EXCITATION OF SURFACE WAKEFIELD IN THE DIELECTRIC
WAVEGUIDE WITHOUT METAL CASING BY THE SEQUENCE OF
ELECTRON BUNCHES

V.A. Kiselev, Yu.V. Kirichenko, A.F. Linnik, I.N. Onishchenko, V.G. Papkovich, V.1I. Pristupa
National Science Center “Kharkov Institute of Physics and Technology”, Kharkov, Ukraine
E-mail: onish@kipt.kharkov.ua

Results of theoretical and experimental studies of surface wakefield excitation in tubular dielectric tube without
metal casing by a sequence of relativistic electron bunches were presented. The wakefield excitation in dependence
of the transverse dimensions of the dielectric tube were investigated. The excited wakefield had the maximum am-
plitude at the optimum tube thickness, for which the bunch repetition frequency was equal to the frequency of the

excited surface wakefield.
PACS: 29.27.Bd

INTRODUCTION

At present a dielectric cylindrical waveguide is in-
tensively studied to use in wakefield acceleration of
charged particles. A wakefield acceleration provides
higher gradient of the accelerating field comparatively
to the conventional methods. The excited field charac-
teristics depend on the parameters of a dielectric
waveguide, charge and duration of the bunch, which is
injected into the dielectric structure. Fields with the ac-
celerating gradient greater than 1 GeV/m were obtained
in experiments on wakefield excitation in the dielectric
structure by a single short large charge bunch [1]. It has
been shown [2, 3] that instead of a single electron bunch
with a large charge a sequence of bunches with a rela-
tively small charge can be used when increasing of the
excited wakefield intensity is achieved due to coherent
superposition of the wakefields of separate bunches at
coincidence of bunch repetition frequency with the fre-
quency of the excited wakefield. In [2, 3] the used di-
electric structure was a metal waveguide, partially filled
with a dielectric. In some cases, the dielectric tube
without metal casing is used. In this paper we present
the results of theoretical and experimental studies of the
wakefield excitation in tubular dielectric tube without
metal casing by a sequence of relativistic electron
bunches, depending on the thickness of dielectric tube.

1. THEORY

Dispersive properties of dielectric cylindl andtubular
waveguide structures are investigated in [4 - 6], where it
was shown that the surface azimuthally symmetric and
asymmetric slow waves can propagate in them only

when
Lk <2, (1)
C C

where ¢ is a relative permittivity of the dielectric; @ is
the wave frequency; c is the light velocity; &, is the

propagation constant.

The characteristic property of these waves is the ex-
istence of the cutoff frequency ®. below which the wave
can not propagate. The only mode, which has the zero
cutoff frequency, is azimuthally asymmetric wave
HE, , for which m=1. On the contrary to metal

waveguides at the cutoff frequency the phase velocity of
wave is equal to the light velocity. When w<a., we have
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the leaky wave. Its phase velocity exceeds the light ve-
locity. At that coaxial dielectric radiates into space and
losses its property of a guiding structure.

To study the dispersion properties of the dielectric
waveguide mode we consider the infinite at longitudinal
direction a cylindrical dielectric tube with inner and
outer radii b, , b, (Fig. 1).
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Fig. 1. T ubular dielectric waveguide without metallic
casing

We considered azimuthally symmetric slow E —
wave with components £, E,, H,. The following de-

pendence of the field components of the coordinates and
time is supposed as

E.,E., H,Uexpli(k.z—at)],
where @ and k_ satisfy (1). Using the well-known

boundary conditions for the field components at
r=>b,, b,, we obtain the following dispersion equation

for surface waves:
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Jo, (x), Ny (%), 1, (%), K, (x) are the Bessel and Neu-
mann functions, and the corresponding modified func-
tions.

Solutions of the equation (2) for £=10, b,=2 cm and
some thicknesses of the dielectric tube Ab=b, —b, are

Xo =

97



presented in dimensionless variables —b, kb, in
c

Fig. 2. The line IV shows the dependence w=k.Vj,
which allows finding the frequency of Cherenkov reso-
nance for wakefield excitation. In our experiment elec-
tron energy is 4.5 MeV, that corresponds to the velocity
of electron in terms of the light velocity Vy/c = 0.995.
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On the vertical axis the value —b, = 0.5, correspond-
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ing to the Dbunch repetition frequency of
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Fig. 2. Dispersion curves for a dielectric surface
wakefield: I — Ab = 0.3 cm; Il — Ab = 0.7 cm;
Il — Ab = 1.05 cm. The straight line IV corresponds
to the function o = k_V, . Dotted line indicate bunch

repetition frequency

Dispersion curves I, II, III are calculated for thick-
nesses of the dielectric tube Ab= 0.3 cm, Ab= 0.7 cm,
Ab= 1.05 cm, respectively. Lines I, II, III left start at
the values of the phase velocity equal to the velocity of
light that corresponds to a non-zero critical frequency
for asymmetric waves.

Dispersion curves I, II, III are calculated up to the
values of the dimensionless propagation constantk b,

for which these curves intersect the straight line IV in
the points corresponding to Cherenkov’s resonance, i.e.
where surface wakefield of the dielectric waveguide is
excited. The resonant excitation of the wakefield occurs
at the point of intersection of the lines III and IV, where
the wave frequency is equal to the bunch repetition fre-
quency f, = 2.805 GHz. For such excitation allowing to

achieve maximum of the wakefield amplitude the thick-
ness of the tube wall should be taken Ab = 1.05 cm.

2. EXPERIMENT

The experiments were conducted at the installation,
that is shown schematically in Fig. 3. The sequence of
N=6000 relativistic electron bunches was produced by a
linear resonance accelerator. Energy of electron bunches
was 4.5MeV, bunch repetition frequency was
2805 MHz. Bunches were ejected from the accelerator
through the titanium foil of thickness 30 pm. Bunch
diameter at the accelerator exit was 1 cm, bunch dura-
tion was 60 ps with a time interval between them
360 ps, the charge of the each bunch was 0.16 nC. Such
sequence of bunches passed through the cylindrical di-
electric waveguide (sapphire, &= 10, 1g6=2-10").

98

Efficiency of wakefield excitation was measured by
the microwave probe, located at the exit of the dielectric
tube, that allowed measuring the excited field compo-
nent £ _.

k=

Fig. 3. The experimental setup: 1 -electron accelerator,

2 —magnetic analyzer; 3 — Ti diaphragm, 4 —dielectric

structure; 5 — copper waveguide 6 — microwave probe;
7 —plug; 8 — oscilloscope; 9 —glass plate

The oscillogram of the microwave signal from the
probe (E, component of the field) for the sapphire tubes
with the outer and inner radii 4,=1.6 cm, b,=1.9 cm
(Ab=0.3 cm), and length 42 cm is shown in Fig. 4. In
this case the amplitude of the excited field is low. It can
be explained by the fact that, since the eigen frequency
o, of the field excited in such dielectric tube as it is
theoretically calculated (see curve I in Fig. 2) does not
coincide with the bunch repetition frequency .
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Fig. 4. The oscillogram of the excited field E,
component (top) for the case Ab=0.3 cm
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Fig. 5. The oscillogram of the excited field E,
component (top) for the case Ab=0.7 cm

The amplitude of the microwave signal is increased
more than twice when the thickness of a tube wall is
increased to Ab=0.7 cm (b;=1.2 cm, b,=1.9 cm). In this
case the condition of the resonance ,=w, is not
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satisfied, but the frequencies are much closer to each
other than in the first case (see curve II Fig. 2).

At this time we have not sapphire tube of the “reso-
nant” thickness Ab=1.05 cm (b,=1.9 cm, b;=0.85 cm),
so the “resonant” experiment will be carried out in the
future.

From the other side we can approach to the resonant
conditions by means of varying the bunch repetition
frequency using master generator for klystron amplifier.

In Fig. 6 the experimental dependence of the ampli-
tude E, in arbitrary units upon the bunch repetition fre-
quency is presented for the tube thickness Ab=0.7 cm
(b;=1.2 cm, b,=1.9 cm).

cited wakefield amplitude component E.. It is in accor-
dance to the previous experiment with tube thickness
variation.
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It is seen from the Fig. 6 that closer the bunch repeti-
tion frequency to the intersection point of curves II and
IV (Cherenkov resonance frequency) that more the ex-

BO3BYKJIEHUE NOBEPXHOCTHBIX KWJIbBATEPHBIX ITOJIEM B JIMJIEKTPUUECKOM
BOJIHOBOJE HOCJIEAJOBATEJBHOCTBIO 3JIEKTPOHHBIX CI'YCTKOB

B.A. Kucenes, 10.B. Kupuuenxo, A.®@. /lunnuxk, U.H. Onuwenxo, B.I'. Ilankoseuu, B.U. I[Ipucmyna

[TpencTaBneHbl pe3ysbTaThl TEOPETUUECKUX M IKCIIEPUMEHTAIILHBIX HCCIIEJI0BAHUI BO30YK/IECHHS OBEPXHOCT-
HBIX KWJIBBAaTEPHBIX BOJIH B TPYOUaTOM JHMAJIEKTPUUECKOM BOJIHOBOJIE 0€3 METaIMYECKOTO0 KOXKyXa IOCIIe/IoBa-
TEJILHOCTBIO PEJIITUBUCTCKUX AJIEKTPOHHBIX CIYCTKOB. VccieoBaHbl yCaoBuUs BO30Y KA€HHUS KWIbBATEPHOTO OIS B
3aBUCHMOCTH OT HONEPEYHBIX Pa3MEpOB AWDIEKTPHUYECKOH TpyOku. Bo3Oyknaemoe KuibBaTepHOE IOJIE UMEET
MaKCHMaJIbHYIO aMIUIUTYAy IPH ONTHMAJIBHOM TOJIIMHE TPYOKH, AJIsl KOTOPOM YacToTa ClIeOBaHUs CTYCTKOB COB-
HaJlaeT ¢ YacTOToi BO30y K1aeMOi MOBEPXHOCTHOI BOJIHBI.

3BYKEHHSA ITIOBEPXHEBUX KIJIBBATEPHUX ITOJIIB ¥V JIEJJEKTPUYHOMY XBUJIEBO/I
MMOCJJIAOBHICTIO EJIEKTPOHHHUX 3I'YCTKIB

B.O. Kucenvos, I0.B. Kupuuenko, A.@. Jlinnuk, .M. Oniwenxo, B.I'. Ilankosuu, B.1. Ilpucmyna

[IpencraBneHi pe3yIbTaTH TEOPETUYHUX Ta EKCIICPHUMEHTAIBHUX AOCTIIKEHb 30y DKCHHS TIOBEPXHEBHX KiJIbBa-
TEPHHUX XBHIb B TPyOUaTOMY JEIEKTPHYHOMY XBHIIEBOI 0€3 METaIEBOr0 KOXKyXa IOCIIIOBHICTIO PEIATHBICTCHKUX
EJIEKTPOHHHX 3TYCTKiB. JociipkeHi yMoBH 30y/DKEHHSI KIIbBATEPHOTO MOJISl B 3AJIEKHOCTI BiJl IIOMIEPEYHUX PO3Mi-
piB nmienexTpuyHoi TpyOku. KinbBaTepHe moiie, ke 30yIKYEThCS B CTPYKTYpi, Ma€ MakCUMaJbHY aMILTITyqy HpU
ONTHUMANIBHIHM TOBLIMHI TPYOKH, NPH SIKiil yacToTa CIilyBaHHs 3TyCTKIB CIIBIIAJIa€ 3 4aCTOTOO 30y PKyBaHOI OBEp-
XHEBOT XBHJII.
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