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INTERACTION OF THE MODULATED ELECTRON BEAM
WITH PLASMA: KINETIC EFFECTS

I.O. Anisimov, M.J. Kiyanchuk, S.V. Soroka, D.M. Velykanets’
Taras Shevchenko Kyiv National University, Radio Physics Faculty, Kyiv, Ukraine,
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Evolution of the velocity distribution functions of plasma and beam electrons during modulated electron beam
propagation in homogeneous and inhomogeneous plasma was studied numerically. Velocity distribution function of
plasma electrons at the late time moments strongly differs from initially Maxwellian one. In the regions of strong elec-
tric field plasma electrons’ bunches are formed. Comparison of distribution functions of beam electrons for modulated
and non-modulated beams shows that deep initial modulation suppresses resonant instability development. In the inho-
mogeneous plasma acceleration of electrons in the plasma resonance point can be observed.
PACS: 52.35.-g

1. INTRODUCTION
Problems of the modulated electron beam interaction

with homogeneous and inhomogeneous plasma are of
interest in various branches of plasma electronics such as
electron beams’ using as emitters of the electromagnetic
waves in ionosphere, transillumination of the plasma bar-
riers for electromagnetic waves using electron beams etc.

In our previous works [1,2] interaction of modulated
electron beams with plasma was studied via computer
simulation using modified package PDP1. Discussion of
kinetic effects during the interaction of the modulated
electron beam with homogeneous and inhomogeneous
plasma is presented in this report.

2. MODIFICATION OF THE VELOCITY
DISTRIBUTION FUNCTIONS DURING

MODULATED ELECTRON BEAM
PROPAGATION IN HOMOGENEOUS

PLASMA
Simulation was carried out via particle-in-cell method

using modified program package PDP1. 1D model was
treated. Initially homogeneous background plasma layer
was located between two plane conductive electrodes.
Electron beam was injected from left electrode and moved
to right one. The plasma particles were absorbed by elec-
trodes.

Plasma was formed by hydrogen ions, and it was
completely ionized. Simulation parameters corresponded
approximately to the conditions of laboratory experiment
[3]. The beam density was modulated harmonically with
the initial depth 0.3. Simulation was carried out during the
time interval of 5·10-8 s that contained approximately 200
electron plasma periods or 5 ion plasma periods. During
this time electron beam reached the opposite electrode,
and approximately stationary processes were settled.

Possibility to save coordinates and velocities of large
particles was used to obtain the velocity distribution func-
tion.

Fig. 1 presents velocity distribution functions of
plasma electrons for different time moments (a,b) and
space-time distribution of electric field (c). The darker
areas correspond to the larger number of particles and
field strength. Velocity distribution functions of plasma
electrons at  the  late  moments  of  time  strongly  differ
from initially Maxwellian one (compare Fig. 1 a,b). In the

regions of strong electric field plasma electrons’ bunches
are formed (Fig. 1b). One can see that regions of plasma
electrons’ bunch formation coincide with maximums of
electric field (for t=4.5·10-9 s – 0.06-0.08m, 0.11-0.12m,
0.19–0.2m). After the start of injection maximum of the
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Fig. 1. Velocity distribution functions of plasma elec-

trons for different time moments ( a) t=2.5·10 -9;
b) t=4.5·10 -9) and electric field strength (c)
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electric field moves to the injector, and energy exchange
between the electric field and the beam electrons occurs.

Figs. 2-4 show velocity distribution functions of beam
electrons for modulated and non-modulated electron beam
for different time moments (dark parts correspond to lar-
ger electron densities). In x-v plane these figures present
phase portraits of electron beam. At Fig. 2 a,b one can see
that most part of the beam electrons is decelerated. Ap-
pearance of secondary bunches can be connected with
front reversal in the phase space. Comparison of pictures
for modulated and non-modulated beams shows that suf-

ficiently large initial modulation depth suppresses reso-
nant instability development [4]. From Fig. 4 a,b one can
see that distances between injector and region where
resonant instability becomes significant for modulated
and non-modulated beams are strongly different
(0.04 - 0.05 and 0.02 - 0.25 m).

For the late moments of time the point where resonant
instability becomes significant moves to injector both for
modulated and non-modulated beams (Fig. 2-4). This
effect is connected with the motion of the electric field
maximum to injector (Fig. 1 c).

a b a b
Fig. 2. Velocity distribution functions of beam electrons
for modulated (a) and non-modulated (b), electron beam

at the time moment t=10 -8s

Fig. 3. Velocity distribution functions of beam electrons
for modulated (a) and non-modulated (b), electron beam

at the time moment t=2⋅10 -8s

a b
Fig. 4. Velocity distribution functions of beam elec-

trons for modulated (a) and non-modulated (b), elec-
tron beam at the time moment t=4·10 -8s
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Fig. 5. The instant distribution functions of the electrons

of the plasma: )  for the moment of time t=0,3 s;
b) for the moment of time t=0,9 s

a

b
Fig. 6. Space-time distribution of the absolute value of

electric field (a) and ion density perturbation (b)
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3. ELECTRONS’ ACCELERATION IN THE
LOCAL PLASMA RESONANCE REGION
During the study of inhomogeneous plasma dynamics

in the homogeneous pumping electric field the effect of
plasma electrons’ acceleration in local plasma resonance
region was found out [5]. It was shown that electrons ac-
celerated in such a way move in the direction of plasma
density decreasing in the weakly inhomogeneous plasma.

The model studied in this section differs from the pre-
vious one. The difference is that now plasma density
grows linearly from left electrode to the right one. Plasma
resonance point where modulation frequency of the beam
coincides with the local Langmuir frequency is situated in
the center of simulation interval.

The instant distribution functions of the plasma elec-
trons during it’s interaction with modulated electron beam
is shown on Fig. 5 a,b. Space-time distribution of the ab-
solute value of electric field (dark color corresponds in-
tensive field regions) and ion density (dark color corre-
sponds cavities in density profile) is shown on Fig. 6 a,b,
respectively. In the moment of time t=0,5 s the density
cavity is formed.

Fig. 5 a corresponds to the moment of time when the
electric oscillations in LPRR have been already excited
(see Fig. 6 a) but plasma density profile was not yet per-
turbed (see Fig. 6,b). The local peak on the distribution
function can be associated with the electrons accelerated
in LPRR.

Fig.5 b corresponds to the late moment of time when
the density cavity has been already formed in LPRR, and
the electric field in this region has been decreased (see
Fig.6 a,b). So there is no more electron acceleration in
LPRR. Consequently there is no perturbations on the dis-
tribution function.
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