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ABSTRACT 

A vacuum sys t em o f  t h e  8 GeV s t o r a g e  r i n g ,  
which i s  p l a n n e d  by R L K E N - J A E R I  SRF d e s i g n  team 
, i s  p r e s e n t e d .  The vacuum sys t em is d e s i g n e d  
s o  as t o  m a i n t a i n  t h e  beam-on o p e r a t i n g  p r e s -  
s u r e  of  1 nTor r  o r  l e s s  t o  a c h i e v e  an  e l e c t r o n  
( o r  p o s i t r o n )  beam l i f e  o f  a p p r o x i m a t e l y  24 
h o u r s .  We p u t  s p e c i a l  emphas i s ,  i n  t h i s  r e p o r t ,  
on t h e  v a r i o u s  vacuum chamber componen t s , f l ex -  
i b l e  vacuum chamber f o r  a i n s e r t i o n  d e v i c e  w i t h  
a RF c o n t a c t .  A s t r e s s  a n a l y s i s  o f  t h e  chamber 
, and c r o t c h  t o g e t h e r  w i t h  t h e r m a l  a n a l y s i s  a r e  
d i s c u s s e d .  

1. I N T R O D U C T I O N  

The 8 GeV s t o r a g e  r i n g  i s  a h i g h l y  b r i l l i a n t  
s y n c h r o t r o n  r a d i a t i o n  s o u r c e  which i s  p r e s e n t l y  
unde r  c o n c e p t u a l  d e s i g n ,  and s c h e d u l e d  f o r  
i n i t i a l  o p e r a t i o n  i n  1995.  The vacuum sys t em 
forms a p p r o x i m a t e l y  a 455 m-diameter r i n g ,  and 
c o n s i s t s  of  t w o  d i f f e r e n t  shaped  aluminum a l l o y  
chamber e x t r u s i o n s ,  two t y p e s  o f  a b s o r b e r s , a n d  
t h e  v a r i o u s  chamber components.  

l y  24 h o u r s ,  t h e  vacuum chamber w i t h  i t s  pump- 
i n g  sys t em i s  d e s i g n e d  s o  as t o  m a i n t a i n  t h e  
beam-on p r e s s u r e  o f  1 nTor r  o r  l e s s .  

The main pumping sys t em i s  based  on t h e  non 
e v a p o r a b l e  g e t t e r  ( N E G )  s t r i p s ,  i n s t a l l e d  i n  
t h e  an techamber  which r u n s  a l o n g  a lmos t  o f  t h e  
s t r a i g h t  s e c t i o n  chamber,  and a d i s t r i b u t e d  i o n  
pump (DIP)  i n  t h e  bend ing  magnet chamber.Lumped 
NEG pump, s p u t t e r  i o n  pump(SIP1 and  t i t a n i u m  
s u b l i m a t i o n  pump(TSP) a r e  u s e d  a t  t h e  c r o t c h  
and a b s o r b e r  l o c a t i o n s .  

beam c u r r e n t  depends  g r e a t l y  on t h e  impedance 
o f  t h e  vacuum chamber and i t s  components,  and 
RF c a v i t i e s .  A s p e c i a l  e f f o r t  must b e  g i v e n  t o  
minimize t h e i r  impedance c h a r a c t e r i s t i c s .  
T h e r e f o r e ,  we d e s i g n e d  s o  as t o  a v o i d  a s  much 
a s  p o s s i b l y  any change i n  t h e  c r o s s  s e c t i o n  
of t h e  chamber,  i n c l u d i n g  i t s  vacuum chamber 
components . 
s t a t u s  o f  deve lopmen t ,  i n c l u d i n g  vacuum chamber 
components.  

To a c h i e v e  t h e  beam l i f e t i m e  o f  approximate-  

I n  t h e  s t o r a g e  r i n g ,  t h e  maximum a c h i e v a b l e  

We r e p o r t  t h e  vacuum sys t em and  i t s  c u r r e n t  

2. VACUUM CHAMBER 

A c r o s s -  s e c t i o n a l  view o f  t h e  vacuum cham- 
b e r  f o r  t h e  s t r a i g h t  s e c t i o n s  i s  shown i n  F ig .  
1. The aluminum a l loy(A6063-T6)  chamber e x t r u -  
s i o n  c o n s i s t s  o f  an e l e c t r o n  beam chamber and 
a s l o t - i s o l a t e d  an techamber  i n  which NEG s t r i p s  
a r e  i n s t a l l e d .  SR i s  a lmos t  i n t e r c e p t e d  by 
c r o t c h e s  and a b s o r b e r s  p l a c e d  j u s t  downstream 
and ups t r eam o f  a bend ing  magnet,  and i s  de- 
s i g n e d  so  as n o t  t o  i n t e r c e p t  w i t h  t h e  vacuum 
chamber a l l  a round t h e  s t o r a g e  r i n g .  

2 .1  Bakeout and Coo l ing  
To a c h i e v e  t h e  t e m p e r a t u r e  f o r  t h e  N E G  ac-  

t i v a t i o n ,  a h e a t i n g  c u r r e n t  o f  60 A i s  r e q u i r e d  

* On l e a v e  from Resea rch  I n s t i t u t e  o f  I n d u s t r i a l  
S c i e n c e  and Technology,  Korea 
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F i g u r e  1 . C r o s s - s e c t i o n a l  view o f  t h e  
vacuum chamber f o r  t h e  s t r a i g h t  s e c t i o n .  

and t h e  c o r r e s p o n d i n g  power d i s s i p a t i o n  i s  
4 mX345 W/m(=1380 W ) .  T h i s  t h e r m a l  l o a d  can  
be  e a s i l y  removed by t h e  w a t e r  c o o l i n g  sys -  
tem, which i s  d e s i g n e d  f o r  l o a d  up t o  5 kW/m. 
T h i s  can be a c h i e v e d  by f l o w i n g  w a t e r  a t  
abou t  2 m / s  i n  two c h a n n e l s  o f  10"-diameter. 

s e r t i n g  f l e x i b l e  s h e a t h e d  h e a t e r s  i n  t h r e e  
c h a n n e l s ,  which can b r i n g  t h e  chamber tem- 
p e r a t u r e  up t o  150  'C. The chamber i s  t h e r -  
m a l l y  i n s u l a t e d  w i t h  kap ton  f i l m s  t o  r educe  
h e a t  l o s s e s .  The chamber components such  a s  
gauge ,  v a l v e ,  'be l lows  and RF c a v i t y  a r e  baked 
u s i n g  e l e c t r i c a l  h e a t i n g  t a p e s .  

2.2 S t r e s s  A n a l y s i s  o f  t h e  Vacuum Chamber 
The vacuum chamber must be  d e s i g n e d  s o  a s  

t o  s t a n d  t h e  p r e s s u r e  d i f f e r e n c e  be tween on 
one s i d e  t h e  a t m o s p h e r i c  p r e s s u r e  and on t h e  
o t h e r  vacuum. To check  t h i s ,  we a n a l y z e d  a 
s t r e s s  of t h e  yacuum chamber,  and i t s  c a l c u -  
l a t i o n  T e s u l t  i s  shown i n  F ig .2 .  From t h i s  
f i g u r e ,  i t  can  b e  s e e n  t h a t  t h e  maximum d i s -  
p lacement  i s  0.45 mm a t  t h e  s l o t ,  and t h e  
maximum s t r e s s  i s  2.6 kg/mm . The v a l u e  o f  
stress is  l e s s  t h a n  an a l l o w a b l e  s t r e s s  o f  
6.8 kg/mm2 f o r  t h e  aluminum a l l o y  t o  be  used  
a s  chamber m a t e r i a l .  Thus ,  t h e  vacuum chamber 
w i l l  be 

Bakeout of t h e  chamber i s  a c h i e v e d  by  i n -  

2 
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w i t  h s  t anded 
t h e  p r e s s u r e  .2.8 

d i  f f i r e n c e  
between t h e  

6 -i:i 
(4) -1.8 

a t  mo sphe  r i  c 
p r e s s u r e  and 
t h e  vacuum. (,) 

However, t h e  
d i sp lacemen t  
i s  i a r g e r  
t h a n  t h e  
mount ing  

a c c u r a c y  o f  
0.1 mm Yequi red  f o r  beam p o s i t i o n  m o n i t o r s ( B  
PM). To r e d u c e  t h e  d i s p l a c e m e n t ,  we a r e  
c o n s i d e r i n g  a s p e c i a l  BPM chamber o f  a l a r g e r  
w a l l  t h i c k n e s s  t h a n  t h a t  o f  a p r e s e n t  chamber 

F i g u r e  2. C a l c u l a t i o n  r e s u l t s  
o f  s t r e s s  a n a l y s i s  
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3. CROTCH AND THERMAL ANALYSIS c o o l i n g  w a l l  b e c a u s e  t h e  t e m p e r a t u r e  o f  
bo i l l ’ng  po2nt  for t h e  w a t e r  p r e s s u r e  of  4 
kg/cm2 a b s o l u t e ,  which we s e t  i n  t h i s  c a l c u -  
l a t i o n ,  is 143 ‘C. However, 157 O C  o f  t h e  

The SR-induced g a s  l o a d  d i s t r i b u t i o n  i s  
ma in ly  b a s e d  on t h e  p e r c e n t a g e  o f  t h e  SR 
i n t e r c e p t e d  by t h e  c r o t c h  ( C r )  and a b s o r b e r (  c o o l i n g  w a l l  t e m p e r a t u r e  i s  l e s s  t h a n  1 6 7 ’ ~  
Ab) p l a c e d  j u s t  downstream and ups t r eam o f  of  t h a t  c o r r e s p o n d i n g  t o  b u r n o u t .  
t h e  bend ing  magnet from where pho tons  are 
p roduced .  A schemat i c  d i ag ram o f  one c e l l  
i n c l u d i n g  Cr,Ab and t h e  chamber components i s  
shown i n  F ig .3 .  

3S.c 
2W.c 

0 

F i g u r e  5 C a l c u l a t e d  t e m p e r a t u r e  
d i s t r i b u t i o n s  f o r  a b s o r b e r  1 

4. CHAMBER COMPONENTS 

I n  t h e  d e s i g n  o f  chamber components 
, s p e c i a l  e f f o r t  must be  g i v e n  t o  
minimize  t h e i r  impedance c h a r a t e r i s t c s  
because  i n  t h e  s t o r a g e  r i n g ,  t h e  
maximum a c h i e v a b l e  beam c u r r e n t  

F i g u r e  3. Schemat ic  d iagram o f  one c e l l  

Our c r o t c h ,  which i s  shown i n  F i g . 4 ,  
c o n s i s t s  o f  two wa te r - coo led  c o p p e r ( 0 F ~ C )  
a b s o r b e r s  which g e t  t h e r m a l  l o a d  from t h e  S R ,  
and h i g h l y  c o n c e n t r a t e d  pumps as shown i n  
t h i s  f i g u r e .  T h i s  c r o t c h  i s  d e s i g n e d  s o  as 1) 
t o  t r a p  r e f l e c t e d  pho tons  and t h e i r  a s s o c i a t e d  
p h o t o - e l e c t r o n s ,  and r e l e a s e d  g a s  m o l e c u l e s ,  
and 2 )  t o  r educe  RF impedance, i n t r o d u c e d  
owing t o  t h e  c r o t c h ,  by means o f  smooth ing  
t h e  T l e c t r o n  beam chamber s i d e  o f  t h e  t r a p p i n g  
room i n c l u d i n g  t h e  a b s o r b e r  1. 

A body o f  t h e  
c r o t c h  i s  a l s o  made 
o f  coppe r  because  
i t s  p h o t o - e l e c t r o n  
y i e l d  unde r  SR 
i r r a d i a t i o n  i s  
l ower  compared t o  
t h a t  from o t h e r  
m a t e r i a l s .  A f l a n g e  
a t  t h e  c r o t c h  i s  
made o f  an aluminum 
a l l o y - p u r e  aluminum 

( b y  e x p l o s i o n  
method or b o n d i n g ) .  

-copper  c l a d  p l a t e  arurl’ c(-url I 

F i g u r e  4. I s o m e t r i c  view 
of t h e  c r o t c h  

Thermal a n a l y s i s  w a s  pe r fo rmed  i n  t h r e e  
d imens ions  f o r  a b s o r b e r  l a n d  i n  two d imens ions  

f o r  a b s o r b e r  2 because  o f  t h e  i n h e r e n t  geometry 
o f  t h e  t h e r m a l  p r o b l e m . D e t a i l s  o f  t c a l c u -  
l a t i o n  h a s  been  d e s c r i b e d  e l sewhereP7 .  The 
c a l c u l a t i o n  r e s u l t s  f o r  t h e  a b s o r b e r  l ( n o  e 
t h a t  maximum SR power d e n s i t y  i s  26 kW/cm ) 
a r e  shown i n  Fig.5.  The maximum t e m p e r a t u r e s  
on t h e  s u r f a c e  where t h e  SR i r r a d i a t e s ,  a r e  
397 O C  f o r  t h e  a b s o r b e r  1 , a n d  356 ‘C f o r  t h e  
a b s o r b e r  2 , n o t  shown h e r e .  The maximum tem- 
e r a t u r e s  on t h e  c o o l i n g  w a l l  a r e  157 ‘C for 
t h e  a b s o r b e r  1 and 117 ‘C f o r  t h e  a b s o r b e r  2. 
T h i s  means t h a t  i n  c a s e  o f  t h e  a b s o r b e r  l , a  
n u c l e a t e  b o i l i n g  o c c u r s  a t  a p a r t  o f  t h e  

3 

depends  g r e a t l y  on t h e i r  impedance. 

4 . 1  Bel lows  w i t h  RF Con tac t  

shown i n  F i g . 6 ,  i s  t h a t  t h e  RF c o n t a c t  
i s  f i x e d  a t  t h e  b o t h  ends  o f  f l a n g e s  or 
chambers by s p o t  we ld ing .  Thereby ,  we can g e t  
an e l e c t r i c a l  c o n n e c t i o n  between t h e  RF c o n t -  
a c t  and f l a n g e  o r  chamber. I n  t h e  RF c o n t a c t s  
p roposed  s o  f a r ,  t h e i r  e l e c t r i c a l  c o n n e c t i o n  
i s  n o t  c l e a r  b e c a u s e  s l i d e r  f i n g e r s  a t  t h e  
RF c o n t a c t  a r e  used .  

On t h e  o t h e r  hand ,  o u r  RF c o n t a c t  i s  
s w e l l e d  s l i g h t l y  i n  t h e  midd le  a t  t h e  i n i t i a l  
s t a t e  and as t h e  b e l l o w s  i s  c o n t r a c t e d ,  t h e  
RF c o n t a c t  i s  a l s o  c o n t r a c t e d  w h i l e  s w e l l i n g .  
I n  t h e  c a s e  t h a t  t h e  b e l l o w s  expands ,  t h e  
s w e l l i n g  decreases .However ,  t h i s  RF c o n t a c t  
h a s  a drawback o f  l a r g e r  w i d t h  ( a b o u t  2 m m )  
o f  s l i t s  i n  t h e  midd le  because  o f  t h e  l a r g e r  
s w e l l i n g  when t h e  c o n t a c t  i s  c o n t r a c t e d .  

A f e a t u r e  of o u r  b e l l o w s ,  which i s  

”. 

, SI”, R f  ;a””“ om, *.1mnp 
. .  

F i g u r e  6. Bel lows  w i t h  RF c o n t a c t  

Fo r  t h e  RF c o n t a c t  o f  2 m m - s l i t  width,O.2 
mm-thickness,and 5 mm-distance be tween t h e  
c o n t a c t  and b e l l o w s ,  we c a l c u l a t e d  H - f i e l d  
l i n e s  o f  e x p e c t e d  f o u r  d i f f e r e n t  TM modes, 
and  show o n l y  t h e  r e s u l t s  for one o f  f o u r  TM 
modes i n  F ig .7 .  From F ig .7 ,  we can  f i n d  t h a t  
a p e n e t r a t i o n  o f  H - f i e l d  l i n e s  i n t o  t h e  s l i t s  
, and  d i s t o r t i o n  o f  them a r e  n o t  o b s e r v e d  
even a t  a h i g h  f r e q u e n c y  such  as 18.8 GHz. 
T h i s  r e s u l t  i s  i n  a good agreement  w i t h  t h a t  
o b t a i n e d  w i t h  t h e  c o n t a c t  w i t h o u t  t h e  s l i t s ,  
n o t  shown h e r e ,  T h i s  means t h a t  even i n  c a s e  
o f  2 m m - s l i t  w i d t h ,  no RF loss o c c u r s .  
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The impedance con- 
t r i b u t e d  from t h e  s l i t s  
of  t h e  RF c o n t a c t  i s  
caused  by  t h e  d i f f r a c t i o n  
o f  e l e c t r o m a g n e t i c  wave 
t h r o u g h  them, aE9 i s  of 
t h e  o r d e r  o f  1 0  O h m s  FR=1.246331GHt 

for t h e  b e l l o w s .  
Fo r  an a l l  m e t a l  g a t e  

v a l v e ,  and a f l e x i b l e  
vacuum chamber f o r  I D  
which w i l l  be  d e s c r i b e d  
belowawe u s e  s i m i l a r  RF 
c o n t a c t  t o  r educe  t h e  
impedance. F 

4.2 A l l  Me ta l  Gate F i g u r e  7 €I-field l i n e s  
Valve w i t h  RF i n  t h e  b e l l o w s  
Con tac t  

The open p o s i t i o n  mechanism o f  an a l l  m e t a l  
g a t e  v a l v e ,  which i s  unde r  d e s i g n ,  i s  shown i n  
Fig.8.A v a l v e  body i s  made o f  aluminum a l l o y  
e x c e p t  a p a r t  o f  v a l v e  s e a t s  and p l a t e s ,  and 
i t s  a c t u a t i o n  i s  done p n e u m a t i c a l l y .  We employ 
a t e c h n i q u e  which p r o v i d e s  an e n c l o s e d  evac-  
u a t e d  s p a c e  be tween doub le  s e a l s ,  s o  t h a t  t h e  
l e a k  r a t e  from s e a l s  i s  d e c r e a s e d  r e d u c i n g  t h e  
p r e s s u r e  d i f f e r e n c e  a c r o s s  t h e  s e a l s .  

has  t h e  same geometry  a s  t h e  beam chamber,  can  
b r i n g  abou t  a d i r e c t  e l e c t r i c a l  c o n n e c t i o n  
be tween two body f l a n g e s .  Thus ,  
we can  a v o i d  a s t e p  change a t  t h e  
v a l v e ,  and e l i m i n a t e  t h e  RF 
r e s i s t a n c e  o f  t h e  body. 

4 . 3  F l e x i b l e  Vacuum Chamber for 

I n  i t s  open p o s i t i o n ,  t h e  RF c o n t a c t  which 

I D  w i t h  RF Con tac t  
A s c h e m a t i c  o f  t h e  d e s i g n e d  

m u l t i - p e r i o d  permanent-magnet I D  
i s  shown i n  F ig .9 .  The main f e a -  
t u r e  i s  t h a t  a vacuum chamber 
h e i g h t  i s  v a r i a b l e .  However , 
t e c h n i q u e s  1) f o r  m a n u f a c t u r i n g  
t h e  l o n g  b e l l o w s  o f  a p p r o x i m a t e l y  
6 m o f  a r a c e  t r a c k  geometry and 
2 )  f o r  we ld ing  between t h e  
b e l l o w s  and vacuum chamber,  
r ema in  t o  be  deve loped .  w 

F i g u r e  8 

F i g u r e  9 F l e x i b l e  vacuum chamber f o r  
I D  w i t h  RF c o n t a c t  

The lumped NEG pump, SIP  and TSP a r e  used  a t  
t h e  c r o t c h  and a b s o r b e r  l o c a t i o n s .  

A s  a r o u g h i n g  pump, t u r b o m o l e c u l a r  pumps( 
TMP) a r e  unde r  c o n s i d e r a t i o n  t o  b e  used  f o r  
pumping t h e  chambers b e f o r e  BEG s t r i p s ,  DIP, 
SIP  and TSP s t a r t  up. Fu r the rmore ,  TMP’s a r e  
a l s o  u s e d  f o r  bakeou t  of t h e  chambers and 
t h e  a c t i v a t i o n  o f  NEG pumps. 

P r e s s u r e  g r a d i e n t  p r o f i l e s  which were 
c a l c u l a t e d  b a s e d  on t h e  pumping sys t em and 
SR power d i s t r i b u t i o n ,  a r e  shown i n  Fig.10. 

I n  t h i s  c a l c u l a t i o n ,  we assumed t h a t  t h e  
d i s t r i b u t i o n  o f  SR-induced o u t g a s s i n g  r a t e  i s  
i n  p r o p o r t i o n  t o  a r a t e  o f  SR power d e p o s i t e d  
a t  c r o t c h e s  and a b s o r b e r s ,  and t h e  composi- 
t i o n  o f  r e s i d u a l  gases is 80%n2+20%c0. I n  
t h i s  f i g u r e ,  we can  f i n d  t h a t  an a v e r a g e  
p r e s s u r e  o v e r  t h e  r i n g  ‘dec reases  w i t h  an 
i n c r e a s e  o f  t h e  i n t e g r a t e d  s t o r e d  c u r r e n t .  
A f t e r  1 0 0  Ah, t h e  ave rage  p r e s s u r e  i s  abou t  
0.5 nTor r , and  t h e  beam l i f e t i m e  o f  abou t  24  
hours  i s  expec$ed  t o  be a c h i e v e d  e a s i l y .  

6.CONCLUSION 

The c u r r e n t  
development 
s t a t u s  o f  vacu-  
um sys t em for 
t h e  8 GeV h a s  
been  d e s c r i b e d .  
The f o l l o w i n g  
oroblems r ema in  

D l S T A l ( ~ ( l 1  
A -  

t o  be deve loped  
as t a s k s  f o r  R &  

a chamber f o r  
i n j e c t i o n  o f  
e l e c t r o n  beams, F i g u r e  10 P r e s s u r e  g r a d i e n t  
21 d e s i g n  o f  p r o f i l e  p e r  one c e l l  
aluminum a l l o y  
f l a n g e  and  i t s  s e a l i n g  method, 3 ) p r e t r e a t m e n t  
o f  t h e  chamber and i t s  components,  4 )  we ld ing  
method be tween d i f f e r e n t  m e t a l s , i . e ,  we ld ing  
Cu-Be a l l o y  and aluminum o n e ,  5 ) d e s i g n  o f  
DIP ,and6)des ign  o f  f r o n t  end of a photon  
beam l i n e .  Some p a r t  o f  t h e s e  t a s k s  w i l l  be  
d e s i g n e d  and manufac tu red  w i t h i n  t h e  f i s c a l  
y e a r  o f  1989. P r o t o t y p e  bend ing  magnet- and 
s t r a i g h t  s e c t i o n  chambers have been  f a b r i -  
c a t e d  by e x t r u s i o n  methods .  P r o t o t y p e  c r o t c h  
and lumped BEG pump w i l l  be  comple t ed  by  t h e  
end o f  A p r i l .  T e s t s  on t h e s e  p r o t o t y p e s  
would g i v e  some r e s u l t s  by t h e  end  o f  t h i s  
y e a r .  

D : l )  Design o f  *an, “rq -1 Lb(+ 

The a u t h o r s  a r e  g r a t e f u l  t o  D r  H. Kamitsubo 
f o r  h i s  s u p p o r t  f o r  t h i s  work, Mrs T.Kusaka 
and T.  Yoshiyuki  f o r  t h e i r  c a l c u l a t i o n  on 

RF l o s s e s  and impedances .  
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5 PUMPING SYSTEM 

O i r r  main pumping sys t em i s  based  on DIP 
i n s t a l l e d  i n  t h e  bend ing  magnet chamber and 
NEG s t r i p s ,  equ ipped  i n  t h e  s t r a i g h t  s e c t i o n s  
which occupy most o f  t h e  vacuum chamber. 
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