ACCELERATION OF ELECTRONS AT WAKEFIELD EXCITATION
BY A SEQUENCE OF RELATIVISTIC ELECTRON BUNCHES
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Method is proposed to divide a regular sequence of electron bunches into parts of bunches driving wakefield and
witness bunches, which should be accelerated. It allows to avoid the necessity of additional electron accelerator for
witness bunches producing and the necessity of precision short time techniques of injection phase adjusting. The idea
concludes to the frequency detuning between bunches repetition frequency and the frequency of the fundamental mode
of excited wakefield. Experiments were carried out on the linear resonant accelerator "Almaz-2", which injected in the
dielectric resonator a sequence of 6000 short bunches of relativistic electrons with energy 4.5MeV, charge 0.16 nC and
duration 60psec each, the repetition interval 360 ps. Frequency detuning was entered by change of frequency of the
master generator of the klystron within the limits of one percent so that the phase taper on the length of bunches
sequence achieved 21t Energy spectra of electrons of bunches sequence, which have been propagated through the

dielectric resonator are measured and analyzed.
PACS: 41.75.Lx, 41.85.Ja, 41.60.Bq

1. INTRODUCTION

Experiments on electrons acceleration by wakefield
excited in plasma or dielectric by a single relativistic
electron bunch or by a sequence of such bunches are
supposed the availability of witness bunch injected into
accelerating phase of wakefield. For general two-beam
concept the witness bunch is produced separately from
the driving bunch that needs an additional accelerator. In
[1] witness bunch was extracted from the train and was
time-delayed at its transportation by another path using
magnets “trombone”. This scheme requires high precise
short time technique. In recent outstanding experiment at
SLAC on energy doubling of the intense bunch at plasma
wakefield acceleration [2]. In this case due to the strong
nonlinear interaction of the large charge bunch with
plasma, selfconsistently, the head of the bunch is the
driver and its tail is the witness. In multi-bunch concept
both for plasma wakefield acceleration [3] and for
dielectric wakefield acceleration [4] the problem is how
to force one or several bunches from the train became the
witness by a simple way, i.e. to obtain accelerated
bunches against a background of driving bunches.

2. EXPERIMENTAL INSTALLATION

The scheme of the installation is presented in Fig.1.
For producing the sequence of relativistic electron
bunches resonant linear electron accelerator "Almaz-2"
was used. Relativistic electron beam of energy 4.5 MeV is
a repetition (frequency 2Hz) of macroimpulses (duration
2 us, pulsed current 0.5 A, each of them contains 600’
electron bunches each of 60 ps duration and time interval
between them 300 ps. Repetition frequency of bunches
can be changed by a variation of frequency f, of the
master generator of the klystron, feeding the accelerator,
within the limits of from 2799 MHz up to 2804 MHz. It
allows changing the phase of bunches injection in excited
wakefield from O up to 2 p depending on their location
inside macroimpulse. Appearance under this procedure
the change of electron energy spectrum width within the

limits of from 8 up to 22 % does not break the condition
of smallness of bunch length in comparison with length of
excited wave and consequently does not lead to hit of a
part of electrons of each bunch into accelerating phase.
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Fig. 1. Scheme of the experimental installation:
1 — electron accelerator, 2 — magnetic analyzer,
3- aperture, 4 — dielectric plates, 5 — rectangular cupper
waveguide, 6 — Teflon plug, 7 — RF-probe,
8 — short-circuiting plunger, 9 — horn antenna,
10 — power measuring instrument

The sequence of bunches was injected into dielectric
resonator representing a rectangular metal wave guide of
cross-section 85mmx180mm with metal end faces, in
which close to wide walls dielectric plates (Teflon; €

=2.1; tg0 = 1.5-10*) were installed, forming vacuum

channel of cross-section 52 x 180 mm for bunches
propagation. By means of the RF-probes the longitudinal
component E. of excited wakefield was registered.
Electron energy spectra were determined by magnetic
analyzer and by analyzing the prints of bunches obtained
on a glass plate after their passage through the resonator
and subsequent deflection of them in a transversal
magnetic field in the plane parallel to the dielectric plates.

3. EXPERIMENTAL RESULTS

3.1. COINCIDANCE OF FREQUENCIES f;=f.

At coincidence of the resonator eigen frequency fy
and the frequency of following of bunches (repetition
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rate), which is equal to modulation frequency f., i.e.
fo=fu, all bunches appear in a decelerating phase of an
excited wave and lose their energy, increasing the
amplitude of excited wakefield during the whole
macroimpulse.

Fig. 2. Oscillogram of E. - component of excited
wakefield for the case fy = fu (a). Prints of bunches
deflected in magnetic field after their passage through:
1- empty resonator, 2 - dielectric resonator (b)

It is demonstrated by the oscillogram of a signal, taken
from the RF-probe, measuring E. —component of
wakefield, and presented in Fig. 2a. Signal of E. grows
during the whole macroimpulse duration.

Correspondingly to the considered case electron
energy spectra of the bunches which have passed through
the resonator without dielectric (1) and at presence of
dielectric plates (2) are shown in Fig. 2b. From Fig. 2b it
is visible, that, all bunches after passage through
dielectric resonator lose their energy and they as a whole
are displaced to the smaller energy region.

3.2. SMALL DETUNING Af=f, - f, = 0.5 MHz

At a small increase of detuning Af = f — fu > 0 the
beam-resonator interaction becomes more complicated. In
this case the forward part of bunches from the sequence
loses energy on wakefield excitation and the second part
of them is occurred in accelerating phase because of the
greater period of bunches repetition than the period of the
excited field.

Fig. 3. Oscillogram of E. - component of excited
wakefield for the case Af = fy— f, = 0.5 MHz (a).
Electron energy spectra of bunches after passage

through: 1 - empty resonator, 2 - dielectric resonator (b)

The oscillogram of the RF-signal, presented in
Fig.3a for 4f = 0.5 MHz, growth of amplitude of
wakefield during passage of bunches losing energy and

amplitude decrease during time of second part of bunches
acceleration is observed.

Accordingly, in this case electron energy spectrum of
passed bunches measured by magnetic analyzer becomes
wider comparing to initial electron energy spectrum of
injected bunches (Fig. 3b (1)) and contains not only
decelerated electrons, as it is observed in the first case,
but accelerated electrons too (Fig. 3b (2)).

3.3. LARGER DETUNING Af=f, - f,=1MHz

For further increasing frequency detuning Af it is
possible to change an amount of bunches from the
sequence, which excite wakefield, and an amount of
bunches, which are accelerated in excited field. Moreover
the sequence can be broken into several parts of exciting
(driving) and accelerated (witness) bunches.

1 2
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Fig. 4. Oscillogram of E. - component of excited
wakefield for the case fo— f,, = IMHz (a). Prints of
bunches deflected in magnetic field after their passage
through: 1 - empty resonator, 2 - dielectric resonator (b)

Indeed, at large enough detuning (e.g. see Fig. 4 for
Af=fo — fu = 1 MHz) the mode is realized when bunches
of the first part of the sequence excite wakefield, bunches
of the second part are accelerated, bunches of the third
part again excite wakefield, bunches of the forth part are
accelerated in the field excited by bunches of the third
part. Respectively the RF-signal (see the oscillogram rice
Fig. 3a) shows twice repeating growth and decrease of
wakefield.

Accordingly to such behavior of excited field electron
energy spectrum is widening both in low energy region
and in higher energy region, higher the initial energy of
the electrons (Fig. 4b (2)).

4. SUMMARY

Thus, it is experimentally shown, that usage of
detuning between eigen frequency of the dielectric
resonator and frequency of bunches sequence (repetition
rate) allows to obtain from the same sequence of the
bunches both the driving bunches which are exciting
wakefield and the bunches which are being accelerated.
This method simplifies researches of the two-beam
wakefield accelerator concept since it does not require
injection of witness bunch(es), produced by additional
accelerator, and avoid the severe problem of adjusting
witness injection into accelerating phase in such very
short pulsed systems.
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YCKOPEHUE 3JIEKTPOHOB ITIPU BO3BYKJIEHUW KWJIbBATEPHBIX ITOJIEM
HOCJIEAOBATEJIBHOCTBIO PEJIATUBUCTCKHUX 3JIEKTPOHHBIX CT'YCTKOB
B JUDJEKTPHYECKHUX PE3OHATOPAX

B.A. Kucenes, A.®. lunnuk, B.H. Mupnuwtii, U.H. Onuwenko, B.B. Yckos

IIpennoxken MeTon pasfencHus peryIspHOM IOCIeA0BaTEIbHOCTH 3JEKTPOHHBIX CTYCTKOB Ha CTYCTKH,
BO30Yy’KAalOIINe KWIbBATEPHOE T0JIE, U CTYCTKH-CBHUICTENN, KOTOPHIE JOJDKHBI YCKOPSTHCS. JTO MO3BOJIAET N30€kKaTh
HEOOXOJMMOCTH B JIOTOJHHUTEIFHOM YCKOPUTEJE ISl MOJYYeHUs] CIYyCTKOB-CBUJIETENICH M IMPELH3HOHHONW KOPOTKO-
UMITyJIbCHOW TEXHUKH Uil BbIOOpa (a3bl WHKeKIMu. Mjes cBOOWTCS K BBEIEHHMIO PACCTPOMKHM MEXKIY 4YacTOTOU
CJIE[IOBAHUSI CTYCTKOB M YacTOTOH OCHOBHOH MOZABI BO30YKJAEMOrO KHJIBBATEPHOIO MONA. JKCHEPHMEHTHI
MPOBOIMIIMCH HAa JMHEWHOM PE30HAHCHOM YCKOpHUTENe «AJMa3-2», KOTOPHIH HHXXEKTHPOBAT B IMAJICKTPHUUECKUI
pe3oHaTop nocienosareabHocTh 6000 KOPOTKHX CTYCTKOB PEISTUBUCTCKUX 3JIEKTPOHOB ¢ 3Hepruen 4.5MsB, 3apsnom
0.16 uHKi 1 anuTenbHOCTBIO Kaxkoro 60 mc, Bpemst noropeHust 360 mc. PaccTpoiika yacTOThl BBOAWIACH U3MEHEHHEM
4acTOTHl 33JalOIIEro TIeHeparopa KIUCTPOHAa B IMpEAeiaX OJHOTO MpOLEHTa, Tak 4YTo Haler ¢a3pl Ha JUIMHE
MOCIIEN0BATENbHOCTH CTYCTKOB JocTUran 27U M3Mepsanuch U aHaIM3UPOBAINUCh SHEPIETUYECKHUE CIEKTPBI JIEKTPOHOB
MOCJIEIOBATENBHOCTH CTYCTKOB, MIPOIICAIINX Yepe3 TUICKTPUIECKUN pe30HaTop.

IMPUCKOPEHHS EJIEKTPOHIB ITPH 3BY /I’ KEHHI KIVIbBATEPHUX ITOJIIB ITIOCJILJOBHICTIO
PEJIATUBICTCBKHUX EJIEKTPOHHHUX 3I'YCTKIB B JIEJIEKTPUYHHUX PE3OHATOPAX

B.O. Kucenvos, A.®. Jlinnuxk, B.I. Mupnuit, .M. Onuwenxo, B.B. Yckoe

3anpornoHOBaHO METO]I TIO/IICHHs PETYIISIPHOI MOCTIJOBHOCTI €IEKTPOHHUX 3TYCTKIB Ha 3TYCTKH, IO 30Y/KYIOTh
KiJIbBaTepHE IOJie 1 3rYCTKHU-CBIJKH, SIKI IOBHHHI mNpucCKoproBaTHcs. Lle m03Boisie yHUKHYTH HEOOXIZHOCTI B
JIOJATKOBOMY MPHUCKOPIOBAYi JJISi OTPAMAHHS 3TYCTKIB-CBIIKIB 1 MPEU3iiHOI KOPOTKOIMITYTECHOI TEXHIKU I BHOOPY
¢dasu imkeknii. [nes 3BOmUTHCA 0 BBENEHHA PO3JTagy MiXK YacTOTOIO MPOXOHKEHHS 3TYCTKIB 1 YaCTOTOIO OCHOBHOI
MOJM KUIbBAaTEpHOTO TOMA, [0 30y/KyeTbcs. EKCHepUMEHTH IpOBOAMINCH Ha JIHIHHOMY pE30HaHCHOMY
MIPUCKOPIOBadi «AJMa3-2y», SKUA IHKEKTYBaB B AICICKTPUYHUIN pe3oHaTOp mochigoBHICTH 6000 KOpOTKHX 3TyCTKiB
PENSATUBICTCHKUX €NeKTPoHIB 3 eHepricto 4.5 MeB, 3apsimom 0.16 HKn i TpuBamicTio koxnoro 60 mc, iHTepBai
noBropeHHst 360 rnc. Po3nax yacToTy BBOAMBCS 3MIHIOBAaHHSM YacTOTH 33JaBAJIbHOT FeHEpaTopa KJIICTPOHA B MeKax
OJTHOTO TIPOLIEHTA, TaK 110 HAaOIr a3y Ha JOBXKUHI MOCIIOBHOCTI 3TYCTKIB csiraB 2TL BuMiproBaiuch i aHai3yBalnuch
CHEePIreTUYHI CIICKTPH EJICKTPOHIB MOCIIIIOBHOCTI 3TYCTKIB, IO MPOMUIILIIN Yepe3 NiCICKTPHUHUI PE30HATOP.

118



	3.2. SMALL DETUNING  Δf = f0 – fm = 0.5 MHz
	3.3. LARGER DETUNING  Δf = f0 – fm = 1 MHz
	4. SUMMARY
	References

