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Abstract – Electron beams with power density
106–109 W/cm2 are used for modification of the ma-
terials surface. The question of the transporting of
high current low-energy beam in a low-pressure
gas filled electro-dynamic system is of current in-
terest. 

In this work there is presented a model and
there has been conducted theoretical research of
the plasma channel forming under the low-energy
beam transporting in low-pressure air in an exter-
nal magnetic field. 

There has been shown the magnetic field influ-
ence on the plasma channel parameters and the cur-
rent neutralization of electron beam in dependence
on the gas pressure and the drift tube geometry. The
comparison with experimental data is conducted. 

1. Introduction

The high current electron beams of low-energy have
used wide application for the solution of the problems
of the materials surface layers modification. However
it is necessary to resolve number of problems for the
efficient application of energy stored in electron
beams. One of the most important problems is the
implementation of an electron beam transport to a
target with the small losses. These difficulties are
connected with beam parameters used and the restric-
tions on the system parameters. Really, for the elec-
trons energy range used Ee ∼ 10 ÷ 30 keV the ultimate
currents in technologic installations are on the level of
tens amperes, but in the same time it is required to
conduct beams with the currents Ib ∼ (1–2) kA. There-
fore it is necessary to maintain the full charge neu-
tralization and high enough current one for the trans-
port problem solution. It can be ensured most simple
by a beam injection in the preliminary created plasma
or in a neutral gas of the specific pressure. Besides
there is an external magnetic field is used much to
maintain the more stable beam propagation. 

It is not possible to apply the extant models of the
electron beams transport in gas and plasma [1, 2], as
they are oriented on the high enough plasma densities,
gas pressures p > 0,1 Torr and the short current pulses.

The technologic systems peculiarity is the exploita-
tion of electron beams with the pulse duration till tens
microseconds and the gas pressure p = (10–4

 ÷ 10–3) Torr.

In these specifications the investigation of the plasma
channel formation under beam propagation in gas is
necessary to carry out with taking into account the
processes of ionization and the plasma decay because
of recombination and diffusion and others processes
of arising and destruction of particles in dependence
on the gas kind. 

In the report there is presented the plasma channel
formation model under an electron beam propagation
in low-pressure air with given an external magnetic
field and the results investigation of plasma channel
parameters and the current neutralization of a beam in
dependence on the beam current , the pulse duration
and a gas pressure. 

2. Basic Equations

Let consider the plasma channel formation under the
electron beam propagation along the axis of the cylin-
drical drift tube of radius Rb filled with air at pressure
(10–4–10–3) Torr. On the assumption of cylindrical
symmetry the basic model equation can be written in
the form: 
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Here Az(r, t) – the vector potential of the field, cre-
ated by the plasma and beam currents; jbz(r, t) – the
longitudinal density of electron beam current, that is
defined by the beam current pulse on the drift space
inlet; jp(r, t) – the density of the plasma current in-
ducted under the electron beam propagation; B(r, t),
B(r, t) – the vectors of the magnetic and electric field
intensity; ( , )bn tr  – the beam electrons density, defining
the electrons distribution along the beam axis and in
its cross section; vb  – the beam electrons velocity;

(1),(2)
in  – the molecular ions densities of nitrogen ″1″

and oxygen ones ″2″ accordingly, 
(1),(2) ( , )gn t =r

(1),(2) (1),(2)( , 0) ( , )g in t n t= = −r r  – the molecule densi-
ties of nitrogen and oxygen in the drift space at the
arbitrary instant of time t; ( , )tσ r , ( , )ef tν r  – the
plasma conductivity and the effective frequency of
electron collisions; ( , )e tε r  – the specific energy of
electrons of plasma, taking place in the strong elec-
tromagnetic fields. Below eε  will be identified with
the electrons temperature (in [eV]).

For air in the range eε ~ 0.1–50 eV the collisions
frequency efν  has view [3]:
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р is the air pressure [Torr], L is the Coulomb loga-
rithm: 
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iσ  is the ionization cross sections of the nitrogen

and oxygen molecules, that are connected with the
specific ionization coefficient of air S and gas pressure
[4, 5]. In the work has been used as the experimental
values (1),(2)

iσ  so the theoretical ones [6].
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0r  is classical electron radius, ,k ikn U  is electrons
number on the k-th shell of atoms and the ionization
potential of the k-th shell, 1,2rα  are the dissociative
recombination coefficients for nitrogen and oxygen
accordingly. 
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(1),(2)
iK  is the constants of the ionization by thermal

plasma electrons .
The angle brackets in (4)–(5) denote the averaging

under the beam electrons velocities.
In the equations (1)–(8) there have been included

the processes that have an essential effect on the
plasma channel formation in the air pressure range
considered. Such processes, as the complex ions 4N+,

4O+  and the negative ions 2O−  formation can be ne-
glected. 

The presented nonlinear equations system, added
by the initial values for the potential, the beam current
and plasma densities has been solved numerically. 

The results of numerical simulation, that are pre-
sented in Figs. 1–6, display the dynamics of the
plasma channel formation and the current neutraliza-
tion in dependence on the electron beam parameters
on the drift tube inlet. 
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Fig. 1. The radial profile of the plasma electron density, 
p = 10–4 Torr, rb = 1.25 cm
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Fig. 2. The plasma electron density dependence on time at
the drift tube axis r = 0
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Fig. 3. The dependence of the density ne plasma averaged 
over the plasma cannel cross section
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Fig. 4. The plasma electrons “temperature” averaged over
the plasma cannel cross section versus time

In Figs. 1–5 are shown curves describing the
plasma creation dynamics under the injection of beam
with the pulse duration 35 µs, the electrons energy

20bε = keV and maximum current 540 A into the drift

tube of radius 2.7cR = cm at air pressure 42 10−⋅  Torr.
The current pulse was taken from an experiment in
accordance with work [3 ].

As it follows from the curves conduct that there
has been originated the high-ionized plasma with the
electron density ~ 125 10⋅ cm–3 under the beam injec-
tion. The average plasma electrons density is sustained
on the level 124 10⋅ cm–3 in the region of uniform beam
and falls abruptly out of beam (Fig. 1). The typical
dependence of the density en  on the plasma channel
axis versus time is shown in Fig. 2 and one averaged
over the plasma cannel cross section in Fig. 3.
The plasma electrons “temperature” versus time is
shown in Fig. 4. For the given system parameters the
plasma electrons “temperature” is connected with the
electric field of a electron beam, therefore the plasma
electrons have the highest “temperature”

~ 2 2.5eε − eV in the beam region. The comparatively
low level of eε  is conditioned by the rather weak cur-
rent of the injected beam. 
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Fig. 5. The total current Itotal = Ib + Ip in the drift space
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Fig. 6. The radial profile of the plasma electron density,
p = 10–4 Torr, Ib,max = 15 kA, rb = 3 cm, Rc = 5 cm, Ee = 20 keV

Besides the plasma channel parameter there have

been the plasma current 
0

2 ( , )
Rc

p pI j r t rdr= π∫  and

the total current total b pI I I= + . The study of the
structure and value of the plasma current (and hence
the current neutralization rank) in dependence on the
beam parameters, a gas pressure and the drift chamber
geometry is necessary to determine and create the cir-
cumstances of the optimal electron beam transport.
The total current dependence versus time for the elec-
tron beams with the different current density is shown
in Fig. 5.

The plasma channel formation was investigated for
a beam at the more low pressure 410p −= Torr, the
pulse duration 2 µs, ,max 15bI = kA and 3br = cm in the
drift tube 5cR = cm. The results of the plasma density
calculation are presented in Fig. 6. For suchlike sys-
tem parameters the electrons “temperature” lays down
~ 4–5 eV, and the current neutralization rises substan-
tially.
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