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Nonlinear deformation of the initially linear plasma density profile due to the modulated electron beam is studied
via computer simulation. In the initial time period the field slaves to the instantaneous profile of the plasma density.
Langmuir waves excitation is suppressed by the density profile deformation. The character of the plasma density profile
deformation for the late time period depends significantly on the plasma properties. Particularly, for plasma with hot
electrons quasi-periodic generation of ion-acoustic pulses takes place in the vicinity of the initial point of plasma
resonance.
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1. INTRODUCTION distributions of the beam current density. Consequently
Propagation of the modulated electron beam through only stimulated oscillations excited by the beam existed
inhomogeneous plasma is typical for plasma electronics.  in plasma in that period.
Strong longitudinal electric field is excited in the local
plasma resonance region (LPRR) at the modulation 110
frequency [1] in this case. This field excites Langmuir
waves [2] and ion-acoustic waves [3] in plasma. The
study of such effects is important particularly in the
frames of construction of beam-plasma devices with
direct radioemission, using of electron beams for radio
waves’ emission in the space, etc. ft

2. SIMULATION METHOD AND
PARAMETERS
Simulation of the modulated electron beam interaction
with inhomogeneous plasma was carried out via particle-
in-cell method using the modified package PDP1 [4]. In

this package plasma layer is located between two 0

conductive electrodes. The plasma treated was fully 0 05 z,m
ionized. Initial plasma density profile was linear. Density a ’

modulated electron beam (modulation depth is 100%) 110

moved from left electrode to right one. The beam current
and velocity v, as well as the characteristic inhomogeneity
length L were selected so that the charge density profile in
LPRR did not differ strongly from the sinusoidal shape
[5]. For all the cases treated electron density in the beam
was small relatively to the background plasma.

Simulation was carried out for such parameters. £t
Plasma density was (1-3)00"m> (f,.=(0.74-2.20)-10°Hz).
Length of the simulation region was 2m (characteristic
length of inhomogeneity was L=1.5m). Plasma electrons’
temperature was 22eV; plasma ions’ temperature was
0.1eV (hydrogen), 0.03eV (xenon). Beam velocity was 70
10’'m/s  (vo/vie=35, vo/c=0.23). Beam modulation

frequency was f=1.1000°Hz (critical density was n~=1.50] 0L . .
10"m™). 0 0.5 z,m
b
3. INITIAL PERIOD OF TIME Fig.1. Space-time distribution of the absolute value of
electric field (a) and distribution of the ion density
In the initial time period (ft<5) space-time (b) for hydrogen ions, j,=34/m’

distributions  of  field replicated  corresponding
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In the interval fIF~(5-40) the space-time distributions
typical for linear oscillations were gradually formed (see
Fig.2a,b). Maximum of electric field appeared and
gradually moved from the subcritical plasma to LPRR.
The phase velocity of electric field in this region changed
its sign [5]. These effects are caused by interaction of the
field of modulated electron beam, Langmuir wave and
wake waves [1]. The beam field has the spatial and
temporal periodicity of the beam modulation. Langmuir
wave is excited by the beam at the modulation frequency
and propagates from LPRR to the subcritical plasma. The
wake waves are excited at the local plasma frequencies by
the forefront of electron beam.

Maximum of the electric field amplitude took place at
ft=45, later this amplitude gradually decreased (Fig.3a).
Oscillations of maximal amplitude became inharmonic.
Particularly the constant component of electric field
appeared. It pulls the electrons out from the region of
maximal field amplitude. Later the oscillations became
harmonic again.

The main peak of the field oscillations disappeared
approximately at f7=65. The new peak was formed on the
left side of it (in the subcritical plasma, see Fig.1c).

The peak of electric field amplitude in LPRR results to
the plasma density profile deformation. For the
parameters selected the transient time of electric field
excited by the beam is small relatively to the
characteristic time of the plasma density profile
perturbation. Simulation demonstrated that the field
slaved to the instantaneous profile of the plasma density.
The initial shape of the density cavity was determined by
the spatial distribution of electric field for the linear stage
of the process [6].

4. LANGMUIR WAVES’ EXCITATION

It is clear from Fig.2a that after the field establishing
in the LPRR Langmuir waves (LW) start propagation
from this region to the subcritical plasma (for fi=55).
Later their amplitude remained approximately constant.
For fi~65-80 the stationary spatial distribution of the
amplitudes is formed [1, 5]. It is caused by the
interference of the LW and electrons’ oscillations excited
by the beam field.

The LW phase velocity is decreased far from LPRR
(Fig.2b). The magnitudes of phase velocity v, (along the
line AA’, Fig.2b) and group velocity v, (along the line
AA’, Fig.2a) found from the simulation results are in
good agreement with the estimations for the parameters
selected (6.400°m/s and 8.500°m/s for vy, 1.3500°m/s
and 1.4100°m/s for v,).

Nonlinear deformation of the plasma density profile
results to significant decrease of the LW excitation
effectiveness (see Fig.3).

5. ION-ACOUSTIC WAVES EXCITATION

The character of the plasma density profile
deformation depends significantly on the plasma
properties. For isothermal plasma the density step is
formed on the initial LPRR position [7].
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For plasma with hot electrons formation of the density
cavity in LPRR results to excitation of the ion-acoustic
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Fig.2. Space-time distribution of absolute value of the
difference of electron and ion densities for linear profile
of plasma density. Simulation parameters. xenon ions,

Jjn=0.34/m* (a, b); hydrogen ions, j,=34/m’ (c)
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B3AI/IMOI[EI7ICTBI/IE MOJIYJUPOBAHHOT' O EJEKTPOHHOT' O ITYYKA C HEOJJHOPOJIHOMN
IVIABMOU: JE@OPMAIIUA TPOPUJISI KOHOEHTPAIIMU IIJIA3MbI U BO3BY/KJIEHUE
JJEEH'MIOPOBCKUX BOJIH

H.A. Anucumos, A.U. Kenvnux, T.B. Cusepckuii, C.B. Copoka

C noMoIIbI0 KOMIBIOTEPHOT'O MOJICITMPOBAHMS HCCIIEyeTCs HelNnHelHast ieopMaliys IepBOHaAYaIbHO JTMHEHHOTO
npoduiIsi KOHUEHTPAIMK IUIa3Mbl MOJYJIMPOBAHHBIM JJIEKTPOHHBIM MYYKOM. B HaualbHble MOMEHTBI BpPEeMEHH I10Jie
MTOJICTPAaMBACTCS TIOJ MTHOBCHHOE pacIpelelieHie KOHIIEHTpAIlMH IUIa3Mbl. Bo30yKIeHHE JIEHTMIOPOBCKHX BOJH
orpaHu4mBaetcs aedopmanueil npoduiisi KOHIEHTpauud. Xapakrtep aedopmanud npouiisi KOHIEHTPALUHU I1J1a3Mbl
CYLIECTBEHHO 3aBUCHUT OT MapaMeTpoB Ia3Mbl. B uacTHOCTH, 11 MAa3MBI C TOPSIYUMH DJEKTPOHAMH B OKPECTHOCTH
NIEPBOHAYAIBHON TOYKH IUIA3MEHHOIO PE30HAHCA UMEET MECTO KBA3UIEPUOJMUYECKasl TeHepalus HOHHO-aKyCTHYECKUX
HMMIYJIbCOB.

B3AEMOAIA MOAYJIBOBAHOI'O EJIEKTPOHHOTI'O ITYYKA 3 HEOJHOPIZHOIO IIVIA3MOIO:
JE®OPMAIISA MPO®LITIO KOHIIEHTPAIII IIJIASMU TA 3BY/KEHHA JEHT MIOPIBCHKHX
XBHWJIb

1.0. Anicimos, O.1. Keavnuk, T.B. Cieepcokuii, C.B. Copoka

3a IOMOMOroK KOMIT IOTEPHOIO MOJCIIOBAHHS JOCHTIDKYEThCSA HENiHiiHA medopMallisi MepBiCHO JiHIHHOTO
mpoLTI0 KOHIEHTpAIii IUTa3MH MOAYJIHOBAaHMM E€JCKTPOHHHUM ITyYKOM. B TMOYaTKOBI MOMEHTH 4dacy IIoJyie
MiUIAIITOBYETBCA MM MHUTTEBI PO3MOMUIM TYCTHHH IUIa3MHU. 30YIKEHHS JIEHTMIOPIBCHKHX XBHIJIB OOMEXYETHCS
nedopmarniero npodimo KoHIEHTparii. XapakTep xedopMaii mpodisito KOHIEHTpalii 1a3Mi iCTOTHO 3aJIeXXUTh BiJ
rapamerpiB Iula3Mu. 30Kpema, Ui IUIa3MH 3 TapsSuuMH €JIEeKTPOHAMH IOOJIM3y IEpBICHOI TOYKH IUIA3MOBOTO
pe30HaHCy Mae Micle KBa3inepioJuyHa reHepallisi I0HHO-aKyCTHYHUX IMITYJIBCIB.
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