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Abstract :-

A theoretical investigation is carried out to study the effect of a pencil electron
beam propagating inside the plasma region determining the hydrodynamic densities
distribution with the aid of numerical analysis finite deference method (FDM).The
plasma is generated and trapped by annular electron beams of fixed electron density

1x1014 m-3,

The result of the study shows that the hydrodynamic density behaves as the increase in
pencil electron beam. The hydrodynamic density ratio goes to more than double as the

increase in pencil electron beam density to 1x1018 m-3.

I-Introduction :-

The interaction of electron beam
with plasma have received considerable
attention due to its numerous application
in acceleration of charged particles |,
plasma heating and amplification with
generation of microwave devices
[1,2,3,4].

The purpose of this paper is to
present the results of theoretical study of
the parameters related to the effect of
electron beam on the hydrodynamic
density in plasma region.

I1-Proposed Geometry and basic
equations:-

The model consists of symmetric
annular electron beam, which is used for
generating the background plasma in the
ionization chamber due to the impact of
the electron beam with atom of gas in
the chamber .A second fine electron
beam , called the pencil beam , which
independently generated and interacts
with the trapped plasma . The two beams
systems are shown in fig.(1) [5].

The distribution of plasma potential
with pencil electron beam is determine
by using Poisson’s equation from eq.(1)

[6]

d_E_(nPb_nl) _
A (—e)
where nPb is the density of pencil
electron beam , nl is the ion density

generated behind electron beam , & is the
distance behind the electron beam , €o is
the permittivity of free space and E is the
electric field .

The finite difference method is used
to determine the potential distribution in
eq.(1) with a computer program called
Poss program [5].

The distribution of ion velocities in x
and y direction can be determine by
using Poss and Velos programs for
different values of pencil electron beam
densities [5].

The distribution of  hydrodynamic
density p can be determined by using
equation of continuity in plasma fluid
theory [7,8,9].

%P +v.p, V)=0
where po is the primary density and p
is the hydrodynamic density after pencil
electron beam interaction with plasma
region .

I11-Hydrodynamic density:-

To determine the hydrodynamic
density distribution p , eq.(2) is used as
follows :

v=iv, +]v,
v=iZ il
OX oy

where vy and vy are the velocities of ion
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in X and y direction respectively . The
solution of equation (2) is

ov, OV
Ap = x 4 2
) po[ax ay]

where At is the increment in time .

A computer program called Hydro
written in Fortran language ,using eq.(5)
and the results calculation from Poss and
Velos programs to calculate the
distribution of hydrodynamic it for
different values of densities of pencil
electron beam .

V- Results & Conclusion :-

Fig.(2) shows the results calculation
from Poss and Velos program with
pencil electron beam density 1x1014 m-
3 .The values of vy =6.5x105 m/s ,shows
the transverse ion oscillation in the
entrained plasma region .

The results from Hydro program are
shown in fig.( 3) to fig.(5) . It is noticed
from the figures that the interaction
between the pencil beam and plasma
leads to the increase of hydrodynamic
density p as the densities of electron
pencil beam nP increases as shown in
table(l).Fig.(6) shows the hydrodynamic
density along the y axis at peak value
for various values of pencil electron
beam densities From fig.(6) ,the
maximum values of hydrodynamic
density pmax and the minimum values
of hydrodynamic density pmin shown
in table (1) .The build up potential due to
slow secondary electrons tangent to the
inner annular beam boundary of the
plasma model , is expressed by pmin
.The value of space charge neutralization
is expressed by rp which corresponds to
the value of ( pmax / pmin ) and behaves
indirectly as electron beam density of
pencil beam .

The numerical calculation in the
present model of electron beam plasma
interaction,gives compaction ratio(p/po )
of density distribution to more than
double ,and is a function of electron
pencil beam density .

The hydrodynamic density
distribution ,shown in fig.(6) as function
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of electron pencil beam density is the
gain curve representation as charge
neutralization of entrained plasma .The
similar drop in density at both sides is
due to equality of transverse charge
oscillation in collision chamber .
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Table (I) Maximum and minimum values
for hydrodynamic density for different
values of pencil electron beam np.

np (M3) | prmax (@mem3)| pin(gmicm3) | fp
1x1014 31.6 5.82 5.42
1x1016 50.31 13.23 3.8
1x1018 69.72 45.1 15
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Fig.(1) a- Schematic diagram for the model and boundary condition
b- Schematic diagram for pencil electron beam with plasma region
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Fig.(2) Distribution of velocities with pencil electron beam density 1x1014 m-3
from Poss and Velos program.
a- For velocities in x- direction
b- For velocities in y- direction
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Fig.(3) Distribution of hydrodynamic density (p) with pencil electron beam
densities nyp =1x1014 m3 and pg =19.07 gm/cm3

a-Contour hydrodynamic density
b- Surface hydrodynamic density
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Fig.(4) Distribution of hydrodynamic density (p) with pencil electron beam
densities npp =1x1016 m3 and p, =19.07 gm/cm3

a-Contour hydrodynamic density
b- Surface hydrodynamic density
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Fig.(5) Distribution of hydrodynamic density (p) with pencil electron beam densities Npb
=1x10" m" and po =19.07 gmicm’

a-Contour hydrodynamic density
b- Surface hydrodynamic density 308
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Fig. (6) The hydrodynamic density at peak values in y — direction for
different values of pencil electron beam densities .
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