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CHOICE OF W CAVITY IMPEDANCES 

Consider t h e  equ iva len t  c i r c u i t  of  an  r f  c a v i t y  shown i n  t h e  f i g u r e .  

C 

The c i r c u i t  Q i s  g iven  by Q = RWC o r  i n  t h e  s p i r i t  of  t h e  equ iva len t  c i r -  

c u i t ,  w e  use R t o  r e p r e s e n t  t h e  l o s s e s  i n  t h e  f e r r i t e  R = 

c h a r a c t e r i s t i c  c a v i t y  impedance Z = $ 
when d r i v i n g  t h e  c a v i t y  t o  a peak v o l t a g e  V 

on power and power a s s o c i a t e d  c o s t s ,  c a v i t i e s  are normally designed wi th  as 

h igh  Q and Zo as  p r a c t i c a l  s u b j e c t  t o  c o n s t r a i n t s  from t u n a b i l i t y ,  etc.  

beam i t s e l f  i s  a c u r r e n t  source  which induces v o l t a g e s  i n  c a v i t i e s  caus ing  

va r ious  u s u a l l y  undes i r ab le  e f f e c t s  on t h e  beam. 

I Z where I 

impedance. 

. Define a 

The power d i s s i p a t e d  

. To economize 

WC 

t hen  R = QZo. 
v 2  

0 c 5  

i s  then  P = 
P 2QZo 

The 

The v o l t a g e  i s  g iven  by 

i s  t h e  a p p r o p r i a t e  beam Four i e r  component and Z t h e  r e l e v a n t  f f 

For  t h e  resonance frequency, Z = QZo. For very  h igh  f requencies ,  

Z where w o  i s  t h e  resonant  frequency. Obviously, t o  reduce t h e s e  z = -  w O  

w o  

beam induced e f f ec t s ; the  Zo should b e  kept  as low as poss ib l e .  

i f  t h e s e  v o l t a g e s  are  important  Q should a l s o  be  kept  low. 

A t  resonance, 

These requirements  

are d i a m e t r i c a l l y  oppos i t e  t o  t h e  power cons ide ra t ions  and c l e a r l y  some corn- 

promise must b e  sought.  

j 
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S imi l a r ly ,  t h e  number o f  c a v i t i e s  e n t e r s  t h e  p i c t u r e .  
I 

I 

To achieve  V t 

peak v o l t s  per  t u r n  wi th  n cavi t ies ,  w e  have 

v = Vt/n 

Power = n - -- - 
P v 2  

2ZoQ n 
1 Note t h a t  power per  c a v i t y  goes l i k e  2 . 

i s  n If Z .  

oppos i t e  t endenc ie s  i n  choosing t h e  number of c a v i t i e s .  

The beam induced v o l t a g e  per  t u r n  
n 

Thus, aga in ,  power cons ide ra t ions  and beam induced e f f e c t s  suggest  ' 

Some r e c e n t  obse rva t ions  on t h e  AGS i n d i c a t e  four  p o s s i b l e  phenomena 

caused by beam induced v o l t a g e s  on t h e  c a v i t i e s .  These a r e :  

1) Beam induced v o l t a g e  on t h e  c a v i t i e s  dur ing  r f  cap tu re .  It i s  

not  a t  a l l  c l e a r  a t  t h e  p re sen t  t i m e  i f  t h i s  v o l t a g e  i s  harmful 

bu t  it c e r t a i n l y  complicates  t h e  understanding of  cap tu re  and no 

known model sugges ts  it i s  u s e f u l .  It would, t h e r e f o r e ,  b e  d e s i r -  

a b l e  t o  reduce t h i s  vo l t age .  

2)  Waveform d i s t o r t i o n  causes  a bad phase space mismatch a t  t r a n s i t i o n .  j 

i 
I This  problem i s  q u i t e  s e r i o u s  a t  t i m e s .  It can poss ib ly  be  a a l le-  

v i a t e d  by nu - sh i f t  t r i c k s ,  etc. ,  bu t  it would be  d e s i r a b l e  t o  reduce 

t h e  source  of  t h e  e f f e c t .  

3) P o s s i b l e  coherent  l o n g i t u d i n a l  i n s t a b i l i t i e s  dur ing  a c c e l e r a t i o n  

and bunched f l a t  top .  It i s  be l i eved  t h a t  i f  t un ing  servos  t r a c k  

s u f f i c i e n t l y  w e l l ,  t h i s  should not be  a problem up t o  about 10 . 13 

However, reduced coupl ing (from lower impedance) would b e  d e s i r a b l e .  1 

4 )  S e l f  bunching dur ing  f l a t  t op .  Th i s  problem i s  q u i t e  s e r i o u s  dur ing  ' 

c u r r e n t  opera t ion .  Some t r i c k s  a r e  a v a i l a b l e  such as i n c r e a s i n g  t h e  
I 
1 energy spread o r  reducing t h e  e f f e c t i v e  impedance by s e l e c t i n g  t h e  1 

park ing  frequency a f  t h e  c a v i t i e s .  These are r e a l l y  stop-gap so lu -  

t i o n s .  A b e t t e r  s o l u t i o n  would b e  a r educ t ion  i n  impedance. 
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It appears  from these four  e f f e c t s  t h a t  a lower c a v i t y  impedance would 

Given a conf igu ra t ion  of  f e r r i t e ,  t h e  only r e a d i l y  a d j u s t a b l e  m b e  d e s i r a b l e .  

parameter i s  t h e  number of  c a v i t i e s .  It would b e  most u s e f u l  t o  s tar t  a 

program t o  s h o r t  out  t h e  gaps on some c a v i t i e s  r a i s i n g  t h e  power of the re- 

maining c a v i t i e s  t o  provide  adequate  d r ive .  

be  reduced from t e n  t o  s ix ,  t h e  c u r r e n t  o p e r a t i o n a l  problems would occur a t  

1/0.6 t i m e s  the c u r r e n t  i n t e n s i t y .  

10  keV/gap (which i s  cons iderably  h ighe r  t han  p resen t  ope ra t ing  p r a c t i c e )  

should g ive  adequate  a c c e l e r a t i n g  vo l t age .  

t o  12 keV/gap. 

I f  t h e  number of c a v i t i e s  could 

S ix  c a v i t i e s  running a t  des ign  r a t i n g  of  

These c a v i t i e s  have been t e s t e d  

Th i s  procedure g ives  a n  improvement o f  1.6, bu t  a t  some c o s t .  The re- 

l i a b i l i t y  w i l l  s u f f e r  from pushing t h e  equipment t o  power l i m i t s .  Sure ly ,  

s h o r t i n g  b a r s  can be  devised  t o  permit  r a p i d  (30 minute) c a v i t y  changes leaving,  I 
up t o  fou r  i n s t a l l e d  spa res  i n  t h e  r i n g  i n  low r a d i a t i o n  areas. The program ' 

t o  a r r i v e  a t  s ix  c a v i t y  ope ra t ion  should be  designed t o  i n s u r e  t h e  most re- 

l i a b l e  p o s s i b l e  opera t ion .  
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