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1D simulation of the beam-plasma interaction demonstrates formation of quasi-periodical flows of background
plasma electrons. Flows directed along the electron beam velocity have larger velocities comparing with the flows
directed in the opposite side. This effect is associated with plasma electrons’ acceleration under the pressure of the
inhomogeneous HF electric field excited during the development of the beam-plasma instability. At the same time,
accelerated electrons moving parallel to the beam’s direction can interact with the excited Langmuir wave via

mechanism of Landau damping.
PACS: 52.35.Hr, 52.35.Mw, 52.40.Mj, 52.65.Rr

1. INTRODUCTION

Interaction of electron beams with plasma is one of
the most interesting problems of plasma physics. Interest
to this problem is caused by the possibility to use electron
beams as a probes for diagnostics of magnetic and electric
fields in plasmas, including HF fields, and by various
instabilities excited in beam-plasma systems, that
sometimes can result in the beam-plasma discharge
ignition [1]. However, these processes don’t represent all
the variety of effects that take place during the beam-
plasma interaction. In particular, some kinetic effects that
take place in beam-plasma systems are usually left out of
scope of the investigations.

In our previous works [2-3] longitudinal acceleration
of plasma electrons due to the impulse, transmitted by the
electron beam, was studied both theoretically and by
means of the computer simulation. However, for the case
of collisionless plasma without magnetic field interaction
between eclectron beam and plasma electrons can be
realized only through the electric fields of the charged
particles. Strong electric HF field exited by the electron
beam during its motion in plasma demonstrates the most
essential influence on plasma electrons. Electron beams’
energy and impulse transmission to plasma electrons can
take place only by the intermediation of this field.

The aim of this work is to study numerically the time
evolution of the plasma electrons’ velocity distribution
function in homogeneous beam-plasma system to find out
the flows of plasma electrons, and their correlation with
evolution of spatial distribution of the electric field and
plasma density profile.

2. MODEL DESCRIPTION
AND SIMULATION PARAMETERS

In order to study the plasma electrons’ flow, one-
dimensional computer simulation using modified PDP1
code [4] was carried out. In 1D space homogeneous
plasma was located between conductive walls. In the
initial time point the monoenergetic electron beam was
injected into plasma, and the sign of its velocity was

Simulation was carried out for five different electron
beams' current densities in order to compare plasma
electrons’ flows for these cases. Electron beams’ current
densities and corresponding beams densities j,, used for
the simulation, are presented in the table:

Electron beams’ Electron beams’
current density, A/m’ density, m~x10"
3 0.11
5 0,2
15 0.6
24 0.95
50 2

Though results for various simulation parameters are
similar, in this article we present the simulation results
only for the case of j,=24 A/m’. Common simulation
parameters were: plasma density — 2x10° m’
(corresponding plasma period is 2,49 ns); simulation
range — 50 cm; plasma electrons’ thermal velocity —
2x10° m/s; electron beams’ velocity — 3x10” m/s.

3. SIMULATION RESULTS

Fig. 1 represents the time evolution of the plasma
electrons’ velocity distribution function in logarithmic
scale. In the initial time points plasma electrons’
distribution function is nearly maxvellian: magnitude of
the HF electric field, exited by the electron beam, is not
enough for plasma electrons’ flows formation.

At the time point near 200 ns magnitude of the electric
field reaches its maximum (Fig. 2), and from that time
point one can observe a pronounced oscillations on
plasma electrons’ velocity distribution function. On the
late stages of the beam-plasma interaction (after the time
point 300ns) the oscillations disappear.

As one can see, period of the oscillations of the
plasma electrons’ distribution function is about 10°ns
(see Fig. 1). This period is much more then plasma
period, which is equal to the period of HF electric field
exited by the electron beam as a result of beam-plasma

considered as positive. The initial plasma electrons’ instability. — Consequently, —the electrons’  velocity
distribution function was considered as maxwellian. oscillations are not caused directly by this field.
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Fig. 1. Time evolution of plasma electrons’ velocity
distribution function
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Fig. 2. Space-time distribution of the intensity of the

HF electric field exited by the electron beam in plasma.
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Fig. 3. Space-time distribution of the plasma density
profile. a —plasma electrons profile; b- plasma ions
profile
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Figs. 3 a,b represent the space-time distribution of the
plasma electrons’ density profile and plasma ions’ density
profile correspondingly. Deformations on these profiles
are caused by space-inhomogeneous electric field, exited
by the electron beam (see Fig.2). Deformation of
electrons’ density profile starts earlier then ions’ profile
deformation, since HF electric field directly interacts with
plasma electrons (see Fig. 3 a,b).

One can see from the simulation results that formation
of quasi-periodical structures on the plasma density
profile results to decrease of the electric field exited by
the electron beam in plasma (see Fig. 2).

Regarding to Figs.3 ab, one can see that quasi-
periodical perturbations on plasma electrons’ and ions’
density profiles almost coincide with each other. So these
perturbations can be identified as ion-acoustic waves.
Excitation of these waves can be associated with the 1-s
decay of the Langmuir wave, excited by the electron
beam due to the resonant beam-plasma instability. After
the time point t=270ns one can observe the sudden
decrease of the electric fields’ magnitude (Fig.2), and
beam-plasma instability breakdown takes place. At the
same time the essential deformation of plasma density
profile is observed (see Figs.3 a,b). During the time
period between 300...450 ns the next areas of intensive
electric field appear in 30...35 cm from beams’ injector
(see Fig.2). After the time point t=450ns the second
beam-plasma instability breakdown occurs, and the next
ion-acoustic  perturbations arise on this place
(see Figs. 3 a,b). One can mention that initial plasma
density perturbations remain visible. The same scenario
takes place in the time interval 500...600 ns.

4. NATURE OF THE ELECTRON FLOWS
IN THE BACKGROUND PLASMA

As it was mentioned before, period of oscillations of the
plasma electrons distribution function is much longer then
period of the electron plasma oscillations. Hence, it can
be assumed that spikes on distribution function are caused
by the plasma density cavities formation.

In our previous works [2,3] formation of plasma
electrons’ flows was connected with the Landau damping
of electric fields’ wave, exited by the electron beam, on
plasma electrons. However, the estimations show that
relative part of resonant plasma electrons for initial
maxwellian distribution is about 10" from the total
plasma electrons’ number. Also, simulation shown that
oscillations on plasma electrons’ distribution function are
not the consequence of the bounce-oscillation of plasma
electrons in the potential well: the estimated period of
bounce oscillations is substantially less than period of the
plasma electrons’ distribution function oscillations
(see Fig. 1).

Thus, appearance of oscillations of the plasma
electrons’ distribution function can be preliminarily
associated with the formation of periodical density
cavities on the plasma density profile. The moment of
oscillations’ appearance coincides with the moment of
visible deformation of electrons’ density profile (see
Figs. 1-3,a). Period of the distribution function
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oscillations and lifetime of the electric field splashes are
of the same order of magnitude.

Fig. 1 demonstrates the predominantly widening of
plasma electrons’ distribution function in the direction of
positive velocities after the time point t =250 ns. In this
case the distribution function is essentially non-
maxwellian, and its” “tail” reaches the velocities that are
close to the electron beams’ velocity, i.e. 3x10’m/s, in
order of magnitude. Hence, number of plasma electrons,
that can interact effectively with the Langmuir wave
excited by the electron beam, increases. Consequently
acceleration of plasma electrons predominantly in the
direction of the beam propagation is a result of Langmuir
wave Landau damping.

5. CONCLUSIONS

Oscillations of the plasma electrons’ distribution
function and corresponding plasma electrons’ flows
directed parallel to the electron beam have larger
velocities than electrons’ flows anti-parallel to the beam.
Initial appearance of the background plasma electrons’
flows can be associated with the plasma density cavities
formation caused by HF electric field excited by the
electron beam. On the next stage of interaction plasma
electrons with the velocities of the order of electron beam
velocity can be trapped by the Langmuir wave excited in

plasma and get the additional acceleration due to the
mechanism of Landau damping.

All the interactions mentioned in this work provide the
transmission of electrons beam’s impulse to background
plasma electrons.
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O®OPMUPOBAHUE MOTOKOB 2JIEKTPOHOB I1JIA3MbI

B OJJHOPO/JJHOM MYUYKOBO-IIJIASMEHHOM CUCTEME
JI.M. Tanvicuna, H.A. Anucumos, C.M. Jleeumckuii

KommnbroTepHoe MomenupoBaHHE IyYKOBO-IUIA3MEHHOTO B3aMMOJCHCTBHS B OJHOMEPHOH CHCTEME IIOKa3ajo
BO3HUKHOBEHHE KBA3UIIEPHUOANYECKUX IIOTOKOB 3JIEKTPOHOB ()OHOBOM muia3Mbl. [IOTOKHM, HampaBieHHBIE BHOJb
pacnpocTpaHEHHs! 3JIEKTPOHHOIO ITyYKa, UMEIH OOJbIINE CKOPOCTH 1O CPAaBHEHHUIO C IMOTOKAaMHM, HANPaBICHHBIMH B
IPOTHBOIONOXKHYIO CTOPOHY. OTOT 3((eKT CBsI3aH C YCKOPCHHEM IUIa3MEHHBIX JJIEKTPOHOB IO BO3JCHCTBUEM
BBICOKOYACTOTHOTO JABJICHUSI HEOJHOPOJHOIO 3JIEKTPHYECKOTO IOJIsl, BO30YKICHHOIO BO BPEMs Pa3BHUTHUS ITyYKOBO-
IUTa3MEHHONH  HEyCTOWYMBOCTH. IIpM 3TOM YCKOpEHHBIE OJIEKTPOHBI, HANpaBlEHHBIE MapayIeIbHO Iy4YKY,
B3aUMOJEHCTBYIOT C BO30Y>K/ICHHO JIEGHTMIOPOBCKOM BOJIHOM 1O MexaHu3my Jlanmnay.

®OPMYBAHHS IIOTOKIB IIJTA3SMOBHUX EJIEKTPOHIB
B OTHOPIIHIN TYYKOBO-ILJIA3SMOBII CUCTEMI

.M. Tanuzina, 1.0. Anicimoe, C.M. Jlesumcokuii

Komn’rotepae MopenroBaHHS ITYyYKOBO-TIa3MOBOI B3a€MOJii B OZHOBHMIpHIM CHCTEMi ITOKa3al0 BHHHUKHEHHS
KBa3iNepiOAMYHUX TOTOKIB eNeKTPOHIB (oHOBOT Iuiazmu. IloToku, HampaBieHI B3JOBXK HANpPSMKY IOLIIMPEHHS
€JIEKTPOHHOT'O ITy4YKa, MaJy OUIBLI IIBHJKOCTI y TOPIBHSHHI 13 OTOKaMHM, CIPSIMOBAaHHUMHU B 3BOPOTHOMY HAIPSMKI.
Leit edext NoB’si3aHU 13 TPUCKOPEHHSIM IIIA3MOBHX €JIEKTPOHIB TiJI JIIEF0 BUCOKOYACTOTHOTO THCKY HEOIHOPIJIHOTO
SJIEKTPUYHOTO TMOJIsl, 30Yy/DKEHOrO TiJ 4Yac PO3BUTKY IIIa3MOBO-ITydKoBOi HecTifikocTi. Ilpm mpoMmy mnpuckopeHi
EJICKTPOHH, CIIPSIMOBaHI HapajeabHO J0 HalpAMY pyXy ITydKa, B3a€EMOMIIOTH i3 30yIDKEHOIO JIEHIMIOPIBCHKOIO XBHJICIO
3a MexaHizMoM Jlannay.
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