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Abstract

The present status of nonneutral plasma science is reviewed with a particular interest in the pursuit of a
new frontier for plasma physicists engaged in basic researches. The author does not intend to be exhaustive
nor well balanced in the description, but tries to discuss where we are positioned and what we might be able
to do to fruitfully enjoy plasma physics and extend its field of activity. Leaving most of topics to the cited ref-
erences, the author describes characteristic features of nonneutral plasmas appearing in distinct confinement
properties, equilibria, transport, nonlinear evolution of Kelvin-Helmholtz instability, and fluid echo phenom-
ena. These examples may convey the significance of nonneutral plasmascience as one of newly-rising branches
of plasma physics and as a potentially relevant channel through which plasma physics could explore new di-

mensions.
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Fig. 1 Potential distributions ¢ (r, z) of a nonneutral plasma in
a Penning equilibrium. Top: Externally applied potential
ba(r, z) ®< r202 z2, Middle: Self-field potential #s(r, z) of
a plasma with the aspect ratio of 3. Bottom: Total poten-
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Fig. 2 Time evolution of the electron density distribution n(x,y) across the homogeneous magnetic field. Time is indicated in us in each
frame with dimensions of 29 mm x 29 mm. The electron density is proportional to the vorticity in two-dimensional vortex dynam-
ics, which enters a nonlinear stage within a few us from the initial diocotron (K-H) instability. Multi-staged nonlinear evolutions and

long periods of quasi-equilibrium states can be observed.
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| IO -

Fig. 3 Fluid echo experiment showing the electric signal de-

tected on a pair of sections of a wall cylinder. Waves are
excited twice att = 0 and t = ¢ with azimuthal mode of m;
=2and m¢ =4. Echois received att =2 7. From ref.[41].
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Fig. 4 Fluid echo experiment pictures showing the density perturbation images at eight successive times labeled in Fig. 3. The initial
m; = 2 perturbation (a) smears out as in (b) and (c) by the differential rotation associated with no(r). The second wave with m¢ =
4 is added to form the modulation (d) which also damps away as in (e) and (f). But this process is associated by the emergence
of a macroscopic pattern with me =2 as in (g) and (h). From ref.[41].
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