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SLM1ARY 
Two sets of large radius DAW test cavity with 

biperiodic 4-T stem was studied for the T-stem effect 
to Q-value degradation and coupling mode frequency. Two 
shapes of T stem were tested. The frequency was 1300MHz 
and 2380MHz, and 13=1.0. The overlapping problem 
connecting wi th the large radius for high shlMt 
impedance was solved by the biperiodic 4-T stem 
geometry. The cavity radius was 0.7671 and 0.786;\.. The 
Q value degradation introduced by the stem was 
evaluated by cauparing with the non-stem geometry which 
was achieved by nylon string hanaing. The coupling and 
accelerating mode frequency compensation method. was 
also investigated to cancel the biperiodic perturbation 
to electric field distribution along the axis. 

The disk-and-washer(DAW) structure has outstanding 
features of high efficiency, high stability, and good 
vacuum conductance. The high efficiency is desirable 
for converting rf power into beam power. The high 
stabili ty is resulted by the high coupling constant, 
and reduces structure sensi ti vi ty to tuning and 
assembly errors, beam loading effects and transients. 
The high coupling constant and the good VBCUI.B 

conductivity come from the very open structure. 1) 

Because of higher order passbands ( in particular 
the 1Mll-like passband) overlapping the region of the 
operating-mode frequency, DAW structures have not been 
accepted for lIIIIllY projects, in contrast to an early 
enthusiasm based on structure attributes. There are 
solutions to the mode overlapping situation. 1-5) cne of 
them is biperiodic 4-T stem configuration. I) The 
advantages of this configuration is availability of 
large cavity radius connecting to high efficiency and 
coupling constant wi thout mode overlapping. Another 
advantage is the least perturbation of the stem to the 
accelerating mode. To the coupling mode, however, the 
perturbation of the stem is not small and the frequency 
is pushed up about 5" of the desiilled value in our 
case. To close the stopband and make the confluence, 
the coupling frequency should be compensated to its 
designed value. Also the Q value is important factor 
for fabrication. In this paper, Q-value degradation 
introduced by the stem, and the coupling frequency 
compensation are reported. 

TEST CAVITY 

Two sets of 13= 1 alumim.m alloy (5052) DAW test 
cavi ties were used for measurements of the Q value and 
coupling frequency. Fig. 1 shows the structure assembly 
for accelerating mode(right) and coupling mode(left) 
termination. The geometry is given in table 1. The 
number of cells was restricted by the m.mber of parts 
available. One of two has frequency of 2380MHz and 
cavity radius (Re) of 0.767;\.. Another has that of 
1300MHz and Re of 0.786;\. which is 2.5" larger than 
former one. All of the washer support geometry were the 
biperiodic T, where pairs of washers are supported by 
Ts. The shape of T stem for 2380MHz model was just like 
"y" shape rather than "T", and that for 1300MHz model 
was not only "y" but also "T" , which is complete 
electric field perpendicular shape (fig.2). There was 
little difference in shape between "Y" stem for 2380MHz 
cavity and that for 1300MHz cavity. For comparison, 

Structure assembly for accelerating (right) and 
coupling (left) mode termination with "T" stems 
for 1300MHz cavity. 

6.35¢ 
mm -4.76¢ 
\ 

~/ 
8mm¢ 

---- 10rrm¢ ---

Fig.2 "Y" stem of 2380MHz cavity(most left), "Y" stem 
of 1300MHz cavity(middle) ,and "T" stem of 1300MHz 
cavity(right). 

Table 1 
DAW TEST CAVITY PARAME.TI:RS 

Frequency (MHz) 2380 1300 
Wavelength (em) 12.596 23.077 
Half cell length (em) 3.149 5.765 
Cavi ty radius (em) 9.667 18.14 
Disk radius (em) 8.582 16.2(15.2) 
Half disk thiclmess (em) 1.503 2.752 
Washer radius (em) 4.947 9.024 
Half washer thiclmess (em) 0.222 0.324 
Nose angle (deg) 30 30 
Nose radius (em) 0.14 0.25 
Bore radius (em) 0.616 1.128 
Half gap length (em) 1.832 3.26(3.16) 
Rei;\. 0.767 0.786 
ZTI (milO) 121 91 

non-support geometry were also measured which was 
achieved by nylon string hanaing of the washers. 

The 2380MHz cavity was not coupling mode frequency 
compensated, and had about 100MHz higher coupling mode 
frequency. The accelerating mode was also slightly 
higher than the designed one (about 0.5"). The 1300MHz 
model was designed to have compensated frequency of 

Proceedings of the 1986 International Linac Conference, Stanford, California, USA

151 MO3-45



both coupling and accelerating IOOde as following. The 
disk radius Rd was reduced to push back the coupling 
frequency down, and the gap length was slightly reduced 
to push back the accelerating frequency. In early 
stage. both compensations was biperiodically perfonned 
at the cell with stem, because of the localized 
compensation and its simplicity. It was found that the 
al ternate coupling strength between cells made the 
electric field distribution unbalance. Recently the 
compensation was modified to be uniform, and the 
accelerating frequency will be compensated by increase 
of washer radius, keeping the original gap length. 

Q VAUJE 

Q value was measured with various llUIIber of cells 
for the elimination of the endplate losses. The 
reciprocal of \mloaded Q value of n-cell cavity ~ is 
given as follows; 

1 
Qil 

P a = r.lWn 

where Pn, r.I, and Wn are the power loss on the cavity 
wall, the angular frequency, and the stored energy in 
the cavity, respectively. Pn is _ of the power loss 
on the endplates Pe and the power loss in one cell 
without endplate Pc multiplied by the cell llUIIber n. 
Then we get; 

1 
Qn :: 

= 

Pe+nPc 
r.I n We 

-n-r.l-Pe...,.We=--- + r.I ~ 

1 1 1 =---+--n Qe Qc 

where Qe and Qc are the Q values of the endplates and 
that of a cell without endplate respectively. Qc is 
equal to the Q value of an infinitely long structure 
Q. For a cavity with stems, Pc and We are averaaes 
C:tween cells with stem and a cell with non-stem, if 
the stem perturbation is SIIIBll. Wn is the stored energy 
in one cell multiplied by the number of cell n. Figs. 
3-5 shows the reciprocal of Q value as a function of 
the reciprocal of the number of cells.Q is given at 
the l' intercept. a:I 

2380MHz ~DEL 

Q of 2380MHz cavity with 4-T stem was 7~ of that 
wi th nOn-stem as shown in fig 3. Because the stems were 
made of brass and had rather rough surface, two-cell ~ 
value was measured with polished stem and Q increased 
to 77% ( asslDing the same slope as before ;. There was 
good agreement between Q value from SUPERFISH 
calculation and measured Q of the cavity wi th non­
stem, using conversion factor from Al alloy (5052) to 
Cu. The Al alloy conductivity(35% of that of Cu) was 
taken from data sheet. 

1300MHz ~DEL 

Fig.4-5 shows the case of 1300MHz IOOdel withAl 
"T" stem. The slope for biperiodically ccapensated case 
is easier than no-T case (Fig.4). This means that the 
endplate loss l/Qe was smaller than non-stem case, 
which is completely axisyumetric case. It was tholCht 
that the biperiodic reduction of Rd made the field in 
cell with stem larger than that with non-stem. and the 
current distribution on the wall was changed. Fig. 5 
shows the modified compensation case which was even 
reduction of Rd at Rd=15.4cm. The gap length was still 
biperiodically reduced at cell with stem. The field 
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Fig.3 I/Q as a function of the reciprocal of the 
number of cells for 2380MHz test cavity. 

Fig. 4 

1/Qxl0S 

9 
8 
7 

6 
5 
4 

3 
2 

o no-TSlem 

110 1,4 1/5 1/2 ill 
1/NO. of WASHERS 

I/Q as a function of the reciprocal of 
number of cells for I300MHz test cavity. 
disk radius was biperiodically reduced 
compensate the coupling mode frequency. 
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Fig.5 I/Q as a function of the reciprocal of the 
number of cells for 1300MHz test cavity. The 
disk radius was evenly reduced to compensate 
the coupling mode frequency. 

strength unbalance between cells was about -4% at cells 
wi th stem ( minus means weaker field at cell with stem 
than that with non-stem). Q value was improved to 76% 
of Q of no stem. The value 76% seems fairly good, 
consi~ring the screw clamped stem contact. Wi th 
SUPERFISH calculation, Q value with stem loss can be 
evaluated, asSl.llllina that the stem perturbation is SlIIBll 
enough for the additional loss to be calculated only as 
eddicurrent loss on the stem. With stem of Iem diameter 
at root and 0.8 em diameter at branch, the value was 
81.~ of original value. 

The washers can be turned over and, the reduced 
gap-length cell can be at no-stem position. The 
unbalance increased to -14% and the Q decreased to 
73%. Instead of the gap length, the fieTd unbalance can 
he adjusted by lIIOVing the stem-attaching radiua. Rs. 
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Reducing the Rs by 1111D increases the field about 3%. 
SYlJlDetric washers were also tested and evenly 
compensated geometry with about 2um reduced Rs seems 
preferable. The perturbation of "Y" shaped stem was 
larger than that of "T", and Q was about 70% of that 
with no stem. 00 

COOPLING F"R19JENCY 

Because of the cavity termination and the stem 
periodicity, the ideal coupling mode was difficult to 
be achieved in finite length cavity. The couplm, mode 
frequency fc with incomplete periodicity is shown in 
fig.6 as a function of ratio r •• of number of cells 
with stem to that with no stem. Because of the 
tennination, the periodicity for ratio of "1/2" (which 
means one cell with stem in two cells ) is; stem, 
stem, non-stem, non-stem, stem, stem, and so on, namely 
SSNNSSNN···. That for ratio r .. of "2/4" ( which JIIe8llB 

two cells with stem in 4 cells) is; SNSNNSNSNNSNS •••• 
The coupling mode frequency of "2/4" was slightly lower 
than that of "1/2". Rd required for complete coupling 
mode frequency compensation seems slightly larger than 
15.5cm for this geometry includinar stem. Tentative mode 
spectrum is shown in Fig. 7. The mode overlapping on 
the accelerating mode was solved. 
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Fig.6 Coupling frequency with various configuration. 

DISCUSSIctI 

Measurement of the shunt impedance was not 
thought to be needed to evaluste the stem effect, 
because the perturbation to field distribution was much 
smaller than radial stem which lies parallel to 
electric field. 

If the cooling and mechanical si tuation permi ts 
the use of smaller radius stems, the Q degradation will 
be reduced. For a low duty factor application or a low 
frequency band application, the cooling limdtation will 
not be serious. For small radius stem, thin stainless 
steel pipe with copper-plating will be suitable. 

Because of the large radius of the cavi ty, the 
mode density around the operating frequency is high. 
Further beam cavity interaction study') is required 
particularly for application to recirculating machine. 

The successive work is going on to fabricate a 
power tank for electron acceleration. 

Fig.7 
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Tentative mode spectrum of 1300HHz cavity 
with 4T stem configuration. The couplinar mode 
frequency was caapensated wi thin 1Miz by even 
reduction of Rd. The washer nose was not 
syumetric. 
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