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Angular and Momentum Distribution Dependence of Electron Cyclotron

Absorption and Amplification in Mirror-Confined Plasmas

L.F. Ziebell

The absorption and amplification of fundamental electron cyclotron

radiation in inhomogeneous, weakly relativistic, loss-cone and partially

filled loss-cone plasmas, are studied for both perpendicular and oblique

propagation, and the extraordinary mode is numerically analyzed. It is shown

that there are situations where small changes in the distribution function may

strongly affect the wave vector, and an explanation is given, pointing to the

eventual relevance of the use of the full momentum distribution, along with

relativistic effects, in the evaluation of both the real and imaginary part

of the dielectric tensor. A model which could describe plasmas in actual

situations like the thermal barriers in tandem mirror devices is presented

and numerically investigated, and it is shown that particles scattered into

the loss-cone may play a relevant role.
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The theory of cross-field ion streaming instabilities is applied to the

parameter regime of the end cells of the upgraded Tandem Mirror Experiment

with neutral beam injection. The cross-field ion drift as well as the elec-

tron thermal anisotropy T > T provides the free-energy which drives

various instabilities. Three instabilities, a nearly perpendicular propagating

modified two-stream instability, an obliquely propagating ion-ion streaming

instability, and an obliquely propagating electromagnetic lower-hybrid

instability, have been identified. The first two waves are electrostatic and

have the largest growth rate. For the actual operation conditions of the

Tandem Mirror machines, it is found nhat the ion-ion streaming instability

has the largest growth rate. When more energetic neutral beams become
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available, the two-stream instability may play the dominant role in the

instability of these devices.

*Accepted for publication in Physics of Fluids.
•On leave from IF-UFRGS, Brazil.

++Los Alamos National Laboratory, X-1, MS E-531, Los Alamos, NM 87545, USA

Instabilities Due to Transmitted and Reflected Ions and Electron

Temperature Anisotropy in a Quasiperpendicular Shock Wave
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The theory of cross-field ion streaming instabilities is generalized to

treat two ion species, transmitted and reflected, and applied to the parameter

regime of a high Mach number quasiperpendicular shock wave. Electron tempera-

ture anisotropy is also included in the analysis because the electrons are

preferentially heated in the direction transverse to the ambient magnetic

field by adiabatic compression at the shock surface. Improved analytical and

numerical results for the linear growth rates are presented. Three modes are

discussed: a nearly perpendicular propagating kinetic cross-field streaming

instability, an obliquely propagating electromagnetic lower-hybrid instability

and a nearly parallel propagating whistler instability. The free energy which

drives the instabilities is provided by the cross-field ion drift and the

electron temperature anisotropy T > T . The kinetic cross-field streaming
ex eii

instability is excited by the cross-field ion drift and enhanced by increasing

the electron temperature anisotropy. The electromagnetic lower-hybrid

instability requires T > T and is enhanced by increasing the ion drift

velocity. The nearly parallel propagating whistler instability is excited by

T > T and is insensitive to the ion drift.

*0n leave from IF-UFRGS, Brazil.
•••Los Alamos National Laboratory, S-1, MS E-531, Los Alamos, NM 87545, USA.


