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Abstract

The results of computer simulations of time-de-
pendent charge ond current neutralization

cold

of high-cur-

rent ion beams (IB) by electrons emitted from a

plane to a half-space are presented. The cases of long
linear cur-

that the

and short injected ion pulses of sharp and

rent rise times are considered. It is shown

system of cold electrone and ions passes to the same

stationary state independent of the initial and boun-

dary conditions.

Introduction

For the application of IB in inertial fueion reee-
arch it is neceasary to understand the physice of beam

propagation through vacuum, lov-pressure gases, plasma

channels etc. [1-5). One of the most simple and attrac-
tive schemes is the transport of IB in vacuum by neut-

and current vith electrons emit-

the

ralizing its charge

ted from the channel surface under action of IB
self-field.

Let us consider the simplest one-dimensional equi-
librium model of IB neutralization. This model has been

described in several articles {2-5] and here we shall
recall only the main result.

Ion flow of current density J and kinetic energy W
is injected through the plane at

On the

axial position x = 0

to the half-space x > O. plane of zero potenti-

al there is a plasma of infinite emission capability -
the source of electrons. If the velocity of ions is con-
stant, condi -

tion d®/dz(0) =

then the potential distribution under the

0 may be written as

z =

f?[—JZuIU - @ + arcsin({T/a - 1) + no(2k + 1)/2],

vhere k = 0, 1, 2 .., ® = e¢/W. This solution describes

periodic modulation of the electrostatic potential in

2dZn and amplitude D=

22 2
2x upi/vi

gpace vith period 2z = 4u2.Here

= 2
@ —(Je/J)Jme7ni, z= =

tudinal coordinate, ©

- nondimensional longi-
- ion plasma frequency, Je—cur-

wvill be noted that

pi

rent density of electron flow. It

the value of the parameter a is free for the case of

half -space.
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Computer simulotion of IB neutrglization

Kinetice of the neutralization has been investigated by
wmeans of computer simulation. Ione, thin sheets of a gi-
ven velocity, vere injected through the plane electrode.
infinitely thin sheets of zero initial velo-

of the

Electrons,
city,
electric field of ion flow.

start from the plane under the influence

A number of electrons may be extracted from the
plasma to yield the boundary condition of

limited flow E(0) = O as the field of the sheets is in-

space -charge
dependent of the distance to the injection plane. Below
the results are given for initial velocity of ione equ-
al to 0.05c. Nondimensional coordinate and time are mea-

meca/eJ

: 2 . -

gured in the units X, = and to = xO/c.
Calculations shov that the influence of generated
fields on the motion of ione is quite amall if emissi-
on of electrone starts simultaneously vith injection of
ion

iong. The resulte given below are for the caose of

flov of uniform density moving into the half-gpace wvith

constant velocity. Such an approach allowed the field
of ions to be calculated analytically.
Fig. 1 illustrates the longitudinal distribution

of electron velocities (phase map) for the definite ti-

mes indicoted at the right, and the corresponding dis-

tributions of electron density, total, direct and back

currents, electrostatic potential and the distribution

function of electrons. The solid curve represents ion

velocity and the end of the curve corresponds to pulse

front of ion flow. These results are given for sharp

rise-time of the ion current and are similar to results

[2-43. It will be noted that at the initial time the
maps give the same results as for the stationary state
provided Je = J and Vam = 2vi.

These results show that thermalization of electron
flovw sets in practically instantaneously. For
if the ion current denasity J =170 A/cm2
5is8 t =

example,
then the nondi-
mensional time T = 1.5 n8 in real time scale.

An first sight it seems that thermalization is due
to oscillation of‘the single powerful virtual cathode
at the front of ion flow.Such a mechanism vas advocated
in [2-4]1. To check this ossumption ve repeated the cal-

culation in the case of linear current rise-time (Fig.
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2) up to T = 40. The time of thermalization is greater

in this case, ond the oscillating mode is conserved for
a greater time.Blov-up of electron flow starts not from
the front of ion flow but from the body,

vhen Beveral

macreelectrong are reflected from the ion flow front
and disturb a subcritical virtual cathode of sufficient
pover in the body of the flow. This virtual cathode ex-
plodes and the explosion expands to the left and to the
right and leads to decay of the other subcritical vir-
tual cathodes. Such a process results in the traneition
of the system consisting of tvo divided cold flowe to a
quasiuniform mixed eystem. Finally, the syatem goes over

to a stationary state similar to the previous one in
the case of a sharp ion front.

We considered the cases of long pulse ion beams of
duration greater than time of thermalization. It is
interesting to consider the neutralization of short ion
bunches. These results are given in Fig. 3.

The phase maps for the times T = 2 and T = 6 are
presented for the cases of triangular and constant den-
that

sity ion bunches of duration < = 2. It is seen

the repults are approximately similar to the previous
ones, electron

tribution.

differing as to width of velocity dis-

If o train of ion bunches is injected and the dis-
tance between the bunches ia greater than the length of
the bunches then their neutralization is independent
of each other. The fev interchange electrone do not ap-

preciably influence the situation.
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Fig. 1. Phase maps and the distributions of the indi-
cated parameters at T = 1 and T = 12 in the ca-

se of ion beam with sharp front
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