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Abstract

The electrostatic plasma lens (PL) provides an attractive
and unique tool for manipulating and controlling the high-
current heavy ion beams. The concept of the PL is based on
using the magnetically insulated electrons and equipoten-
tialization of magnetic field lines. Today, the applications
of PL are, however limited. The reason is that estimating
the behavior of electrons for complicated magnetic fields
runs into severe difficulties. We show that there are specific
conditions that admit steady-state of a longitudinal motion,
and consider the question of its stability. These results are
needed to develop an optimized PL with minimal spherical
aberration, in part by optimizing the magnetic field config-
uration in the low-magnetic-field range.

INTRODUCTION

The fundamental concept of the plasma lens (PL) is
based on using magnetically insulated electrons and the
equipotentialization of magnetic field lines. This plasma-
optical concept was first described for example, in [1] and
[2]. The electrostatic PL is an axially symmetric plasma-
optical device with a set of cylindrical ring electrodes lo-
cated within the magnetic field region, with magnetic field
lines connecting ring electrodes pairs symmetricaly about
the lens’s midplane. Steady-state electric fields are in-
troduced into the plasma volume to control high-current
beams of nonmagnetized ion. Several devices of this kind
were developed and demonstrated for various applications.

The electrostatic PL has been investigated for more than
half a century. This background work is characterized by
a steady increase in the beam current �� and the beam
potential parameter ���������, where �� is the permitivity
of free space and �� is the velocity.

Earlier results e.g., in [1] showed that the hydrodynamic
model of the PL is described, in a stationary mode (steady-
state), by a simple equation
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where � and � are, respectively, electrostatic and mag-
netic fields of PL, � is a hydrodynamic electron velocity.
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It follows from this that electrons will be in motion with a
hydrodynamic velocity
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In fact, a Larmor radius of electrons and its temperature
have got a finite value. For this reason, a different station-
ary mode may arise such that equation (1) will not be the
same. Besides this, the distributive potential is not like that
of equation (1). The importance of new research will im-
prove the PL work. Here we present the new approach to
this topic.

THE PLASMA LENS MODEL

In the preceding section, we see how the mathematical
model can be used to yield a very simple equation to de-
scribe the electron motion. We next include the influence
of the electron mass in the dynamics of obtainingthe solu-
tion. Thus we impose the following assumption:

1. The electron mass 
 �� �.
2. There is pressing of electron component �������
��

We restrict our model to the following form:
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Let us introduce into consideration some coordinate sys-
tems - current and relative velocity. Then an absolute ac-
celeration can be written as follows
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where 	�
�
��� is the Coriolis acceleration. If the force
generated by this acceleration
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is zero then we have got a steady-state trajectory. But there
is yet another important factor that can degrade the ion
beams focusing. This is connected with a drift instabil-
ity [4] arising in inhomogeneous crossed � � � fields in
the lens volume. Thus further understanding of instability
mechanisms requires studying the nonlinear dynamics of
electrons within the plasma lens medium.
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A nonlinear equation for the distributed electric poten-
tial, we can write in the form:


��� � �

�
�� �

�

�
��� ����

�
� ���

where � is a magnetic moment, and the symbol � means
disturbed.

CONCLUSION

The experimental and theoretical results, and computer
simulations described in the literature (in examples, [3,
5], and references therein), indicate good prospects for
the permanent-magnet electrostatic plasma lens for focus-
ing high-current, moderate-energy, large-area, heavy ion
beams. With a simple design, and robust construction, only
a single power supply is needed. A substantial advantage
of a lens consists in using permanent magnets rather than
current driven coils. At the present stage of investigations,
this plasma-optical device could be used, for example, for
high-dose ion implantation; in particle-accelerators, in ion
beam sputtering, etc. Further experimental and theoretical
efforts are needed to develop and optimize plasma lenses,
with minimal spherical aberrations, in part by optimizing
the magnetic field’s configuration in the low-magnetic-field
range.
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