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lon-Beam Plasma Neutralization Interaction Images

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

Plasma Physics Laboratory, Princeton University, Princeton, NJ 08543, USA

Abstract - Neutrdization of the ion beam charge and current is an important scientific issue for many
practical applications. The process of ion beam charge and current neutraization is complex because the
excitation of nonlinear plasma waves may occur. Computer smulation images of plasma neutrdization of

the ion beam pulse are presented.



The propagation of a high-current finite-length ion beam in a background plasma is of consderable
interest for many gpplications, including heavy ion fuson, plasma lenses, cosmic ray propagation, €tc.
Many applicaions rely on the neutrdized transport of pogtively charged particles. Heavy ion fuson
consders the bdligtic focusng of dripped heavy ions. High-energy physics gpplications involve the
trangport of intense podtron beams. In these gpplications, the plasma is pre-formed by an externd
source and is independent of the beam characterigtics.

A sauite of amulation codes has been developed to caculate the degree of charge and current
neutraization of an ion beam pulse by the background plasma. The suite consists of two different codes:
afully dectromagnetic, rdatividic, particle-in-cdl (PIC) code, and a nonreativigtic, Darwin fluid mode
for long beam pulses |1, 2].

In this paper, we present images generated from this suite of codes; the visudization has been
performed using the AV SExpress software [3]. Figure 1 shows the steady-<tate propagation of the

beam through a cold background plasma with uniform dengity n,. The electrons, attracted by the beam

1/2

ions, move to neutraize the beam charge on a time scde 1/w , where w, = (4pe2np /m)”“ isthe

eectron plasma frequency. Therefore, if the beam haf length (I,) is smdl compared with the

neutrdization length v, /w, (V, is the beam velocity), the electrons do not neutralize the beam charge

[Fig.1(8)]. For long beams, however, the charge neutradization is nearly complete, but large-amplitude
plasma waves are excited by the beam front [Fig.1(d) and 1(€)]. Figures 1(a)-1(d) were generated
usng a fluid mode, wheress the data in Fig.1(€) were obtained from a particle-in-cell code. The
trgectory of eectron fluid eements intersect a& one point in Fig.1(€), thus producing a sngularity in the
fluid solution. Therefore, a sufficiently large beam densties plasma waves cannot be described by a

one-fluid gpproximation.



Nonlinear plasma waves are rather complex phenomena, and the images in Figs.1(d) and 1(e)
resemble one of the primitive biologicad organisms caled ‘trilobites [4]. The smilar sudy has been
done by Misson Research Corp. [5].

In concluson, computer smulation images of beam plasma interactions have been presented.
These images provide important information on the complex physca processes occurring during beam
propagetion.
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Figure captions

Fig.1 Neutrdization of an ion beam pulse during steady-State propagation of the beam pulse through a
cold, uniform, background plasma. The beam propagates dong the y-axis. The beam dengty has afla-
top profile, and the red lines show the beam pulse edges. Shown in the figure are contour plots of the
normaized dectron dendty (ndny) and the normdized longitudind current  (j/enC) in

(xw/c,yw, /c) space The brown contours show the electron trgjectories in the beam frame. The

beam veocity is Vp=0.5¢, and the beam density is n,=0.5n, for Figs.1(a)-1(d), and n,=n, for Fig.1(e).



The beam dimensions correspond to () r,=0.03¢/w, , 1,=0.3c/w,, (b) r,=0.1c/w,, I,=1.0c/w,, (C)

r=0.3c/w,, 1,=3.0c/w_, (d) r,=1.0c/w,, I,=10c/w,, and (€) r,=1.5c/w,, 1,=15c/w, .
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