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This report is devoted to the study of initial stage of the wake wave excited by the sequence of the short
relativistic electron bunches. We used the modernized simulation package described in and based on the particle-in-
cell method. Spectra for electromagnetic field components were obtained for the single bunch and both for non-

resonant and resonant bunches™ sequences.
PACS: 29.17.+w;41.75.Lx

INTRODUCTION

A problem on plasma wake fields excitation by
electron bunches and reverse influence of these wake
fields on the bunch dynamics is very interesting. This
effect can be used to construct the next generation of
compact particle accelerators. Possibilities to excite
wake waves in plasmas (e.g., [1, 2]) and dielectrics [3,
4] were discussed. Electron on ion bunches or
sequences of such bunches [5-10], as well as ultra-short
powerful laser pulses [11] can be an instrument for
wake waves excitation. The possibility to construct the
plasma wake waves' accelerators was confirmed
experimentally (e.g., [12]). A problem on plasma wake
field excitation is also interesting due to the possibility
of the inhomogenous plasma diagnostics via transition
radiation of charged particles and bunches [13].

This paper is dedicated to the study of the initial
stage of the plasma wake field excitation by sequence of
short relativistic electron bunches. The study was
carried out via computer simulation using PIC method
on modernized package, described in [14]. Similar
problem for late stages was considered in [17-22].

1. SIMULATION PACKAGE AND
PARAMETERS SELECTION

Simulation was performed using electromagnetic
code PDP3, modernized for the bunch sequence and
multithread execution. PDP3 is 2.5D (2d3v)
electromagnetic code in cylindrical geometry, which
used PI1C method. PDP3 uses FDTD method for solving
Maxwell equations and classical Boris pusher for
calculation of particles position and velocity, modified
for relativistic velocities (relativistic Boris pusher) and
cylindrical geometry.

The simulation was carried out for the cylindrical
volume of the low temperature plasma. Sequence of
homogenous disk shaped electron bunches is injected
along the system axis (Fig. 1). An interval between
bunches was varied, but the corresponding repetition
frequency remained close to the frequency of plasma
oscillations. Simulation model is axially symmetric.
Macroparticles were considered as a rings of certain
radius with the center that coincides with cylinder axis.
As described model simulates interaction of sequence of
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electron bunches with plasma, we chose parameters
with respect to real laboratory experiments with
"Almaz-2" electron accelerator [15]. Plasma density was
10t cm®, bunches' density — 5-10° cm, bunches'
duration — 2-10"%s, Initial bunch velocity is 2.8-108 m/s,
and its radius is 0.5 cm. Simulation time is 10°% s.
Perfectly matched layer [16] was used for the walls of
the simulation volume for the suppression of numerical
instabilities.

Simulation plane
|

Electron
bunch

1
Macroparticle

Fig. 1. Generic scheme of simulation
2. SINGLE BUNCH DYNAMICS

Single bunch injection was used to study the plasma
eigenmodes. Single electron bunch excites wake wave
package during injection. Components of electric field
E: and E; were exited in antiphase, as expected (Fig. 2).
Gradual longitudinal and radial defocusing of the bunch
took place due to the reverse wake field influence on the
bunch. The excited package had quasi-harmonic shape.
The possible source of perturbations is the numerical
noise. Nevertheless, spectra maxima for both field
components coincide (2.3-10° Hz) but differ from the
electron plasma frequency.

3. NON-RESONANT BUNCH SEQUENCE

Injection of the electron bunches' sequence to
plasma was also studied. The repetition frequency was
equal to the electron plasma frequency 2.3-10°Hz.
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Fig. 2. Electrostatic field components and electron bunch density (single-bunch case)

Electric field excited in such system contains the
eigen field of the bunches (mainly longitudinal
component) and field of the excited wake wave (mainly
radial component). Eigen field of the bunches near
injector did not vary substantially with time (Fig. 3). Far
from injector the bunches' defocusing moved to the
decrease of their eigen field.

Both field components have the discrete spectra.
Distance between lines correspond to the bunches'
repetition frequency. Spectra contain the low frequency
part with maxima at the zero frequency and the high
frequency part with substantially lower intensity. The
high frequency part of spectra hypothetically
corresponds to numerical instability. The low frequency
part at the vicinity of zero frequency corresponds to
plasma noise.

Both spectra contain clear maxima at 2.8-10°Hz
(repetition frequency of the bunch sequence) and its
harmonics (Fig. 4). It is also present in the magnetic
field spectrum (azimuthal component). It is caused by
the field of the bunches' sequence.

Lower maxima at the frequency 2.3-10° Hz and their
second harmonic were also observed in the spectra of
electric field components. This frequency coincides
with the frequency excited by the single bunch. It was
not observed in the magnetic field spectrum. This
component can be interpreted as the wake wave excited
by the bunches' sequence.

4. RESONANT BUNCH SEQUENCE

The next simulation was carried out for the bunches’
repetition frequency equal to the wake wave frequency.
Defocusing of electron bunches was more intensive
relatively to the previous case. The bunches' field disappeared
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Fig. 3. Electrical field components at probe point
r=1cm (a) z=10 cm (b) (non-resonant case)

at the distance 60...80 cm from the injector (in the
previous case this distance was 70...90 cm). On the
other hand, substantial growth of the spectral
component at the repetition frequency was observed
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(Fig. 5) relatively to the previous case (from 1.0 to
1.4 a.u. for the longitudinal field and from 1.5 to 4.2 a.u.
for the transversal field). Mechanism of this growth can
be interpreted as Cherenkov resonant excitation of the
wake wave by the sequence of electron bunches.
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Fig. 4. Electric and magnetic field spectra (non-
resonant case) with local maxima at 2.3-10° Hz (for
electric field components) and 2.8-10° Hz (for all)
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Fig. 5. Electrical and magnetic field spectra (resonant
case) with local maxima at 2.3-10°Hz Maxima
amplitude grows up to 4.2 and 1.5 a.u

CONCLUSIONS

Simulation of the initial stage of the wake wave
excitation by non-resonant and resonant sequence of the
relativistic electron bunches.

1. For non-resonant case the electric field spectrum
contains the components corresponding to the bunch
sequence and to the wake wave. Magnetic field
spectrum contains only the components corresponding
to the bunch sequence.

2. Substantial growth of the excited field was observed
for the case when the repetition frequency of the
bunches' sequence coincides with the frequency of the
field excited by the single bunch. On the other hand, the
bunches' defocusing was more intensive in this case.
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Further simulation will be devoted to the study of
the mechanism of the wake wave amplitude saturation
for the case of the resonant bunches' sequence.
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KHNJIBBATEPHAS BOJIHA, BO3BYXKJIEHHAS ITIOCJIIEJOBATEJIBHOCTBIO
PEJATUBUCTCKHUX 3JIEKTPOHHBIX CI'YCTKOB: HAYAJIBHASA CTAIUS

A.K. Bunnuk, H.A. Anucumos

CraTesl TOCBSINICHA W3YYCHHWIO HAYaJbHOM CTAAMM BO3PACTAaHMS KHJIBBATEPHOM BOJIHBI, BO30YKACHHOU
MIOCJIEI0BATENIBHOCTBI0 KOPOTKUX PENSTUBUCTCKUX 3JIEKTPOHHBIX CI'YCTKOB. VICTIONB3yeTcsl MOJICPHH3MPOBAHHBIN
NPOTPAaMMHBI  TAaKeT MOJCIUPOBAHUA METOJOM KpPYNHBIX 9acTHL. [lOMydeHBl CIIEKTPbl KOMIIOHEHT
3JIEKTPOMAarHUTHOTO TOJISL IJIi OAMHOYHOTO CTYyCTKa, JJISi HEPE30HAHCHOM M PE30HAHCHOH IMOCIIeN0BATENBLHOCTEH
CTYCTKOB.

KIJIbBBATEPHA XBUWJISA, 3BY /I’ KEHA ITOCJIAOBHICTIO PEJIATUBICTCBKUX
EJIEKTPOHHHUX 3I'YCTKIB: IOYATKOBA CTAAIA

O.K. Bunnuk, 1.0. Anicimos
CratrTsl NpUCBSYCHA BUBYCHHIO MMOYATKOBOI CTA/il 3pOCTAHHS KiJIbBATEPHOI XBHJI, 30yIKEHOI MOCIiJOBHICTIO
KOPOTKUX PEJIATUBICTCHKUX ENEKTPOHHHUX 3TYCTKiB. BHKOPHCTOBYETHCS MOJCPHI30BAaHUN MNPOrPAMHHUI TMAKeT

MOJCIIOBAHHA MCTOAOM KPYINHHUX YaCTHUHOK. OTpI/IMaHO CIICKTPU KOMIIOHCHT eHeKTpOMaI‘HiTHOFO ooJIi1  1J1d
OAWHOYHOIO 3ryCcTKa, Ajis HepC3OHaHCHO.1' Ta peSOHaHCHO.l. HOCJ'Ii,I[OBHOCTeﬁ SFYCTKiB.
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