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Abstract  

A s t a t u s  r e p o r t  of t he  PETRG 18-ce l l  superconducting c a v i t y  
e:.:periment i s  given. Technical desc r i p t i ons  and r e s u l t s  of t e s t  
lneas~krements for- i nd i  v idua l  components a re  repor ted.  A t  t he  t ime of 
w r i t i n g  t h i s  r e p o r t  ( J u l y  1984) t he  complete system was b r i n g  
assembled and p repara t ions  f o r  a F'ETRA beam t e s t  were on t h e  way. 
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I n t roduc t i on .  

In 1981 t h e  development and f a b r i c a t i o n  o f  a  1 GHz superconducting 
acce le ra t ing  module was s t a r t e d  i n  cooperat ion ry i th t h e  University o,f 
Wupperta1.This modul has an a c t i v e  leng th  o f  2.7m and cons i s t s  of: a 
2+9 c e l l  e l l i p t i c a l l y  shaped structure.The general  design ideas are 
described i n / l / .The  c r y o s t a t  and many of t h e  microwave components 
( i n p u t  windaw,feed l i n e  absorber,HOM absorber e t c . )  were f a b r i c a t e d  by 
the  DESY workshop because these p ro to type  components needed a f a s t  
design-test-redesign cycle.The niobium c a v i t i e s  and t h e  niobium p a r t s  
o f  t he  i n p u t  and output  couplers  were f a b r i c a t e d  by i n d u s t r i a l  
f i rms/9,  l O ,  l l / . E f f o r t  was made t o  develop a easy t o  handle ,s impl i f  i ~ d  
f i n a l  c lean ing  and p repara t ion  method which could  r e a d i l y  be 
t rans fe red  t o  t h e  i ndus t r y .  

The vacuum and t h e  he l ium vessels  a re  made of  s t a i n l e s s  s t e e l  and 
have a diameter (l ength) o+ 80cm (400cm) and 50cm (35Crcm) respect  i ve l  y. T h e  
r a d i a t i o n  s h i e l d  i s  made from aluminum and has two l i q u i d  N2 
containers.  The two l a r g e  demo~rntable end f langes  o f  the  he1 ium vessel 
are sealed by grooved lead  gasket.61 l c a v i t y  f langes  a re  constrcrcted 
i n  a  way so t h a t  t h e  beam p i p e  vacuum i s  sealed against  t h e  i s o l a t i o n  
vacuum. The o n l y  e:,:ception i s  t h e  middle f l ange  between both nicibicrm 
s t ruc tu res .  Here the  He1 i c o f  l ex  r i n g  /8/ sea ls  against  t h e  l i qcti d 
he1 ium. The he l ium conta iner  i s  mounted w i t h  long  s t a i n l e s s  s t e e l  rods 
i n s i d e  t h e  vacuum vessel whereas the  r a d i a t i o n  s h i e l d  f i:.ced t o  t h e  
he1 ium vessel by  th inwa l  l e d  pipes.  For s e c u r i t y  reasons two pressure 
regu la ted  and twa bu rs t  va lves are mounted a t  t h e  hel ium dome t o  
prevent an acc iden ta l  pressure r - i se  i n  t h e  vacuum and he l ium room. 
I n  several  coo l i ng  down cyc les  the  empty c ryos ta te  !w i thout  r . 6 -  
s t r u c t u r e s )  has been leak checked and te5ted.I-he steady-state losses 
f u r  t h i s  c o n d i t i o n  are 7 watts.  Detai  1s o f  t h e  c ryos ta t  cons t r~ tc t i c rn  
are shown i n  f i g . 2  t o  f i g . 6 .  

KF i n p u t  l ine.  

The rf power i s  coupled t o  t h e  c a v i t y  by a  rec tangu la r  waveguide 
which ends a t  t h e  beam p i p e  o f  t h e  resonator.The coupler  i s  matched t o  
a  beam cu r ren t  o f  4w4 ma and Eacc=3Nv/m iL!e:.:t=l. 5w10T5). To b e n e f i t  
from the  s t rong  coupl ing of  t h e  i n p u t  couplet- t o  some of  t h e  h igher  
m0d~S of t h e  resonator  a  broad-band window and a feed l i n e  absorber 
had t o  be developed.The room temperature window uses a round ceramic 
d i sk  which i s  matched by a tapered r i dged  waveguide sec t i on  /2 / .Th is  
design was h igh  power t es ted  a t  50% ove r ra t i ngs  under matched (60 L:w) 
and t o t a l  r e f l e c t e d  (35 k w )  condi t ions/3/ .The feed l i n e  absorber uses 
a broadband magic-tee which is connected a t  bo th  s ide  arms t o  reduced 
s i z e  rec tangu la r  waveguide sec t ions  w i th  broadband absorbers/Z/ .Af ter  
proper matching the  i n s e r t i o n  l o s s  a t  t he  fundamentel frequency ( 1 G w z )  
was measured t o  be l e s s  than 1% wheras h igher  modes up t o  3. (3GHr were 
reasonablv terminated/4/ .  
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(i countet-+ l . u w  p i p e  coo l  i n g  system was i n t e g r a t e d  i n t o  t h e  wavegc.rj.de 
w a l l  a f  t h e  i n p u t  coup le r  t o  min imize  t h e  heat  l o a d  a t  4.2 t::: b y  
thermal  condc!ction and rf -hea t ing  ( f i g .  S!. I t  c o n s i s t s ,  o f  30 trans..iet-.s 
c o o l i n g  channels o f  1.5*8 mm c r o s s  se i t i on .The  e f f i c i e n c y  o.f t h e  heat  
e:.:ihanger was t e s t e d  by rf poweriny t h e  waveguide sect i i l jn i r i  a 
s tand ing  wave resona to r  mode.The temperature p r o f i l e  measurements 
a long t h e  waveyuide f o r  d i f + e r e n t  amounts o f  c o l d  He-gas f l o w  gave 
appro:.:. a p r e d i c t e d  heat  l o a d  o f  2 w a t t s  S o r  50 t:::w fo rward  power. 2 
NmT3/h a r e  r e q u i r e d  t o  c o o l  t h e  wave guide. 
The a d d i t i o n a l  rf losses  a t  t h e  normal- t o  scrperconducting j o i n t .  a t  
t h e  inpcrt l i n e  were i n v e s t i g a t e d  by measuring t h e  Q 's  o f  a rectanq~.! l .av. 
Nb-fesonatur ( f i g .  11) w i t h  d i f f e r n t  j o i n t s  i n  t h e  midd le  of t h e  
resona to r  (Indium,Lead,Al-He1 i c o f  1e:.tr1B./ , P a t  He1 i c o f  l e x / 8 / ) .  As t h e  
test compromise between vacuum r e a l i b i l i t y  and low rf l o s s e s  we choose 
41-Hel icof le: . : (see tab .1 ) .  

I 
. -. - . ~ . . . .  . 

seal  i ng m a t e r i  a1 s l o s s e s  a t  40 1:::~ fo rward  power 

I n  w i r e  
l 

I He1 i c o f  le:.: ,A1 
I 

I Helicofle:.:,F'b p l a t e d  i i 
! i 

F'b f o i l ,  .3mm, o : . : i d i z ~ d  i 

i ! 
I Pb f o i  l , .3min, c l  eaned 
l 114 mW 

Tab. l : Measured rf --J o i  n t  l osses 

The f i e l d  p r o f  i l e  and t h e  a b s o l u t e  f requency o f  t h e  c a v i t i e s  were 
tuned by s l i g h t  de format ion  o f  t h e  i n d i v i d u a l  c e l l s  /6/.Ft-equency 
t u n i n g  of t h e  s t r c rc tu re  a t  4.2 C::: i s  produced b y  l engh ten ing  t h e  whole 
s t r u c t u r e . I n  t h e  v e r t i c a l  t e s t  c r y o s t a t  t h e  t ~ t n i n g  r a t e  was meas~rred 
t o  be 140C:::Hz/9 c e l  l /l mm. A room temperature measurement showed on1 y 
s l i g h t  i n f l u e n c e  t o  t h e  f i e l d  p r o f i l e  f o r  a  t o t a l  t u n i n g  range o f  1.5 
MHz. I n  t h e  h o r i z o n t a l  c r y o s t a t  t h e  tctning systsm uses t h r e e  h y d r a ~ r l i c  
power c y l i n d e r s t a t  room tempera ture)wh ich  p u l l  a t  t h e  HOM c o u p l e r  s i d e  
o f  t h e  strl-rctr-tres w i t h  t h i n  r o d s  (see f i g .  2 and f i g .  6). The i n p u t  
coup ler  s i d e  i s  b o l t e d  t o  t h e  h e l i u m  vessel  and p r o v i d e s  t h e  
mechanical f i x e d  p o i n t  o f  t h e  c a v i t i e s . T h e  t u n i n g  system i s  d r i v e n  by 
standard F'ETRA t i m i n g  s tep  motors and i s  designed f o r  a  tcrning range 
o f  +- 250 t:::Hr a t  a  resol.  u t i  on o f  50 Hr. 
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Cav i ty  f a b r i c a t i o n  and measurements - - - - - - - - - . -. - - -- - . . 

Three n i n e  c e l l  c a v i t i e s  were f ab r i ca ted ,  two by INTERATOWilO/and 
one by DORNIER/ll/.A d e t a i l e d  f a b r i c a t i o n  and measurement h i s t o r y  i s  
g iven i n  / l / . A l l  t h r e e  resona to rs  reached acce le ra t i ng  f i e l d s  o f  
Ea.cc=5-5.5 M V / m  a t  4.2 1:: a f t e r  a  t reatment o f  tumb l ing i5 /  and buf+ered 
chemical p01 i s h i n g  (BCF') /S/. Fo l  lowing these meas~trements t h e  end tubes 
of  two resonators  were c u t  o f f  and t h e  niobium i n p u t  and o u t p ~ r t  
couplers  were welded t o  t h e  s t r u c t u r e s ( L U F T H A N S A / 4 / )  .The c o ~ t p l e r s  were 
manufactered main ly  by us ing  e l e c t r o n  beam we ld ing .S t i f f en inq  bars  and 
some geometr ic ly  d i + f i c u l t  connect ions were TIG-welded.At t h e  
rec tangu la r  waveguide j o i n t  an exp los ive  bonded NB-SS m a t e r i a l  was 
used f o r  easy f l ange  const ruct ion.Before mounting i n t o  t h e  hor izonta l .  
z r yos ta t  t h e  c a v i t i e s  and coup le rs  were tumbled and b ~ l f f e r e d  
chempol ished again. 

HOW-couplers and r f -probes 

The HOM-coupler i s  welded t o  t h e  outer  s i d e  o f  t h e  s t r u c t u r e s  and 
i s  s i m i l a r  t o  t h e  i n p u t  c o u p l e r ( f i g .  12). I t i s  reduced i n  s i r e  t o  cu t -  
o f f  damp t h e  fundamental mode propagation.To avo id  t h e  mechanical and 
e l e c t r i c a l  problems o f  two be l lows  i n  t h e  r e c t a n g ~ r l a r  waveguide !as 
a r i g i n a l l y  f o r s e e n , f i g . l )  a  broad band t r a n s i t i o n  from r e c t a n g u l r r  t o  
coax ia l  waveguide i s  i n s e r t e d  be fo r  t he  HOM l i n e  leaves t h e  vacuum 
vessel.The HDM power i s  a b s ~ r b e d  a t  room temperature by standard 
cos:.: i a l  te rminat ions.  cl f unamental mode power o f  80 wat ts  i S present  a t  
t h e  coa:.rial end of t h e  HOM coupler  f o r  a  c a v i t y  f i ~ l d  o f  3 M1d/m.l"his 
s i gna l  i s  used f o r  rf f i e l d  and phase c o n t r o l  thus e l i m i n a t i n g  t h e  
need f o r  an a d d i t i o n a l  fundamental frequency probe. 

C r  yogen i cs 

Fundamental and HOM coup le rs  as w e l l  as beam p i p e  tubes a re  cooled 
by GHe coc!nterf low ( f i g . 2  and f i g . 3 )  .The mass f l o w  i s  i n d i v i d u a l l y  
adjusted s l i g h t l y  above t h e  va lue needed.1-emperature measurements a t  
t he  output  o f  each coo l i ng  l i n e  a re  used t o  r e g u l a t e  an e l e c t r i c  
heat ing system f o r  c o n t r o l l i n g  e q u i l i b r i u m  cond i t ions .  
For coo l i ng  down and opera t ing  a t  4.2 b:: a 150 W r e f r i g e r a t o r  i s  
used. I n  case o f  breakdown t h e  resonator  w i l l  be cooled a t  100C:: bv a  
c losed GHe system w i t h  LN2 heat  exchangers. 

A t o t a l  o f  900 r e s i s t o r s  a r e  mounted t o  t h e  c a v i t i e s  and couplers  
( f i g .  17) .The read ou t  system uses 18 mul t ipexer  moduls a t  4.21.::: and a  
computer c o n t r o l l e d  d i g i t a l  vo l tmete r . In  a d d i t i o n ,  a  f a s t  r e a l  t ime 
observat ion by a  chopped o s c i l l o g r a p h  d i s p l a y  i s  poss ib1e .A~-cur ren t  
sources and 2lO-ohm r e s i s t o r s  a re  used t o  increase t h e  s e n s i t i v i t y  a t  
4. 2t:::./7i . 
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Cont ro ls  and  interlock:^. 

Temperatu.t-e and pressure sensors i n  t h e  c r y o s t a t  as we l l  as stat!.r.; 
s i g n a l s  from t h e  r e f r i g e r a t o r  and h igh  power k l y s t r o n  a re  combined t o  
g i v e  t he  1+3gical i n f  ormation requ i red  f o r  t h e  PE"rRA beam interlclcC::. The 
phi losophy o f  t h i s  system/ l2/  i s  compatible w i t h  t he  computerized 
PETRA con t ro l s .  

Concl u s i  on5 

A1 l i n d i  v i  dual components have been tes ted  s~kccessf u l  l y .  The present 
a c t i v i t i e s  concentrate on t h e  check: of t he  complete system be fo re  i t 5  

i n s t a l l a t i o n  i n  t h e  F'ETRA s torage r i n g .  
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Figure  cap t ions  

F ig .  1  :Main l a y o ~ l t  o f  t h e  18-cel l 5  lGHz s~cpercondu.cting F'ET'RA 
experiment. The HOM ou tpu t  l i n e  i s  changed according t o  f i g .  2. 

F ig .2  :Sect iona l  view o f  t h e  HOM s i d e  o+ t h e  c a v i t y .  

F ig.3 :Sect iona l  view o f  t h e  rf i n p u t  s i d e  o f  t h e  c a v i t y .  

F ig.4 :Cross sec t i on  of  t h e  c r y o s t a t  a t  t h e  i n p u t  coupler .  

F ig.5 :Cross sec t i on  of  t h e  c r y o s t a t  a t  t h e  HOM output  coupler .  

F ig .6  :Front  view o f  t h e  c r yos ta t .  

F ig .7  :Schematic drawing o f  t h e  i n p u t  window. 

f ig.€! :Par ts  o f  t h e  i npu t  window be fo re  h igh  power t e s t .  

F ig.? :HOM occtpcct l i n e .  

F ig .  l O  : I n s i d e  o f  t h e  HOM l i n e  showing t h e  r i d g e  sec t i on  f o r  t he  
waveguide t o  cod:.: l i n e  t ransformat ion.  

Fig.11 :Test c a v i t y  f o r  f l a n g e  l o s s  i nves t i ga t i ons .  

Fig.12 :Complete 9 -ce l l  s t ruc ture .The HOM waveguide coupler  i s  i n  
f r o n t  o f  t h e  p i c t u r e .  

Fig.13 :Mo~cnting r i g  f o r  welding t h e  coupler  t o  t h e  s t ruc tu re .  

F ig .  14 : F i r s t  cooldown of  t h e  empty c r yos ta t .  

F ig .  15 : Complete inpu t -cav i  ty-oiltpcct assembly d ~ e r i  n j  r f  t e s t  
measurements. 

Fig.16 :Test assembly o f  t h e  18-ce l l  module. 

F i g .  17 :Mounting t h e  r e s i s t o r s  !90(:) i n  t o t a l )  and c o l d  mcrltiple:.:ers t o  
t h e  cavi ty.The r e s i s t o r s  a re  at tached t o  t h i n  TEFLON mounting 
s t r i p s .  
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Fig. 8 
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