WAKEFIELD EXCITATION IN PLASMA RESONATOR BY A SEQUENCE
OF RELATIVISTIC ELECTRON BUNCHES
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Wakefield excitation in a plasma resonator by a sequence of relativistic electron bunches with the purpose to
increase excited field amplitude in comparison to waveguide case is experimentally investigated. A sequence of short
electron bunches is produced by the linear resonant accelerator. Plasma resonator is formed at the beam-plasma
discharge in rectangular metal waveguide filled with gas and closed by metal foil at entrance and movable short-
circuited plunger at exit. Measurements of wakefield amplitude are performed showing considerably higher wakefield

amplitude for resonator case.
PACS: 29.17.+w; 41.75.Lx;

1. INTRODUCTION

In our previous paper [1] we have reported the status
of experimental installation for investigations of plasma
resonator concept of plasma wakefield accelerator [2-4].
Besides plasma production by means of beam-plasma
discharge was investigated and wakefield excitation only
in semi-infinite plasma waveguide, i.e. without reflecting
exit metal wall, was obtained and electron energy
spectrum of interacting bunches was measured.

In the present work experiments on plasma wakefield
excitation by a regular sequence of relativistic electron
bunches in plasma resonator are described. Experimental
installation is presented in which in contrast to the
installation used in [1] cylindrical waveguide was
changed by rectangular one and exit metal greed was
replaced by movable short-circuited plunger.

2. EXPERIMENTAL SETUP

Experiments on the investigation of wakefield
excitation in plasma resonator are carried out at the
installation, which scheme is shown in Fig.1.
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Fig. 1. Schematic of the installation:

- electron bunches, 2- electron linac, 3- rectangular
10-cm waveguide; 4- Ti-foil; 5- plasma; 6— movable
plunger; 7,8 - HF-probes; 9 - HF-oscillations register;,
10 - optical window; 11 — spectrograph;

12,13 - magnetic analyzers

For wakefield excitation in plasma a train of bunches,
which is produced by means of the linear resonant
accelerator is used. Parameters of the beam: energy
4.5MeV, pulsed current 0.5 A, pulse duration 2 ps,

modulation frequency of the beam (bunch repetition
frequency) 2805 MHz. Each pulse consists of a periodic
sequence of 6:10° electron bunches. Bunch duration is
60 ps and time interval between bunches 300 ps. RMS
parameters of each bunch are g=1.7cm, 0,=0.5cm, 0~
0.05mrad, charge is 0.16nC.

Bunches of relativistic electrons (1) from the
accelerator exit (2) are injected into metal resonator (3)
through the entrance end-wall closed by a Ti-foil (4) of
thickness 35 um. Resonator is composed from 1-cm
rectangular metallic waveguide of cross-section
72x34 mm’ and length 25cm in entrance end-wall is Ti-
foil and exit end-wall is movable short-circuited plunger
(6). The length of the resonator can be done equal to
divisible half-wavelength of eigen mode of frequency
equaled to bunch repetition frequency. The end-walls
hermetically closed the waveguide, that allows to change
pressure of working gas in the resonator over a wide
range (from 1072 up to 760 Torr), at maintenance of high
vacuum in accelerator sections. Electron bunches,
propagating in working gas, ionize gas and create plasma
(5) inside resonator. Several high-frequency probes (7, 8)
are installed, which signals are fed the registering systems
).

Intensity of wakefield excited in plasma is determined
by optical methods of diagnostics, in particular measuring
spectral lines widening (i.e. using Stark effect). The
temperature and density of plasma is measured by integral
intensity and the ratio of amplitudes of spectral
components of optical radiation. For these purposes the
window (10) serves which is hermetically closed by
quartz glass and is intended for an output of optical
radiation from plasma. To maintain high Q-quality of the
resonator and to prevent HF-radiation removal an optical
window is closed by a metal grid. The analysis of optical
radiation is carried out by means of spectrograph (11) of
type ISP-51 and the double optical converter.

Losses of electron beam energy are estimated by
change of its energy spectra before its injection into
plasma resonator and after passage of the plasma
resonator. Energy spectra are measured by means of the
magnetic analyzers (12,13) located at the accelerator exit
and at the resonator exit. The current of electrons during
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energy spectrum measuring with magnetic analyzers was
registered by Faraday cylinder.
3. EXPERIMENTAL RESULTS

Plasma is produced due to neutral gas ionization by
means of electron bunches collisions and beam-plasma
discharge. Plasma density 7, in these experiments was
determined from its conductivity o [5]. At high pressure
of neutral gas and frequency of the applied field w = 10*-
107 s this conductivity o= e n,l.. The electron mobility
M. at given density and temperature of neutral gas was
determined under the tables [6]. The measurement
accuracy of plasma density by such method is within the
limits of 20 %.
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Fig.2. Oscillograms of: (a)-electron beam current, (b)-RF
signal of wakefield for semi-infinite plasma waveguide,
(c)-RF signal of wakefield for plasma resonator

The results of measurement of plasma density have
shown, that in the region of intensive glow (0< /< 10 cm)
the plasma is longitudinally uniform, and its density is
n,=5x10"cm>, so the plasma frequency is equaled to
frequency of the beam modulation (w= w,). At larger
distances from the exit (/> 10cm) plasma density
decreases, that is explained by decreasing of the current
density of the beam due to its angular divergence and
dissipation of the beam electrons during its interaction
with plasma in a resonance region.

Excited wakefield measured by RF-probes for semi-
infinite and resonator cases are shown in Fig. 2. In Fig. 2a
waveform of electron beam macropulse of duration 2s,
containing 6000 bunches, is presented.

It is seen that in both cases (Fig 2b and Fig.2c)
wakefield amplitude saturates rapidly, i.e. only a small
number of bunches lose energy on amplitude growth. But
for the resonator case (Fig.2c) time of amplitude growth
much more comparatively to semi-infinite waveguide
case (Fig 2b), therefore corresponding number of
depositing bunches is considerably more. Accordingly
wakefield amplitude for the resonator case is 4-5 times
higher.

Note that relatively uniform plasma density is on the
length only 10 cm. So the other part of resonator is filled
with nonuniform plasma. In such situation transformation
of plasma wave (i.e. plasma wakefield) into eigen
electromagnetic wave and otherwise for the reflected
wave. Because of this complicated picture the estimation
of grope velocity, determining wakefield escaping in
semi-infinite waveguide case and consequently basing
resonator concept advantage becomes difficult.
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Longitndinal distribution of wakefield E.-component
obtained by measuring amplitude of RF-signal at various
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Fig. 3. Longitudinal distribution of wakefield
Ez —component: 1 — semi-infinite plasma waveguide,
2 — plasma resonator

The main conclusion, which can be maid from Fig.3,
is 5 times wakefield exceeding for resonator case.
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It can be marked for both cases, even for semi-infinite
waveguide case, the oscillating behavior of wakefield
distribution that is particular for resonator system. The
latter can be caused by nonavoided field reflection in
absence of the plunger.

4. CONCLUSIONS

A train of monoenergetic relativistic electron bunches
(4.5MeV, 0.5A), produced by linear resonant electron
accelerator, generates «resonant» plasma (wp= wm) along
length 15cm in gas at atmosphere pressure, owing to
collision ionization and beam-plasma discharge.

Use of plasma resonator allows to increase number of
bunches, depositing in coherent excitation of plasma
wakefield. 4.5 times wakefield amplitude increase in
plasma resonator comparing to semi-infinite plasma
waveguide is obtained that confirms appropriateness of
resonator concept directed on using regular sequence of
large quantity of bunches of a small charge instead of a
single bunch of equivalent total charge.

Further increase of coherently depositing bunches is
supposed to fulfill owing to improvement of resonator Q-

quality at lower gas pressure and corresponding decrease
of collisions with neutrals.
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BO3BYKJIEHUE KNWJIbBATEPHBIX IOJIEH B IIJTASMEHHOM PE3OHATOPE
HOCJIEAOBATEJIBHOCTBIO PEJIATUBUCTCKHUX 3JIEKTPOHHBIX CT'YCTKOB

B.A. Kucenes, A.®. /lunnuk, B.H. Mupnwiii, U.H. Onuwenxo, B.B. Yckos.

3KCHepI/IMCHTaHLHO HCCICAYCTCA B036y)K,I[€HI/Ie KHWJIbBATCPHBIX ToJIei MOoCJaIeA0BATCIIbHOCTBIO PCIIATUBUCTCKUX
DJICKTPOHHBIX CTYCTKOB B IUIA3BMEHHOM PpPE30HATOPC € HCJIbIKO YBCIWYCHHUA aAMILIATY/AbL B036y)K,H€HHOI‘O oJiA 1o
CpPaBHCHUIO C BOJHOBOJHBIM CJIy4YaceM. HOCJ’IeﬂOBaTeIII)HOCTB KOPOTKUX OJJICKTPOHHBIX CrYCTKOB TCHCPUPYETCA
JIMHESHHBIM PC30HAHCHBIM YCKOPUTCIICM. ILra3menHEbII pEe30HATOP (bOpMI/IpyeTCH IIpyu MY4YKOBO-IUIa3MCHHOM pas3psA/ic B
MIpAMOYTOJIBHOM METAJUIMYECKOM BOJIHOBOJIC, 3allIOJJTHCHHOM I'a30M U 3aKPLIThIM METaJNIMYCCKOM (I)OJ'[I)FOI‘/‘I Ha BXOJC U
MOJABHKHBIM KOPOTKO3aMKHYTBIM ILTYHXXCPOM Ha BBIXOJE. BrlinmonaeHst HU3MEPCHU aMIUIMTY/Ibl KWJIBBATCPHOI'O I10JIA,
IIOKa3bIBAOIINEC 3HAYUTCIIBHO OoJibIINe AMIUTATYABI JJIsL PE30HATOPHOI'O Cry4das.

3BY/UKEHHS KIVIbBBATEPHHUX I10JIIB B IIJIASMOBOMY PE3OHATOPI HOCJIIJOBHICTIO
PEJATUBICTCBKHUX EJIEKTPOHHUX 3I'YCTKIB

B.O. Kucenvos, A.®. Jlinnux, B.1. Mupnuii, I. M. Onuwenxo, B.B. Yckoe

ExcriepuMeHTanbHO — OCHIIKYEThCS  30y/UKEHHS  KUIBBATEPHUX TOJIB  IMOCIHIZOBHICTIO — PEIIATHUBICTCHKHUX
CJICKTPOHHMX 3TYCTKIB Y IDIA3MOBOMY PE30HATOPI 3 METOK 30UIBIICHHS aMIUNTYyAW 30YIKEHOTO IOJIS TOPIBHSIHO 3
XBHJICBIJHUM BHNaAKoM. [lOCIiZOBHICTh KOPOTKHMX E€JIEKTPOHHUX 3TYCTKIB T'€HEpPYEThCS JIHIHUM pe30HaHCHUM
npuckoproBadeM. [l1a3MoBUil pe30oHATOpP (OPMYETHCA MPH IIYYKOBO-IUIA3MOBOMY PO3Psii B MPSIMOKYTHOMY
METaJeBOMY XBWJICBO[i, 3allOBHEHHM Ta30M Ta 3aKpUTHM METaJeBOI0 (OJNbrol0 Ha BXOJl W PyXOMHM
KOPOTKO3aMKHEHUM ILTYH)KEpOM Ha BHXOi. BUKOHaHI BUMIpH aMIUTITYIH KiTBBATEPHOTO IOJIA, SKi TOKa3yIOTh 3HAYHO
OLUTBIIII aMIUTITYIU [T PE30HATOPHOTO BUMIAIKY.
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