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EFFECT OF AN EXPLOSIVE ELECTRON EMISSION ON MAGNETIZED
SHEATH BETWEEN PLASMA AND ISOLATED WALL

O.Yu. Kravchenko, G.I. Levada, I.S. Maruschak, T.E. Lisitchenko

 Taras Shevchenko National University of Kiev, Kiev, Ukraine

It is carried the two-dimensional computer simulation of evolution of the magnetized sheath that arises between
plasma and isolated wall under the influence of an explosive emission of electrons from the microspot of the surface
using the PIC/MCC method. Calculations are performed for different electron current densities, values of the magnetic
induction and gas pressures. One of the obtained effects is the direction changing of the electric field under the
influence of explosive emission near the center of the electrons emission. Due to this effect the unipolar arc ignition is
shown. It is studied the influence of  magnetic field on the development of unipolar arc.
PACS: 52.27.Lw.

1. INTRODUCTION
Plasma is separated from the plasma reactor’s walls by

a space charge sheath because of the mobility difference
between ions and electrons. The phenomena in sheath
play a considerable role in the various plasma
technologies of solid surfaces processing and controlled
thermonuclear power production.

One of the most interesting phenomena bound up with
the sheath is formation of an unipolar arc. According to
modern representations unipolar arcs cause the reactor’s
walls corruption. Particularly, the unipolar arc is the
emission source of heavy ions which are sources of the
increased Bremsstrahlung radiation losses of energy.
Essential for this kind of discharges is that single
electrode serves as both the cathode and the anode. The
cathode is the region of the explosive electron emission;
the anode is ring-like area surrounding the cathode.
Explosive electron emission can appear on some cathode
surface defects and is caused by the increased electric
fields near them, followed by the thermal and secondary
electron emission. In some conditions, that should be
determined, the return flow of electrons appears around
the emitting spot. This return flow closes the current loop
of the unipolar arc.

 Most of qualitative theoretical unipolar arc models
are based on the Bohm sheath theory [1]. According to
this theory, if the metal plate placed into the plasma
doesn’t let out any charged particles (there are no
emission centers on its surface), the balance of electronic
and ionic currents from plasma is set. The plate accepts
floating potential which shields the plate from all
electrons except the high-energy ones in Maxwell
distribution

A circulating current that appears between plasma and
plate is called an unipolar arc: “hot” electrons from
plasma overcome detaining potential *

fV , transfer current
on a plate, and from a plate "cold" emitted electrons
transfer a current to plasma.

Numerical experiments of the explosive emission
influence on the sheath were carried by the Gielen G.,
Shram D. [2] and Roshansky V., et al [3]. Both scientists’
groups carried out the calculations within the
hydrodynamic plasma description in the presence of a
magnetic field, but a electron friction with neutral atoms
were neglected. Hydrodynamic models assume

Maxwellian velocity distribution, but its justice needs to
be proven under the conditions of the explosive emission.
But mentioned and other [4] theoretical and numerical
models are just qualitative, and there are no detailed
theory based on self-consistent model.  In this article we
study the evolution of the sheath in partially ionized
plasma in the presence of inclined to the wall  magnetic
field by the method PIC/MCC.

2. MODEL
A two-dimensional model of sheath is considered.

One boundary of modeling area is a wall at a floating
potential. The ion flow with directed Bohm velocity and
the thermal electron flow are defined at the opposite
boundary. The area between boundaries is filled with the
argon plasma. It is supposed that electrons and ions
recombine on the wall. The secondary electron emission
with coefficient 0.3γ =  is taken into account. We assume
that the magnetic field B  is constant in space and is
inclined to the wall at the angle 8θ = o .

The high-density electron flow is defined from central
small area of wall ( 0.0049 m 0.0051 my≤ ≤ ) to take
into consideration the explosive electron emission.

Simulations were made by means of Particle-in-Cell
and Monte-Carlo methods [6] to take into an account in
our code the following reactions caused by electron and
ion impacts: elastic electron-neutral collisions, elastic ion-
neutral collisions, ionization, neutral excitation by
electron heat, charge exchange between ions and atoms.

Following parameters of the unperturbed plasma were
used: electron and ion densities 15 3

, 10 me in −= , electron
temperature 2.5 eVeT = , ion temperature 0.03 eViT = .
The explosive emission current density varies
within 3 5 210 10 A/mej = − , the argon pressure varies
within 0.05 0.5torr p Torr< < .  In our case, the value of
wall potential has been set 5 BflV =  approximately
corresponding to the floating wall potential for plasma,
thus electronic and ionic streams on a wall are
approximately equal.

3. NUMERICAL RESULTS

The spatial potential distribution is shown on Fig. 1, a
for the case 5 210 A/mej = , 0B = .  We can see that the
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electron emission essentially influences the potential of
the electric self-consistent field in the sheath. The
potential minimum is formed in front of the emission spot
and the sheath width is greatly increased. The potential
profiles along a perpendicular direction to the wall for
different emission current densities and are presented on
the Fig.1,b. The solid line corresponds to the case without
emission.  Dotted, dashed and stroke dashed lines
correspond to emission current densities 3 210 A/mej = ,

4 210 A/mej =  and ej = 5 210 A/m respectively.
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Fig. 1. The potential distribution over the emitting spot
near the wall at 5 210 A/mej = , 0B = (a) and potential
distributions along the perpendicular direction to wall

under emission center without explosive emission (solid
line) and with explosive emission (b)

Fig. 2 shows spatial distributions of macroelectrons at
0.5p Torr= , 5 210 /ej A m= , 0.2B T=  (a) and at

0.5p Torr= , 5 210 /ej A m= , 0.01B T=  (b).  It is seen
that the high electron density regions are formed over the
emission center. This is due to gas ionization by electrons
which are emitted from the wall. This region is narrow in
the case 0.2B T=  and wider in the case 0.01B T= due
to magnetized of electrons in the first case. In the last case
we see the return current on the wall at some distance
from the center of emission, that can be characterized as
the formation of unipolar arc.  At the contrary, we see the

low electron density in the sheath and hence low current
to the wall at 0.2B T= .
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Fig.2. Spatial distributions of macro electrons at
0.5p Torr= , 5 210 /ej A m= , 0.2B T= (a) and

0.01B T= (b)

The potential profiles as well as ion and electron
density profiles along a perpendicular direction to the wall
under emission center are shown in Fig. 3 for case

0.2B T=  (a) and 0.01B T=  (b).  It is seen that densities
of electrons and ions are reduced in the sheath
monotonically with distance from the wall at 0.2B T= .
At that a significant deviation from quasi-neutrality of the
plasma takes place only at 0.0025x m< . In the case

0.01B T= a maximum density of electrons and ions is
formed at some distance from the wall and the deviation
from quasi-neutrality of the plasma takes place  in wider
region near the wall.  It is seen that at 0.004x m<

electron density the electron density significantly
exceeds the density of ions, but in the region
0.0004 0.001m x m< <  the  ion density exceeds the
density of electrons. These features of spatial distribution
of electrons and ions lead to a drawing of the potential
distributions of the electric field. We note that the
increase in the magnetic field leads to a reduction of the
negative peak potential near the center of the emission
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and to increase its width in a direction perpendicular to
the wall. At 0.01B T=  except for a large negative peak
near the building wall is formed by a positive maximum,
which indicates the formation of positively charged
region in the plasma.
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Fig. 3. Spatial distributions of ion and electron densities,

an electric field potential at 0.5p Torr= ,
5 210 /ej A m= , (a) 0.2B T=  and (b) 0.01B T=

CONCLUSIONS
This article presents computer simulations of unipolar

arc phenomena in the frame of a self-consistent physical
model. The potential distribution near the surface emitting
was calculated.  It is shown that due to emission of
electrons in the potential distribution is formed a
minimum, which can lead to reverse current of electrons
on the wall in the vicinity of the emission spot. The
magnetic field significantly alters the structure of the
potential in the sheath. In particular, its increase leads to a
narrowing of the dense electron cloud in front of the
emission center and to the electron density decreasing  in
the sheath on the periphery of the spot emission, which
can be an obstacle to the development of unipolar arcs.
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