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Formation of the flow of the background plasma electrons moving to the electron beam injector at the initial
stage of the beam-plasma instability development in the region of maximum HF electric field intensity is
demonstrated via 1D computer simulation. Effect is caused by the plasma density profile deformation due to the

pressure of the inhomogeneous HF electric field.
PACS: 52.35.Mj, 52.35.Mw, 52.65.Rr

INTRODUCTION

Interaction of electron beams with plasma is an
important problem of plasma physics. Most analytical
studies of the beam-plasma instability paid the primary
attention to instability mechanisms at the linear stage of
the beam-plasma interaction [1]. Non-linear effects play
an essential role in the beam-plasma interaction [2, 3].
These effects mainly demonstrate themselves in the
electron beam [4]. Background plasma nonlinearities
were also studied. These nonlinearities were observed in
numerous  experiments. Among the plasma
nonlinearities one can mention, for instance, modular
instability of the Langmuir waves, exited in plasma by
the electron beam, and the following deformation of
plasma density profile with the consequent collapse of
cavities [5]. Kinetic effects, which accompany the
development of beam-plasma instability, for instance,
plateau formation on beam-plasma systems’ distribution
function [6], were also studied. However, kinetic effects
in the background plasma, which take place during the
development of beam-plasma instability, are not entirely
studied till now.

Beam-plasma interaction can result to the formation
of plasma electrons’ flows. In [7] this effect was
observed when deformation of plasma density profile
started.

The aim of the present work is to study the
formation of the background plasma charged particles’
(both electrons and ions) flows at the initial stage of the
beam-plasma instability via computer simulation. We
consider the initial stage as the time period during
which the significant deformation of ions’ density
profile is not observed; in other words, redistribution of
plasma density doesn't lead to reverse influence on the
HF-field distribution in plasma.

1. MODEL DESCRIPTION
AND SIMULATION PARAMETERS

To study the formation of the plasma particles’
flows, 1D computer simulation using modified package
PDP1 [8] was carried out. In 1D space plasma was
located between two conductive walls. At the initial
time point injection of the monoenergetic electron beam
into plasma started from the left wall (injector) of the
simulation space, i.e. the initial-boundary problem was
solved. Beam electrons were absorbed by the right wall
(collector). Velocity distribution function of plasma
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electrons was initially maxwellian. Simulation was
carried out for several beams’ current densities
(jb=1.5 mA/ecm’, 2.4 mA/cm?, 5mA/cm’, 10 mA/cm?)
for the beam velocity V,=3-10° cm/s and three different
beams’ velocities (Vy=1-10° crn/s, 3-10° cm/s,
5-10° cm/s) for the current density 2.4 mA/cm’. Other
simulation parameters: plasma density — n,;=2- 10° cm®
(corresponding electron plasma period — T,=2,49 ns);
distance between injector and collector — L=50 cm;
thermal velocities of plasma electrons and ions —
V1=2-10® cm/s and V4;=1-10° cr/s, respectively.

2. RESULTS AND DISCUSSION

We will discuss the simulation results for the beam
current density 2.4 mA/cm? and velocity V,=3-10" cr/s,
which are typical for the whole array of the data
obtained.

Fig. 1, a-b presents instantaneous space distributions
of plasma electrons’ and ions’ averaged velocities,
correspondingly, for the time point t=60T,. These
distributions were obtained via averaging over plasma
period the velocities of particles located in the small
space interval Ax.

At the initial stage of the beam-plasma instability
plasma electrons are accelerated primarily in the
direction of injector. At the same time, plasma ions are
accelerated both to injector and to collector (see
Fig. 1,a-b).

Fig. 2 demonstrates space distributions of plasma
electrons’ averaged velocities, moving only to the right
(Fig. 2,a) and only to the left (see Fig.2,b). Plasma
electrons’ averaged velocities distribution, presented on
Fig. 1,a, is the sum of the distributions presented on
Fig. 2.

To find out the cause of the plasma electrons’ flow
formation (see Fig. 1,a), we considered an instantaneous
space distribution of electric field, exited by the electron
beam, averaged over the plasma period, for the time
point t=60T, (Fig. 3,a). This distribution corresponds to
the slow (in the time scale of plasma period) component
of averaged electric field. Area of the negative field is
located near the injector, while the positive field area
with the larger strength value is located near the
collector (see Fig. 3,a). Under the influence of negative
field, plasma electrons are accelerated to the collector,
then they appear in the area of larger positive field, and
finally they start to move to the beams’ injector.
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Otherwise, negative field accelerates ions to the
injector, and positive field — to the collector. Thus,
electrons of the background plasma are accelerated to

and (primarily) to the collector. The proposed
mechanism of the electron flow formation is confirmed
by the quasi-stationary potential distribution (see

the injector, while ions are accelerated both to injector,  Fig. 3,b).
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Fig. 1. Instantaneous space distributions of plasma electrons (a) and ions (b) velocity, averaged over the plasma
period, for the time point t=60T,
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Fig. 2. Instantaneous space distributions of plasma electrons moving only to the right (a) and only to the left (b),
for the time point t=60T,
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Fig. 3. Instantaneous space distribution of the electric field averaged over the plasma period for the time point
t=60T, (a); —instantaneous space distribution of averaged potential for the time point t=60T, (b)

We can also mention that oscillations in this
potential well just correspond to plasma electrons’ flows
to the left and to the right, presented on Fig. 2,a-b.

The spatial distribution of the quasi-stationary
electric field allows to explain the formation of
particles’ flows in the background plasma (at least, at
the qualitative level). Thereby, the electron beam, which
is decelerated by the exited HF-electric field, indirectly
transfers its impulse exactly to plasma ions.The quasi-
stationary electric field formation is a result of plasma
electrical neutrality perturbation owing to the plasma
electrons’ extrusion from the area of intensive HF
electric field (ponderomotive force) [10]. Instantaneous
spatial distribution of HF electric fields’ intensity,
averaged over the plasma period, for the time point
t=60T, is presented on Fig. 4,a. Present mechanism is a
first stage of background plasma striction nonlinearity
development under the influence of inhomogeneous HF
electric field, exited by the electron beam. At the next
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stage quasi-stationary electric field results to
redistribution of the plasma ions’ density, so quasi-
neutrality perturbation is compensated. As it is clear
from Fig. 4,a, HF electric fields’ intensity gradient is
larger from the side of collector comparing to its’
gradient from the side of injector. Thus, the magnitude
of corresponding electric field has to be larger, which is
in good accordance with Fig. 4,a.

Fig.4b demonstrates an instantaneous spatial
distribution of the striction electric field intensity,
averaged over the plasma period, for the time point
t=60T,. This field is related with the HF electric fields’
intensity gradient by the expression:

Ey = 4meo)12r, %<E2> >

where o, =2n/T, is the electron plasma frequency,

<E2> is the HF electric field intensity, averaged over the
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plasma period. Comparison of Figs. 3,a and 4.b
demonstrates that exactly the striction field makes the
main contribution to the quasi-stationary electric field.
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So asymmetry of the HF field intensity distribution
results to the formation of the background plasma
electrons’ flow directed to the electron beam injector.
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Fig. 4. Instantaneous spatial distribution of HF electric fields’ intensity, averaged over plasma period for the time
point t=60T, (a);— instantaneous spatial distribution of striction field, caused by the gradient of HF electric fields’
intensity for the time point t=60T, (b)

CONCLUSIONS

1. At the initial stages of the beam-plasma instability
the flow of plasma electrons appears in the area of the
intensive HF electric field. This flow is formed as the
sum of two opposite flows, which appear due to the
plasma electrons’ oscillations in the potential well. The
result flow is directed to the beams’ injector (oppositely
to the direction of the beam motion). In the same region
the flows of plasma ions appear with both directions.
Moreover, the ions’ flow, directed along the electron
beams’ propagation direction, is more intensive.

2. The cause of plasma particles’ flows formation is
the quasi-stationary electric field, which change its’
direction in space. Area of the negative field is located
near the injector, while region of positive field is located
further from the injector, and its’ absolute value is
larger.

3. Calculation shows that the cause of quasi-
stationary electric field formation is plasma electrons’
extrusion from the region of intensive HF electric field.
Peculiarities of the quasi-stationary field space
distribution are defined by the distribution of HF field
intensity.

4. The results obtained are valid for the beams with
the transversal length that is large in the scale of the

inversed spatial increment of the beam-plasma
instability.
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®OPMUPOBAHME ITIOTOKOB AJIEKTPOHOB 1 HOHOB B ®OHOBOM ILIASME HA HAYAJIBHOM
CTAJIUM PA3BUTHS ITYYKOBO-IVIASMEHHOM HEYCTOMYNBOCTH
JI.M. Tanvicuna, H.0. Anucumos, C.M. J/Iesumckuii

C mOMOIIBbI0 KOMITBPIOTEPHOTO MOJICIIMPOBAHKS MMOKA3aHO, YTO HA HAYAIBHOM CTaJUM Pa3BUTHUS IUIA3MEHHO-
MYYKOBOW HEYCTOMYMBOCTH B 0O0JNACTH, TJE [OCTHraeTCss MAaKCUMyM HMHTCHCHBHOCTH BBICOKOYACTOTHOIO
JJIEKTPUYECKOTO T0JIs, (OPMHpYETCs MOTOK JJIEKTPOHOB (DOHOBOI TIJ1a3Mbl, HANpaBJICHHBIH HaBCTpPEdy
JJIEKTPOHHOMY My4YKy. BO3HHMKHOBEHHE 3TOro MOTOKA CBSI3aHO C Ha4yaJdbHBIM ATaroM nedopmanuu mpoduss
KOHIIGHTPAIUH I171a3Mbl 110 BO3ACHCTBHEM JaBJICHHUS HEOMHOPOAHOTO BU-3/1eKTPHYECKOTO TOJISL.

®OPMYBAHHS IMOTOKIB EJEKTPOHIB TA IOHIB Y ®OHOBIM IJIA3MI HA TIOYATKOBIN
CTAJII PO3BUTKY MYUYKOBO-IIVIA3BMOBOI HECTIMKOCTI
JI.M. Tanuzina, I.0. Anicimos, C.M. Jleeumcokuii

[IInsxoM KOMITIOTEPHOTO MOJEJIOBAHHS MOKa3aHO, IO Ha IMOYaTKOBIM cTaiii pO3BHTKY IIa3MOBO-ITyYKOBOI
HecTifikocTi B 00macTi, Jie AOCATaeTbcs MAaKCUMyM IHTEHCHBHOCTI BHCOKOYACTOTHOTO €JIEKTPHYHOTO TIOJI,
(hopMyeThCST TIOTIK €NEeKTPOHIB (POHOBOI IUIA3MHU, CHPSIMOBAHWN HA3yCTPid EINEKTPOHHOMY ITy4Ky. BHHUKHEHHS
IIBOTO TIOTOKY IIOB’sI3aHE i3 MOYATKOBUM e€TaroM jaedopmarii mpodio KOHIEHTpamii Iia3Mu MiJ Ji€l0 THCKY
HEOTHOPiTHOTO BU-eNeKTpUIHOTO MOIs.
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