KINETIC EFFECTS IN THE LOCAL PLASMA RESONANCE REGION
EXCITED BY MODULATED ELECTRON BEAM: 2D SIMULATION

1.0. Anisimov, D.M. Velykanets', T.Eu. Litoshenko
Taras Shevchenko National University of Kyiv, Radio Physics Faculty,
2 Glushkov Ave, build. 5, 03127, Kyiv, Ukraine, e-mail: milissent@mail.ru

Electrons' and ions acceleration in the local plasma resonance region (LPRR) excited by thin modulated electron
beam was studied via computer simulation using PIC method. The region of electrons' and ions' acceleration was found
out. At the late stage of the process the HF field excited in the LPRR perturbs the initial plasma density distribution. In
that time the accelerated electrons velocity is directed at some angle to the plasma density gradient. Ions acceleration on

the late stages of interaction is caused by ambipolar field.
PACS: 52.35.Hr, 52.35.Mw, 52.40.Mj, 52.65.Rr

1. INTRODUCTION

Interaction of the modulated electron beam with inho-
mogeneous plasma is interesting for various branches of
plasma electronics. Modulated electron beam excites the
strong HF electric field in the local plasma resonance re-
gion (LPRR) and results to Langmuir waves' appearance
[1]. The possibility of plasma electrons' acceleration in
LPRR excited by the modulated electron beam was
demonstrated in our previous work [2] for 1D model
(similar effects take place for inhomogeneous plasma ex-
cited by the incident p-polarized electromagnetic wave [3-
4]). But in laboratory experiments electron beams have a
finite radius. Influence of the finite beam radius can effect
strongly on the beam-plasma interaction in LPRR (see,
e.g., [5]).

Dynamics of plasma electrons' and ions’ two-dimen-
sional velocity distribution function during this process is
studied in this report using numerical simulation via PIC
method. Simulation was carried out using modified PDP2
code.

2. SIMULATION PARAMETERS AND MODEL
DESCRIPTION

Warm isotropic planarly-stratified plasma with initial-
ly linear density profile was studied. Thin modulated elec-
tron beam moved parallel to the plasma density gradient.
Beam was initially modulated per density with depth of
100%. Modulation had a harmonic shape with the fre-
quency .

Simulation was carried out using modified PDP2 code
[6]. Plasma density was (1,6...4,8)d0%m™; simulation re-
gion was 60cmx10cm; plasma temperature was 2eV;
beam velocity was 3-10°cm/s; frequency of beam modula-
tion was 0,16GHz; beam density was 2:10%m™.

3. ELECTRON’S ACCELERATION
IN LPRR

Fig. 1 represents plasma electrons’ 2D velocity
distribution function for various time points. In the initial
time points plasma electrons’ 2D distribution function is
symmetric: the field magnitude in LPRR is not enough for
electron’s acceleration (Fig. 1a).

As the field increases in LPRR, the accelerated elec-
trons appear and move in the direction of subcritical plas-
ma. It results to distribution function deformation
(Fig. 1b).
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Fig. 1. Plasma electrons’ 2D velocity distribution

function for time points 142ns (a), 249ns (b), 316ns (c)
In the late time points plasma density profile deforma-
tion in LPRR changes the electric field configuration, and
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electrons are accelerated at some angle to the system axis
(Fig. 1c). In contrast with 1D model transversal electric
field caused by the finite beam cross-section plays the sig-
nificant role in the electrons acceleration.

4. SPATIAL DISTRIBUTION OF THE ACCEL-
ERATED ELECTRONS

Spatial distribution of high energy electrons is defined
as full energy of plasma electrons located in spatial inter-
val (Ax, Ay). Fig. 2 represents the regions where electrons
are accelerated for various stages of beam-plasma interac-
tion (light areas correspond to regions with high values of
electrons’ energy).

0.02

0 0.3 X om 0.6 4

.02

0 0.3 X, m 06 1

0.02

o

0 0.3 X, m 0.6

Fig. 2 Spatial distribution of electrons’ mean energy for
time points 142ns (a), 249ns (b), 316ns (c)
One can see from the Fig. 2 that electrons are acceler-
ated in LPRR where strong HF field is exited. Electron’s
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spatial distribution of kinetic energy density changes in
time according to electric field spatial distribution chang-
ing in LPRR.

5.I0N’S ACCELERATION IN LPRR

Fig 3 represents ions’ 2D distribution function for late
moment of beam-plasma interaction. The perturbation on
ion’s distribution function in the late period of interaction
can be associated with accelerated ions that appear in
LPRR.

Accelerated ions appearance is probably related with
ambipolar field that is excited in LPRR at the late stage of
interaction. Ponderomotive force that is caused by HF-
electric field presses plasma electrons out from the LPRR.
It results to electro-neutrality violation that forms the am-
bipolar field [5].
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Fig. 3. Plasma ions’ 2D velocity distribution function for
the time point 316ns (c)

6. IONS’ HEATING

Spatial distribution of ions’ mean energy for late mo-
ment of interaction shows that ion’s acceleration takes
place in LPRR (Fig. 4). lons’ kinetic energy spatial distri-
butions correspond to similar distributions of electric field
more precisely in comparing with distributions of elec-
trons’ kinetic energy, because electrons has higher magni-
tudes of thermal velocities, and their energy spatial distri-
bution is more eroded.
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Fig. 4 Spatial distribution of ions” mean energy for the

time point 316ns (c)
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7. CONCLUSIONS
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KHUHETUYECKUE 3O PEKTBI B OBJIACTHU JIOKAJIBHOT O IIJTASMEHHOT'O PE3OHAHCA,
BO3BYXXJIAEMO MOJYJIUPOBAHHBIM SJIEKTPOHHBIM ITYYKOM: JIBYMEPHOE
MOJEJIUPOBAHUE

H.0. Anucumos, /.M. Beauxkaneu, T.E. /lumowienko

[Tpu noMomM KOMIBIOTEPHOIO MOZEIMPOBAHMUS UCCIEIYIOTCS YCKOPEHUE DIIEKTPOHOB M MOHOB IUIa3Mbl B 00J1aCTH
JIOKaTbHOTO TuIa3MeHHoro pe3oHanca (OJIIIP), cTuMynmupoBaHHOM MOZYIHPOBAHHBIM AIIEKTPOHHBIM ITYIKOM.
Hccnenytorcss o0macT yCKOPEHHsI 3J€KTPOHOB M HMOHOB IuTasMbl. Ha mO3OHMX cTagusx B3auMOACHCTBUS
BBICOKOYACTOTHOE Toisie, Bo3Oyxkmaemoe B OJIIIP, nedopmupyer mpoduib KOHIEHTPALMH IUIA3MBI, W 3JIEKTPOHEI
YCKOPSIIOTCS T10J] HEKOTOPHIM YIJIOM K HAIIPaBICHHWIO TPaJAMeHTa KOHIEHTPALMH IUIa3Mbl. YCKOPEHHE HOHOB Ha
MO3/THUX dTarax B3aMMOJICHCTBHS IIPOUCXOJIUT 1101 BO3CHCTBHEM aMOUTIONSPHOTO TIOJIS.

KIHETUYHI EOEKTH B OBJIACTI JIOKAJIbHOI'O IIJTA3SMOBOI'O PE3OHAHCY, 3BY/IKYBAHIN
MOAYJIBbOBAHUM EJIEKTPOHHUM ITYYKOM: IBOBUMIPHE MOJEJIIOBAHHS

L.0. Anicimos, /I.M. Beaukaneus, T.E. Jlimowmenko

3a OIOMOT00 KOMIT FOTEPHOT'O MOJIEIIOBAHHS JOCIIIKY€ETHCS IPUCKOPEHHSI €IEKTPOHIB Ta 10HIB IIa3MHU B 00JacTi
JIOKAJTFHOTO M1a3MoBoro pesonancy (OJITIP), 30ymkyBaHiii MOIYyJTbOBAaHUM EICKTPOHHUM IMyYKOM. J{OCHIIKYIOThCS
00JIacTi TPUCKOPEHHS ENEKTPOHIB Ta 10HIB IuIa3Mu. Ha mi3HIX cranisix B3aeMonii BHUCOKOYACTOTHE HOJIE, IO
30ymxyetbest B OJITIP, nedopmye mpodisib KOHIEHTpAIIT [1a3MH, 1 €IEKTPOHU IPUCKOPIOIOTHCS il AEIKUM KYTOM JI0
HanpsMy TIpaflieHTy KOHLeHTpauil mia3mu. [IpuckopeHHs 10HIB Ha TMi3HIX 4Yacax B3aeMOjii BiOYBA€ThCs Mif Ji€l0
aMOIITOJIIPHOTO TIOJIS.
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