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1. In t roduc t ion  

I n  KEK, TRISTAN e lec t ron  pos i t r on  c o l l i d i n g  r i n g  has been operated a t  
the energy o f  26 CeV by us ing normal conducting c a v i t i e s ,  which were i n s t a l l e d  
i n  three o f  f ou r  RF sec t  ions o f  Main Ring (MR). For upgrading the energy t o  33 
GeV, t h i r t y - t w o  superconduc t ing  5 - c e l l  c a v i t i e s  a r e  t o  be i n s t a l l e d  i n  the 
l a s t  RF sec t ion  and cons t ruc t ion  has been s ta r ted .  

For t h i s  purpose development o f  500 MHz superconducting c a v i t y  has been 
con t inued  i n  KEK s i n c e  1979192), t h e  f i r s t  m u l t i - c e l l  c a v i t y  was b u i l t  and 
tested i n  TRISTAN Accumulation ~ i n g ( ~ ~ ) ~ , ~ ) .  The 5 - c e l l  c a v i t i e s  were f o l -  
lowed s ince 1985596). F igure 1 shows the maximum acce le ra t ion  f i e l d  a t  f i r s t  
co ld  t e s t  o f  these c a v i t i e s .  Recent e f f o r t s  are concentrated on es tab l i sh ing  
the simple and re1 i ab le  f a b r i c a t i o n  method o f  the c a v i t y  which has the Q-value 
o f  2 x 1 0 ~  a t  the f i e l d  leve l  o f  5 MV/m. 

Four cavi  t i e s  have a1 ready been cons t ruc ted  and t e s t e d  i n a v e r t i c a l  
c r y o s t a t .  Two o f  them are fabr i ca ted  f o r  the beam t e s t  i n  TRISTAN Accumula- 
t i o n  Ring (AR) scheduled i n  t h i s  October. The others  are the f i r s t  couple o f  
c a v i t i e s  f o r  MR. The r e s u l t s  o f  these c a v i t i e s  are reported i n  t h i s  paper. 

MR 5 - c e l l  c a v i t y  i s  shown i n  Fig.2. The diameters o f  i r i s e s  are 170 mm 
and those o f  beampipes are l 8 0  mm. An input  por t ,  a monitor p o r t  and two HOM 
po r t s  are arranged on beampipes. Main parameters o f  the c a v i t y  a re  l i s t e d  i n  
Table 1. 
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Table 1. L i s t  o f  the main parameters o f  TRISTAN 5 - c e l l  cav i t y .  

Frequency 
To ta l  Length 

E f f e c t i v e  length 
R/Q 
Geometrical Factor 

Eacc 

A R  c a v i t i e s  have t he  same shape as MR excep t  f o r  a d d i t i o n a l  two HOM 
coupler po r t s  on an end c e l l  and f o r  the length o f  beam tubes. 

3. Fabr ica t ion  process 

Summary o f  f a b r i c a t i o n  process i s  shown i n  Table 2. 

Table 2. Fabr ica t ion  processes. 

Checking o f  Nb sheets (water dipping).  
Forming o f  h a l f  ce l  Is .  

spinning f o r  AR c a v i t i e s .  
deep drawing f o r  MR c a v i t i e s .  

Bu f f i ng  the ins ide  surface. 
Checking o f  surface by water dipping. 
Machining o f  both s ides o f  h a l f  c e l l s .  
EB welding o f  the equator o f  s i n g l e  c e l l s .  
Grinding the underbeads. 
EB welding o f  i r i s e s  o f  a 5 - c e l l  cav i t y .  
Grinding the underbeads. 
E lect ropol  i sh ing  (80pm). 
Vacuum heat treatment. 
Pre-tuning. 
E lect ropol  i sh ing  (5pm). 
Assembling i n  the c lean room. 

3-1. Mate r ia l  

Thickness o f  Nb shee ts  f o r  AR c a v i t i e s  i s  2.5 mm and 2.35 mm f o r  MR 
c a v i t i e s ,  t ha t  i s  due t o  the d i f f e rence  o f  f o rm ing  method o f  t he  h a l f  c e l l .  
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The surfaces o f  a l l  sheets a re  checked c a r e f u l l y ,  bad spots such as scratches 
and inc lus ions found by water d ipp ing  are ground o f f  smoothly.  Measured R R R  
o f  the sheets are -100 f o r  AR c a v i t i e s  and -120 f o r  MR, respect ive ly .  

3-2. Forming and welding 

Whi le  t h e  h a l f  c e l l s  f o r  A R  c a v i t i e s  were made by spinning, the deep 
drawing has been adopted t o  the MR h a l f  ce l  I s .  This technique has the advan- 
t a g e  o f  l ess  r e d u c t  i on o f  t h e  t h  i ckness o f  t h e  cav i t y  wal l and g e t t  i ng 
smoother surface o f  the c e l l s  than those obtained by sp inn ing technique. 

A f t e r  forming whole ins ide  surface i s  buf fed and checked by water  d i p -  
ping. Then the h a l f  c e l l s  are dipped i n  H C I  t o  remove inc lus ion.  

Defocused e lec t ron  beam welding from outs ide o f  the cav i t y  has been used 
t o  make cav i t i es .  "Rhombic ras te r  welding"7) i s  now under tes t ing .  

A f t e r  we ld ing  t he  equato rs ,  t h e  underbeads a r e  ground. I r i s e s  a r e  
welded f i n a l l y  and t h e i r  underbeads are a l so  ground. 

3-3. Po l i sh ing  

E l e c t r o p o l i s h i n g  processes a r e  c a r r i e d  o u t  t w i c e  t o  t h e  f a b r i c a t e d  
cav i t y .  The inner surface o f  the c a v i t y  i s  p o l i s h e d  by 80 f i m  a t  t h e  f i r s t  
e l e c t r o p o l i s h i n g  (EP I ) .  The second treatment o f  5 f i m  (EP I I )  i s  performed 
t o  t he  c a v i t y  a f t e r  anneal i n g  and p r e - t u n i n g  i n  o rde r  t o  remove the  con-  
taminants brought i n t o  the c a v i t y  dur ing such processes. 

These EP processes a re  performed i n  hor i zon ta l  p o s i t i o n  instead o f  ve r -  
t i c a l  one3). The layout o f  t h e  system i s  shown i n  Fig.3.  A c a v i t y  i s  s e t  
h o r i z o n t a l l y  and pure aluminum p i p e  (cathode) i s  i n s t a l l e d  i n t o  the cav i t y .  
A l l  p o r t s  o f  t he  c a v i t y  a r e  sea led  o f f .  The s o l u t i o n ,  c o n s i s t i n g  o f  con- 
c e n t r a t e d  H2SO4 and 40 % HF i n  a r a t i o  o f  85:10 by volume, i s  fed i n t o  the 
c a v i t y  through the cathode up t o  t he  h a l f  l e v e l  and c i r c u l a t e d  th rough t he  
s to rage  tank  and t he  c a v i t y  d u r i n g  t he  process. Flow r a t e  i s  60 I /min.  
E l e c t r i c  vo l tage o f  about 25 v o l t s  i s  suppl ied con t i nuous l y  t o  keep optimum 
cur ren t  dens i t y  a t  about 50 m~/cm2, and temperature i s  kept a t  -30 "C  dur ing 
po l i sh ing .  This process i s  done r o t a t i n g  the c a v i t y  a t  0.4-1 rpm. 

The t h i c k n e s s  o f  removed l a y e r  i s  es t imated  f rom t o t a l  c u r r e n t  and 
measured by u l t r a s o n i c  t h i ckness  gauge. Typ i ca l l y  the layer  o f  120 f i m  was 
removed a t  i r i s e s  and 60 f i m  a t  the equator. 

A f t e r  f i n a l  EP, the c a v i t y  i s  r insed w i t h  pure water (10 MSZ*cm a t  the 
i n l e t )  and dipped i n t o  u l t r a s o n i c  bath f o r  30 minutes. Th is  U.S.B. r i n s i n g  
i s  repeated several times. F i n a l l y ,  a l l  po r t s  and beampipes o f  the c a v i t y  are 
sealed w i t h  cleaned b l i n d  f langes, and the u l t r a  pure water r i ns i ngs  are made. 
The cav i t y  i S opened and assembled i n a c lean room ( c l  ass 100). 
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For surface treatment o f  MR c a v i t i e s ,  30 minutes H202 r i n s i n g  i n  an 
u l t rason ic  bath has been adopted t o  MR 5-cel l cav i t i es  because o f  the f o l  low- 
ing resu l ts  o f  surface measurements o f  Nb tes t  pieces. 

According t o  the X-ray and Auger e lectron spectroscopy analyses on the 
Nb surfaces treated by EP, CP, OP and H202 r i ns i rigs), a stable and dense Nb2O5 
layer of about 3 0 i  i s  formed on the Nb surface and t h i s  layer can be a protec- 
t i v e  f i l m  which covers the  ac t ive  Nb surface since no addi t ional  adsorptions 
are detected a f t e r  exposing t o  the a i r  f o r  24 hours. 

3-4. Vacuum heat treatment 

Af te r  EP I, cav i t i es  a re  annealed i n  a vacuum furnace i n  order  t.o be 
degassed and t o  reduce the s t r a i n  received a t  welding. The cav i t y  i s  set i n  a 
T i  box and annealed a t  700 "C (900 "C f o r  AR) f o r  90 minutes. Vacuum pressure 
a t  t h a t  temperature i s  5-1 X 1 0 - ~  Torr. Typical spectrum o f  p a r t i a l  pres- 
sures i s  shown i n  Fig. 4. 

The RRR of samples before and a f t e r  annealing AR c a v i t i e s  were compared 
and no change o f  RRR was found. 

For the sake of  select ion the annealing terperature, some sample tes t  i s  
performed. The samples were removed o f  90 f i  m by EP and CP, r espec t i ve l y .  
The d i f ference of  the amount of  hydrogen gas from samples were compared (Fig. 
5). Though the gas i s  more adsorbed by EP than by CP, i t  can be reduced by 
anneal ing a t  temperature higher than 600 "C. 

Before f i n a l  EP, pre-tuning i s  performed t o  the cav i t y  i n  order t o  cor-  
rec t  the resonant frequency and the f i e l d  p r o f i l e  o f  accelerat ion mode. This 
correct ion i s  at ta ined by deforming the cav i t y  length i ne las t i ca l l y .  

The tuning system i s  shown i n  Figs. 6 and 7. Main parameters f o r  c a l -  
cu la t ion  o f  deforming quant i ty  are as fol lows. 

Table 3. Main parameters f o r  ca lcu la t ion  of  tuning 

Coup1 i ng k/2 0.00773 
Sens i t i v i t y  o f  each c e l l  450 kHz/mm 
Temperature dependence T-273K 3.9 kHz/K 

273K-4.2K 655 kHz 
Target frequency a t  4.2 K 508.16 MHz 

The cav i ty  i s  hung up w i th  three spr ings  and evacuated ( - 1  Tor r )  f o r  
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p r e - t u n i n g  i n  o r d e r  t o  reduce disturbance f ac to r s  such as f r i c t i o n ,  deforma- 
t i o n  caused by evacuation and so on. 

F i e l d  p r o f i l e s  o f  n-mode before and a f t e r  the p r e - t u n i n g  a r e  shown i n  
t a b l e  4 and F i g . ' 8 .  The p r o f i l e s  i n  lengthening the c a v i t y  up t o  4 mm were 
a lso measured, bu t  l i t t l e  change was observed. To g e t  f i n a l  p r o f i l e ,  each 
c e l l  needed a few times o f  deformation. F i e l d  i r r e g u l a r i t y  o f  +20 % t h a t  the 
fabr i ca ted  c a v i t y  has cou I d  be reduced t o  + l % by t h i s  system. 

Table 4. F i e l d  r a t i o  o f  MR l a  and l b .  
P- - 

Ce l l  No. expected Meas.Freq. a t  
MR-  l a  1 2 3 4 5 f req.  a t  4.2K v e r t i c a l  t e s t  

- -- 

before tun ing 0.884 0.937 0.958 1.137 1.062 508.34 MHz 

a f t e r  tun ing 0.991 0.996 1.000 1.004 1.008 508.16 508.26 MHz 
lengthening 1.000 1.006 0.996 1.002 0.995 508.49 

by 4mm 
- 

Ce l l  No. expected Meas. Freq.at 
MR-lb 1 2 3 4 5 f req .  a t  4.2K v e r t i c a l  t e s t  

b e f o r e t u n i n g  1.197 1.136 0.908 0.901 0.880 508.53MHz 
a f t e r  tun ing 1.000 0.995 0.999 0.997 1.010 508.15 508.27 MHz 

The resonant frequency o f  f l a t -  n -mode could be ad jus ted  t o  t h e  t a r g e t  
f requency w i t h i n  10 kHz. There was, however, some d i f f e rence  between t a rge t  
frequency and the measured one a t  co ld  t es t .  Th is  i s  understood as f o l l o w s ;  
the c a v i t y  was hung v e r t i c a l  l y  i n  a cryosta t and accepted g r a v i t y  and buoyancy 
from LHe. This e f f e c t s  was estimated t o  r a i s e  t h e  resonant  f requency by 80 
kHz u s i n g  measured e l a s t i c  cons tan t  o f  t h e  c a v i t y  (-100 kg/mm). For t h i s  
reason the d i f f e rence  between expected resonant frequency and measured one i s  
concluded t o  be about 40 kHz. 

Length o f  t he  c a v i t y  was measured a f t e r  pre-tuning. MR-la, MR-lb are 
both shor te r  by 7 mm than designed va lue  a t  t he  o p e r a t i o n  f requency.  Th i s  
problem w i l l  be solved by tr imming h a l f  c e l l s  longer than the present s ize.  

4. Cold t e s t  

The r e s u l t s  of these c a v i t i e s  a r e  summarized i n  Table 5 and i n  Fig.9 
t yp i ca l  f i e l d  dependence o f  Q-value i s  shown. 

The Q - v a l u e s  of over  3x109 were ob ta i ned  f o r  a l l  r ecen t  c a v i t i e s  a t  
f i r s t  cool down tes t .  The best value o f  3 .8~109 was obtained a t  2nd t e s t  o f  
A R - 2  a f t e r  warming up and baking again. 
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Maximum Eacc o f  9.7 MV/m was obtained f o r  MR-la wi thout  any processing. 
The Q-va lue a t  t h i s  l e v e l  s t i  l l kep t  1.8~109, al though emi t ted e l ec t ron  was 
observed. This e l ec t ron  cu r ren t  o f  60 nA was measured a t  t h i s  f i e l d  leve l  by 
p ick  up antenna which was s e t  on a beampipe f lange and suppl ied vo l tage o f  230 
v. 

Fowler-Nordheim p l o t  on the e l ec t ron  cur ren t  i s  shown i n  Fig.10. Though 
maximum f i e l d  l e v e l  o f  AR-1 was l i m i t e d  by breakdown, t h a t  o f  t he  o t h e r  
c a v i t i e s  by e l ec t ron  loading. 

The degradation o f  Q0 caused by e l ec t ron  loading seems t o  be due t o  the 
contaminants  i n  t h e  a c i d  used f o r  s u r f a c e  t rea tment .  These c a v i t i e s  a r e  
e l e c t r o p o l  ished w i t h  t he  same a c i d  t h a t  had been s to raged i n  a tank and 
re f reshed  severa l  t imes by add ing  HSOQF and H20. On t he  o t h e r  hand, MR 
c a v i t i e s  were t r e a t e d  w i t h  f r e s h  s o l u t i o n  a t  t h e  f i n a l  EP. T h i s  repeated 
employment o f  the s o l u t i o n  might have ra ised up the number o f  contaminants. 

Helium processing was t r i e d  t o  two s i n g l e  c e l l  c a v i t i e s  ( MR t es t ] ,  MR- 
tes t2)  which were made by the same way as MR 5 - c e l  l cav i t i e s .  Two hours o f  
processing had almost no e f f e c t  and the Q0 a t  low leve l  ra ther  damped by 10%. 

The maximum Eacc o f  9.7 M V / m  was ob ta ined  f o r  t he  f i r s t  TRISTAN MR 
cav i t y .  The Q0 a t  t h i s  f i e l d  leve l  was 1.8~109. The performance o f  the other  
MR c a v i t y  exceeded the des i red Q0 and Eacc s u f f i c i e n t l y .  

A l l  MR c a v i t i e s  which have been fabr i ca ted  a t  the r a t e  o f  two 5 - c e l l s  a 
month are going on, they a re  t o  be measured i n  a v e r t i c a l  c r yos ta t  before i n -  
s t a l  l i n g  t o  the  h o r i z o n t a l  c ryostats .  The operat ion o f  the f i r s t  s i x teen  5- 
ct.1 I s  are scheduled i n  next  Autumn. 

The authors would l i k e  t o  thank Profs.  T.Nishikawa, S.Ozaki and 
Y .  K imura f o r  the i  r cont i nuous encouragements and SC cryogenic group f o r  the i  r 
he l ium supp ly  and t e c h n i c a l  support. The authors a l so  wishes t o  thank Akai, 
Arinaga, To.Suzuki, H.Miwa and Ta.Suzuki f o r  t h e i r  he lp  i n  the experiments. 
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Year 
Fig .  1. Maximum Eacc a t  the f i r s t  co ld  t e s t  o f  500 MHz m u l t i - c e l l  c a v i t i e s  i n  

KEK. 

!- 190J 289.9 1 -  294.7 -! 294.7 1 294.7 -1. 289.9 L-2996 
-l 

l- -.. - - -  1953.5 - _.- - -1 

I 

Fig. 2. The shape of 5 - c e l l  c a v i t y  f o r  TRISTAN Main Ring i n  KEK. 
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Fig. 3. The layout  o f  e l ec t ropo l i sh ing  system. 

Fig.  4. Typical  gas spectrum i n  the furnace a t  the pressure o f  5 X 10'5 Torr.  
The anneal i ng cond i t ions  were 700 " C  and 90 minutes. 
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Temp. 
I I computer I 

Fig.  7. The scheme o f  p re - tun ing  system. 

I 
Before pre-tuning 

After pre-tuning 

Position along the beam line 

Fig.  8. F i e l d  p r o f i l e  before and a f t e r  pre-tuning. 

Proceedings of The Third Workshop on RF Superconductivity, Argonne National Laboratory, Illinois, USA

SRF87A06



Proceedings of The Third Workshop on RF Superconductivity, Argonne National Laboratory, Illinois, USA

SRF87A06



ds3/al s 'z  

Proceedings of The Third Workshop on RF Superconductivity, Argonne National Laboratory, Illinois, USA

SRF87A06


