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lon-Beam Plasma Neutralization Interaction Images

Igor D. Kaganovich, Edward Startsev, S. Klasky, and Ronald C. Davidson

Abstract—Neutralization of the ion beam charge and currentis densityn,,. The electrons, attracted by the beam ions, move to

an important scientific issue for many practical applications. The neutralize the beam charge on a time scale,] wherew,, =

process of ion beam charge and current neutralization is complex
because the excitation of nonlinear plasma waves may occur. Com-
puter simulation images of plasma neutralization of the ion beam

(4nen,/m)*/? is the electron plasma frequency. Therefore, if
the beam half lengthy) is small compared with the neutraliza-

pulse are presented. tion lengthV;, /w,, (V,, is the beam velocity), the electrons do not

Index Terms—Particle beam transport, particle beam focusing, neutralize the beam charge [Fig. 1(a)]. Forlong beams, however,

plasma application, plasma waves. the charge neutralization is nearly complete, but large-amplitude

plasma waves are excited by the beam front [Fig. 1(d) and (e)].
Fig. 1(a)—(d) were generated using a fluid model, whereas the

T HE PROPAGATION of a high-current finite-length ion a5 in Fig. 1(e) were obtained from a PIC code. The trajectory

for many applications, including heavy ion fusion, plasm

le
th
io

beam in a background plasma is of considerable interegtojectron fluid elements intersect at one point in Fig. 1(e), thus
Broducing a singularity in the fluid solution. Therefore, at suffi-

nses, cosmic ray propagation, etc. Many applications rely iy jarge beam densities plasma waves cannot be described
e neutralized transport of positively charged particles. Heaw a one-fluid approximation.

n fusion considers the ballistic focusing of stripped heavy Nonlinear plasma waves are rather complex phenomena, and

ions. High-energy physics applications involve the transpggie images in Fig. 1(d) and (e) resemble one of the primitive

of intense positron beams. In these applications, the plasmabgica' organisms called *

trilobites” [4]. The similar study

is preformed by an external source and is independent of W&'s been done by Mission Research Corporation [5].

beam characteristics.

fe

In conclusion, computer simulation images of beam-plasma

A suite of simulation codes has been developed to calculgiga actions have been presented. These images provide impor-

the degree of charge and current neutralization of an ion begfit information on the complex physical processes occurring
pulse by the background plasma. The suite consists of two djf;

. L > iring beam propagation.
rent codes: a fully electromagnetic, relativistic, particle-in-cell

(PIC) code, and a nonrelativistic, Darwin fluid model for long
beam pulses [1], [2]. REFERENCES
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Fig. 1. Neutralization of an ion beam pulse during steady-state propagation of the beam pulse through a cold, uniform, background plasma. Tieghsssn pro

along they axis. The beam density has a flat-top profile, and the red lines show the beam pulse edges. Shown in the figure are contour plots of the normalized
electron densityr{. /n,) and the normalized longitudinal curregt {en ,c) in (zw, /¢, yw,/c) space. The brown contours show the electron trajectories in the

beam frame. The beam velocitylis = 0.5¢, and the beam densityis, = 0.5, for Fig. 1(a)—(d), ane, = n,, for Fig. 1(e). The beam dimensions correspond to

(@)ry = 0.03:/w,, I, = 0.3¢/w,; (b) ry = 0.1c/w,, Iy = 1.0c/w,; (€)ry = 0.3c/w,, I, = 3.0c/w,; (d) r, = 1.0c/w,, I, = 10c¢/w,; and (e)ry, = 1.5¢/w,,

I, = 15c/w,.
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