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I .  J o i n t s  

Only demountable j o i n t s  w i l l  be discussed here, as welded j o i n t s  

a re  discussed as p a r t  o f  Cav i ty  Fab r i ca t i on .  

Demountable j o i n t s  a re  used f o r  several  purposes. They a r e  used 

t o  connect s h o r t  s t r u c t u r e  sec t ions .  The use o f  s h o r t  sec t ions  f a c i l i t a t e s  

f a b r i c a t i o n ,  chemical processing, and f i r i n g ;  i t  a l s o  permi ts  de fec t ive  

sec t ions  t o  be r e j e c t e d  w i t h o u t  r e j e c t i n g  t h e  e n t i r e  s t r u c t u r e .  Demountable 

j o i n t s  a re  a l so  usefu l  f o r  a t t a c h i n g  couplers,  tuners,  and beam p ipes  when 

i t  may be des i rab le  t o  remove and a l t e r  these ob jec ts  a t  a  l a t e r  t ime, o r  

when the  l o c a t i o n  o f  these j o i n t s  makes them access ib le  f o r  b o l t i n g  bu t  

n o t  welding. 

Considerat ions i n  t he  design o f  demountable j o i n t s  i nc lude  avo id ing  

RF losses (by p l a c i n g  the  j o i n t  a t  a  low f i e l d  r e g i o n  o r  by making low l o s s  

contac t ) ,  us ing  a  superconduct ing j o i n t  m a t e r i a l ,  avo id ing  damage t o  the  

s t r u c t u r e  sect ions,  ma in ta in ing  l eak  t i gh tness  du r ing  temperature c y c l i n g ,  

avo id ing  an unpred ic tab le  s h i f t  i n  t he  s t r u c t u r e  frequency, avo id ing  contaminat ion 

o f  the  s t r u c t u r e  vacuum, and p e r m i t t i n g  a  low temperature bakeout of the  system. 

The HEPL r e c y c l o t r o n  acce le ra t i ng  s t ruc tures  (F ig .  1 )  a re  assembled us ing  

indium seals. '  Each s t r u c t u r e  has X/2 c e l l s  i n  t he  cen te r  and A/3 c e l l s  a t  

t h e  ends, l ead ing  t o  a  n u l l  i n  the  magnetic f i e l d  a t  t h e  j o i n t  l o c a t i o n .  

This  j o i n t  has proven t o  be s a t i s f a c t o r y .  

The m u f f i n - t i n  a c c e l e r a t i n g  s t r u c t u r e  tes ted  i n  t h e  Corne l l  synchro t ron  
2 

(F ig .  2 )  used t h e  p r i n c i p l e  o f  waveguidebeyond-cutoff t o  produce a  low f i e l d  

reg ion  f o r  t he  use o f  ind ium seals (F ig .  3 ) .  Simultaneous n iobium-to-n iobi  urn 
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con tac t  ou ts ide  t h e  seal prevented unpred ic tab le  frequency d is turbances 

upon assembly. Some s p r i n g  was prov ided t o  one o f  t he  niobium members i n  

con tac t  w i t h  the  ind ium t o  prevent  t h e  development of leaks  upon temperature 

c y c l i n g .  Long tan ta lum b o l t s ,  which p rov ide  good s t reng th ,  an expansion 

c o e f f i c i e n t  s i m i l a r  t o  t h a t  o f  niobium, and spr ing iness  by v i r t u e  o f  t h e i r  

length ,  were used together  w i t h  con ica l  be ry l  l i um copper washers ( f o r  a d d i t i o n a l  

sp r i ng iness )  and aluminum a1 l o y  nu ts  ( t o  avo id  g a l l i n g )  f o r  j o i n t  assembly. 

An exponent ia l  t ape r  i n  t he  crack l ead ing  t o  the  j o i n t  was necessary t o  

e l i m i n a t e  resonant s t r i p l i n e  modes from t h i s  reg ion ,  which modes o therwise  

are e x c i t e d  by s l i g h t  asymmetries i n  the  s t r u c t u r e .  The ind ium w i r e  was 

chemica l ly  cleaned t o  remove the  kerosene used i n  i t s  ex t rus ion .  Th i s  j o i n t  

has been s a t i s f a c t o r y .  

A choke j o i n t  (F ig .  4)  has been used by wupperta13 t o  j o i n  acce le ra to r  

sec t ions  i n  an X-band t e s t  acce le ra to r .  The j o i n t  i s  p laced a t  a nominal 

n u l l  i n  t h e  magnetic f i e l d ,  and t h e  use o f  a  choke j o i n t  prov ides added 

insurance aga ins t  j o i n t  losses. I n d i u m  i s  t he  s e a l i n g  m a t e r i a l .  A separate 

t e s t  c a v i t y  i n  which the  choke j o i n t  cou ld  be exposed t o  h igh  o r  low magnetic 

f i e l d s  demonstrated t h a t  i t s  c o n t r i b u t i o n  t o  losses was min imal .  Except f o r  

one i n c i d e n t  i n  which apparent chemical res idues degraded t h e  j o i n t ' s  performance, 

t h i s  j o i n t  has been s a t i s f a c t o r y .  A 65 c e l l  s t r u c t u r e  employing t h i s  j o i n t  

r e c e n t l y  reached an Epeak o f  41.6 MV/my Bpeak of  78.7 mT and Q o f  1  x1 0'. 

A j o i n t  w i t h  h igh  conc 'uc t iv i ty  i s  the  c r o c o d i l e  j o i n t  (F ig .  5 )  used i n  

t h e  Karlsruhe-CERN separator4 and i n  t he  Karlsruhe-DORIS cav i t y5  (F ig .  6 ) .  

This  j o i n t  uses a  n iobium r i n g  w i t h  two inward ly  p r o t r u d i n g  n iobium 

r ims.  These r ims deform s l i g h t l y  when t h e  j o i n t  i s  assembled, and 

prov ide  enough t ransverse  motion t o  abrade through the  ox ide  l a y e r  

and p rov ide  e x c e l l e n t  e l e c t r i c a l  contac t .  Vacuum s e a l i n g  i s  prov ided 

by indium seals ou ts ide  the  RF j o i n t .  Long b o l t s  a re  used t o  
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prov ide  spr ing iness .  This  j o i n t  has been found t o  r e l i a b l y  support  f i e l d s  

i n  excess o f  7 t o  20 mT. Th is  p rope r t y  i s  impor tan t  i n  t h e  separator  n o t  o n l y  

because c e l l  t un ing  imper fec t ions  cause f i e l d s  i n  nomina l ly  empty c e l l s ,  

b u t  a l s o  because i t  has been found use fu l  t o  operate the  separators i n  

d i f f e r e n t  modes t o  accommodate d i f f e r e n t  v e l o c i t y  beams. The c r o c o d i l e  

sea l i ng  r i n g s  are prepared by rough machining, anneal ing a t  1200°C f o r  2-3 

hours, f i n e  machining w i t h  t r i ch lo roe thane ,  and e tch ing  i n  c o l d  p o l i s h  f o r  

30 seconds .6 It has been found adv isab le  t o  s l i g h t l y  change t h e  diameter 

o f  the  contac t  l o c a t i o n  on successive assemblies because the  s t r u c t u r e  

sur face i s  dented by the  s e a l i n g  r i n g .  The c r o c o d i l e  j o i n t s  p rov ide  

s a t i s f a c t o r y  performance; t h e i r  p r i n c i p a l  disadvantages a r e  t h a t  they  are  

d i f f i c u l t  t o  machine, can be used o n l y  once, t h a t  the  s t r u c t u r e  sea l i ng  

sur face must be remachined a f t e r  no undented s e a l i n g  reg ions  remain, and 

t h a t  t he  c e l l  frequency d is turbance caused by t h e  j o i n t  i s  somewhat 

unpredi c t a b l  e. 

Another s t y1  e  o f  h igh  c o n d u c t i v i t y  j o i n t  developed a t  Kar l  sruhes has 

proven t o  be unsa t i s fac to ry .  This  j o i n t  cons is ted  o f  a  niobium r i n g  w i t h  

an H-shaped c ross-sec t ion  p laced i n  a  hexagonal groove. The pr imary  problem 

w i t h  t h i s  j o i n t  was t h a t  the  r i n g  was n o t  se l f -a l i gn ing ,  and d i d  n o t  p rov ide  

un i fo rm azimuthal contac t .  It was a l s o  i n  poor contac t  w i t h  the  l i q u i d  

6 hel ium . 
An H-shaped gasket (F ig.  7 )  i s  used t o  seal the  end p l a t e s  t o  the  

7 Argonne s p l i t - r i n g  acce le ra to r  s t ruc tu res  . The gasket and s t r u c t u r e  are 

made o f  niobium, and the  j o i n t  w i l l  support a  f i e l d  i n  excess o f  2  mT, which 

i s  q u i t e  adequate f o r  use i n  the  s p l i t  r i n g  resonator.  Conical s p r i n g  washers 

are used i n  assembly. 

Several ma te r i a l s  o t h e r  than indium have been used as vacuum sea l i ng  

mater i  a1 S .  
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8 The Cal Tech-Stony Brook s p l i t - r i n g  l e a d  p l a t e d  acce le ra to r  uses 

indium t o  seal  t h e  resonator  end p la tes ,  bu t  uses a  Sn-In a l l o y  t o  seal t he  

s p l i t  r i n g  t o  i t s  housing. 

9 The Karlsruhe-CERN separa tor  uses Kapton windows t o  separate the  

s t r u c t u r e  and i n s u l a t i n g  vacua, and t o  separate t h e  i n s u l a t i n g  and beam 

p ipe  vacua. 

The CERN LEP cavity1' uses lead j o i n t s  a t  t he  end o f  c u t - o f f  tubes 

t o  permi t  baking a t  200°C, bu t  t h i s  seal  has no t  y e t  been sub jec ted  t o  

a  l a r g e  number o f  temperature c y c l  es. 

I n  summary, a  number o f  demountable j o i n t s  have been devised which do 

n o t  apprec iab ly  degrade the  performance of t he  s t r u c t u r e s  i n  which they 

a re  used. It i s  c l e a r  t h a t  an even h ighe r  conductance j o i n t  would s i m p l i f y  

c a v i t y  cons t ruc t ion ,  bu t  the  absence o f  such a  j o i n t  i s  n o t  l i m i t i n g  progress 

i n  superconduct ing RF. 
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11. Couplers 

Couplers used on superconduct ing c a v i t i e s  a re  used t o  couple e i t h e r  

fundamental frequency power o r  h igher  mode power. F i r s t  consider  

fundamental frequency coupl e rs  designed t o  hand1 e  moderate t o  h i g h  l eve1 S 

o f  RF power. 

Primary cons idera t ions  i n  t h e  design o f  h igh  power i n p u t  couplers 

i nc lude  simultaneous min imiz ing  o f  thermal conduct ion losses and RF hea t i ng  

losses i n  t he  p o r t i o n s  of t h e  f e e d l i n e  connect ing the LHe temperature 

s t r u c t u r e  t o  the  LN2 temperature s t r u c t u r e ,  and t h e  LN2 temperature s t r u c t u r e  

t o  the  room temperature s t ruc tu re ,  min imiz ing  r e f r i g e r a t o r  l oad ing  caused 

by window d i s s i p a t i o n ,  min imiz ing  magnetic and e l e c t r i c  f i e l d  enhancements 

i n  t he  c a v i t y ,  avo id ing  mu1 t i p a c t i n g  engendered by p e r t u r b i n g  the c a v i t y  

f i e l d s ,  avo id ing  in te r fe rences w i t h  the  c r y o s t a t  assembly associated w i t h  

the  feed l i n e  penet ra t ion ,  avo id ing  resonances associated w i t h  unwanted 

t ransmiss ion modes w i t h i n  the  l i n e ,  avo id ing  m u l t i p a c t i n g  a t  t h e  ceramic 

windows, p r o v i d i n g  v a r i a b l e  coup l ing  if required,  and p r o v i d i n g  damping 

o f  o the r  modes i f  requ i red .  

The HEPL recycl  ot ronl  l has a  h y b r i d  coaxi a1 and wavegui de coupl i ng system 

capable o f  coup l ing  several  k i l o w a t t s  i n t o  the  beam i n  each s t r u c t u r e .  

Th is  system works w e l l ,  except t h a t  some o f  t h e  feed-throughs have been 

12 found t o  have m in i scu le  hel ium leaks which s h i f t  t he  frequency o f  t h e  s t r u c t u r e  . 
The Corne l l  11 -ce l l  S-band m u f f i n - t i n  s t r u c t u r e  t e s t e d  i n  t he  synchrotron 2  

a t  4 GeV used a  coax ia l  e l e c t r i c  pvobe (F ig .  2 )  which prov ided v a r i a b l e  coupl ing.  

The center  conductor o f  t h i s  probe entered the  cut-of f  r eg ion  from t h e  s ide.  

and was i n  l i n e  w i t h  the  i r i s  between two c e l l s .  The center  conductor was 

mainta ined a t  LN2 temperature, w i t h  a  t r a n s i t i o n  t o  room temperature. The 

ou te r  conductor used a  s t a i n l e s s  s t e e l  bel lows f o r  the  t r a n s i t i o n  f rom 
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LHe t o  LN2 temperatures. Th i s  probe was capable o f  h a n d l i n g  1 kW, and 

p rov ided  s a t i s f a c t o r y  performance. 

The Karlsruhe-DORIS cav i t y13 ,  i nco rpo ra tes  a  c o a x i a l  magnet ic  probe 

( F i g .  8) i n  which t h e  LHe t o  LN2 and LN2 t o  room temperature t r a n s i t i o n s  

use i n n e r  and o u t e r  choke j o i n t s .  One window i s  a t  LN2 temperature and 

a  second a t  room temperature.  A f i e l d  t r ans fo rmer  i s  used i n  c o n j u n c t i o n  

w i t h  t h e  c o a x i a l  l oop .  Care has been taken  t o  keep t h e  VSWR o f  each probe 

s e c t i o n  below 1  .OZ. T h i s  probe i s  be ing  prepared f o r  h i g h  power t e s t i n g .  

14 Wuppertal has developed a  h y b r i d  waveguide and c o a x i a l  coup le r  . 
(F ig .  9.)  The cen te r  conduc to r  of  t h e  c o a x i a l  l i n e  i s  h o l l o w  and i s  c o a x i a l  

w i t h  t h e  beam l i n e ,  p r o v i d i n g  a  passage f o r  t h e  beam. T h i s  t ype  o f  c o u p l e r  

has t h e  advantages t h a t  i t  m i n i m a l l y  d i s t u r b s  t h e  f i e l d s  w i t h i n  a  c e l l ,  and 

does n o t  d e s t r o y  t h e  a x i a l  symmetry i n  t h e  neighborhood o f  t h e  c e l l s .  It 

can be made t o  have v a r i a b l e  o r  f i x e d  coup l i ng .  The problem o f  p r o v i d i n g  

a  thermal  break i n  t h e  c e n t e r  conductor  between LHe and LN2 temperatures i s  

e l i m i n a t e d  because t h e  e n t i r e  c e n t e r  conductor  i s  a t  LHe temperature.  One 

d isadvantage o f  t h i s  t y p e  o f  c o u p l e r  i s  t h a t ,  i f  t h e  c o a x i a l  l i n e  d iameter  

i s  l a rge ,  modes o t h e r  than  t h e  TEM can propagate, and t h e  l i n e  l e n g t h  must 

be made non-resonant f o r  these o t h e r  modes. 

A c o u p l i n g  system f o r  a  m u f f i n - t i n  c a v i t y  ( F i g .  10)  i s  be ing  developed 

a t  c o r n e l l 1 5  t o  handle 60 kW a t  1500 MHz. The c a v i t y  c o n s i s t s  e s s e n t i a l l y  

o f  e leven  c e l l s ,  w i t h  t h e  bot tom of one of  t h e  cups rep laced  w i t h  a  waveguide 

which a c t s  as a  c o n t i n u a t i o n  o f  t h e  cup. A ceramic waveguide window a t  LN2 

temperature w i l l  be used. Copper p l a t e d  s t a i n l e s s  s t e e l  waveguide w i l l  be 

used f o r  t h e  two hea t  breaks. 

H igher  mode damping requi rements va ry  g r e a t l y  depending on t h e  na tu re  

o f  t h e  a c c e l e r a t o r .  For  some acce le ra to r s ,  no damping o t h e r  than  t h a t  
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prov ided by the  main power coup ler  and the  f i n i t e  acce le ra to r  Q i s  requ i red .  

Linacs r e q u i r e  r e l a t i v e l y  l i t t l e  coupl i ng ,  as t ransverse i n s t a b i l i t i e s  are 

caused p r i m a r i l y  by the  propagat ion o f  h igher  mode power from t h e  beam out -  

p u t  end o f  t he  s t r u c t u r e  toward the  beam i n p u t  end. The requ i red  damping 

i s  r e l a t i v e l y  smal l ,  and i s  p ropo r t i ona l  t o  t he  square o f  t he  l e n g t h  o f  

t he  acce le ra t i ng  s t ruc tu res .  Recyclotrons and micro t rons  r e q u i r e  more 

ex tens ive  damping because t h e  beam, de f l ec ted  on i t s  f i r s t  pass, tends 

t o  amp l i f y  i t s  generat ion o f  h igher  mode power on each successive pass. 

Operat ion w i t h  i n t e g e r  o r  h a l f - i n t e g e r  o p t i c s  helps t o  suppress t h i s  e f f e c t .  

Storage r i n g s  r e q u i r e  even more extensive damping because i n t e g e r  and 

h a l f - i n t e g e r  o p t i c s  are  n o t  s tab le ,  the  cu r ren ts  tend t o  be much h igher ,  

and 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  r e q u i r e  damping because synchrotron o s c i l l a t i o n s  

are  present .  Operat ion w i t h  a  long t ime between bunch passages reduces the  

damping requirements. 

General cons idera t ions  i n  t he  design of h igher  mode damping probes 

i nc lude  determin ing the  requ i red  damping f o r  each mode, s e l e c t i n g  accessib le 

l o c a t i o n s  i n  the  s t r u c t u r e  where the  modes r e q u i r i n g  the  most damping have the  

h ighes t  f i e l d s ,  determin ing whether o r  n o t  t he  h igher  mode propagat ion between 

c e l l  S i s  s u f f i c i e n t  ( t ransmiss ion  stop-bands can occur a t  c e r t a i n  f requencies) ,  

and min imiz ing  the  number of probes requ i red  t o  achieve the  necessary damping. 

The probescan be e l e c t r i c ,  magnetic, o r  h y b r i d  e l e c t r i c  and magnetic, o r  some 

combinat ion o f  these types. The h y b r i d  can sometimes be used t o  advantage 

t o  increase the  coup l i ng  t o  modes r e q u i r i n g  damping w h i l e  decreasing the  

coupl i n g  t o  the  fundamental mode. Notch f i l t e r s ,  sometimes incorpora ted  

d i r e c t l y  i n t o  t h e  coup l ing  mechanism, are used t o  avo id  damping t h e  fundamental 

mode; i t  i s  impor tan t  t h a t  t he  f i l t e r  l o c a t i o n  be such t h a t  no p a r t  o f  the  

coup l ing  s t r u c t u r e  i s  resonant a t  t he  fundamental frequency. E l e c t r i c  
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and magnetic f i e l d  enhancement near t he  coup l i ng  probe should be minimized, 

and probe-engendered m u l t i p a c t o r i n g  needs t o  be avoided. Transverse modes 

have two or thogonal  p o l a r i z a t i o n s ,  and care must be taken t h a t  a probe 

does n o t  a l t e r  t he  p o l a r i z a t i o n  axes i n  such a way t h a t  one p o l a r i z a t i o n  

i s  n o t  coupled by t h e  probe. 

Regenerative beam break-up has been encountered i n  t h e  HEPL l i n a c  

11 and r e c y c l o t r o n  . A combinat ion of 16 H,, He, and Er probes (F ig .  1 ) 

were adequate t o  damp the  break-up modes i n  a 23 c e l l  s t r u c t u r e  and pe rm i t  

t he  one-pass a c c e l e r a t i o n  o f  a lOOuA CW e l e c t r o n  beam. The r e q u i r e d  Qext 

8 w l u e s  were t y p i c a l l y  10 . The H-probes a re  equipped w i t h  half-wave s tub  

notch f i l t e r s  t o  r e j e c t  t h e  fundamental mode; t he  Er probes, by v i r t u e  

of t h e i r  l o c a t i o n ,  have i n t r i n s i c  r e j e c t i o n .  The probe and f i l t e r  a re  

n iobium t o  avo id  excessive r e f r i g e r a t o r  loading;  t he  coax ia l  n iobium center  

conductor i s  conduct ion cooled. The probe t i p s  are  3 t o  4 mm o u t s i d e  the  

c a v i t y .  A t o t a l  o f  52 modes i n  t h e  TMoly TEll, and TMII bands were con- 

s ide red  t o  be p o t e n t i a l l y  dangerous, and were measured and prov ided w i t h  

adequate damping. 

Upon r e c i r c u l  a t i on ,  a d d i t i o n a l  modes were found troublesome i n  the  

Ill inois-HEPL microt ron16.  A h y b r i d  E and H probe i s  be ing  used t o  damp 

these modes. The break-up th resho ld  i n  the HEPL recyc lo t ron1 l  has a l s o  

been found t o  decrease as t h e  number o f  t u rns  increases. 

The Karlsruhe-DORIS cav i  tyl i s  equipped w i t h  two Szecsi couplers 

(F ig.  11 ). These couplers damp a l l  modes w i t h  frequency l e s s  than f o u r  

t imes t h e  fundamental t o  a Qext of l e s s  than 1 0 . ~  The couplers use f i e l d  

t ransformers and coax ia l  loops, f o l l owed  by an e x p o n e n t i a l l y  tapered 

coax ia l  l i n e .  The geometry o f  these components i s  such t h a t  t h e  fundamental 

i s  r e j e c t e d  w i t h  b e t t e r  than 50 dB r e j e c t i o n ,  and h ighe r  modes are  w e l l  

SRF80-12 Proceedings of SRF Workshop 1980, Karlsruhe, Germany



matched t o  an ex te rna l  load.  Work on these couplers i s  con t inu ing .  

As p rev ious l y  mentioned, t h e  ~ u ~ ~ e r t a l ' ~  fundamental coup ler  damps 

h igher  modes, a process which i s  helped by the  l a r g e  beam holes between 

c e l l s .  

One probe (Fig.  12)  i s  p r e s e n t l y  used per  c e l l  on each o f  the  normal 

conduct ing Cornel l CESR cav i  t i e s 1  ', together  w i t h  a separate p01 a r i z i n g  

s tub  elsewhere i n  the  c e l l .  Damping requirements i n  t h i s  case a re  p a r t i c u l a r l y  

s t r i n g e n t ,  s ince  the  bunch spacing du r ing  i n j e c t i o n  i s  42 nsec w i t h  a n t i c i p a t e d  

cu r ren ts  up t o  94 mA. Qext 
2 values below 10 a re  achieved f o r  some modes, 

and a l l  modes are  adequately dii~l~ped. The coup l i ng  ;oop i s  an E and H hybr id .  

A concent r ic  copper coax ia l  notch f i l t e r  provides a fundamental r e j e c t i o n  of 

56 dB. The two-stage design of t h i s  f i l t e r  avoids a d d i t i o n a l  notches below 

4 t imes the  fundamental frequency. Th is  probeywhich has been operated i n  

a s t r u c t u r e  w i t h  Eacc = 1.62 MeVlm, CW,could be r e a d i l y  adapted f o r  super- 

conduct ing use, a l  though i t s  imp1 i c a t i o n s  f o r  mu1 t i p a c t i n g  enhancement a re  

n o t  known i n  the  superconduct ing case. 

A niobium loop coup ler  has been t e s t e d  i n  an S-band m u f f i n - t i n  s t r u c t u r e  

a t  Corne l l .  Th is  s t r u c t u r e  e x h i b i t e d  a low Q value which f u r t h e r  decreased 

as the  power was increased. Th is  problem i s  a t t r i b u t e d  t o  d i f f i c u l t i e s  i n  

making, bending, and weld ing the  small tube which forms the  cen te r  conductor. 

However, f u r t h e r  i n v e s t i g a t i o n s  of t h i s  problem have no t  y e t  been made. 

A s l o t  coupler ,  designed t o  couple t o  H, (F ig .  l O), has been tes ted  i n  

an S-band m u f f i n - t i n  c a v i t y  a t  Corne l l  .l5 This  s l o t  penetrates t h e  cup 

bottom and a l s o  enters  t h e  end o f  a waveguide which propagates the  h igher  

modes, b u t  n o t  t he  fundamental. This s t r u c t u r e  y i e l d e d  an Eacc o f  5 MV/m 

9 and a Q, of g rea te r  than 2x10 . Three subsequent t e s t s  w i t h  an Hx coup ler  

9 y i e l  ded,at best,  an E,,, o f  2 MV/m and a Q, o f  1 . 5 ~ 1 0  . Thi S coup ler  causes 
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a 60% l o c a l  f i e l d  enhancement. The breakdown was magnetic, and i s  under 

i n v e s t i g a t i o n .  Both o f  these t e s t s  used cups w i t h  grooved bottoms t o  

suppress m u l t i p a c t i n g .  Room temperature measurements on both  o f  these 

couplers has shown t h a t  one o f  each type i n  a 5-cel l 1500 MHz s t r u c t u r e  

would be n e a r l y  s u f f i c i e n t  t o  prevent  t ransverse and 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  i f  used i n  CESR a t  5.5 GeV w i t h  a 60 mA beam having a 2.5psec 

passage i n t e r v a l .  

Higher mode couplers have become an extremely complex problem as the  

requ i red  damping has increased w i t h  the  a p p l i c a t i o n  o f  superconducting RF 

t o  h i g h  c u r r e n t  e'e- s torage r i ngs .  The o n l y  r e l i e f  i n  s i g h t  comes f rom 

the increased damping t ime pe rm i t ted  by iow r a t e s  o f  bunch passage. 
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111. Tuners 

Permanent tuning methods, slow dynamic tuners, and f a s t  dynamic 

tuners will be discussed. Requirements depend on the number of ce l l s ,  

intercel l coup1 ing, operating mode, structure r ig id i ty ,  vibration sources, 

reactive beam loading , and loaded bandwidth. 

Permanent f ine tuning on the HEPL recyclotronl l structures has been 

performed by selectively cold polishing various ce l l s  of the structure.  

Bead pulls taken between polishing cycles are processed using a computer 

to indicate the degree of etching required in each ce l l .  

A similar process has been used in the Cornell 11 cell  muffin-tin 

structure18 using different ial  and integral electropol ishing . Differential 

electropolishing was accomplished by using a t ight  Teflon barr ier  between 

cel ls .  A f ie ld  flatness of +0.4% was achieved. 

More recent Cornell muffin-tin structures made o u t  of stamped sheet 

niobium19 have been tuned by deforming the cup bottoms. This i s  a simple 

process because the cup bottoms are f l a t .  

Slow dynamic tuners in use consist of plungers or e l a s t i c  squeeze 

tuners. Care must be used t o  avoid coupling vibrations into the structure 

and t o  avoid a large, part ia l ly  isolated thermal mass. 

9 Plungers (Fig. 13) have been used in the Karlsruhe-CERN separator . 
One coarse and one f ine tuner i s  used per section. One problem encountered 

i s  that a change in tuner position induces multipacting, which subsequently 

processes away. Tuning during beam operation has been found to be unnecessary. 
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Wuppertal has used motor-dr iven squeeze tuners  t o  deform t h i n - w a l l e d  

reg ions  i n  t h e i r  8 GHz s t ruc ture14,  and p lans  t o  use a x i a l  squeezing t o  

tune a bellows-shaped S-band s t r u c t u r e  by 2200 KHZ" (F ig .  14).  

Co rne l l  used a motor d r i v e n  squeeze tune r  t o  tune i t s  11 -ce l l  S-band 

m u f f i n - t i n  s t ruc ture . '  The s t r u c t u r e  was designed so t h a t  t he  cup r e g i o n  

was r i g i d ,  b u t  cou ld  be moved e l a s t i c a l l y  r e l a t i v e  t o  the  oppos i te  cup 

region.  The motor d r i v e  was l i n k e d  through an e l a s t i c  member so t h a t  smal l  

motor motions would n o t  represent  a l a r g e  frequency change. Dynamic tun ing  

under beam cond i t i ons  was done, b u t  was n o t  found t o  be necessary. A smal l  

ampl i tude frequency modulat ion w i t h  a 33 Hz p e r i o d  was observed, b u t  i t s  

o r i g i n  was never determined. 

2 1 Kar lsruhe uses motor d r i v e n  squeeze tuners  on i t s  h e l i x  acce le ra to r  . 
End p l a t e  deformat ion i s  employed. 

The Cal Tech-Stony Brook l e a d  p l a t e d  sp l  l t r i n g  cav i  t i e s 8  a1 so use end 

p l a t e  squeeze tuners.  

The Karlsruhe-DORIS cav i  ty13 uses an end p l a t e  squeeze tuner  l i n k e d  

through a f l e x i b l e  band. 

Fast  dynamic tuners are  used when frequency s h i f t s  caused by v i b r a t i o n s ,  

r a d i a t i o n  pressure,ponderomotive forces, o r  beam load ing  can cause a frequency 

s h i f t  which i s  a s i g n i f i c a n t  f r a c t i o n  o f  a c a v i t y ' s  loaded bandwidth. 

The Kar lsruhe he1 i c a l  acce le ra to rz2  uses feedback on amp1 i tude and on 

a vo l tage c o n t r o l l e d  reactance t o  s t a b i l i z e  the  s t r u c t u r e  aga ins t  ponderomotive 

o s c i l l a t i o n s  which would otherwise occur.  This same feedback a l s o  reduces 

t h e  e f f e c t s  o f  ex te rna l  v i b r a t i o n s .  The reactances a re  swi tched i n  and o u t  

by a s e t  o f  P I N  diodes. 
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The Argonne s p l i t  ring acceleratorz3 also uses a voltage control led 

reactance, switches by p i n  diodes. 

wuppertal14 has used piezoelectric tuners on thin-walled portions 

of cavi t ies  and i s  planning to  use them on an S-band structure (Fig. 14) 
2 0 to  obtain a range of +4 KHz . 

In concl usion, tuners have been devised which sa t i s fac tor i ly  meet 

the requi rernents of a1 l intended appl ications . 
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CAPTURE SECTION 
THE PROBES COUPLE TO THE FIELDS H,, MS, E, INDICATED 

li.D,G LABEL SUBSTRUCTURES IN THE PREACCELE RATOR 

BEAU DIRECTION 

rf - INPUT (H,, 

PRLACCELERAT OR 

Schenntic of the Cryogenic Injector- 

-- 

Schematic of Bnnd-stop Filter. 

F i g .  1 
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Cooxlal R F  Feed 

F i g .  2 

1 .  T a  b o l t  8 .  E x p o n e n t i a l  s l o t  
2 .  A1 n u t  9 .  He c h a n n e l  
3 .  S p r i n g  w a s h e r  1 0 .  S p a c e r  p a d  
4 .  Nb c a v i t y  h a l f  1 1 .  C a v i t y  c e l l  
5 .  S p a c e r  r i n g  1 2 .  Beam l i n e  
6 .  I n  w i r e  s e a l  1 3 .  Nb b a c k  p l a t e  
7 .  S p r i n g  s l o t  1 4 .  E l e c t r o n  beam w e l d  

F i g .  3 
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F i g .  5 
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F i g .  6 
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JEC7/0M A-A 

(SCA L E : B//> 

F ig .  7 
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. . 

l o o  kV-input c o u p l i n g  
a: c a v i t y  vacuum 
b: f i e l d  t r a n s f o r m e r ,  f l o o l e d  w i t h  
C: coup l ing  loop ,  n 11 

d : c a v i t y  j o i n t  
e :  Helium-teck 
f :  c a p a c i t i v e  s e p a r a t i o n  4K/8oK 
g :  80-K-window, cooled by lii2 
h: o u t e r  tank 
i: c a p a c i t i v e  s e p a r a t i o n  BoK/3ooK 
k: 300-K-window, coo led  by water .  

F i g .  8 
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Fig .  10 
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Fig. 11: Higher mode output coupler developed by Szecsi 

A :  cavity in te r iour ,  

B:  coaxial l i n e  

C:  f i e l d  transformer 

D: coup1 i  ng loop 

E: exponential outer conductor of coaxial l i n e  

R :  cavity endplate 

W :  cavity cylinder wall 

, b$L H e - B a t h  t L 2 ° h l  
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Fig.  12 
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Mechanical layout or a frrquency tuner (fine tuner) (1) 
Nb-plunger with 1 cooling channel, (2) Cu-guiding cylinderr. (3) 
hde for He-l1 entry. (4) bellows, (5 )  Nb-cylinder of deflector and 
(6) tuner &l. 

F ig .  -13 
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