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CTING RF CAVITY CHARATERISTICS 

The APS s to rage  r i n g  c a v i t y  is a s i n g l e  cel l  semi-spherical 

s t r u c t u r e  pat terned along t h e  l i n e s  of t h e  KEK Photon Factory and t h e  

Daresbury cavities. 
352.9 MHz using the  computer code URMEL.* Before cons t ruc t ion  of t h e  

prototype, it was considered e s s e n t i a l  t o  s imula te  t h e  cav i ty  as i t  would be 

measured i n  t h e  machine shop as i t  was being b u i l t .  The cavi ty  has f o u r  l a r g e  

p o r t s  on the  equator  which would lower t h e  frequency, but  by how much? The 

code UBMEL is only a b l e  t o  represent  s t r u c t u r e s  with r o t a t i o n a l  symmetry; 

MAFIA is  three  dimensional, and thus i s  a b l e  t o  s imula te  the  a c t u a l  s t ruc tu re .  

The cav i ty  w a s  i n i t i a l l y  sca l ed  t o  the  APS frequency of 

The f i r s t  task w a s  t o  determine what mesh s i z e  would be requi red  

using MAFIA** t o  represent  t h e  s t r u c t u r e  i n  d e t a i l  equivalent  t o  t h a t  using 

URllEL. It was found t h a t  a mesh of 40,000 f o r  one e ighth  o r  80,000 f o r  one 

f o u r t h  s t r u c t u r e  (it is not  homogeneous mesh) and f i n e r  gave a -:esult which 

agreed with t h e  frequency predicted by U L t L  (MESH 5000); thus,  t h e  above mesh 

po in t s  are used f o r  t h e  following ca lcu la t ions .  

The computations not  only g ive  t h e  e f f e c t s  of t h e . p o r t s  on the  

frequency, but a l s o  a simulated tuner  has been i n s e r t e d  i n t o  a p o r t  a t  var ious 

depths;  thus, we have a p red ic t ion  of a tuning curve. For each of t h e  condi- 

t i o n s ,  t h e  f i r s t  t e n  modes have been ca lcu la ted ,  so w e  can see t h e  e f f e c t  of 

t h e  tuner  on t h e  fundamental mode and a l s o  on t h e  Higher Order Modes (HOM). 

The bas i c  shape and dimensions of t h e  c a v i t y  are shown i n  Fig. la. 
There are two 14-cm p o r t s  around t h e  axis of symmetry. They provide t h e  

openings f o r  beam passage (along t h e  beam o r b i t ) .  

r o t a t i o n a l  symmetry; thus,  t h e  2-D code URMEL can be used to  c a l c u l a t e  t he  

parameters of t he  cavi ty .  

The bas i c  shape has  

*URMEL 2-D code from DESY, Notkestrasse 85, D2000, Hamburg 52, FRG. 
**MAFIA 3-D code from DESY, Notkestrasse 85, D2000, Hamburg 52, FRG. 
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The actual  shape of the  prototype i-s,shown i n  Fig. lb. This  shape :‘yet i q j c  
has po r t s  of d i f f e r e n t  s i z e s  on t h e  equator.  The p o r t s  a r e  f o r  t he  power 

input  coupler,  the tuner ,  and poss ib le  hOM’*suppressor techniques. For f a s t e r  

vacuum pumping during i n i t i a l  processing, a vacuum pump may a l s o  be 

at tached.  This a c t u a l  shape does not have r o t a t i o n a l  symmetry, so  t h e  3-D 

. ‘ i  

code MAFIA i s  used t o  compute the  parameters, inc luding  the  e f f e c t  of a tuner .  

I. Frequencies, Q values ,  and shunt impedance ca l cu la t ion .  

For a c a v i t y  wi th  7-cm radius  beam p o r t s ,  t h e  cu tof f  frequency of t h e  

p o r t s  is 1.6 GHz. Higher order  modes below t h i s  frequency are ‘ t rapped’  wi th in  

t h e  cav i ty  and can b u i l d  up considerable  s t o r e d  energy and f i e l d .  

t h e  r e s u l t  of computing the p a r t  modes up t o  t h e  ‘cu tof f ’  frequency us ing  one- 

f o u r t h  s t r u c t u r e  of t h e  c a v i t y  under the  boundary condi t ions  (xl ,  xn, y l ,  yn, 

z l ,  zn’= 2 1 1 1 1 1). 

frequency, Q, shunt impedance, and R/Q. Some h igher  modes have r a t h e r  high 

shunt impedance, i n  p a r t i c u l a r  modes 3, 8 ,  24, and 28. It w i l l  be necessary to  
ana lyze  the  f i e l d  conf igu ra t ion  of these  modes and design s p e c i a l  antenna t o  

suppress  them. Here w e  should poin t  out  t h a t  i f  one needs t o  g e t  t h e  complete 

modes of t he  cavi ty ,  i t  would be necessary t o  run  MAFIA another  t h r e e  t imes 

under t h r e e  o ther  boundary condi t ions.  Each run  with d i f f e r e n t  boundary 

condi t ions  w i l l  r e q u i r e  a CPU t i m e  of about 6-7 hours  on t he  VAX-8700. 

Table L l i s t s  

There are 30 modes: L i s t e d  is t h e  mode number, 

Comparing t h e  r e s u l t s  from MAFIA with  t h a t  from URMEL, t h e  f requencies  

and Q values  of several of t h e  lowest modes agree wi th  each o the r  very  w e l l ;  
however, t h e  two codes do not always p red ic t  t h e  same shunt  impedance (Rs).(see 
Table 2). 

11. -Frequency s h i f t  due t o  holes  on t h e  equator .  

When the  c a v i t y  system is  f u l l y  assembled with power inpu t  coupler  

(which LEP states has a n e u t r a l  tuning e f f e c t ) ,  t une r ,  and f ixed  tuner  (which 

KEK uses t o  s tagger  HOM f requencies ) ,  the  c a v i t y  w i l l  have a frequency c l o s e  

t o  t h a t  i n  Table 1. However, as the  cav i ty  i s  being machined it w i l l  look 

l i k e  Fig. Lb. It w i l l  have fou r  r a t h e r  large, empty ports .  

t h e  e f f e c t  on t h e  resonant  frequency of the  p o r t s  so t h a t  w e  w i l l  know when t o  

s t o p  machining. Machining a t  t he  equator lowers t h e  frequency; t he  empty 

po r t s  a l s o  lower the  frequency. 

We need t o  know 
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Table 1 

Possible Modes up to  Cut-off Frequency 

Mode Frequency 
(MHz 1 Q 

1 352 835 4 . 8 6 6 ~ 1 0 ~  9 . 04 x106 185.8 
2 587 0018 7 .5O3x1O4 3 , 0 2 ~ 1 0 - ~  4 . 0 x10-Io 
3 739 653 4 . 2 6 5 ~ 1 0 ~  1 . 0 3 ~ 1 0 ~  24.2 

5 803 801 5 . 2 3 2 ~ 1 0 ~  2 . 6 O X ~ O - ~  5 x N 9  
4 774 0166 8 .O84x1O4 2 . 0 4 ~ 1 0 - ~  2 e 5 ~ 1 0 - 9  

*6 
7 
8 
9 
10 

*11 
12 
13 
14 

*15 
16 
17 

*18 
*19 
20 
21 

*22 
*23 

24 
*25 
*2 6 
*27 

28 
*2 9 
*3 0 

916 185 
917 0600 
922 0302 
933 0065 
958 0435 

' 1002.383 
1061e290 
1084 749 
1114.575 
1125 e 193 
1145 0480 
1159 0892 
1186 0310 
1197 0357 
1213 e602 
1234 322 
1277.038 
1292 e 900 
1311.558 
1333 949 
1385 e398 
1442 '. 750 
1499.674 
1531 0964 
163"5*127 

- 
8 158 x104 

8 . 6 0 4 ~ 1 0 ~  
6 .822x104 

1 . 2 5 9 ~ 1 0 ~  
8 -775 x104 
1 . 3 5 5 x105 

7 -546 x104 

1 .455x105 
9 . 4 1 4 ~ 1 0 ~  

6. . 988 x104 

1.022~105 

- 

- 
1.001~105 

- 

- 

- 
8.6 

5 .78x106 
8 . 09 x ~ O - ~  
3 . 1 1 x ~ O - ~  

3 . 7 5 ~ 1 0 ' ~  
- 

22.4 
1'. 9x10-2 - 

2.49 
67 1 - 
- 

466 
366 

9 2 x104 

- 
- .  

- 
1 . 05 ~ 1 0 ' ~  

56.6 
9 . 4 ~ 1 0 - ~  . 
4 . 6 X ~ O - ~  

*Not a good solution,  but the frequency may be okay. 

Table 2 
Comparison of MAFIA and URMEL 

- 

MAFIA 

( 1 / 4  Structure, 80,000 Mesh) (Mesh 5000) 

Frequency Q RS Frequency Q 
W Z )  (M s2> (MHz) 

352.835 48 , 660 9 -04 353.0 48 , 600 11-23 
739 -653 42,650 1.03 742.0 41,630 0.03 
922 0302 102,200 5.78 924.6 108 , 800 1.25 
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P r i o r  t o  designing t h e  cavi ty ,  t h e  e f f e c t s  of t h e  por t  s i z e  on 

frequency were s tudied.  

w a l l ,  wi th  t h e  a x i s  of t h e  hole perpendicular t o  the  axis of the  cavity.  

Because t h i s  model contains  symmetry, only one e ighth  of t h e  s t r u c t u r e  i s  
needed i n  computing the  frequency s h i f t  which would r e s u l t  from d i f f e r e n t  hole  

s izes .  The one e ighth  s t r u c t u r e  (as reconstructed by MAFIA) i s  shown i n  Fig. 

2. This model was  run f o r  var ious hole  s izes .  The curve of fundamental mode 

frequency s h i f t  r e s u l t i n g  from d i f f e r e n t  hole  sizes is shown i n  Fig. 3. 
t h i s  computation t h e  depth of t h e  po r t  w a s  kept  constant  at 10 cm. 
curve w e  see t h a t  each 7-cm radius  hole  would lower t h e  frequency by 1/2 MHz 

and each 6-cm hole  would 1ower.the frequency by 1/4 MHz. 

had confidence i n  designing t h e  prototype cav i ty  with two 6-cm radius  and two 

7-cm radius  ports .  Later w e  w i l l . p r e s e n t  the  r e s u l t s  of a computation 

represent ing a l l  four  ports .  

W e  f i r s t  put  a r i g h t  c y l i n d r i c a l  hole on t h e  cav i ty  

In  
From t h i s  

With t h i s  r e s u l t ,  we 

111. Effec t  of tuner  i n s e r t i o n  i n t o  t h e  cavity.  

There must be a tuner  i n  t h e  cav i ty  t o  compensate f o r  thermal and 

beam loading e f f ec t s .  When the  air  ( d i e l e c t r i c  constant  1.0006) is  removed, 

t he  change i n  t h e  d i e l e c t r i c  constant  causes t h e  frequency t o  rise. But t he  

s t r u c t u r e  is  not  mechanically r i g i d ,  and as t h e  a i r  is removed t h e  gap edges 

move together ,  lowering the  frequency. When developing i t s  required voltage,  

the  cav i ty  w i l l  be d i s s ipa t ing  c l o s e  to  100 kW. With t h i s  d i ss ipa t ion ,  p a r t s  

of the  i n t e r n a l  sur face  of t h e  cav i ty  w i l l  expand and d i s t o r t .  

of these e f f e c t s  and beam loading e f f e c t s  must be compensated f o r  by t h e  

tuner. 

The ne t  r e s u l t  

The e f f e c t  of a 12-cm diameter tuner has  been computed using one- 

fou r th  s t r u c t u r e  of t he  cavi ty ,  which is shown i n  Fig. 4. 

1/2 cm i n t o  t h e  cav i ty  w i l l  g ive  a tuning range of 1.5 MHz (Fig. 5). 
thought t o  be adequate. 

some of t he  HOMs f o r  d i f f e r e n t  tuner  pos i t ions .  In t h e  complete assembly, we 

w i l l  a t t e m p t  t o  not have H014 f requencies  coincident  with mult iples  of t h e  

r o t a t i o n a l  frequencies.  

A t r a v e l  of s i x  

This is  
Presented i n  Table 3 is  the  v a r i a t i o n  i n  frequency of 
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Table 3 

Effec t  of 6-cm Radius Tuner 

Frequency(MHz) 

Tuner Pos i t ion  
Mode h=-6.35 c m  h=-3.05 c m  h=-1 05 h=O h=5 c m  

1 

2 

3 

4 
5 

6 

7 
8 

9 

10 

354 0390 

592 0565 

743 0693 

781 854 

810.478 

9 13 492 

917.687 

922 190 

959.727 

1016.71 

353 -505 

589 842 

741.915 

778.906 

806 0222 

916.410 

922 0186 

938 0876 

996 . 134 
1026 46 

353 -002 

587 0778 

740.332 

775 . 507 
804 -371 

916.210 

922 -357 

950.251 . 
977 -849 

1010.28 

352 0834 

587 0017 

739 -650 

774 . 165 
803.792 

916 0182 

922 -306 

941.249 

995.880 

1076 60 

352.627 

585 962 
738.496 

772 . 098 
802.959 - 
917.040 

922 .133 

930.123 

957.031 

1002.61 

IV. Computation of t h e  prototype. 

The prototype of t h e  s torage-r ing r f  cav i ty  i s  being manufactured. 

It has f o u r  r i g h t  c i r c u l a r  c y l i n d r i c a l  holes  (por t s ) ,  two of them are 12 c m  i n  
diameter ( i n t o  one will be i n s e r t e d  t h e  tuner)  and two 14.4 c m  i n  diameter 

( i n t o  one w i l l  be i n s e r t e d  t h e  power input  coupler.) 

po r t s  are perpendicular  t o  each o the r ,  we need only u s e  one eighth of t he  

s t r u c t u r e  in t h e  computation. 

Fig. lb .  The MAFIA i n t e r p r e t a t i o n  of t h e  input  da ta  i s  shown i n  Fig. 6. 

Because t h e  axes of t h e  

The prototype cav i ty  ho le  s i z e s  are shown i n  

The ca l cu la t ed  r e s u l t s  are shown i n  Table 4. MAFIA pred ic t s  t h a t  
t he  prototype cavi ty  (with empty p o r t s )  w i l l  have a fundamental resonant  

frequency 1.4 MHz lower than would be t h e  case without p o r t s  (as ca l cu la t ed  by 

URMEL). 
por ts ,  i t  can be made t o  opera te  a t  352.9 MHz when i t  is  a complete 

assembly. 

It appears  t h a t  i f  t h e  prototype measures t o  be 351.5 MHz with empty 

The second 14-cm por t  w i l l  be f i t t e d  wi th  a second power coupler  
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test stand. 

input  power coupler,  as it w i l l  be with varying beam-loading condi t ions.  

This second coupler w i l l  al low "loading" t h e  cavi ty  t o  stress the  

V. Proposed Continuing Studies .  

Addit ional  ana lys i s  of t h e  cav i ty  can start  from a s i m p l e  

c y l i n d r i c a l  shape, as has been done i n  t h e  companion paper "Mode Se lec t ion  and 

Boundary Conditions." When t h e  prototype cav i ty  i s  ava i l ab le ,  a l l  modes up t o  

the  beam pipe  cu tof f  frequency w i l l  be explored using per turba t ion  techniques 

by "bead pulling." 

ob jec ts .  

This w i l l  be done using var ious shapes of per turbing 

Table 4 
Expected Modes t o  be Found i n  Prototype (with Por t s )  

1 

2 
3 

*4 
5 

6 
7 

8 
9 

*10 

351 0507 

732.406 

760.989 

916.843 

917.418 

921.751 

1056 051 

1127.80 

1145.40 

1211.59 

4 . 8 9 4 ~ 1 0 ~  

4 -291 x104 

7 . 835 x104 
- 

8.143 x104 

1 .O13x1O5 

7 .287x104 

6 . 5 6 9 ~ 1 0 ~  

4.633 x104 
- 

9 . 0 6 ~ 1 0 ~  

1 . 0 7 ~ 1 0 ~  

1 . 42 x104 
- 

1 . 08 x104 

4.3 6 x106 

3 . 28 x104 

1 . 6 ~ 1 0 ~  * 

1 . 3 ~ 1 0 ~  
- 

185.1 

24.9 

0.18 
- 

0.13 

43.0 
0.45 

0.24 

2.8 
- 

*Not a good so lu t ion ,  but  t h e  frequency may be okay. 
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Fig. la. The basic shape and dimensions of the cavity. 
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F i g .  3. The fundamental mode frequency s h i f t  for varying ho le  size. 
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Fig. 4 .  One-fourth structure of the cavity,used for calculating tuner range. 
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Fig. 5. E f f e c t  of tuner. : . 
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