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ADDITIONAL DESIGK CRITERIA FOR LOW 6 STRUCTURES 

id .  K u n t z e  

K e r n f o r s c h u n g s z e n t r u m  K a r l  s r u h e ,  I n s t i  t u t  f u r  K e r n p h y s i  k  

P . B .  3 6 4 0 ,  7 5 0 0  K a r l s r u h e ,  F e d e r a l  R e p u b l i c  o f  Germany  

Low 6 s t r u c t u r e s  a r e  used i n  p r o t o n  and i o n  a c c e l e r a t o r s .  This paper i s  r e -  

s t r i c t e d  t o  a d d i t i o n a l  des ign  c r i t e r i a  f o r  t h e  superconduct ing a c c e l e r a t o r  

p r o j e c t s .  The room-temperature booster  a t  He ide l  berg, and t h e  des ign  o f  

room-temperature p r o t o n  and heavy i o n  l inacs  w i l l  n o t  be  inc luded .  Essen t ia l  

elements s t i m u l a t i n g  t h e  i nc reas ing  a c t i v i t y  a r e  t h e  development of new acce- 

l e r a t i n g  s t r u c t u r e s  u n i q u e l y  s u i t e d  t o  t h e  a c c e l e r a t i o n  of v e r y  low v e l o c i t y  

heavy i o n s .  The he1 i x  r esona to r  2-5, t h e  sp l  i t - r i n g  resona to r  6 7 7  and t h e  r e -  

e n t r a n t  c a v i  ty have been developed as superconduct ing acce l  e r a t o r  s t r u c t u r e s  

f o r  l o w - v e l o c i t y  a p p l i c a t i o n s .  F i g .  1 shows t h e  Kar ls ruhe h e l i x  resona to r ,  f i g .  2  

shows t he  Argonnne s p l i t  r i ng - resona to r  and f i g .  3 t h e  Cal Tech /Stony Brook 

s p l i t  l oop .  A l l  o f  t h e  new s t r u c t u r e s  c o n s i s t  o f  a  l a r g e  number o f  i ndependent l y  

phased resona to r s  which may be  ad jus ted  t o  a c c e l e r a t e  i ons  over  a  wide v e l o c i t y  

range w i t h o u t  changing t h e  frequency. The v e l o c i t y  p r o f i l e  i s  es tab l i shed  by 

phasing r a t h e r  than  by i n c r e a s i n g  l eng ths  of success ive a c c e l e r a t i n g  u n i t s .  S ince 

t h e  v e l o c i t y  need n o t  t o  be  matched t o  t h e  r esona to r  l eng th ,  t h e  p r o j e c t i l e  phase 

may change g r e a t l y  w h i l e  i t  t r ave rses  t h e  s t r u c t u r e .  Never the less,  phase f ocuss ing  

i s  p resen t  i n  t h e  same way as i n  a  m u l t i p l e  c e l l  s t r u c t u r e  w i t h  a  w e l l - e s t a b l i s h e d  

v e l o c i t y  p r o f i l e .  Such a  l inac  i s  exceed ing ly  f l e x i b l e  w i t h  r ega rd  t o  t h e  mode 

of o p e r a t i o n  and hence i s  t o l e r a n t  o f  sub-standard performance o f  resona to rs .  A 

f a i l u r e  o f  r esona to r s  t o  p r o v i d e  t he  des ign  a c c e l e r a t i n g  f i e l d  w i l l  reduce t h e  

maximum beam energy, b u t  t h e  l inac  s t i l l  can be used e f f i c i e n t l y .  On t he  o t h e r  

hand, i f  needed energy v a r i a b i l i t y  i s  e a s i l y  achieved by va r y i ng  t h e  phase o f  

i n d i v i d u a l  resona to rs .  

Thus, f o r  a  g i v e n  p a r t i c l e  v e l o c i t y  range an average B-value i s  chosen and iden-  

t i c a l  resona to rs  f o r  a  f i x e d  f requency can be designea. The frequency, i n  t u r n  

i s  a compromise between t h e  d e s i r e  t o  have as low a f requency as p o s s i b l e  ( t o  
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minimize the  bunching problem and t o  maximize the  a c c e l e r a t i n g  l e n g t h  o f  an 

i n d i v i d u a l  u n i t )  and the  d e s i r e  t o  l i m i t  t he  r a d i a l  dimensions and the  s to red 

energy. Higher frequency means lower s to red energy which s i m p l i f i e s  phase and 

ampl i tude c o n t r o l .  Bu t  more essen t i a l  i s  t h e  mechanical r i g i d i t y  o f  the  

resonator .  V i b r a t i o n  induced frequency modulat ions have t o  be compensated 

by rf c o n t r o l .  S )  If the s t r u c t u r e  i s  mechanical ly  s t i f f ,  t h e  rf frequency 

i s  i n s e n s i t i v e  t o  mechanical v i b r a t i o n s  and i n  t u r n  makes f e a s i b l e  phase 

and ampl i tude s t a b i l i z a t i o n  by d i r e c t  rf feedback. If the  v ib ra t ion- induced 

frequency modulat ions exceed a  c e r t a i n  l i m i t  a  f a s t  t un ing  u n i t  must be used. 

Fas t  tuners based on a  vo l tage -con t ro l l ed  reactance, PIN diodes, have been deve- 

loped, which can swi tch  up t o  10 k i l o w a t t s  o f  rf r e a c t i v e  power 3 u t  o f  

course the  problem of the f a s t  t un ing  u n i t  i s  magnif ied w i t h  low mechanical 

r i g i d i t y  and w i t h  increased s to red  energy. As a  measure f o r  t h e  r i g i d i t y  t he  

v ib ra t i on - i nduced  frequency modulat ion Af (Hz peak t o  peakj i s  used and the  

r a d i a t i o n  pressure frequency s h i f t  Af,,>+ a t  a  g iven f i e l d  l e v e l .  
-.&U L 

Another key design d e c i s i o n  f o r  a  superconducting low B s t r u c t u r e  i s  wether t o  

mount t he  f a s t  t un ing  element d i r e c t l y  t o  t h e  resonator  o r  use a  high-power rf 

coup l i ng  l i n e  f o r  t he  f a s t  tuner .  Both p o s s i b i l i t i e s  have been r e a l i z e d  success- 

f u l l y ,  b u t  have d i f f e r e n t  disadvantages. The p i n  diodes a re  i naccess ib le  i n  case 
. o f  f a i l u r e  (Argonne), t h e  high-power rf coup1 i n g  l i n e s  show mu1 t i p a c t o r i n g  and 

gas d ischarge problems a t  the  c o l d  r f  window (Kar ls ruhe) .  

Kamin t i ir 
Ein- und Tuncrkoppluq Schnitt A-A 

Kamin fur 
Freauenz- Kamin fur 

F i g .  1: S ing le  A/2-hel ix- resonator ,  opera t ing  frequency 108 MHz 
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Fig. 2 :  97-FiHz, 14-in. length, high-beta spl i t-ring resonatcr. The inner 

loading structure i s  made of Nb and i s  hollow to pernii t cool ing 

by forced-flow of liquid helium. The outer housing i s  formed of 

an explosively-bonded Fib-Cu composi t e  and i s  cooled by conduction. 

Fig. 3: '-'-The f3 = 0.055 150 MIiz prototype s p l i t  locp cavity of Cal Tech/Stony 

Brook. Dimensions are  in cm. 

In addition, low surface f i e lds  and good cooling are  required fgr the.-new 

slructures.  In comparison t o  f3 =. 1 structures the r a t i o  of peak to  average 

surface f i e ld  i s  exceedingly higher for low @-structures. The spl i t - r ing re- 

sonator has been designed for  E p / E a c c  = 6.3, whereas the h/2-he1 ix resonator 

with Ep /Facc  = 12.0 i i  less  favorabie from rhis  point of view. Recently a new 

type of he1 ix resonator has been developed a t  Karlsruhe 5, the tapered he1 ix 

resonator, t o  reduce E / E  p acc' 
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F i g .  4: Design o f  t h e  F'iobium t e s t  c a v i  ty w i t h  a  r a t i o  o f  t h e  e l e c t r i c  

Epeak/-Etrav .wave e f f  = 7.1  and an optimum r e l a t i v e  p a r t i c l e  

v e l o c i t y  B  = 0.092 (Ka r l s ruhe ) .  

The r a t i o  o f  peak t o  average f i e l d  i s  Ep/Eacc = 7.1 and t h e  v i b r a t i o n - i n d u c e d  

f requency modu la t ion  i s  350 Hz (peak t o  peak),  thus t h i s  h e l i x  r esona to r  i s  

comparable w i t h  t h e  s p l i t - r i n g  r esona to r .  TAe s i g n i f i c a n t  parameters o f  t he  

he1 i x  r esona to r  and t h e  sp l  i t - r i n g  resona to r  a r e  summarized i n  t a b l e  1. 

Table 1 :  Parameter o f  low B -s t r uc tu res  

-- P -- --- p- ------ - 

B f o  A f s t a t  A f p p  E a c c  ' ~ ' ~ a c c  
MHz kHz Hz M V / m  

- I- 

X - he1  i x  ( K a r l  s r u h e )  0 . 0 9  1 0 8  90 500 3 . 0  1 2 . 0  

t a p e r e d  he1  i x  ( K a r l s r u h e )  0 . 0 9 2  10 '  48  350  2 . 2  7 . 1  

s p l  i t r i n g  ( A r g o n n e )  0 . 0 6  97 1 0  300  4 . 0  7  

s p l  i t r i n g  ( C a l  T e c h )  0 . 0 5 5  1 5 0  7 5  360 3 . 0  6 . 3  

r e - e n t r a n t  ( S t a n f o r d )  0 . 1  4 3 0 1 2 C  1 2 . 0  

A l v a r e z  ( K a r l  s r u h e )  0 . 1  720  - < l 0  3 . 0  7 . 1  

S l o t t e d  i r i s  ( K a r l s r u h e )  0 . 2  720  - - 5 . 0  3 . 1  
-- 

-The maximum o b t a i n a b l e  a c c e l e r a t i n g  f i e l d s  f o r  t h e  sp l  i t-ri ng resona to r  seem 

t o  be l i m i t e d  by c o o l i n g  o f  t h e  c e n t r a l  d r i f t  tubes. The Argonne s p l i t  r i n g  

has l a r g e  d r i f t  tubes formed o f  pu re  n iob ium which a r e  ho l l ow  and cooled by 

f o r c e d  f l o w  o f  he l ium.  D i f f i c u l t i e s  have been encountered w i t h  o b t a i n i n g  proper  
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flow of l iquid  helium within the resonators.  Each arm of the  sp l i t - r i ng  assembly 

has a  high point which will accumulate helium gas generated by the r f  power loss  

in the resonator.  Some resonators seem proberly cooled and wil l  operate a t  gradients 

greater  than 3 .5  M V / m ,  while the average obtainable cw f i e l d  i s  limited t o  3 M V / m .  

The Cal- Tech/Stony Brook sp l i t - r i ng  resonator i s  fabricated from OFH copper pieces 

joined by electron beam welds and plated with a  % 15 micron thick layer of lead.  The 

cooling propert ies a r e  somewhat be t t e r  by conduction cooling of the sol id  copper 
'4 

d r i f t  tubes. The accelera t ing gradients a r e  limited due t o  f i e l d  emission and the 

r e l a t i ve ly  low Q-value of the lead plated resonator.  

In  comparison the obtainable gradients with the Karlsruhe helix resonators a r e  limited 

due t o  f i e l d  emission only . The cooling by forced flow of helium i s  superior com- 

pared t o  the sp l i t - r i ng .  

Also included in t ab le  1 i s  the re-entrant  cavi ty ,  which has been developed a t  Stan- 

ford on the technology fo r  the  Stanford superconducting electron l  inac 'l. The good 
features  of the  design a r e  axial symmetry which eliminates beam s teer ing e f f e c t s ,  

wide veloci ty  acceptance of a  s ingle  gap s t ruc tu re  and gbod mechanical r i g i d i t y .  

These advantages a r e  obtained a t  the  cos t  of an exceptionally strong s ens i t i v i t y  

to  mult ipacting,  a  low average f i e l d  gradient  and an uncomfortably high r f  f r e -  

quency (430 MHz) 

Completely d i f f e r en t  low B s t ructures  fo r  the accelerat ion of protons a r e  the 

5 c e l l  Alvarez-resonator l* ( f i g .  5 )  and the 2 ce l l  s lo t t ed  I r i s  resonator which 

Fig. 5: . 720 MHz Alvarez f o r  5.8 MeV protons to  be used in prototype accelera tor ,  

showing a l so  r f  input ( a ) ,  helium input ( b ) ,  mechanical tuner ( c ) ,  piezo- 

tuner ( d )  
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have been developed a t  Ka r l s ruhe  f o r  a f requency o f  720 MHz. The s t r u c t u r e  d i a -  

meter  i s  abou t  30 cm, t h e  geometry was op t im ized  w i t h  t h e  h e l p  o f  t h e  LALA-program. 

The s l o t t e d  I r i s  has four  c i i - c u l a r  s l o t s  per  d i s c  w i t h  4.6 cm d iamter ,  g i v i n g  a 

passband o f  17 MHz. 
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