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Abstract 

A modified disk-and-washer structure, eo to speak a coaxial coupled 
cavity structure, is proposed. It has not protrusions called disks at 
the inner surface of the cylinder. The thickness of the washer outer 
rim increases so much that it rather looks like a chain of accelerating 
cavities having slit around the outermost wall and through the slit they 
are coupled in a cylindrical cavity. SUPERFISH calculations show that 
both accelerating and coupling mode can be made confluent** in Ti-mode* 
operation and that the effective shunt impedance obtained under certain 
condition is 27 Mohm/m which is 10 % less than that of KEK PF single 
cavity or scaled LASL side-coupled cavity. 

* Aside from the historical reason, we define the mode by the phase 
shift in a geometrical period. 

** Confluence, stabilization and compensation bear the same meaning 
in this paper. 



§1. Introduction 

After the successful operation of side-coupled cavity (SCC) at 
(1 2 3) 

LAMPF, several ir-mode operated structures have been proposed. ' * (4) Schriber showed that disk-and-washer (DAW) structure (Fig. 5 (a)) is 
superior to SCC structure in shunt impedance and group velocity for 
higher beta than 0.6. In TRISTAN rf cavity especially for electron main 
ring, DAW structure is prefered because of available power limitation. 
However as the operating frequency is around 500 MHz, the inner radius 
of the cavity and that of the disk are as large as 45.45 cm and 40.25 cm 
respectively. From the manufacturing point of view the modulation of 
the cylinder of that size is unfavourable. Therefore we discussed the 
possibility to eliminate the disk. The computer study using SUPERFISH 
showed that this is possible under some modified washer geometry, even-
though the shunt impedance is not so high as that of DAW. However as 
the calculation was done under some fixed boundary condition, some of 
which are actually variable, the obtained value 27 Mohm/m is not neces
sarily maximum. 

In Sec. 2 a model DAW cavity for TRISTAN is described. The difficulty 
of confluence through a simple perturbation for a disk-abolished DAW cavity 
is shown in Sec. 3. A coaxial coupled cavity (CCC) is proposed in Sec. 4. 
The inconsistency of CCC is improved in Sec. 5. 

§2. TRISTAN DAW Cavity 

The restriction to the cavity comes from the TRISTAN electron 
ring lattice design. 

e,(=v/c) = 1.0 
F = 500 MHz , 
R. = 5 cm , 

where R, denotes the bore radius of the washer. The dimension of the 
model cavity was optimized by SUPERFISH calculation as follows (Fig. 1), 

L = 15 cm, R c = 45.45 cm. R, a = 40.25 cm 
Td = 6.6 cm, C = 10.25 cm, T w = 0.95 cm 
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R - 24.45 cm, R, - 5 cti, 
R - 0.7 cm and 6 - 30°. n 

For an infinite cell-chain, Q Q = 113,200 and Z , » 44.8 Mohm/m are 
expected. At present our experiment shows that one radial stem support 
is very promising. For later comparison the field patterns for both 
accelerating and coupling mode are shown in Fig. 2. 

§3. Disk-Abolished DAW Cavity 

In order to find the role of disk in DAW, it is abolished from the 
cavity with above-stated dimension. Fig. 3 shows the electric field 
pattern of the cavity. Eventhough the Q-value and effective shunt 
impedance is slightly higher than DAW value (Table 1) there is a large 
discrepancy of the resonant frequency between accelerating (494.4 MHz) 
and coupling (557.0 MHz) mode. Starting from this cavity, several 
computations were done under the following fixed parameters. 

L » 15 cm , R. " 5 cm , n 
R = 45.45 cm , G - 10.25 cm and T • 0.95 cm . 
c w 

Fig. 4 shows the dependence of resonant frequency upon G, R ,.T , T 
and R . As is seen in Fig. 3 the fact that the electric field is 

c 
normal to the right boundary makes it difficult to shift the frequency 
of coupling mode by simple perturbation of the washer. Only the washer 
rim and the cavity diameter affect the frequency in small amount. And 
if the diameter of the cavity is too large, the frequency of the 27T-mode 
becomes less than that of TT-mode. Even if it is not the case the band 
width becomes very narrow, with the deterioration of large group velocity 
which is one of the largest merit of DAW. 

§4. Coaxial Coupled Cavity 

In order to break through this situation, it becomes necessary for 
the. washer-rim to create different electro-magnetic field distribution 
from that of DAW. 
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In Fig. 5 (b) the thickness of the washer outer rim increases so 
much that it rather books like a chain of accelerating cavities having 
slit around the coutermost wall and through the slit they are coupled in 
a cylindrical cavity. Or it can be said that the inner conductor of a 
coaxial wave-guide is so reformed as to create a chain of accelerating 
cavities. (The problem to support the washer may be solved by a single 
stem as may be the case of TRISTAN DAW. Swenson suggested a monobloc 
structure, in which coupling slits are so opened that the remained wall 
can hold a chain of cavities.) 

Fig. 6 shows the half cell of this structure. For each combination 
of R and G , four modes i.e. F-, F', F and F' (Fig. 7) are computed. 
The first and second resonances are obtained by the condition that the 
electric field is normal to both right and left boundary. The third 
corresponding to accelerating mode is obtained by tangential to right 
and normal to left boundary and the fourth corresponding to coupling 
mode normal to right and tangential to left boundary. Fig. 8 shows the 
frequency and effective shunt impedance dependence upon R as the para
meter of rim gap G . The intersection of F and F' modes gives the 
u.isher radius at the confJaence. Then the effective shunt impedance and 
the frequency of 2ir mode (F') at the confluence is obtained. Qualita
tively the difference of frequency between F' and F (= F') is prefered 
not to be small in order to have large group velocity. As the frequency 
of F„ is far less than those of F and F', it is not shown in the figure. 

0 IT TT ° 
Connection of the confluent points gives Fig. 9. The radius of the 

washer has nearly the linear dependence on G . The frequency of iT-mode 
and 2iT-mode are also shown as well as effective shunt impedance. By the 
decrease of rim gap the frequency can be lowered to 500 MHz at the 
sacrifice of Z .,. The maximum effective shunt impedance 27.0 Mohm/m is 
obtained at G = 5.25 cm and R = 21.70 cm, where the frequency is 520 
MHz. The electric field near the confluence (G and R„ are 2.25 cm and 

r w 
24.45 cm respectively) is shown in Fig. 10 for four modes. At the zero 
mode (F_, F') operation the electric field is concentrated at the rim 
gap. This is not the case for the accelerating mode. It looks as if 
the rim divides the cavity into two regions; TEM coaxial mode outsides 
and T M m mode inside. The electric field between the cylinder and 
washer rim does not penetrate into the inner cavity for couping mode, 
forming a coaxial TEM like mode. This is where the name "coaxial coupled 
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cavity" came from. 

§5 Coaxial Coupled Cavity — Modification — 

As can be seen in Fig. 9, the frequency of coupling mode approaches 
500 MHz as the rim gap decreases. The lowest frequency is limited by 
the cell length corresponding to the coaxial wave guide. This leads the 
decrease of coupling to the accelerating cavity (the inner region 
surrounded by the washer) and shunt impedance. There is inconsistency 
with optimization. 

The situation is surmounted by the coaxial waveguide like property. 
The field created between washer rim and outer conductor is 90° out of 
phase for accelerating and coupling mode. Therefore the perturbation at 
the washer outer rim (Fig. 5 (c)) counteract for both mode as far as the 
frequency is concerned. Fig. 11 shows the geometrical notation for the 
modified coaxial coupled cavity. Fig. 12 shows an example of perturba
tion effect for the same geometry of Fig. 10. Therefore modified coaxial 
coupled cavity gives a rather wide freedom of design. 

The process of optimization study for modified coaxial coupled 
cavity may be as follows. 

1. Confluence studies (like Fig. 9) of CCC for several cavity 
diameters. 

2. Find the combination of G , R and R around maximum effective 
r w c 

shunt impedance. 
3. Perturb the washer outer rim so that the structure becomes 

confluent. 
4. Repeat the procedure of 2 and 3 for different combination. 
5. Find the combination of G , R and R by the interpolation at 

the desired frequency. 

§6. Discussion 

It is shown that a confluent so to speak coaxial coupled cavity is 
possible eventhough the effective shunt impedance is not as high as DAW 
structure. Relative wall loss in the case of single DAW cell is 29.50 % 
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for washer, 9.18 % for cylinder and 61.32 7. for end plate, while in the 
case of this structure at G = 2.25 cm it is 51.6 % for washer, 2.1 X 

for cylinder and 46.2 % for end plate. Apparently the increase of the 
washer surface deteriorates the shunt impedance. 

The merit of this structure is the simplicity in manufacturing the 
outer cylinder. The tolerance of the mechanical error is expected to be 
the same as DAW, eventhough it is not studied yet. Swenson suggested 
that this structure may have a good propagation property as the field 
created between washer rim and outer cylinder resembles TEM mode in a 
coaxial wave guide both for accelerating and coupling mode. 

Optimization study of modified CCC may give the shunt impedance 
around 35 Mohm/m. As can be seen in Fig. 12, the perturbation of washer 
rim hardly affect F' and eventhough the shift of the ir-mode frequency is 
as large as 50 MHz altogether, the change of Zeff is only around 10 ill 
for W = 7.5 cm and D - - 2.5 cm. While we have a shunt Impedance more P P 
than 40 Mohm/m for some combination of G and R . 

r w 
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DAW test cavity DAW cavity 
(without disk) 

CCC 

R (cm) c 45.45 45.45 45.45 
R d (cm) 40.25 45.45 45.45 
T d (cm) 7.2 0. 0. 
G (cm) 10.25 10.25 10.25 
R (cm) w 24.45 24.45 24.45 
T (cm) w 0.95 0.95 0.9S 
T (cm) r 0.95 0.95 12.75 

F (MHz) 499.519 494.351 522.7 
U (x 10~'j) 1.406 1.563 0.984 
P (kW) 3.922 3.846 5.827 
T 0.765 0.769 0.744 
Q (x 10") 11.25 12.62 5.55 
Z (Mohm/m) 76.49 78.00 51.48 
Z e f f (Mohm/ra) 44.76 46.13 28.50 
E (MV/m) max v 

Ho.w. ( A / m ) 

3.583 
22 

2.907 
52 

2.879 
29 

PBC ( k W ) 0. 0. 0. 
P C D <wo 1.498 1.355 2.801 
P D E (kw) 0. 0. 0. 
P E H <B»> 0.463 0.568 0.113 
PHA ( k W ) 3.101 3.643 2.507 

Comparison of DAW test cavity, disk-abolished DAW cavity and CCC 
(L = 30 cm, R, = 5 cm) for an infinite cell chain 

Table I 
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Fig. 1 Geometrical notations of a half-cell DAW cavity are shown in 
bold letters. Small gothic letters indicate the location. 
6 = 30° throughout this calculation. 
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Fig. 2 Electric field pattern of the accelerating (left) and coupling 
(right) mode are shown for a full cell DAW cavity. 



O 

Fig. 3 Electric field pattern of the accelerating (left) and coupling (right) mode are 
shown for a half cell disk-abolished DAW cavity. The structure is not compensated 
at all. The frequency is 494.4 MHz for accelerating mode and 557.0 MHz for 
coupling mode. 
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Fig. 4 Frequency shift due to the perturbation of the disk-abolished DAW cavity. The 
points indicate the accelerating and the crossea indicate the coupling mode. 



(a ) 

vyyyyyyyyyyyyyyyyyyxyyysyyyyyyyyyssyyrysssysjysyssyyyyss/syssyys^^ 

m^Wt "*W^"*Wa" ̂ p*'" 'W" *<^p^ 

vssss/yyyys/y/ssAs///s/s//sjYf//s//JMyyss/jy/sss^^ 

(b) 

yyyyyy/yyyyySSS////SyWy'yyy///yy/s//sySS//Ay/SSS///yy,W,y's,y,y-.-,7^ 

'yyyyyyjyyyyyyyyyyyysysysyyyyyyyyyyySSyyy,\W.VSyy,,/M.sy.:i-y.7?Z^r. 

( c ) 

Fig. 5 DAW (a), CCC (b) and modified CCC structure for beta = 1. 
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Fig. 6 Geometrical notations of a half-cell. The value of 
6 is fixed to 30° throughout the calculation. 

- 13 -



* 

o 

F. 

K 

TT 
Phace Shift in a Ceil 

Fig. 7 Notation of the frequency in a dispersion curve. 
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Gr»0.5 cm 
Gr - 1.25 cm 
Gr =2.25 cm 
Gr =5.25 cm 
Gr=7.25 cm 
Gr-10.25 cm 
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Fig . 8 1'requency shift of three modes due to R and G 
w r 

— Rw(cm) 
The intersection of F and F' gives the confluent point. The value of 

IT 71 
Fl should be above this frequency. 
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Fig. 9 Washer radius, frequency and effective shunt tor^cm'' 
impedance at the confluence are shown as the function of rim 
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Fig. 10 Four field patterns (Frt, F„, F' and F') at G 
0 ir IT 0 r 

1.25 cm and R * 24.45 cm are shown. 
w Eventhough it is not at the exact confluence, it seems that the rim separate the cavity 

into two regions. 
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Fig. 11 Geometrical notation of a half cell modified CCC. 
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— Dp(cm) 
Fig. 12 Perturbation Effect of Modified CCC. G = 1.25 cm and R = 24.45 cm. ^ x w 
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