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Disk Loaded Waveguides Versus
Dielectrically Loaded Waveguides
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The wake fields of a bunch of charged particles moving with the
velocity of light through a dielectric loaded circular waveguide
are calculated. For the computation the method of mode analy-
sis is used. The wake potential of monopole and dipole modes as
well as the quality factor is compared with a typical disk loaded
S-Band structure (SLAC). In an equivalent dielectric structure
the peak wake potential is about 1.5 1imes smaller than in a cav-
ity structure, but the quality factor with an assumed loss tangent
of tann & = 107* i much smaller too. Because of these results and
break dowrn problems in dielectric structures, there seers 1o be

no acvantage compared to stendard copper structures,
[ntroduction

Dielectric loaded waveguides have often been considered as
an alternative to disk loaded waveguides for particle accelera-
tion. Due to diclectric losses the metallic structure seems to be
advantageous. Recently, dielectric tubes have again been dis
cussed with respect to transverse wake field effects [17.

In this paper we calevlate both the longitudinal and trans
verse wake fields and the quality factor in a diclectric structure
with the method of mode analysis. Very good agreement is found
with wake fields calenlated in time domain [2].

Finally the solutions are compared Lo a typical disk loaded
S-Band structure as used by SLAC,

Mode Analysis

First the medes ol a circular waveguide coated with a di-
electric material as shown in Figure 1 are calculated. For the
solution of the modes it is assumed that the contributions of the
free charges vanish. The time harmonic modes must satisfy the
Maxwell equations which can be solved in cylindrical coordinates
by a vector potential A A ofs + Apfy and

H o= rot A, (1)
A satisfies the wave-equation
A+ A =0 (2)
with k = w/e = w /g€, The Helmholtz equation (2) can be
solved by separation of variables,
A, = ((v,‘l Zimaey K 0) + Cy Zipyy( Kg\)) cos g e e
Ay = (O 2 (K 0) = Co Ly (K o) ) sinmp e, (3)

with the separatior condition k* = K?* + k2. Here 7 is a lincar
combination of Bessel functions. Tor &, = & the vector potential
can be written as

AQ — (("vvlg(m +1) . C’z g(mf»l)_rcvag--{n.-kl)_]L (:;v4g—(771—1]) "

cos mp €77

Fig. 1: Dielectric loaded circular waveguide
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In Tags. (3) and () we assnine it the wave propagates 1 posi
tive z-direction and that the o-dependence of the A -component
s cosong. Tor eleciron and positron aceeleration only waves
with phase velocity v, = ¢, the velocity of light, and the phase
constanl fJ = w/cg = kg are of interest,

In the inner region the vector potential as shown in Bq. (4)
15 used and the field components can be formulated with the
condition that the electric and magnetic field js finite for ¢ = 0.
Furthermore €y must be zero for m == (.

How p[0wt™) -yt ] sinmg e g,
: [(,15)(7” RN AL "’w Cos g e ”":r‘;‘
j ('! .v)( e LI RpE -
—=Ch2{m + )™ sinmyp e7IE, (5)
0

The electric field can be calculated from the magnetic fleld

2m(m + 1)

J DR 7Z.,[(;',gJ("’+') + (:(,,'1- - -+ CQ) g“"‘”] *

;2 ,
At - (0 2RI ey e

\ 2

dkoz o+

sinmy e £,

+z—ZU(_T'12(m + 1) cosmp ¢ HRozg (6)
2

with Zy = \/uo/eo.
In the outer region K $# 0, and Eq. (3) is used for the field

representation. Using the boundary condition at p = &, and the
recurrence relations for the cylindrical functions ‘3], the field in
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Longitudinal wake potential of a Gaussian bunch with
o= 3mm for m = 0, Ry = 1.15cm, K, = 4.08cm and
= 2. The parameter n is the number of used modes.
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the ouler region 1s
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+ly! ('m o ST } cos iy e 1M,
J K2OH gin s o7 kot g N
e KO sin g € &\
Wy
- m B .
o= {~ —CH oy ZF K O 1 cos mep 77 E,
[]\ )(":,{’ A (”’] sin iy e 77,
B K2OE cos g ¢ 778, (8)

with

Cf = CFINL UG R Jn(Keo)

(

oH CH NG G 1)), () — .I:,\( Ky R, Nm(i(zgﬂ :
(
(

n

CF = CF[NGUR R (Kae)

i

CF e CFINLKGR) DL (Ka0) —

e

o K2 Ra) N (Ka20)] (9

;

J and N are Bessel functions of the first and second kind and
order m. The prime ( * ) indicates the differentiation of the Bessel
functions with respect to their arguments. Z¥ and ZH =1y
are the wave impedances.

The urknown frequency and consiants can be found by match
ing the tangential fields at p = R;. Thus the eigenvalue equation
1s formulated in matrix form.

2 A)’n(m + 1) y v’H kb moE
v . e . '(‘ 7 e
7o 1] i ) 7 KL O
l
-2 + 11K, 0 0 >3 (vL e
&, =
— R —~1 }/H m }H ..]\’,IC/V'E
‘ R m
—Zo2(m 4+ 1), 0 ]g’,’j(j’i{ 0 (10)

- ~1) . .
The factor h’fm ) is taken into the constants €y, (.
value equation is solved numerically.

Wake Potential

The eigen-

Wher the eigenvalue and the constants of the the py-th mode
are known, the stored energy W, and the induced voltage V,, at
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Fig. 8: Longitudinal wake potential of a Gaussian bunch with
o= 0.3mmfor m =0, £, = 1L.lhan, B, = 4.08 cm and

g, = 2. The parameter n is the number of used modes.
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Fig. 4: Loss parameter &, as a function of the discrete modes

for m =0, B; = 1.15cm, £, = 4.03cm and ¢, = 2.

o = K; can simply be computed and the loss parameter

k m =TT e,
g 4Vl 11’2'" (1)

is determined. The factor m is the azimuthal dependence of the
mode. k&, descibes the coupling of the charged particle to the
uth-mode.

A test particle following at a distance s behind a point charge
g sees a longitudinal wake potential, which is written as an infi-
nite sum [4].

o

Qgo™™ Zj k, . cos

=1

W

Wials) = -
We assume that both the point charge and the partide travel
at the speed of Light and at the radius p along the axis. For an
arbitrary charge distribution Eq. (12) can be used as Green’s
function to calculate the longitudinal wake potential

v —
Wi(s) = fA( L"” Winlz = 5) 4, (13)

For a Gaussian bunch with the total charge ¢ and the standard
deviation o, W (s) is given by

. 2 & 7 P W,
Whi(s)=— oo ,‘ZJ ke Z} exp{ — 5 ;)2) cos --E'-vk;r — s)dx.
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Pongitudina, (a) and transverse {0 wake potential of
3o for m o= 1, R, =

Fig. 5:
2 Gaass'an bunch with o =
16 em, fy == .08 cm and ¢

With the longitudinal wake potential the transverse wake po
tential can be found.

$

Wiy =— [

Another interesting parameter of an accelerating structure is

M)

e

(15)

the quality factor

W QG
C Qul
where W is the stored energy and P the RI" power loss per unit
length. Qg and @, represent the power loss in the diclectric
material and in the metallic wall respectively.

Q= (16}

Results

For numerical results the infinite sum in Bq. {12) must be
truncated. Therefore the convergence of the azimuathal symmet-
ric wake potential of a Gaussian bunch with o = 3mm (Fig.
2) and ¢ = 0.3 mm (Fig. 3) is proven. A comparison between
the two figures shows that for a smaller bunch more modes have
to be regarded  In Fig. 4 the loss parameters of these modes
are shown as a function of the frequency. The values of the loss
parameters decrease quite fasy, which is the reason for the good
convergence of the calculation of the wake potential. For a bunch
with o == 3 mm only 15 modes need be used.

The results were compared with [2] and with one exception

very good agreement was found,
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Mouvopole Dipole
£, R, ky W) W W,
ent | (] | ] | (i) (]
SLAC 9.0 107 | 57,010 | 5451077 | 4.14 10'F
2 408 || 83 10M ] 37.7 10" 1 320 1077 | L96 10F
6 235 114,10 | 500 10°% 588 1077 | 4.05 10
30 | 163 || 9.3 10" | 33810 | 450 10°7 | 347 101
e R, Q. 0. 0
{em] \
| SLAC 1510 || t.5101
L2 4.08 || 1.07 101 | 3.00 107 || 7.89 10°
6 2.35 | 1.10 10% | 1.20 10* | 5.80 107
30 1163 | 108107 [ 4.4110% ] 3.13 10°

¢ Comparison of the peak wake potential within the Gaus
sian bunch and the quality factor belween the dielectric
and the SLAC structure for £, = 1.25em, tand = 1077

no= 08107 1/Qn

For comparison with the disk loaded structure the inner ra-
diug (1, = 1.15 em) and the frequency of the accelerating mode
(/= 3GHz) were chosen equal to the disk hole ard the frequency
of the SLAC cavity structure. Furthermaore the relative permt-
tivity was selected in order to have similar loss parameters for
the accelerating mode. For the caleulation of the quality factor
a realistic loss tangent of tand = 1 % 107" and a conductivity of
k= 5.8% 107 1/0m were assumed. The reference wake potential
and quality factor of the SLAC structure were calenlated with
the program TBCI [3]. [n Fig. 6, a table of the values of the
peak wake potential within the Gaussian bunch and the quality
factor is shown. The wake potential of the diclectric structure is
about 1.5 times smaller than in a disk Joaded structure. But the
quality factor is about 2 times smaller too. Therefore the advan
tage of the smaller wake potential does n't seem to compensate

the increased losses.
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