» Gentle beam instability

* lon- and electron-acoustic instability
* Current-driven cyclotron instability
* Loss-cone instabilities

* Anisotropy-driven waves

* lon beam instabilities

* Cyclotron maser instability

* Drift-wave instability

Electromagnetic waves can penetrate a plasma from outside, whereas
electrostatic waves must be excited internally. The simplest Kinetic
instability is that of an electron beam propagating on a uniform background:
gentle beam or bump-on-tail configuration:
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Instability requirements at
long-wavelengths:

e small ion Landau Stable Range
damping, T,>>T,;

* large enough electron 1o
drift, vy>>c,
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Parallel electron current along
magnetic field, ® ~ Ioagi,

kj <<k, T;<<T,
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Transverse drift current across
magnetic field, ® = Stable

A <<Tg; ionsunmagnetized

Currents can drive electrostatic ion-cyclotron and lower-hybrid modes.

« Absolute or non-convective instability:
Wave energy stays at the locale of generation and accumulates;
amplifies there with time of growth.

 Convective instability:
Wave energy is transported out of excitation site and disperses;
amplifies only over that distance where growth rate is positive.
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Loss-cone distributions store excess free energy in the gyromotion of the particles
and are therefore well suited for exciting waves related to the cyclotron motion.
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Electron-cyclotron harmonics are excited by a hot loss-cone distribution.
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lon-cyclotron harmonics are excited by a hot loss-cone distribution.
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Note that the typical electric field strength is only about
10 uV/m and the typical emitted power only a few pW/m?2,

k”'u” = w — lwgs

The Doppler-shifted wave frequency
(as e.g. seen by an electron) equals
the Ith harmonic of &,,. Being for | =
1 in perfect resonance, an electron
at rest in the wave frame sees the
wave at a constant phase. Otherwise,
a slower (faster) electron will see the
wave passing to the right (left), and
thus it sees an (L) R-wave (not)
polarised in the sense of its gyration.
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For k,= 0, the electric field is perpendicular to B. lons gyrate in the
sense of L-modes, and electrons clockwise in the sense of R-modes.
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Anisotropy
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Marsch, 1991

Gyro- or synchrotron-emission of energetic (>10 keV) or relativistic electrons
in planetary radiation belts can, while being trapped in the form of a loss-
cone, lead to coherent free electromagnetic waves that can escape their
source regions. Direct cyclotron emission fulfils the resonance condition:
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