for estimations).

A Reo> Jﬁm ;- Taking into account the last term in (6) as a small addition (since ® << ® Bi), we
have:
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It is seen that with the increase of a'wave number, (7) goes over into dispersive dependencies of A-
and FMS- waves for cold plasma (taking into account the hot anisotropic addition in imaginary
part).

B.Re@=+[L@,,. In this case dispersive relation can be written

m=ﬁm8i(lim—‘/%] . (8)

At point k% = ua)ﬁi(l+ A)/ Vﬁ the dispersive curves of A- and FMS- waves intersect.

C.Re®@ <[u®y,. In the region k*V2 = Apwl,, assuming p>4A/rz we have
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It is seen that the frequency of FMS- waves becomes purely imaginary.

2
At k? somewhat smaller than (A—E)Ei‘—’i, A- wave as follows from (6), becomes aperiodically
unstable with the increment 2) Vi

y=Apoy, . (10)

Subsituting the obtained solution into (2), it is easy to trace the polarization of each mode. During
the longitudinal propagation the polarization along each of the dispersive curves, is conserved (see
Figure 1) and is circular (L or R). It should be emphasized once again that the obtained
modification of MHD oscillations spectrum takes place in a plasma with a sufficiently hot ((z <<1))
anisotropic addition of protons.

At propagation angles other zero, form analyzing (1) and (2), neglecting the imaginary part of

component of the dielectric permeability tensor €,, we have the following picture. If o? <(Im52) ,
where o =€?sin*8/4cos?@ then the dispersive curves intersect as before (at point Re® =/l ;)
and the dirgction of the rotation of vector E along each of the curves, is conserved. At
o =(Ime,)" the point of intersection becomes the point of tangency of the dispersive curves
crossing which, the left polarization is replaced by the right one and vice versa. A further increase
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of o leads to the fact that the dispersive curves cease to tough, but while crossing point
Rem= J_ ®p;, the change of polarization is observed as before.

In all the considered regions, only the left-hand polarized waves are generated.
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Fig. 1. Schematic dependence of Re® on k dunng the longitudinal propagation of left-hand
(—) and right-hand polarized (----) waves. A>0; [§ , 5B -are the regions of hydrodynamic
instability and damping.

DISCUSSION AND CONCLUSION

In the previous section we examined the effect of a hot anisotropic addition of protons on the
frequency spectra of MHD waves. Taking into account the effect of hot anisropic particles leads, in
particular, to the linear transformation of L waves into right-hand polarized oscillations. The
indicated process can be realized in the overlap zone of the magnetospheric ring current and the
Earth's plasmasphere according to the following scenario. Left-hand polarized ICW's are generated
in the near equatorial zone either during collisionless or hydrodynamic instabilities and propagate
into the region of a higher magnetic latitude. If the frequency at which they are generated satisfies
the condition 0)<‘/|,_L%m3,. (p, is the equatorial value of a relative concentration of the hot
anisotropic addition), then propagating along the magnetic field lines in the inhomogeneous plasma
and reaching the region of transformation, where their frequency becomes equal to the local
frequency /L®p;, L-polarized waves are transformed into R-polarized ones.

The proposed mechanism of transformation of L-polarized ICW's into R-polarized ones might
probably be useful while interpreting the results of satellite observations of ICW's in the
magnetosphere of the Earth and other planets. Particularly, in the cases when the explanation of the
presence of the R-waves due to helium ions, runs into difficulties. In any case, the suggested
mechanism serves as an addition to the well-known mechanism of transformations in the presence of
helium ions.

Besides, hot anisotropic particles lead to strong modification of nonlinear ICW's properties. Matrix
elements of interaction of A-oscillations with other types of waves can be modified. Therefore, an
inspection is necessary of all the conclusions with respect to decay processes with the participation of
A- and FMS- waves in the presence of hot particles with anisotropic temperature in plasma.

In present, we have prepared for publication the paper, devoted to strong nonlinear Alfven waves in
plasma with regard to the ring current hot anisotropic protons. The main result of this paper is the
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arising of the electric field due availability of the ring current hot protons.

These results can be useful in the research of waves and particles dynamics in the ring current region
during the geomagnetic storms.
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