2D SIMULATION OF THE INITIAL STAGE OF THE BEAM-PLASMA
DISCHARGE
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2D electrostatic PIC code for simulation of the initial stage of the beam-plasma discharge in the rectangular
geometry is developed. Simulation results for discharge in helium are presented. It is shown that the area of the most
intensive plasma heating eventually moves further from the injector. In this area the intensive ionization takes place.

PACS: 52.35Fp, 52.40Mj, 52.50Gj, 52.65Rr, 52.80Tn

INTRODUCTION

Study of the beam-plasma discharge (BPD) is
interesting for the formation of dense plasmas for
technological applications [1], interpretation of artificial
beam-plasma experiments in the ionosphere etc.
Considering complexity of the processes accompanying
BPD in the real geometry, it is impossible to provide the
exact analytical description. Consequently computer
simulation can be used [2, 3]. The aim of this work is
simulation of the initial stage of the BPD in 2D
geometry.

1. SIMULATION PACKAGE

The electrostatic PIC code with the rectangular
geometry was used [4, 5]. Stripped electron beam was
injected into the rectangular volume filled with the
weakly ionized plasma. Electrons and ions were
absorbed on the borders. The neutral component was
considered as a continuous medium. The density of
neutral atoms was assumed to be constant during the
simulation. These assumptions are valid only for the
initial BPD stage until ionization level is low. The code
considered such elementary processes as elastic
collisions, electron impact excitation and ionization of
atoms (last two processes were taken into account
qualitatively). Dependence of the cross sections of
elementary processes on the electrons' energy that was
used in the simulation is illustrated by Fig. 1,
corresponding parameters are given in Table. 1.
Processes of recombination were not taken into account.
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Fig. 1. Energy dependence of the elementary
processes' cross-sections

Equations of motion for the charged particles were
resolved by the finite differences’ method, Poisson's
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equation — by the Fourier transform method. Linear
weighting of the charge density was used to calculate
the spatial distribution of potential. Components of the
electric field in the grid were calculated by the potential
differentiation. To calculate the electric field for points
located between the grid nodes the linear weighing of
values in the grid nodes was used. For suppression of
the shortwave field components calculated inaccurately
the window filter was used [5].

To speed up the calculation parallel computing was
used. Typical calculation took several days.

Table 1. Parameters of elementary processes

Type of process |s (10°m?) |Eq (eV) | E; (eV) | E; (eV)
Elastic collision 4 0 3 30
Excitation 0.043 19.7 | 205 21.5
lonization 0.2 24.6 59 400

Table 2. Simulation parameters

Gas type Helium

Gas pressure p=1 Torr
Gas temperature T=0.025 eV
Camera length L=1m
Camera height L=0.5m
Initial plasma density Ne=10" cm™
Plasma temperature Teo=1eV
Debye length rp=0.01 cm
Langmuir oscillations period Tpe=1-10"s
Beam current density j,b=1000 A/m*
Beam acceleration voltage U,=5000 V
Number of cells along the length {16384
Number of cells along the width 8192
Simulation time step 1-110%%s
Beam electron’s transit time 2.410%s
Simulation time 107s

2. SIMULATION PARAMETERS

Initially the gas was partially ionized. The ionization
level was ne=10" cm™. Debye length for such plasma
is rp=107cm. The interval of 1 m between electrodes is
divided into 16384 cells. Cell size is equal to
Ax=0.006 cm and is less than half Debye length.

The Langmuir oscillations period of this plasma is
Tpe:l-IO'9 s. Considering that particles should not move
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more than 1 cell at one step, the simulation step was
taken to be At~ AX/VbZIO'12 S.

3. SIMULATION RESULTS

During the simulation the spatial distribution of such
variables as potential, longitudinal and transversal
(relatively to the beam velocity) electric field, the beam
electron’s density (logarithmic scale), the density of
created ions (logarithmic scale), the energy density of
the electric field, the beam electrons' temperature and the
plasma electrons' temperature can be displayed and saved.
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Fig. 2. The spatial distributions of the beam density (a);
beam electrons' energy (b); longitudinal (c) and
transversal (d) electric field

After the start of beam injection the periodic electric
field appears in plasma due to the beam-plasma
instability development (Figs. 2,c,d). The longitudinal
component of the electric field forms the regions of
beam electrons’ acceleration and deceleration (Fig. 2,b).
In the areas of acceleration the energy of the beam
electrons substantially exceeds their initial energy. The
transversal component of the electric field forms the
regions of radial focusing and defocusing (Fig. 2,a).
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Fig. 3. The spatial distributions of the created ions'
density (b, d, f) and plasma electrons energy (a, c, €) for
the time points t = 1.5-10% ¢ (a, b); t =3.5:10% ¢ (¢, d)
andt=7-10%c (e, f)

lonization of the neutral component is observed in
the areas where the plasma electrons have maximal
energy. This effect is illustrated by Fig. 3. Number of
the appeared ions is increasing over time because
recombination is not taken into account in the code. In
the first approximation the spatial distribution of the
created ions density appears as the time integral of the
spatial distribution of the plasma electrons’ energy.
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CONCLUSIONS

1. Electrons are accelerated in the areas of the beam
longitudinal and radial focusing due to the development
of the beam-plasma instability. The energy of the
accelerated electrons exceeds substantially their initial
energy.

2. In the first approximation the spatial distribution
of the charged particles produced in the discharge can
be treated as the time integral of the spatial distribution
of the energy of the background plasma electrons
counted from the ionization level.

3. Mainly longitudinal waves are excited by the
beam at the initial stage of simulation. Later the waves
with substantial transversal component of the wave
vector appear.

4. The background plasma becomes considerably
inhomogeneous due to the neutrals' ionization. The area
of the most intensive plasma heating eventually moves
further from the injector. In this area the intensive
ionization takes place.
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JBYXMEPHOE MOJEJIUPOBAHUE HAYAJIBHOM CTAJUM IIIA3MEHHO-ITYUYKOBOTI'O
PA3PSIJIA

J.U. /laovika, H.A. Anucumos

PaccmarpuBaercss HagampHash CTagusl pa3sBUTHS IUIa3MEHHO-ydkoBoro paspsma (IIIIP). PaspaGoran
MIPOTrpaMMHBIN KOJ AJI IBYMEPHOTI'O 3JI€KTPOCTATHUECKOTr0 MOJEIUPOBAHUS C IOMOUIBIO METO/Ia KPYIHBIX YaCTHUII B
sueiikax. [lomydensl pe3ynbTaTel MOJeaMpoBaHus HayanbHOU cranuu [ITIP B renun. IlokazaHo, 4To UHTEHCUBHAA
MOHU3AIMsl HEeHTpPaNbHOro ra3a HaOMOJaeTcs B OOJACTSIX C CHJIBHBIM 3JIeKTpudeckuM mojeM. IlokazaHo, d4To
00J1acTh MaKCUMAaJIBHOTO HarpeBa ()OHOBOM IIJIa3MbI CO BPEMEHEM CMELIASTCs NANIbIIIE OT HHXKEKTOpa K KOJUIEKTOPY.

JBOBUMIPHE MOJIEJTIOBAHHSI IOYATKOBOI CTAII IINIABMOBO-ITYUYKOBOI'O PO3PSIJTY
.1 laouka, 1.0. Anicimos

Po3rnsigaeTbest moyaTkoBa CTajisl PO3BUTKY I1a3MOBO-TyukoBoro pospsiny (IIITP). Po3pobieno mporpamumii
KOJl JIBOBUMIPHOTO €JIEKTPOCTATUYHOIO MOJICIIOBAHHS 32 JOIMOMOIOI0 METO/AY KPYINHHUX YaCTHMHOK Yy KOMipKax.
Hageneno pesynbraté MojemoBaHHsS modaTkoBol cramii IITTP y remii. IToka3aHo, 1[0 IHTEHCHBHA IOHI3aIlis
HEWTPAIILHOTO Ta3y BiI0OyBaeThCsS B THX 00JACTSIX, JI¢ IPUCYTHE BUCOKOYACTOTHE eleKTpuyHe Tose. [lokazano, mo
00J1aCcTh MAKCHMAIIBHOTO PO3IrpiBy (JOHOBOI ITa3MH 3 YaCOM 3CYBA€ETHCS BiJl iIHKEKTOpa 0 KOJIEKTOpA.
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