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Results of analytic study and computer simulation of the wake waves excitation by cylindrical charged bunches
are presented. Analytic solution was obtained for cold plasma in the given current approximation. Simulation was
carried out for proton and electron bunches in electron-proton plasma using PIC method. For the proton bunch
analytic results and simulation data are similar. The case of electron bunch differs strongly due to the formation of
the microbunches' sequence and further resonant excitation of the wake wave field.

PACS: 52.35,52.40 Mj

Problem of the waves' excitation in plasma by
electron bunches is of significant interest because of its
possible application for the creation of the compact
high-energy electron accelerators [1]. However, the
dynamics of electron bunches in the excited wake wave
fields is also interesting for the possibility of diagnostics
of the inhomogeneous plasma [2, 3]. The main aim of
this work is the study of wake wave excitation by
cylindrical electron bunch in the homogeneous plasma.
Wake field is calculated in the approximation of a given
current for cold plasma in Section 1. In Section 2
excitation of the wake wave is studied by PIC 2.5
simulation of the ion bunch injection into plasma.
Finally, in Section 3 computer simulation of the electron
bunch dynamics was carried out.

1. ANALYTIC CALCULATION

Full analytic solution is only possible in the given
current approximation for cold plasma (for the warm
plasma solution can be obtained in the far radiation
zone). Bunch and plasma parameters are presented in
Table.

Bunch and plasma parameters

System length, z 150 sm

Radius of the system, r 20 sm

Plasma Density 510 sm™

Bunch density 8:10° sm™

Initial bunch velocity 3-10° sm/s

Radius of the bunch 2 sm

Bunch duration 2.0-10®s =4 T langm

Wake wave field in the cold plasma is given by the
following expression (see also Fig. 1):

nl(r,é):

Yo Vo »
One can see from Fig.1 that for the selected parameters
wake wave is strongly decreases behind bunch, because
it is excited by leading and rear fronts that are in
antiphase. Wake wave is excited only is a region of the
bunch motion because the model of cold plasma was
used.
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Fig. 1. Plasma density excitation by the charged bunch
(analytic solution for cold plasma)

2. SIMULATION OF THE PROTON BUNCH
IN PLASMA

Simulation of the proton bunch propagation was
studied by 2.5D PIC simulation [4]. Parameters were
chosen similar to Section 1. Plasma electron and ion
temperatures are 1 and 0.1 eV, respectively. Results of
simulation are in good agreement with analytic
calculation in the given current approximation, because
during the bunch motion through plasma its charge
distribution hasn't been changed significantly.

3. SIMULATION OF THE ELECTRON
BUNCH IN PLASMA

The main difference between simulation results for
ion and electron bunches is the strong redistribution of
the electron bunch density due to the initial wake wave
excited by the sharp forefront of the bunch. Electrons of
the bunch move in the field of this wave that leads to the
microbunches' formation (Fig. 3) [5-6]. Bunch electrons
are collected in the maxima of the excited wave
potential and move out of the minima (compare beam
density and E, on Fig.2). When microbunches are
formed the wake wave is resonantly excited by their
sequence, and its amplitude increases significantly
(Fig. 4). Radial electric field exists in the restricted
region. The bunch is stratified into separate layers inside
this region. Layers located near the system axis are
captured by the strong longitudinal field. Other
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electrons are pushed to the borders of the system, i.e. to
the region where electric field disappears (Fig. 3).

CONCLUSIONS

Oscillations are excited only in a region of the bunch
motion for the cold plasma model. Taking into account
plasma temperature leads to a leakage of the oscillations
from this area. Simulation results for the proton bunch
are in good agreement with the calculation in the

0.2
m

J 0.5

approximation of the given current bunch when wake
wave field excited only by leading and rear fronts.
Electron bunch is decomposed into a sequence of the
microbunches in a wake wave field excited by leading
front. This sequence excites wake wave field resonantly,
and its amplitude increases significantly exceeding the
level of the heating nonlinearity by a factor of 107
(compare with [7]).
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Fig. 2. Proton bunch charge density, E, end E. electric field components at the time moment 4.3-10% s

0 0.5

1.0 1.5m

Fig. 3. Electron Bunch charge density, E, end E. electric field components at the time moment 4.3-10° s
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Fig. 4. Dependence of the maximum wakewave amplitude on time
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BO3BYXJIEHUE KNWJIbBATEPHBIX ITOJIEH B IIJTAZME JITMHABIM 3APSIKEHHBIM
INJINMHAPUYECKUM CTYCTKOM

IO.M. Tonouxkeeuu, T.E. /Tumowenxo, H.A. Anucumos

[TpencTaBneHsl pe3yNbTaThl AHAINTHYECKOTO pacdyeTa W KOMIBIOTEPHOTO MOJAEIMPOBAHUS BO30YKICHUS
KWJIBBATEPHBIX BOJIH LIMIMHIPUYECKUM 3JIEKTPOHHBIM CTYCTKOM B OJHOPOJHOH IuiazMe. AHAIMTHYIECKOE PEIICHHE
MOJTy4EHO ISl XOJIOJHOM IIa3Mbl B MPUOIIKEHUH 3alaHHOTO TOKa. MoaenupoBaHue BBIMOIHEHO IS IPOTOHHOTO
U DIIEKTPOHHOTO CTYCTKOB B 3JEKTPOHHO-IPOTOHHOM IUIa3ME€ METOAOM KpPYNHBIX dacTul] B sdehkax. s
MPOTOHHOTO CrYCTKa pe3yJbTaThl aHAJMTHYECKOTO pacueTa M MoJenaupoBaHusi Onusku. Ciydail 3JIEKTPOHHOTO
CTyCTKa CHJIbHO OTJIMYAETCS! BCJIEACTBHE (DOPMHPOBAHHUS MOCIIEJ0BATEIILHOCTH MHUKPOCTYCTKOB M IOCIIEIYIOLIErO
PE30HAHCHOTO BO30YIK/IEHHS KUIIbBATEPHOW BOJIHBIL.

3BY/UKEHHS KIVIbBBATEPHUX ITOJIIB Y IIVIA3MI JJOBI'M 3APSII)KEHUM
HUJITHAPUYHUM 3I'YCTKOM

FO.M. Tonoukesuu, T.€. Jlimowenko, 1.0. Aunicimos

[Mogani pe3ynbTaTH aHAJTITUYHOIO PO3PAXyHKY 1 KOMIT'IOTEPHOTO MOJICIIOBAaHHS 30yIDKEHHS KiJbBATEPHHUX
XBWIb LWIIHAPUYHUM €JEKTPOHHUM 3TYyCTKOM B OJHOPIIHIA Tula3Mi. AHaJITUYHUHA PO3B’SI30K OTPUMAHO ISt
XOJIONHOI T1a3MH B HaOJIM)KEHHI 3aJaHoro cTpyMmy. MoJiearoBaHHsl BUKOHAHE JJIsl TIPOTOHHOTO Ta €IEKTPOHHOTO
3rYCTKIB B €JEKTPOHHO-IIPOTOHHIM TIU1a3Mi METOJIOM MAaKpPOYaCTMHOK y KOMipkax. Jljsi NpOTOHHOTO 3rYCTKY
pe3yibTaTd AHAJTITUYHOTO PO3PaxXyHKYy Ta MOJEIIOBaHHS IOAIOHI. BHIaoK eJIeKTPOHHOTO 3ryCTKY CHIJIBHO
BiApi3Hs€TbCA depe3 (opMyBaHHS NOCHIZOBHOCTI MIKPO3TYCTKIB Ta IOJajibllle pe30HaHCHE 30YIKeHHS
KiJIbBaTepHOT XBHJI.
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