
FABRICATION TECHNIQUE OF ACS CAVITY FDR THE JHP

K. Y a m a s u ， T. I w a t a  a n d  M. H a m a o k a  

M i t s u b i s h i  H e a v y  I n d u s t r i e s • し t d L M i h a r a  W o r k s  

I t o z a k i — c h o  5 0 0 7 ,  Mi h a  r a  — s h i  . H i r o s h i m a  — k e n  , 7 2 9  — 0 3 ，J a p a n

T. K a g e y a n m ,  Y. Y a m a z a k i ,  Y. M o  r o z uin i a n d  K. Y o s h i n o  

K E K , N a t i o n a l  L a b o r a t o r y  f o r  H i g h  E n e r g y  P h y s i c s  

O h o  1 — 1 ，T s u k u b a  — s h i ， I b a r a k i — k e n ，305, J a p a n

Abstract

A h ig h - p o w e r  mode l  o f  th e  ACS (A n n u l a r  C oup le d  S t r u c t u r e )  c a v i t y  h a s  been f a b r i c a t e d  and  tu n ed  to  an  

o p e r a t i n g  f r e q u e n c y  o f  1296 MHz f o r  th e  JHP ( J a p a n e s e  Hadron  P r o j e c t ) .  The n o se  cone  r e g i o n  i s  c o o l e d  by 

w a t e r  f l o w i n g  t h r o u g h  c h a n n e l s  i n  th e  se p tum  i n  o r d e r  to  m a tch  th e  h i g h - d u t y  o p e r a t i o n .

Some d e t a i l s  a r e  d e s c r i b e d  f o r  m a c h i n i n g  h ig h -Q ， u l t r a - p r e c i s i o n  c a v i t y  s e gm en ts  i n c l u d i n g  c o u p l i n g  s l o t s .  

D e t a i l e d  t u n i n g  p r o c e d u r e s  an d  b r a z i n g  t e c h n i q u e s  a r e  a l s o  p r e s e n t e d .

大 型 ノ 、 ド a ン 言 十 画 A C  S 型 空 r同 の 試 作  

Introduction

A h i g h - p o w e r  mode l ( s e e  F i g . 1 ) c o n s i s t i n g  o f  two a c c e l e r a t o r  t a n k s  ( e a c h  0 . 5m lo n g ,  0. 4 m d i a .  w i t h  

5 a c c e l e r a t i n g  c a v i t i e s )  w i t h  a  b r i d g e  c o u p l e r  i n  th e  c e n t e r  o f  e a c h  h a s  been f a b r i c a t e d  r e c e n t l y .  

C o n s i d e r a b l e  d e v e lo p m e n t  w o rk  h a s  b e i n g  c a r r i e d  o u t  on th e  d e s i g n  an d  f a b r i c a t i o n  o f  1296 MHz ACS 

r e s u l t i n g  i n  th e  e s t a b l i s h m e n t  o f  f a b r i c a t i o n  c r i t e r i a  an d  p r o c e d u r e s .

R ece n t  m e a s u re m en t s  h av e  shown t h a t  p o t e n t i a l  

a d v a n t a g e  o f  t h e  a x i a l l y  s y m m e t r i c  s t r u c t u r e  o f  t h e  ACS w i l l  

c o m pen sa te  o n l y  5 〜 10% i n f e r i o r i t y  o f  th e  q u a l i t y  f a c t o r  o f  

ACS to  t h a t  o f  s i d e - c o u p l e d  s t r u c u r e .

I t s  h i g h  s t a b i l i t y  and  e a s e  o f  f a b r i c a t i o n  make i t  an  

a t t r a c t i v e  a l t e r n a t e .

Some o f  th e  t e c h n i q u e s  d e v e l o p e d  f o r  s i d e - c o u p l e d  

s t r u c t u r e s  w e r e  a p p l i e d  to  th e  ACS v e r y  u s e f u l l y .

S t r u c t u r a l  d i f f e r e n c e s  n e c e s s i t a t e  more d e v e lo p m e n t  w o rk  

to  e s t a b l i s h  e c o n o m ic a l  a n d  s u i t a b l e  f a b r i c a t i o n  

p r o c e d u r e s  h e r e a f t e r .

F i g . 1 A n n u l a r  c o u p l e d  s t r u c t u r e



D e s i g n ,  F a b r  i  c a  t  i  o n , a n d  T u n i n g

Design

The m a j o r  d e s i g n  f e a t u r e  i s  i n  th e  ACS ( s e e  F i g . 2 ) ， w h i c h  h a s  h a l f  an  a c c e l e r a t i n g  c e l l ,  h a l f  a  

c o u p l i n g  c e l l  a n d  th e  c o o l i n g ,  vacuum  c h a n n e l s  a l l  m a c h in e d  i n t o  t h e  same segm ent ,  m i n i m i z i n g  t h e  number 

o f  b r a z i n g  o p e r a t i o n s .

A c o o l i n g  w a t e r  s y s t e m  ( 5 i / m i n . / c e l l )  r em oves  th e  h e a t  l o s s  (1 k W / c e l l ) ， and  i t  c o n t r o l s  th e  

a v e r a g e  c a v i t y  t e m p e r a t u r e  to  w i t h i n  ± 0 . 4  °C.

C a r e f u l  d e s i g n  o f  t h e s e  p a r a l l e 卜 p a t h  c h a n n e l s  m i n im i z e s  th e  p r e s s u r e  d r o p  an d  th e  number o f  t u b e  

f i t t i n g s ,  c o n s i s t e n t  w i t h  m a i n t a i n i n g  vacuum  i n t e g r i t y  an d  c a v i t y  sh ape .

The n o se  cone  r e g i o n  i s  c o o l e d  by w a t e r  f l o w i n g  t h r o u g h  c h a n n e l s  i n  th e  s e p tum  i n  o r d e r  to  m a tch  th e  

h i g h - d u t y  o p e r a t i o n .

The t h i c k e r  w a l l  b e tw een  th e  a c c e l e r a t i n g  c a v i t y  an d  c o u p l i n g  c a v i t y  i s  u s ed  f o r  d r i l l i n g  c o o l i n g  

c h a n n e l s  i n  i t  to  c o n d u c t  w a t e r  n e a r  th e  nose .

The c o u p l i n g  f a c t o r  d ep en d s  on th e  a r c  l e n g t h  o f  t h e  c o u p l i n g  s l o t  an d  the  w a l l  t h i c k n e s s  b e tw een  the  

c o u p l i n g  c e l l  a nd  the  a c c e l e r a t i n g  c e l l .

The t h i c k e r  w a l l  r e d u c e s  th e  c o u p l i n g ,  t h e r e f o r e  th e  b o th  e d g e s  o f  t h e  c o u p l i n g  a r c  i s  t a p e r - b o r e d  f r o m  

th e  c o u p l i n g  c e l l  s i d e  to  i n c r e a s e  th e  c o u p l i n g .

Machining

F a b r i c a t i o n  b e g i n s  w i t h  a  f o r g i n g  f r o m  c a s t  m a t e r i a l  to  t h e  r e q u i r e d  a c c e l e r a t i n g  c a v i t y  p r o f i l e .  

The f o r g e d  s e gm en ts  a r e  r o u g h  m a c h in e d  ; o n e - h a l f  a n  a c c e l e r a t i n g  c e l l  i s  m a c h in e d  i n t o  one  s i d e  o f  e a c h  

segm ent ,  an d  o n e - h a l f  a  c o u p l i n g  c e l l  a n d  t h e  vacuum c h a n n e l s  a r e  m a c h in e d  i n t o  th e  o t h e r  s i d e .

The r o u g h - m a c h in e d  h a l f - c e l l  b o d i e s  a r e  a n n e a l e d  to  remove  r e s i d u a l  s t r e s s e s  b e f o r e  f i n i s h  m a c h i n i n g .

The a n n e a l e d ,  r o u g h -m ac h in e d ,  h a l f - c e l l  b o d i e s  a r e  

f i n i s h  m a c h in e d  ; The c o o l i n g  w a t e r  p a s s a g e s  a r e  

m a c h in e d  i n t o  th e  b o th  s i d e s  and  th e  f o u r - c o u p l i n g  

s l o t s ， d i m p l i n g  h o l e s  a r e  f i n i s h  m a ch in ed .

Next,  u l t r a - p r e c i s i o n  m a c h i n i n g  f o r  a l l  i n t e r n a l  a nd  

b r a z i n g  s u r f a c e  i s  p e r fo r m e d  ( s e e  F i g . 2 ) .

A c u t t i n g  t o o l  o f  n a t u r a l  d i am ond  was  u s e d  f o r  

a l l  c a v i t y  f i n i s h  m a c h in i n g .

A s p e c i a l  f i x t u r i n g  t o o l  f o r  m a c h i n i n g  w as  d e v e l o p e d  

b e c a u s e  th e  e x t r e m e l y  s o f t  c o p p e r  e a s i l y  d e f o rm s  when 

c lam ped .

I t  w a s  e s t a b l i s h e d  t h a t  p r o f i l e s  c o u l d  be m a c h in e d  

w i t h  a  s u r f a c e  f i n i s h  o f  0 . 1 - 0 . 2  //m Rmax ( p e a k  to  

v a l l e y )  to  d im e n s i o n a l  t o l e r a n c e s  o f  士 5 jum.

W h i l e  p l a n e  s u r f a c e  to  be b r a z e d  was  f l a t  w i t h i n

10 " m  a f t e r  p r e - b r a z e  t u n i n g .  , r
F ig .  2 ACS h a l f - c e l l  s h o w in g  b o th  s i d e s  o f

t h e  f i n a l  m a c h in e d  c a v i t y .



Measurement on a single cell with no coupling slots was done to evaluate the effect of surface finish.

T h i s  s u r f a c e  f i n i s h  w as  s u f f i c i e n t  t h a t  th e  m e a s u re d  Q w as  96 % o f  t h e o r e t i c a l .

Pre-braze tuning

The t u n i n g  m e thod  u sed  f o r  th e  a c c e l e r a t i n g  c e l l s  i s  t o  p r o g r e s s i v e l y  m a c h in e  down th e  n o se  

c o n t o u r s  o f  e a c h  h a l f - c e l l  r a i s i n g  th e  f r e g u e n c y  to  th e  d e s i r e d  v a l u e ,  o r  s l o w l y  remove  t h e  c e l l  

o u t e r m o s t  c i r c u m f e r e n t i a l  r i d g e  p r e p a r e d  to  l o w e r  th e  f r e q u e n c y .

Depth  o f  e a c h  s u c c e e d i n g  t u n i n g  c u t  i s  d e t e r m i n e d  by m e a s u r i n g  t h e  r f  f r e q u e n c y  o f  t h e  h a l f - c e l l  b a s e d  

on p r e v i o u s  d a t a ,  an  e s t im a t e  i s  made o f  how much more  m a t e r i a l  must  be rem oved  to  s h i f t  t h e  f r e q u e n c y  

to  th e  r e q u i r e d  v a l u e .

S i m i l a r l y ,  t h e  c o u p l i n g  h a l f - c e l l s  a r e  t u n e d  by 

r e m o v in g  m a t e r i a l  f r o m  th e  c e l l  c e n t e r  gap.

A l l  c a v i t i e s  th en  h av e  t h e i r  p r o f i l e  m a c h in e d  

u n t i l  t h e i r  r e s o n a n t  f r e q u e n c y  i s  w i t h i n  100 KHz 

o f  t h e  d e s i r e d  f r e q u e n c y .

Brazi ng

P a r t i c u l a r l y ,  f i n a l  s t e p  i s  t a k e n  to  m i n im i z e  

th e  b l u s h i n g  an d  r u n  o f f  w i t h  f i l l e t i n g  on th e  

i n t e r i o r  s u r f a c e  by k e e p i n g  th e  f o i l  t h i c k n e s s  t h i n  

an d  p r o v i d i n g  a  b a s e  m e t a l  b r a z i n g  s u r f a c e  f l a t .

F ig .  3 show s  one o f  th e  c o m p le t e  t a n k  s e c t i o n s  

a r r a n g e d  f o r  th e  f i n a l  s t e p  b r a z e .

F ig .  3 ACS s t a c k  a r r a n g e d  f o r  th e  b r a z e

Fina 1 t un ing

th e  f r e q u e n c y  o f  e a c h  c e l l ,  

r a i s i n g  th e  f r e q u e n c y  o f  e a c h  c e l l  an

F i n a l  a c c e l e r a t o r  t u n i n g  i s  done  by f i r s t  m e a s u r i n g  

The a c c e l e r a t i n g  an d  c o u p l i n g  c e l l s  can  th e n  be tu n e d  by 

a p p r o p r i a t e  amount  by d e f o r m i n g  th e  o u t e r  c a v i t y  w a l l .

T h i s  d e f o r m a t i o n  i s  a c c o m p l i s h e d  by d i m p l i n g  th e  c o p p e r  a t  th e  b o t to m  o f  a  h o l e  to  a  d e p t h  n e a r  th e  

i n t e r i o r  s u r f a c e  o f  t h e  c a v i t y .

F i r s t  s t e p  h a s  

D ev e lo pm en t  w o rk  on 

o f  s t r u c t u r e .

Conclusions

been  made to  f a b r i c a t e  th e  ACS.

ACS h a s  l e d  to  r e l i a b l e  p r o d u c t i o n  t e c h n i q u e s  w h i c h  may be u s e f u l  f o r  o t h e r  t y p e s
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