ACCELERATION AND FOCUSING OF ELECTRON BUNCHES
BY WAKEFIELDS IN PLASMA PRODUCED IN NEUTRAL GAS BY
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It is experimentally investigated the possibility of accelerating and focusing of relativistic electron bunches by
wakefields excited by their sequence in plasma, produced during its passage through the neutral gas, caused by the
displacement of bunches into corresponding phases of excited field in the presence of mismatch between the bunch
repetition frequency and plasma frequency. The mismatch is achieved by changing the pressure of the neutral gas at
a fixed beam current density. Energy loss of some bunches and energy gain of others in the presence of other
mismatch are estimated from the energy spectrum obtained from the imprints on the glass plate of bunches deflected
with the transverse magnetic field. Focusing/defocusing of electron bunches is demonstrated by the change of the
transverse sizes of imprints of nondeflected bunches and corresponding temporal modulation of the axial current
density of the beam measured by Faraday cup of small cross-section

PACS: 41.85.Ne; 41.85.L¢c

INTRODUCTION

At present in many research centers intense
investigations of plasma wakefields excitation by
relativistic electron bunch with a large charge or by
their sequence are carried out [1-4]. Such fields can be
used fir acceleration [1-4], and focusing [5-9] of the
electron bunches.

In the case of a single exciting bunch (driver) for
acceleration the other bunch (witness) is used which is
injected in the accelerating phase of the field excited by
the driver. At that accelerated bunch should be placed in
phase region of wakefield, where it is simultaneously
accelerated and focused by this field.

For a sequence of bunches, besides of such
acceleration scheme, the conditions can be created
under which a part of bunches excites wakefield, being
in the decelerating phases of the field, and the other part
of bunches is accelerated, being in the accelerating
phases. At that, one part of bunches is in focusing
phases and another one is in defocusing phases of
excited field. Such conditions occur when a mismatch
between the bunch repetition frequency o,, and plasma
frequency , frequency is put in.

For a large beam current and high pressure of neutral
gas plasma density reaches rapidly a "resonance" value,
at which the plasma frequency coincides with the
frequency of bunch repetition (w,=wy,). In this case, all
clusters are in the decelerating phase of the exciting
field.

Early [9], we have performed experiments on
focusing/defocusing of bunches of a sequence, when
mismatch was achieved by decrease beam current
propagating in air at atmospheric pressure. Besides, for
prevailing of the radial component of the wakefield over
longitudinal one, i.e. focusing/defocusing of the bunch
over their acceleration/deceleration, in [9], accordingly
to [8], by diaphragming bunches were made of an
elongated form (/] << 1, where r is radius of the bunch,
/is its length).

In this paper the acceleration and focusing of
electron bunches by wakefields excited by their
sequence in plasma produced at passage of a sequence
through neutral gas of different pressure. In contrast to
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[9], the mismatch was achieved by changing the
pressure of the neutral gas at fixed beam -current.
Additionally the conditions r / 1 = 1 is fulfilled, at which
comparable longitudinal and radial component of the
wakefield [8] are excited, ie. both
acceleration/deceleration and focusing/defocusing of the
bunches occurs.

1. EXPERIMENTAL SETUP

The experimental setup, at which conducted the ex-
periments were carried out, is shown in Fig. 1. For
plasma production and wakefields excitation in it a se-
quence of relativistic electron bunches of resonant linear
electron accelerator "Almaz-2" was used The beam pa-
rameters: energy 4.5 MeV, pulsed current 0.5 A, dura-
tion of the pulse 2 ps. The pulse consists of a sequence
of 6-10° bunches, each of duration 60ps, bunches spac-
ing 300 ps, bunch repetition frequency 2805 MHz.
Bunch length is 1.7 cm, diameter is 1.0 cm, charge is
0.16 nC.
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Fig. 1. Scheme of experimental setup:
1 —accelerator, 2 —bunches,; 3 —waveguide;
4 —diaphragm, 5 —plasma; 6 —movable plunger;
7 —Faraday cup, 8 —oscilloscope; 9 —vacuum gauge,
10 —vacuum pump; 11 —gas valve; 12 —glass plate

The sequence of bunches, produced by accelerator
was injected through Ti foil of thickness 50 p into a
standard  copper  waveguide of  cross-section
72.14x34.04 mm and length 35 cm, filled with air, the
pressure of which can be varied from 760 to 5-107 Torr.
When the waveguide exit was open the wakefield was
excited in a mode of the semi-infinite waveguide. To
operate in resonator mode the exit end of the waveguide
was closed with movable short-circuited plunger, in the
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center of which there were microwave probe to measure
E, component of excited field, or Faraday cup to meas-
ure the beam current.

The density of produced plasma was measured using
an open barrel-shaped cavity [10], allowing to measure
plasma density in the conditional of high collisional
frequency that takes place in our experiment.

2. EXPERIMENTAL RESULTS

The measurements of E, component of excited field
showed that at gas pressure 760 Torr generated resonant
plasma (o,=w,) is produced and the wakefield ampli-
tude rapidly reaches the maximum value and remains
constant throughout the pulse duration (Fig. 2,a). At low
pressures (P = 40...60 Torr), when the plasma density is
less than the resonant value and the condition oyZw, is
realized, bunches of the sequence are occurred in differ-
ent phases-decelerating/accelerating and  defocus-
ing/focusing ones. With taking into account the topog-
raphy of the excited field [8], it leads to decrease or to
increase in the amplitude of E, component of wakefield,
as it is evidenced by oscillograms E, (see Fig. 2,b) for
the case of frequency mismatch.
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Fig. 2. Oscillograms of E. wakefield component (upper)
and beam current (bottom):
a—P =760 Torr, b —P = 60 Torr

The imprints of the electron bunches on glass plates
at the exit of the accelerator, and after passage through
the plasma and deflected by a constant transverse
magnetic field are shown in Fig. 3,a,b. The figure shows
modified due to the mismatch energy spectra of
electrons, as for bunches lost the energy on the
wakefield excitation, and for bunches accelerated in the
excited field after bunches passage through the plasma.
Energy loss of exciting bunches and energy gain of
accelerated bunches are in agreement with the value of
wakefield amplitude.
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Fig. 3. Imprints on glass plate of the bunches deflected
by magnetic field: a —at accelerator exit,
b — after passage through the plasma, P = 60 Torr
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The displacement of the bunches of the sequence
over phases of excited wakefield, caused by the mis-
match, and arising alternation of focusing/defocusing
processes were investigated experimentally by means of
imprints of nondeflected bunches on a glass plate. At
high pressure of neutral gas (P =450...760 Torr), when
resonant plasma (o,=w,) is produced, all bunches, co-
herently exciting wakefield are in negligible but in aver-
age defocusing radial component of wakefield [11].
This leads to the angular spread of the electron bunches
that registered experimentally and shown in Fig. 4,a
When the pressure is reduced to 60 Torr, nonresonant
plasma is produced, leading to the appearance of mis-
match (w,#0,). In this case, the part of the bunches gets
into the focusing and the other part into defocusing
phases of the excited field. In result, as it is demon-
strated in Fig. 4,b, the stronger, than in the resonant
case, defocusing leads to halo increase and a black area
of essential focusing.

a b

Fig. 4. Imprints of bunches on the glass plate:
a —P=760 Torr, b — P=60 Torr

Periodical focusing and defocusing during the pulse
(i.e. along the sequence) leads to modulation in time of
the beam current density on the axis. In the experiment,
the beam current density measurements were carried out
by Faraday cup of small cross-section (5 mm diameter)
located on the axis of the resonator at its exit. In the
case of resonant plasma Faraday cup registered
smoothly changing (almost constant over pulse dura-
tion) current density (Fig. 5,a). For nonresonant plasma
fall of different parts of bunch sequence into focusing
and defocusing phases of excited field leads to modula-
tion of the beam current density on the axis, that is reg-
istered experimentally and shown in Fig. 5,b.

Fig. 5. Oscillograms of the beam current density
measured by a small Faraday cup:
a—P=760Torr, b —P = 60 Torr
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YCKOPEHHUE U ®OKYCHUPOBKA 3JIEKTPOHHBIX CI'YCTKOB KNJIbBATEPHBIMU IIOJIAMHU
B IVIABME, OBPA3OBAHHOM HEPE3OHAHCHOWM MOCJIEJOBATEJBHOCTHIO
CI'YCTKOB B HEUTPAJIBHOM I'A3E

B.A. Kucenée, A.®. /lunnux, H.H. Onuwenko, B.U. [Ipucmyna

OKCIIepUMEHTaIbHO HCCIEeJOBaHa BO3MOXKHOCTH YCKOPEHHMS M (DOKYCHPOBKH PEISATHBHUCTCKHX 3JIEKTPOHHBIX
CTYCTKOB KWJIbBAT€PHBIMH IOJISIMH, BO30YXKIa€MbIMU HMX MOCJIEIOBATEIILHOCTHIO B IUIa3Me, CO37aBaeMoil Npu ee
MPOXOX/ICHUH Yepe3 HEHUTPaJbHBIN I'a3 U 00YCIOBIEHHOI CMEIEHHEM CTYCTKOB B COOTBETCTBYIOIIUE (a3bl BO30Y-
JKIAEMOr0 I0JI IIPU HAJIUYUK PACCTPOMKHM MEKJY YaCTOTOM CJIENOBaHUA CI'YCTKOB M ILIA3MEHHOH uyacToroi. Pac-
CTpO¥Ka JOCTUranach U3MEHEHNUEM JaBIECHUSI HEUTPaIbHOIO Ta3a MPY HEU3MEHHOH MIIOTHOCTH ToKa myuka. [lotepu
SHEPrUM OJHUX CTYCTKOB M YCKOPEHHE APYTUX MPU HAIMYUU PACCTPOMKHN OLEHHUBAIKCH [10 S3HEPTETHYECKOMY CIIEK-
TPy, HOJy4YCHHOMY M3 OTIICYaTKOB HA CTEKIJSHHOW IUIACTHHE CT'YCTKOB, OTKJIOHEHHBIX ITONEPEYHBIM MarHHUTHBIM
noseM. PoKycHpoBKa/ne(OKYCHPOBKa 3JIEKTPOHHBIX CTYCTKOB JAEMOHCTPHPYETCS N3MEHEHHEM IIONEPEYHBIX pPa3-
MEpOB OTIEYATKOB HEOTKJIOHEHHBIX CTYCTKOB M COOTBETCTBYIOUIEH BPEMEHHOM MOAYJSALMEN OCEBOM IJIOTHOCTH
TOKa IIy4Ka, U3MEPEHHOU IIMHApOoM Dapajiest Majloro ceueHusl.

HPUCKOPEHHA I ®OKYCYBAHHSA EJTEKTPOHHUX 3I'YCTKIB KIVIbBBATEPHUMMU NOJIAMUA
B IIVIA3MI, CTBOPIOBAHOIO HEPE3OHAHCHOIO MOCJIIJOBHICTIO
3r'YCTKIB Y HEUTPAJIbHOMY TA3I

B.A. Kucenvos, A.@. Jlinnux, 1.H. Oniwenxo, B.1. Ilpucmyna

ExcriepuMeHTanbHO OCHIDKEHa MOJJIMBICTh MPUCKOPIOBAaHHA 1 (DOKYCYBaHHS PEISATHUBICTCHKHX EJIEKTPOHHHUX
3TYCTKIB KUTbBaTePHUMH IOJIMH, 30yIKYBaHUMH iX IOCIIJOBHICTIO Y IUIa3Mi, CTBOPIOBAHOI IPH i MPOXOHKEHHI
yepe3 HeHTpanbHui ra3 i 00yMOBIIEHOI 3MIIIIEHHSIM 3TYCTKIB y BiIMOBiMHI a3y 30yIKyBaHOTO IO IPH HASBHOCTI
PO3CTPOHKN MK YaCTOTOIO CINiTyBaHHS 3TYCTKIB 1 TUIa3MOBOIO 9acTOTOIO. Po3cTpoiika mocsranrack 3MiHOK THCKY
HEUTpaIFHOTO Ta3y MPH MOCTIHHIN MUTBHOCTI CTPYyMY Iy4Ka. BTpaTu eHeprii OqHUX 3ryCTKIB 1 IPHUCKOPEHHS 1HIINX
MIPH HasIBHOCT1 PO3CTPOHKH OLIHIOBAINCH 3 EHEPTETHYHOTO CIEKTPY, OTPIMAaHOMY 3 BiIOMTKIB HA CKJISHIN TUTaCTHHI
3rYCTKIB, BIIXMJICHHX IOIEPEYHUM MarHiTHUM mnojeM. DokycyBaHHs/1eQOKYCyBaHHSI €JIeKTPOHHUX 3TYCTKIB Jie-
MOHCTPYETBCSI 3MIHOIO MONEPEYHUX PO3MIpIB BiIOMTKIB HEBIIXMIEHHX 3TYCTKIB 1 BIINOBIIHOI YaCOBOIO MOJTYJISLII-
€10 0CBHOBOT LIUTLHOCTI CTPyMYy ITy4Ka, BUMIpsHOT LuutiHapom Dapajes Majoro rnepeTuHy.

ISSN 1562-6016. BAHT. 2012. Ne6(82) 157



