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The results of athree-dimensona analysis of wake field excitation in a dab-symmetric dielectric-loaded resonator
by rigid electron bunches are presented. The complete set of solutions, including the solenoidal and potentia parts of
the electromagnetic field, consists of LSM and LSE modes. Each of the LSM and LSE modes contains odd and even
waves. A numerical analysis of wake field excitation by symmetric electron bunches is carried out. The three-
dimensional spatial structure of the longitudinal electric field is investigated. The influence of the drift vacuum channel
on the wake field amplitude and on the coherent summation of wakefields for aregular sequence of bunchesis studied.
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1. INTRODUCTION

Dielectric-lined structures show promise for genera-
tion of strong accelerating fields by relativistic electron
bunches. Recently attention of specialists in the area of
accelerating techniques has been directed to dielectric-
lined waveguides with rectangular configuration. Smplic-
ity of manufacturing, possibility of realizing a multimode
regime of excitation with equally-spaced frequencies re-
sulting in a significant increase of accelerating field am-
plitude, easy fine tuning of working frequency, additiona
intrinsic focusing, and other advantages make dielectric-
lined structures in a rectangular configuration attractive
for excitation of accelerating fields by a laser pulse or
electron bunches.

In a dielectric loaded waveguide of finite length that
is excited by a train of eectron bunches, the important
factors restricting the summation of Cherenkov wake-
fidlds of bunches are the trandtion radiation and the
“quenching wave’. With the purpose of eliminating these
factors, we proposed to use the dielectric resonator [1].

The principles of a resonator concept for the planar
dielectric wakefield accelerator have been reported before
[2]. They were based on a two-dimensiona analysis, ne-
glecting the influence of the bunch vacuum channel upon
the elgen-frequencies of the dielectric resonator.

In this work we investigate the excitation of the rec-
tangular resonator, loaded with two symmetric dielectric
dabs (DLRR). The separation of waves into LSM and
LSE modes [3] is very effective at studying such prob-
lems. A numerical analysis of wakefield excitation by
symmetric electron bunches of LSM and LSE mode is
carried out.

2. FIELD EXPRESSIONS
IN THE DIELECTRIC RESONATOR

Let's consider a rectangular metal resonator loaded
with oppositely placed dielectric dlabs of permittivitye .
The transverse size of a resonator in y-direction is b and
in x-direction isa. The transverse size of the vacuum

channel in the y-direction is by (the thickness of dlabs is
d =(b- b )/ 2). The length of the resonator is L. Par-
allel to the dielectric dabs along the z-axis a regular se-

quence of dectron bunches is injected at the plane z=0,
which travel through the resonator.

We shall proceed from the following equations for
electromangnetic field components transverse to the slabs:
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where: j, =rV,, r ischargedensityand e, =e for

b £yEb ore =1for|yl|<b.

Having executed a time Fourier transformation in
time of the equations (1), (2) and having expanded into a
series in harmonic functions with respect to x-,y-
coordinates, we shall obtain the equationsin ordinary de-
rivatives with respect to the y-coordinate. Solutions of
each of the equations jointly contain two sets of inde-
pendent eigenfunctions. The component H,, contains odd
eigenfunctions (symmetric with respect to plane y=0 )
and even eigenfunctions (antisymmetric). The component
E, containsodd eigenfunctions (antisymmetric) and even
eigenfunctions (symmetric). All these eigenfunctions are
orthogona with respect to a certain weight factor among
themselves; eigenval ues for them are determined from the
corresponding four dispersion equations. Having ex-
panded E, and H, in a series on eigenfunctions and
having executed the inverse Fourier transformation, we
can obtain fina expressions. Other components of the
field can be obtained from the Maxwell equations through
E, and H,. To obtain expressions for the fields of a
bunch having finite transverse size it is necessary to inte-
grate these expressions over the transverse locations of
the composing point bunches. We consider symmetric
(with respect to planes x=0 and y=0) electron
bunches, therefore upon integration over the locations
X5+ Yo Of bunches there will remain only the symmetric

solutions. For different components of field the symmetric
solutions correspond both to even and odd L SE and LSM
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modes. The longitudinal component E, of the electric
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field contains only odd LSE and L SM modes:
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Fig.1. Wakefield in the DLRR, shown in the z-y plane (x=0): a) after injection of 5-th bunch, b) after injection of 61-th
bunch. Crosdline line shows sections of image/contour plot. The corresponding 1D structures of wakefield are pre-
sented at thetop and at the right of images. Rectangles show bunch locations

where: E, =32pQ, / ab; Q, isbunch charge;
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Functions €f,(y) =j (p"y) and hi(y)=j (q"y) de-

scribe the transverse structure of wakefield
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and norms ||D2, |, [|H, |F of odd LSM and LSE

modes are defined in accordance with:
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Eigenfrequencies w,,, of odd LSM modes are deter-
mined from the dispersion equation

Pita( piby/ 2) - epietg(pyd) =0, ©)
frequenciesv ,, of odd L SE modes from the equation

dgetg(cfd) - aftg(afb, /2)=0 @
It should be noted, that when
Wi =Wy Vi =W, ®)
the relevant items in the expression (2) have removable
singularities. The conditions (5) are nothing else than the
conditions of Cherenkov radiation in a dowing medium.

3. NUMERICAL RESULTS

For a numerical analysis of wakefield excitation, a
metal resonator with the sizes a=1.6cm, b=7.4cm was

chosen. Parameters of a sequence of bunches are: repeti-
tion frequency f,=2805MHz, energy of electrons
45MeV , macropulse current is 1A, bunch length is

L, =1.6cm, transverse sizes x,” y, =1  lcn?. For a
coherent summation of bunch wakefidlds, a using a
bunch multiplicity N =10, it is necessary [3] to choose
the length of the resonator L = 53.16cm. The thickness of
the dab (e =8.2) slabs was chosen from the condition (5)
For the excitation of the LSM_,,,-mode with frequency

f, from the equation (3) it follows b, =6.41mm.

In Fig.1 the structure of the excited wave is presented.
During the time before the bunches reach the exit end of
the resonator, a wakefield is formed which is amilar to
the wakefield in a semi-infinite waveguide. The field
grows from the head of a bunch, and Cherenkov cones
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with reflections from the metal walls of the resonator are
easily seen. The presence of the Cherenkov cone is the
typical sign of multimode radiation in a slow-wave me-
dium. Near the resonator entrance the field of the trans-
tion radiation is appreciable. In the direction traverse to
the dabsthefield is practically homogeneous.

As the next new bunches are injected, the field in the
resonator builds up and its amplitude becomes more ho-
mogeneous in the longitudinal direction, oscillating in
time with the frequency of the LSM,,,,-mode. The dy-
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namics of the longitudinal electric field at the entrance
and exit of the resonator is given in Fig.2,a. It is seen that
the field in the resonator grows in time on both ends of
the resonator and the field of the transition radiation is no
longer significant.

In Fig.2,b the axia distribution of wakefields at time
t=32.11 ns, after injection of 91 bunches, is shown. From
these plots it follows that the dominant contribution to the
total field isgiven by LSM modes.
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Fig. 2. a) Dynamics of theE, at exit (left) and at entrance (right) of DLRR axis (x=y=0); b) Electricfield E, at time
t=32.11ns along the axis of resonator ( x = y = 0) after injection of 91 bunches. Solid line (1) - total field, dashed line
(2) - of all LSV modes, dash-dot line (3) - all LSE modes, dotted line (4) - the shape and position of bunches

We also carried out calculations of DLRR excita-
tion in the case where the size of the dabs is chosen so

that the frequency of the LSE ,,,-mode is equal to the

frequency of bunch repetition (b, =5.24mm). Qualita-
tively, the structure of the longitudinal electric field is
similar to the one presented above. However, the rate
of increase is a little smaller than in the case of the
LSM-modes. Again the field of the transition radiation
does not appreciably affect the rate of increase of the
wakefield.
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CPABHMTEJIbHBIN AHAJIN3 BO3BYXKJIEHUA L SM U L SE BOJIH HEIMTOYKOM CI'YCTKOB B
JUIJIEKTPUYECKOM IMPSIMOYT'OJIbHOM PE3OHATOPE

T.C. Mapwann, H.H. Onuwenxo, I.B. Comnukoe

Hpe,I[CTaBJ'IeHLI PE3YIbTATBI CPABHUTCIILHOI'O aHAJIM3a B036y)KI[€HI/I$I KHWJIbBATCPHBIX IoJIeH IOCIICA0BATCIbHOCTBIO
CT'YCTKOB B IPAMOYTOJIbHOM PE30HATOPEC C CUMMCTPUYIHO PACIIOIOKCHHBIMA B HEM NUDJICKTPUYCCKUMHU TUTACTUHAMMU.

MOPIBHAJIbHUI AHAJII3 3BY/IKEHHA LSM TA L SE XBHJIb JIAHITIOKKOM 3I'YCTKIB ¥
JEJEKTPUYHOMY INPAMOKYTHOMY PE3OHATOPI

T.C. Mapwann, .M. Onuwenko, I.B. Comnikos

[IpencraBneHo pe3ynbTaTH MOPIBHUTFHOTO aHANi3y 30yMMKCHHS KUTPBATEPHUX IOJIB ITOCTIIOBHICTIO 3TYCTKIB Y
NPSMOKYTHOMY PE30HATOPI 13 CHMETPUYHO PO3TAILIOBAHUMH B HHOMY JiCIICKTPHYHIMH TUIACTHHAMU.
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