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A b s t r a c t  

T h e  a c t i v i t i e s  i n  t h e  f i e l d  o f  r f - s ~ l p e r c o n d u c t i v i t y  a t  DESY are 
r e p o r t e d . S o m e  d i f f e r e n t  m u l t i c e l l  s t r u c t u r e s  w e r e  f a b r i c a t e d  a n d  
m e a s u r e d  i n  o r d e r  t o  g a i n  e x p e r i e n c e  i n  s u p e r c o n d u c t i n g  c a v i t y  
t e c h n o l o g y . S t r o n g  e f f o r t  w a s  made t o  c o n s t r u c t  a n d  f a b r i c a t e  a n  18- 
ce l l  s t r u c t u r e  t o  b e  t e s t e d  i n  t h e  PETKA s t o r a g e  r i n g .  T e c h n i c a l  
d e v e l o p m e n t s  i n  t h e  f i e l d s  of c a v i t y  c l e a n i n g  a n d  t e m p e r a t u r e  m a p p i n g  
a r e  a l so  d e s c r i b e d .  
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I n t r o d u c t i  an 

I n  1981 t h e  des ign  and f a b r i c a t i o n  o f  e l l i p t i c a l l y  shaped 1 GHr 
c a v i t i e s  was s t a r t e d  i n  coopera t ion  w i t h  t h e  u n i v e r s i t y  o f  Wupperta1.A 
f i r s t  s e r i e s  o f  an 1-,S- and 9 - c e l l  s t r u c t u r e  was f a b r i c a t e d  by 
INTERhTOM-In a d d i t i o n  a  two -ce l l  c a v i t y  was manufactured by DORNIER 
u s i n g  a  d i f f e r e n t  we ld ing  technique.Encouraging r e s u l t s  were 
measured. a + t e r  a p p l y i n g  tumb l i ng  and buf  - fered chemical p01 ishing.Two 
more ! ? - c e l l  s t r u c t ~ t r e s  were f a b r i c a t e d  f o r  t h e  F'ETRA beam t e s t ,  ane 
each by  INTERATOM and DORNIER. The Nb-input and o u t p u t  coup le rs  were 
f a b r i c a t e d  and welded t o  t h e  s t r u c t u r e  by LUFTHANSA./B/ 
CI-i/ogenic and microwave components f o r  t h e  F'ETRA beam t e s t  have been 
developed and f a b r i c a t e d  a t  t h e  same time.The p r e p a r a t i o n s  f o r  t h e  
PETRA beam t e s t  a r e  cjn t h e  way and w i l l  be descr ibed  i n  a d i . f f e r e n t  
paper./f .  /. 

Cavi t y  Measurements 

The 1-,5- and 9 - c e l l  c a v i t i e s  were f a b r i c a t e d  by INTERATOM-Wuppertal 
accord ing t o  t h e  f o l  l ow ing  scheme: 

1 .  deep drawing o f  s h e l l s  
2 .  c l e a n i n g  w i t h  CF 
3. we ld ing  p r e p a r a t i o n s  
4. weld ing o f  t h e  c e l l s  by i n s i d e  e q u a t o r i a l  weld 
5. f requency measurement 
6. c l e a n i n g  and t u n i n g  by CF' 
7 .  weld ing o f  t h e  s t r u c t u r e s  by o u t s i d e  i r i s  welds 
8. g r i n d i n g  o f  t h e  i r i s  welds 
9. s t r ~ i c t u r e  c l e a n i n g  by CP 

The measured r e s u l t s  a r e  shown i n  t a b l e  1. I t  i s  e v i d e n t  t h a t  seve ra l  
r e p a i r  c y c l e s  o f  l o c a l  g r i n d i n g  a r e  needed t o  reach f i e l d s t r e n g t h s  of 
w e l l  above 3 MV/m. 

The two -ce l l  s t r u c t u r e ,  manctfactured by DORNIER, was welded o n l y  +rom 
t h e  o u t s i d e  and shows r e l a t i v e l y  broad welds (about 5 mm) Welding 
s p l u t t e r s  produced a  quench a t  .4  M V / m  . E s p e c i a l l y  t h i s  exper ience 
w i t h  t h e  d r o p l e t s  l e d  t o  t h e  development o f  a  g l o b a l  g r i n d i n g  
t e c h n i  q ~ i e  i t umb l i ng ,  see nex t  chap te r ) .  
Th i s  procedure was a p p l i e d  t o  t h e  two-ce l l  and subsequent t o  t h e  n ine -  
c e l l  c a v i t y  and inc reased t h e  maximum f i e l d  t o  5-6 M V f m .  

The nex t  two n i n e - c e l l  s t r u c t u r e s  ( INTERATOM 11, DORNIER ) were 
quench l im i ted  by deep l y i n g  ( :3 iOOum) m a t e r i a l  de fec t s .A f te r  one repazr  
c y c l e  bo th  s t r u c t u r e s  reached a c c e l e r a t i n g  f i e l d s  o f  about 5 M V i m .  
The  p r o d u c t i ~ n s t e p s  a r e  descr ibed  descr ibed  i n  t a b l e  2. 
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C l  eani  nq F'rocedures 

The c a v i t y  i s  h a l f  f i l l e d  w i t h  ceramic c h i p s  and some water and i s  
r o t a t e d  h o r i z o n t a l 1  y  around t h e  beam a x i s  a t  9 r e v o l u t i o n s  pet- 
rnj nute !F ig .  1 ) .  For  t y p i c a l  t umb l i ng  t i m e  o f  231 hours  t h e  g l o b a l  
g r i n d i n g  r a t e  i s  14 u m  a t  t h e  i r i s  r e g i o n  and 10 u m  elsewhere. 
Tumbl ing g e n e r a l l y  prndt-tces an even sur face .  Spil::es and we ld ing  
s p l u t t e r s  a r e  ground away and sharp grooves a r e  smoothened.The 
rema in ing  s u r f  ace con tamina t ions  o f  S i  and A1 disappear a f t e r  c l e a n i n g  
b y  CP o r  BCP. For  d e t a i l e d  i n f o r m a t i o n  see i 2/. 

B u f f e r e d  Chemical Po l i sh ing(BCP) .  

The s tanda rd  c l e a n i n g  procedure u s i n g  t h e  HF,HN03,H3P04 i n  volume 
r t l t i o s  o f  1: 1: 1  i s  d i f f  i c ~ r l t  t n  hand1.e w i t h  l a r g e  s t r u c t u r e s  t j e c a ~ ~ s e  
o f  t h e  danger o f  o v e r r e a c t i o n .  F i r s t  we t e s t e d  H20 d i l u t e d  so l . u t i nn  
( t a b l e  3 ) ,however t h i s  r e s u l t e d  i n  a  rcrough sur+ace due t o  
i n t e r c r y s t a l  l i n e  c o r r o s i o n  ( F i g . 2  ) . 
b e t t e r  r e s u l t s  a r e  ga ined u s i n g  a b u f f e r e d  chemical  s o l ~ r t i o n  w i t h  a  
r a t i o  o f  components o f  1:1:6 (F ig .3 )  (Table 2 ) . A  comparison w i t h  a 
s u r f a c e  e:.:posed t o  t h e  s tandard  m i x t u r e  of  l: l: 1,shows no v i s i b l e  
d i f f e rences .The  s t r u c t u r e  w i t h  a  t o t a l  volume o f  50 1  i s  f i l l e d  w i t h  5 
1  o f  a c i d  m i x t u r e  and r o t a t e d  around t h e  a x i s  pe rpend i cu la r  t o  t h e  
beam a x i s  f o  chemica l  p o l i s h i n g ( F i g . 4  ) The e t c h i n g  r a t e  i s  22 urn f o r  
a twn-t imes 30 minutes  p o l i s h i n g  cyc le .Fu r the r  d e t a i l s  a r e  g i v e n  i n  / 
2 /. 

Tuning Procedures 

The c e l l s  were tuned i n d i v i d u a l l y  by CP d u r i n g  
f a b r i c a t i o n .  Neve r the less  a t u n i n g  o f  t h e  whole s t r u c t u r e  i s  necessary 
t o  c o r r e c t  t h e  f i e l d  p r o f i l e  and abso lu te  resonance frequency. 
We use  a  mechanica l  system (F ig .5  ) ,which deforms i n e l s t i c l y  each 
s i n g l e  c e l l  and t h u s  v a r i e s  t h e  d i s tances  between t h e  r e s p e c t i v e  
i r i s e s  

Temperature Mapping System 

Two r o t a t i n g  arms w i t h  147 r e s i s t o r s  each a r e  used f o r  temperature 
mapping 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 . .  (F igs.& and 7 )  ).The readout  
system c o n s i s t s  o f  18 mul t ip le : . :ers  a t  4.2 C::: and a  computer c o n t r o l l e d  
d i g i t a l  v o l t m e t e r . f o r  improved s i g n a l  t o  n o i s e  r a t i n  we a r e  u s i n g  an 
AC-current system. 
The tempera tu re  mapping system f o  t h e  h o r i z o n t a l  beam t e s t  c r y o s t a t  i s  
s i m i l a r ,  but a set  o f  9Ci(3 f i x e d  r e s i s t o r s  is ~ tsed . /  3 1. 
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F ' i  pe Cooled Caiii t i es 

I n  o rder  t o  reducs t h e  comp lex i t y  uf t h e  c r y o s t a t  and t o  be compat ib le  
w i t h  t h e  l a r g e  HERA r e f r i g e r a t o r  system, a  f o r c e d  f l o w  p i p e  ct2al ing 1s 
d e s i r a b l e . F i r s t  measurements w i t h  a  Nb-Ag c a v i t y  w i t h  copper e u o l  l nq  
p i p e s  showed encuut-aging r e s u l t s  o f  3.9 MV/m.Detailed information 
about m a n ~ l f a c t u r i n g  and t e s t i n g  procedures a r c  p r e s e n t ~ d  i n  a 
d i  d f  e r e n t  t a l  l.::. / 4 /. 

S i n g l e  Mode C a v i t y  

P r o p e r t i e s  o f  t h e  s i n g l e  mods c a v i t y  des ign / 5 / are  i n v e s t i g s t e d  by 
UKMEL ca l cc t l a t i ons ,  and roomtemperature measurements o+ a s i n g l e  and a 
? - c e l l  caS+ity.The geometry of t h e  p resen t  c e l l  p ro+  i l e  i s  shown i n  Fig 
€ 3 .  
k cco rd ing  t o  URMEL c a l c u l a t i o n s  a l l  monopole modes up t o  t h e  +our 
t imes  t h s  fundamental f requency shaw s t r o n g  c o u p l i n g  t o  t h e  beam 
p ipe.Di . f+erent  t ypes  o f  broadband beam p i p e  absorbers a r e  under 
i n v e s t i g a t i o n .  

The suppor t  o f  t h e  t e c h n i c a l  groups a t  DESY d u r i n g  t h e  f a b r i c a t i o n  
i s  g r e a t f  u l l y  ack:nowledged. The engaged p a r t i c i p a t i o n  o f  members of  t h e  
r f - g roup  and t h e  e n t h u s i a s t i c  h e l p  p rov ided  by t h e  FZ1-group d u r i n g  
t h e  i n s t a l l a t i o n  and t e s t i n g  o f  t h e  many components i s  g r e a t l y  
apprec ia ted.  
We would a l s o  l i k e  t o  thank:: a l l  l a b o r a t o r i e s  and companies who have 
c o n t r i b u t e d  t o  t h e  developement and f a b r i c a t i o n .  
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Table 1 

table of results 

* - - - - -- -.- -- - - - -  - -  

j r  e Eacc Q(:) treatments and remarks 

l at 
I 
l [""'d g 

i 
I . - --- -- - 
t 
l 

l-cell I 4  1.5 1 1.2 on1 y degreased 
7 0 ' 5.0 grind of welds, CP 

** 3.5 ' 4.8 I quenchspot ground off ,CP 
5.3 + 3.75 1 grlnding quench at equator weld 

9-cel l IA I 1 2.5 on1 y degreased 
: 3 . 7 

2.. 8 quenchspot ground away, HZO-CP 
.4.9 15 tumbling, BCP, limited by available rf-power 
(5.7) (9.(:)) 1 T=3.7 K, 1.a.p.s 

i 
l 

1 j- -- .. - . 

l 

2-cel l DO -4 ] 5.C) 1 degreased,quench at welding splutter 
4.5 ' 2.8 ! tumbling,HZO-CP 

i 
*+.U- 5 . 8  i S  i RCP, quench near equator,not at weld 

i 

9-cel l ICI 11: 2.5 tumbling, BCP, quench at material defect 
15.2 Ibq.7 1 local grinding,tumbling,BCP;l.a.p. j (6.7) 1 (9) 1 T=2.7 K,l.a.p. 

! I 

* l.a.p.=limited by available rf-power 
** IA = INTEHATOM /6/ 

*** DO = DORNIER /7/ 

: 9-cell DO 3.1 
4.5 
6 . 6  

6.0 I tumbl ing ,BCP, quench at material defect 
5.7 local grinding, tumbling,BCF',l. a.p. 
(9) ! Tz3.1 K,quench,e- loading. 

I 
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Table 2 

Product ion Steps - - -.-m 

Deep drawing o f  she1 1s 
Gr ind ing o f  s h e l l s  w i t h  a f an  g r inder  
and sandpaper 
Cleaning by CP 
welding p repara t ions  
equa to r i a l  welding ( i n s i d e  o r  ou ts ide )  
o f  t h e  c e l l s  
frequency measurement o f  c e l l s  
Cleaning and t un i ng  by CP 
Welding o f  t h e  s t r u c t u r e s  ( i r i s  welds) 
Gr ind ing o f  t h e  welds * 
Tumbl i n g  
C l  eani ng by PEP 
Rins ing w i t h  dus t f  r e e  demineral i zed  water 

manufacturer 

DESY + manufacturer 
manufacturer 
manufacturer 

manufacturer 
DESY* manufacturer 
manufacturer 
manufacturer 
manuf a c t  u r  e r  
DESY- manufacturer 
DESY4 manufacturer 

DESY + manufacturer 

* no t  necessary f o r  broad welding seams. 

Table 3 

Table o f  d i f f e r e n t  reagents - --. - - 

r a t i o  o f  HF j HNO3 I i H3P04 
components i I 

i 

standard CP*i 1 1 1 L L I 

* The t o t a l  volume o f  t h e  s t r u c t u r e  i s  f i l l e d  

** The n i ne - ce l l  s t r u c t u r e  (50 1 ) i s  f i l l e d  w i t h  1 0  1 and r o t a t e d  

*** Buf fered Chemical Fo1ishing;the n i ne  c e l l  is f i l l e d  w i t h  5 1 and 
r o t a t e d  
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F igure  Captions 

F ig .  1 : A  n ine -ce l l  s t r u c t u r e  a l ready equipped w i t h  i npu t -  and uutput -  
coupler ,posi t ioned on t h e  d r i v i n g  r o l l s  o f  t h e  tumbl ing 
machine 

F i g  2.:SEM p i c t u r e  o f  NB su r face  a f t e r  exposure t o  HZO-CP 

Fig.  3 :SEM p i c t u r e  o f  Nb su r face  a f t e r  exposure t o  BCP 

Fig.  4.:9-cell s t u c t u r e  a l ready equipped w i t h  input-and output-  
coupler  mounted on t h e  r o t a t i n g  s h e l l  f o r  chemical t reatment  

F ig.  5. :Tuning apparatus, one h a l f  p l a t e  j u s t  beeing i nse r t ed  t o  
enclose one c e l l  f o r  t un i ng  

Fig.  6. : A  n i n e  c e l l  s t r u c t u r e  supp l ied  w i t h  res is tor -arms f a r  
temperature mapping, mounted on t he  f l ange  f o r  a t e s t  i n  a 
v e r t i c a l  c ryos ta t .  

F ig.  7.:This d e t a i l  photography shows a p a r t  o f  t h e  r e s i s t o r  arm w i t h  
t h e  mu1 tup lexe rs  and r e s i s t o r s  

F ig.  8. :Geometry o f  " s i n g l e  mode c a v i t y "  
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