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Dynamics of electron bunch in homogeneous plasma was studied via electromagnetic PIC method in the cylindrical
geometry using PIC method. Electrostatic wake wave propagated behind the bunch in plasma as predicted by the
theory. Magnetostatic field exists around the bunch. On the vacuum-plasma edge the surface electromagnetic wave is
observed. It exists due to the motion of distorted plasma electrons on the boundary.

PACS: 52.35.Qz, 52.65.Rr

1. INTRODUCTION

Theoretical studies of plasma usually deal with one or
several specific effects thus the general picture of the
phenomena frequently remains unclear. It was shown that
different types of electrostatic waves could be excited
simultaneously in plasma by injected charged particles
[1]. Taking into account electromagnetic effects makes
the interaction even more complicated because of surface
and volume electromagnetic =~ waves. Analytical
description of all these waves interacting nonlinearly with
injected bunch or beam is very complicated.

Computer simulation is the alternative research
method in plasma science. Computer models could be
tuned closely to the conditions of the real experiments. In
numerical experiments it’s possible to study all processes
and characteristics of the plasma simultaneously.

In this paper we present computer simulation of the

Bunch is injected from vacuum into plasma with the sharp
boundary. 2.5D electromagnetic relativistic PIC code was
used for simulations [2].

2. SIMULATION MODEL

Beam-plasma system was simulated in 2.5D
cylindrical geometry. In this model the space grid has two
dimensions, large particle has the shape of ring, which
can move along z-axis and its radius can increase or
decrease. Particles can also rotate around the system axis,
i.e. they can have an azimuthal velocity component. Three
components of electric and magnetic fields can be taken
unto account. It is possible to simulate the propagation of
electromagnetic waves of both E- and H-types [3].

Simulation volume has a shape of cylindrical
resonator with radius of 0.1 m and length of 0.8 m.
Electromagnetic absorbing layers are imposed on both
sides of the resonator.

electrons’  bunch interaction with the bounded The system is partly filled with homogeneous plasma.
homogeneous plasma in cylindrical geometry. Plasma consists of electrons and hydrogen ions with near
zero temperature. The plasma density is 3-10%cm™.
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Figl. Spatial distribution of the beam charge density for the time points 2ns (a), 13ns (b) and 24ns (c)
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Fig.2. Spatial distribution of z component of electric field for the time points 2ns (a), 13ns (b) and 24ns (c)

Electron bunch with initially rectangular density
profile is injected into vacuum from the left boundary of
the system. At some distance from injector it crosses the
sharp vacuum-plasma boundary. Initial beam velocity is
3-10'm/s, initial density is 5-10° cm™, length and radius
are 3cm and 2cm, respectively.

3. DYNAMICS OF THE BUNCH INJECTED
INTO THE PLASMA

Bunch charge densities at three different time points

are shown on Fig. 1: in vacuum near injector (a) and in
plasma (b),(c).

One can see from comparing Fig. 1,a and Fig. 1, ¢
that electron beam is expanded both in transversal and
longitudinal directions. This effect is caused by the
influence of the bunch space charge. Furthermore, the
shape of the bunch changes during its motion in plasma.
The front part of the bunch becomes wider in radial
direction and less dense. In the contrast the rear part
expands slower and becomes denser. It could be

explained by interaction with the excited wake wave [4,5]
which consumes energy of injected electrons, and they are
decelerated. Different transversal motion of the bunch
electrons could be explained by their different phases

relatively to the wake wave [
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Fig.3. Spatial distribution of ¢ component of magnetic field for the time points 2ns (a), 13ns (b) and 24ns (c)
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4. ELECTROMAGNETIC FIELD
GENERATED BY THE BUNCH

Longitudinal component of the electric field at
different time points are shown on Fig. 2, a-c. Azimuthal
component of the magnetic field is shown on Fig. 3, a-c.

The electron bunch excites the electrostatic wave
during its motion in the plasma. One can see from Fig.3
that magnetic field exists inside the plasma only around
the bunch and it has the magnetostatic nature.

Magnetic field of substantial amplitude exists also on
the plasma-vacuum border. In contrast to the field around
the bunch it has an oscillating nature. Alternating electric
field on the edge is also observed and could be interpreted
as the surface wave excited by the bunch. The
electromagnetic field exists because of the oscillation of
electrons distorted from the equilibrium state by the
injected bunch. This field cannot propagate leftwards
because of the critical frequency of the waveguide which
is higher than plasma frequency:

Serit = ¢/herie = cvor/(2nR) = 1.20 GHz,

S = (e*nlegm,) = 0.98 GHz,
where R is the waveguide radius, and 7 is the plasma
density.
5. CONCLUSIONS

Behavior of the electron bunch injected into
homogeneous plasma was studied via electromagnetic

PIC method in the cylindrical geometry. It was observed
that the shape of the bunch changes differently for its
front and rear parts. Front part expands in transverse
direction faster than rear part.

Electrostatic wake wave propagated behind the bunch
in plasma as predicted by the theory. Magnetostatic field
exists around the bunch.

On the vacuum-plasma edge the surface
electromagnetic wave is observed. It exists due to the
motion of distorted plasma electrons on the boundary.
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JUHAMMUKA JIEKTPOHHOI'O CTYCTKA, MTHHKEKTUPOBAHHOI'O B OJJHOPO/IHYIO IVIA3ZMY:
2.5D-2JIEKTPOMATHUTHOE MOJEJIUPOBAHHUE PIC-METOJOM

H.A. Anucumos, T.E. /lumowenxo, IO.M. Tonroukesuu

C momompio 2.5D-371€KTPOMarHUTHOTO Koja OBLIO MIPOBEJEHO MOJCIMPOBAHUE MPOXOXKAEHHS CTYCTKOM PE3KOH
TPaHHUIBI IJIa3Ma-BaKyyM H €ro JajdbHEHIIero ABUKEHUS B OJHOPOJHOI 1u1a3me. Paccmarpusatotes 3¢pdexTsl, KoTopbie
BO3HUKAIOT B TAKOH crcTeMe. DTO — BO30yKIeHHE IIepeTHUM (PPOHTOM IIEKTPOHHOTO CI'yCTKa KWJIbBATEPHOU BOJIHBI B
IU1a3Me, a TaKKe JIEKTPOMATHUTHON BOJIHBI Ha MPaHUIIE TIa3Ma-BaKyyM.

JUHAMIKA EJIEKTPOHHOI'O 3I'YCTKY, IHHKEKTOBAHOI'O B O/JHOPIIHY IIVIA3BMY:
2.5D-EJJEKTPOMAT'HITHE MOJEJIIOBAHHSA PIC-METOJOM

1.0. Anicimos, T.€. limowenko, I0.M. Tonoukesuu

3a momomorow 2.5D-eneKkTpoMarHiTHOTO Koay OyJjio MPOBENCHO MOJCTIOBAHHS IPOXODKEHHS 3TYCTKOM Pi3KOi
MEXI I1a3Ma-BaKyyM 1 HOTo MOJANIBIIOr0 PyXy B OJHOPIAHIN 11aszmi. Po3risaaroTeest eekTH, siki BAHUKAIOTh Y TaKii
cucremi. Ile — 30ymkeHHs TepeqHiM (POHTOM ENeKTPOHHOrO 3ryCTKY KUIbBATEPHOI XBWIII y IUIa3Mi, a TaKOX

€JIeKTPOMArHITHOI XBHJIi Ha MEXI TJIa3Ma-BaKyyM.
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