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1  . In t roduc t i on  

Since 1979 our e f f o r t s  have been devoted t o  the  development of 

superconducting 500 MHz c a v i t i e s  t o  study the f e a s i b i l i t y  o f  using them 

f o r  the  TRISTAN ' 1' ) e lec t ron  r i ng .  It i s  an t ic ipa ted  t o  b u i l d  the 

superconducting rf system i n  the TRISTAN f o r  upgrading the energy o f  

e'e- and a lso  f o r  saving the e l e c t r i c i t y .  

Three s i n g l e  c a v i t i e s  ' and a  three-cel l s t ruc tu re  were b u l l  t 

and tested up t o  now. The r e s u l t s  o f  these c a v i t i e s  and some o f  the  

associated experimental work are reported here. 

2 .  Fabr ica t ion  o f  the  c a v i t i e s  

2-1 . d iob i  um mater ia l  

Typical proper t ies o f  the mater ia l  we are using now are l i s t e d  i n  

Table I. 

We plan t o  b u i l d  the  next s i n g l e  c a v i t y  w i t h  h igh  thermal conduc- 

t i v i  t y  mater ia l  from Heraeus. 
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Table I. Propert ies o f  idiobium mater ia l .  

Impur i t ies  

Niobium 
R.R.R. 

2-2. Forming 

Up t o  the  present, 500 MHz c a v i t i e s  were made by spinning s t a r t i n g  

from 2.5 mm niobium sheet. 

Other forming techniques as deep drawing t o  make ha1 f c e l l  o r  

bu lg ing  from tub ing  t o  make s i n g l e  c e l l  are now under developing. 

F ig .  l shows the  model copper c a v i t y  o f  l GHz made by bulg ing.  

2-3. Surface treatments 

E lec t ropo l ish ing  i s  t he  main process o f  the  surface treatments i n  

our  case. H a l f  c e l l  i s  e lec t ropo l  ished removing about 130 pm from the  

surface, then a f t e r  e lec t ron  beam welded, the  c a v i t y  i s  annealed a t  

900 "C and again e lec t ropo l ished f o r  about 30 um, oxipol ished twice 

a t  80 v o l t s  and r i nsed  by pure water and methanol. 

For t he  e lec t ropo l ish ing ,  our  experimental research t o  f i n d  the 

optimum paramenters has shown the  fo l lowings:  

a) Current dens i ty  i s  the  most important parameter, 30 100 mk/cm2 

a t  25 + 5 "C i s  essent ia l  t o  ob ta in  the  m i r r o r  l i k e  surface, 

a l so  about 200 mA/cm2 could be adopted f o r  macro po l ish ing .  
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For example, a  combination o f  p01 i s h i n g  a t  200 m ~ / c m ~  t o  

remove 100 um and then p o l i s h i n g  a t  50 mA/cm2 t o  remove 

another 30 pm i s  e f f e c t i v e .  

b )  Optimum concentrat ion o f  HF i s  60 % 90 c c l l i t e r  (46 % HF). 

Th is  corresponds t o  8 % 15 v o l t  t o  ge t  the cu r ren t  dens i t y  

o f  50 mA/an2. 

c )  Po l i sh ing  s o l u t i o n  could be cured by adding appropr ia te  

amount of HS03F and H20, so q u i t e  long term storage and use o f  

the  s o l u t i o n  i s  possible.  

d) By moving the  s o l u t i o n  o r  c a v i t y  a t  the  r e l a t i v e  speed o f  10 

mmlsec, n o t  i n t e r m i t t e n t  b u t  continuous p o l i s h i n g  i s  poss ib le .  

e )  Before and a f t e r  e l ec t ropo l  i s h i n g  impur t ies  as H, N, 0, C i n  

the  niobium do n o t  change w i t h i n  the  accuracy o f  measurements. 

3. Performance o f  the  Cav i t i es  

Typica l  r e s u l t s  o f  t he  s i n g l e  c a v i t y  i s  shown i n  Table 11. 

Table 11. Typica l  r e s u l t s  o f  the  s i n g l e  cav i t y .  

Q O  a t  low f i e l d  4.1 X 109 4.8 X 101° 

Max 6.5 MV/m 7.0 MV/m 

Max 
Q 0  a t  Eacc 
E lec t ron  load ing  
thresh01 a(Eacc) 

Residual res is tance  4.5nR 

Cav i ty  performance i s  genera l l y  improved by l o c a l l y  g r i nd ing  o f  the  

de fec t  and re- t reatment  o f  the  sur face as shown i n  Table 111. Break 
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down i s  most ly observed a t  the  welding seam. 

Tab1 e  I 11. Improvement o f  E!::(Mv/~) by successive treatments. 

Cavi ty  No. 1 s t  2nd 3rd  

4. Three-cell s t ruc tu re  fo r  the  beam t e s t  

4-1. S t ruc ture  

Three s i n g l e  c a v i t i e s  (3-L, 3-C, 3-R, i n  t h e  Table 111) were welded 

together t o  make a  th ree-ce l l  s t ruc tu re  f o r  the  beam t e s t .  

Fig. 2 and 3  show the  th ree-ce l l  s t ruc ture .  Each c e l l  has two HOM 

por ts  and a  small pickup po r t .  p he center c e l l  has an add i t iona l  i npu t  

coup1 e r  po r t .  

F i e l d  f l a t t n e s s  o f  a  few percents was obtained by modi f ied dimension 

o f  two end c e l l s  and a lso  by g i v i n g  the  permanent deformation o f  the  

ce l  l length  o f  each ce l  l. 

The s t r u c t u r e  was a t  f i r s t  tested i n  a  v e r t i c a l  c r yos ta t  w i thout  

a l l  couplers and obtained the  f i e l d  gradient  o f  5.2 MV/m w i thout  break 

down. More h igher  f i e l d  l e v e l  was not  measured due t o  the shortage o f  

rf power and ra the r  low Q. value. 

I n  a  hor izonta l  c r yos ta t  Q. and Eacc were measured by helium 

consumption. F ig.  4  shows the  r e s u l t s  o f  these measurements. Maximum 

f i e l d  gradient  a t  beam t e s t  was l i m i t e d  t o  4.3 MV/m by hel ium b o i l  up, 

i t  seems t o  be due t o  the  heat ing o f  the i npu t  coupler. 

4-2. Tuner 
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A mechanical tuner as shown i n  Fig. 5  was b u i l t .  Total  length o f  

the  s tu rc tu re  could be changed + 1.7 m corresponding t o  the frequency 

change o f  2 250 KHz w i t h  smal lest tun ing  step o f  7  Hz. But the system 

had backlash o f  500 Hz t o  2 KHz depending t o  the  tun ing  pos i t ion ,  so 

two add i t iona l  piezo tuners were equipped a t  both ends o f  the c ryos ta t  

as shown i n  Fig. 6. The piezo tuners a lso change the  t o t a l  length of 

the  s t ruc tu re  and cont ro l  the  frequency w i t h  a  range o f  2 1 KHz. The 

piezo tuners worked we l l  w i t h  a  feed back system and compensate the  

frequency change o f  t he  s t ruc tu re  due t o  the  pressure change o f  He bath 

f o r  exampl e  . 
4-3. Cryos t a t  and r e f r i g e r a t i o n  system 

Fig. 6  shows the  hor izon ta l  c ryos ta t  f o r  the three-cel l st ruc tu re .  

The design was espec ia l l y  r e s t r i c t e d  by the  l i m i t e d  he igh t  o f  the c e i l i n g  

o f  the tunnel. 

S t a t i c  loss  of the  c ryos ta t  i s  12 watts and the loss  o f  the th ree-ce l l  

s t ruc tu re  i s  f o r  example 40 watts a t  Eacc = 4  MV/m, so the t o t a l  

r e f r i g e r a t i o n  power o f  about 65 watts i s  needed, i nc lud ing  the heat 

l oss  o f  helium t ranspo r t  system. 

F ig.  7 shows the sketch o f  the cryogenic system. Cool down from the 

room temperature t o  t he  helium temperature i s  done by the r e f r i g e r a t i o n  

mode i n  which the r e f r i g e r a t o r  i s  d i r e c t l y  connected t o  the cryostat ,  

i t  takes 36 hours. During the beam tes t ,  l i q u i d  helium i s  t ransfered 

from a  1000 l i t e r  reservo i r .  

4-4. Inpu t  and HOM couplers 

An i n p u t  coupler as shown i n  F ig.  8 was used, inner  and ou ter  

conductors are made ou t  of copper and copper p la ted  s ta in less  s tee l  and 

cooled by helium gas flow. It was found the rf power which could be 

t ransfered t o  the  beam was l i m i t e d  t o  4 KW due t o  the heat ing o f  the 
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input coupler. 

A loop type HOM coupler and two antenna type HOM couplers were 

used, they a r e  shown i n  Fig. 9 and 10. The loop coupler has a quarter 

wave length f i l t e r  f o r  the fundamental frequency. These are  made of 

niobium. 

4-5. Bean test  

The resu l t s  of the beam t e s t  a re  only br ief ly  reported here, more 

detai led report  will be given during the workshop. 

a )  Maximum accelerating f i e l d  was 4.3 M V j m .  

b )  W i t h  the SC s t ructure  alone 10 mA i n  s ingle bunch a t  2.5 GeV 

were stored. The beam current was not limited by the SC 

s t ruc ture  b u t  limited by the heating of two gate valves a t  

both ends of the cryostat.  

c )  Maximum power given t o  the beam was 4 KW a t  4 GeV and 4 mA 

beam. 

d) The resu l t s  of the power measurement of longitudinal higher 

order modes roughly agreed with the calculation. 

e )  A transverse beam osci l l a t i  on due t o  TE l l l - IT mode was observed 

without beam loss .  

5. Future plan 

Two o r  three  units of five-cel l s turc ture  will be bu i l t  fo r  the 

TRISTAN accumulation ring,  an input coupler on the beam tube i s  being 

studied. Development of the high power input coupler i s  the most urgent 

problem. 
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Fig. 1 A model copper  c a v i t y  o f  1 GHz made by bulging. 

Fig. 
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S i n g l e  C e l l  S t r u c t u r e  

R-Ce l 

+ C-Ce l l 

L-Ce 

H o r i z o n t a l  T e s t  o f  o 
3 C e l l  S t r u ' c t u r e  o 

00 

V e r t i c a l  T e s t  o f  
3 C e l l  S t r u c t u r e  

F i g .  4 Q0 and Eacc of the three-cell structure. 
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F i g .  8 I n p u t  Couple r .  

A :  Ceramic window 

B :  N 2  g a s  c o o l i n g  p i p e  

C :  Upper p l a t e  of  c r y o s t a t  

D:  He g a s  coo l ed  c o u p l i n g  l oop  
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F i g .  9 

H. 0. M. Loop Coupler 

Proceedings of SRF Workshop 1984, Geneva, Switzerland SRF84-5



SRF84-5 Proceedings of SRF Workshop 1984, Geneva, Switzerland


