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A b s t r a c t

The UHV s y s t e m o f  PETRA i s  d i v i d e d  by g a t e  v a l v e s  i n t o  30 s e p a ­
r a t e  s e c t i o n s  o f  a b o ut  1 0 0  m l e n g t h ,  each p r o v i d e d  wi t h  a t u r b o -  
m o l e c u l a r  pump and a mass s p e c t r o m e t e r .  The vacuum c hambers  in  
t he  a r c s  are  made from al umi ni um e x t r u s i o n s ,  and t he  s t r a i g h t  
s e c t i o n s  from s t a i n l e s s  s t e e l .  The i n s t a l l e d  mean pumping speed  
i s  about  110 1 / s / m .  The d i s c h a r g e  c u r r e n t  o f  t he  s p u t t e r -  i on  
pumps i s  used t o  m o n i t o r  the  p r e s s u r e  o f  t he  s y s t e m .  A l l  a c t i v e  
vacuum component s  such as pumps,  s p e c t r o m e t e r s ,  v a l v e s ,  
t u r b o m o l e c u l a r  pumps e t c . ,  are  c omput e r  c o n t r o l l e d  o v e r  d i s t a n c e s  
o f  t h e  o r d e r  o f  1 km. A base  p r e s s u r e  l ower  than 1x10  mbar i s  
o b t a i n e d  w i t h o u t  b a k e - o u t .  A l s o  an Argon gl ow d i s c h a r g e  c l e a n i n g  
in s i t u  i s  not  needed b e c a u s e  o f  t he  s e l f  c l e a n i n g  e f f e c t  o f  the  
s y n c h r o t r o n  l i g h t  e m i t t e d  by t he  c i r c u l a t i n g  e l e c t r o n s .  P r e s s u r e  
i n c r e a s e s  o f  about  o f  1x10  mbar per s t o r e d  mA and beam l i f e  
t i m e s  o f  the  o r d e r  o f  20  hour s  have been a c h i e v e d  up t o  e n e r g i e s  
o f  18 GeV.

1 .  I n t r o d u c t i o n

The w o r l d ' s  b i g g e s t  19 GeV e l e c t r o n - p o s i t r o n  s t o r a g e  r i n g  PETRA
1 , 2  , b u i l t  at  DESY 3 in Hamburg,  i s  under o p e r a t i o n  s i n c e  

summer 1 9 7 8 .  PETRA has  a c i r c u m f e r e n c e  o f  2 . 3  km.
P h y s i c s  e x p e r i m e n t s  wi t h  s t o r a g e  r i n g s  r e q u i r e  a beam l i f e  t i me  
o f  s e v e r a l  h o u r s .  Thi s  i s  o n l y  p o s s i b l e  i f  the  r e s i d u a l  gas  
p r e s s u r e  a l o n g  t he  beam path i s  be l ow 10 mbar 4 . Thi s  vacuum
r a n g e ,  i n  f a c t  even down t o  1 0  mbar ,  i s  a c h i e v e d  more or l e s s  
r o u t i n e l y  5 .
f o r  e l e c t r o n  s t o r a g e  r i n g s ,  h o we v e r ,  i t  i s  more d i f f i c u l t  to  
o b t a i n  t h e s e  low p r e s s u r e s .  Thi s  i s  due to  t he  s y n c h r o t r o n  l i g h t  
r a d i a t e d  by the e l e c t r o n s  in t he  a r c s  o f  t he  a c c e l e r a t o r .  Eor 
PETRA,  the  r a d i a t e d  power amounts  t o  up t o  3 . 5  MW, which r e s u l t s  
in a l i n e a r  t h e r m a l  l o a d  o f  1 . 7  KW/m. T h e r e f o r e  t he  vacuum 
c hambers  must be wa t e r  c o o l e d .  The s p e c t r a l  d i s t r i b u t i o n  o f  the  
s y n c h r o t r o n  l i g h t  i s  d e s c r i b e d  by t he  c r i t i c a l  e n e r g y  i n keV
4 :

2 . 2 1 8  E (1)c "  R ’
where E i s  the  beam e n e r g y  in GeV,  and R t he  b e n d i n g  r a d i u s  i n m. 
Eor PETRA,  v a r i e s  from 1 . 4 4  keV at  5 GeV to 9 7 . 2  keV at
19 GeV.  The S y n c h r o t r o n  l i g h t  s p e c t r u m e x t e n d s  from i n f r a r e d  up 

t o  phot on e n e r g i e s  o f  about  f i v e  t i me s  t he  c r i t i c a l  e n e r g y .  
Due t o  t he  i n t e r a c t i o n  o f  t he  s y n c h r o t r o n  l i g h t  wi t h  t he  chamber  
s u r f a c e s  an a d d i t i o n a l  gas  d e s o r p t i o n  r e s u l t s ,  which i s  n o r m a l l y  
h i g h e r  t han t he  t h e r m a l  gas  d e s o r p t i o n .



The r e s u l t i n g  o u t g a s i n g  r a t e  Q p ^ i n  m b a r . l / s  i s  g i v e n  by 4 :

Qphe = 5 x l 0 - 4 I phe /  ( 2 )

where i s  t he  s y n c h r o t r o n  l i g h t  i n d u c e d  p h o t o e l e c t r o n  c u r r e n t
in mA, and t he  e l e c t r o n  i mpa c t  d e s o r p t i o n  c o e f f i c i e n t  in
m o l e c u l e s / e l e c t r o n .  The e l e c t r o n  i mpac t  d e s o r p t i o n  c o e f f i c i e n t  
can be r educ ed  d u r i n g  the bombardment  o f  t he  chamber w a l l s  by 
t he  p h o t o e l e c t r o n s .  The de p e nd e nc e  o f  on t he  p h o t o e l e c t r o n  dose  
D Ah/ cm can be d e s c r i b e d  f o r  n o r m a l l y  c l e a n e d  vacuum chambers  
by t he  e m p i r i c a l  e q u a t i o n  4 :

r 4 . 8  x 1 0 - V 0 - 63  ( 3 )

A s i g n i f i c a n t  p a r t  o f  the s y n c h r o t r o n  l i g h t  s p e c t r um p e n e t r a t e s  
t he  vacuum chamber u / a l l s  by C o m p t o n - s c a t t e r i n g , and can caus e  
r a d i a t i o n  damages t o  the  magnet  c o i l  . T y p i c a l l y  f o r  PETRA,  about  
33  % o f  t he  s y n c h r o t r o n  l i g h t  power at  18 GeV e s c a p e s  t h r o u g h  the  
vacuum c hamber .  The vacuum c hambers  have t h e r e f o r e  t o  be c o v e r e d  
wi t h  3 mm l e a d  in o r d e r  t o  r e d u c e  t he  r a d i a t i o n  l e v e l .

An o t h e r  probl em a r i s e s  from t he  hi gh bunch c u r r e n t s  o f  PETRA,  
which can e x c i t e  p a r a s i t i c  r f  modes at  p l a c e s  where t he  chamber  
c r o s s - s e c t i o n  c h a n g e s .  The beam e ne r g y  l o s s e s  to p a r a s i t i c  modes  
can c a u s e  beam i n s t a b i l i t i e s  or c a t a s t r o p h i c  o v e r h e a t i n g  o f  
vacuum c o mp o n e n t s .  Only a " s m o o t h "  vacuum s y s t e m ,  w i t h o u t  s t e p s  
and i r r e g u l a r i t i e s  in t he  chamber shape  and in the  c o n n e c t i o n s  
bet ween t he  c h a mb e r s ,  can r e d u c e  t h e s e  l o s s e s  to  an a c c e p t a b l e  
l e v e l .
In t he  f o l l o w i n g  s e c t i o n s  t he  PETRA vacuum s y s t e m and t he  vacuum 
c o n t r o l s  w i l l  be d e s c r i b e d .  E i n a l l y  t he  f i r s t  o p e r a t i o n a l  
p e r f o r m a n c e  w i l l  be p r e s e n t e d .

2.  The PETRA Vacuum Sys t em

The PETRA vacuum s y s t e m  i s  d i v i d e d  by g a t e  v a l v e s  i n t o  30 vacuum 
s e c t i o n s  each h a v i n g  a l e n g t h  o f  abo ut  100  m. Thi s  l e n g t h  r e s u l t s  
from an o p t i m a l  b a l a n c e  bet ween c o s t s ,  g e o m e t r i c  c o n s i d e r a t i o n s ,  
and s h o r t  pumpdown and l e a k - d e t e c t i o n  t i m e s .  The g a t e  v a l v e s  are  
v i t o n  s e a l e d ,  b a k e a b l e  up to  1 5 0 ° C  and s p e c i a l l y  d e s i g n e d  in 
o r d e r  to  r educe  t he  r f  p a r a s i t i c  mode l o s s e s  6 . Each vacuum 
s e c t i o n  i s  p r o v i d e d  wi t h  a P i r a n i  g a u g e ,  a q u a d r u p o l  mass  
s p e c t r o m e t e r ,  and a t u r b o m o l e c u l a r  pump.  The d i s c h a r g e  c u r r e n t  o f  
t he  s p u t t e r - i o n  pumps s e r v e s  as p r e s s u r e  m o n i t o r .  The s t a n d a r d  
vacuum chambers  o f  t he  1800  m l o n g  a r c s  are  made from e x t r u s i o n s  
o f  t he  a l umi ni um a l l o y  Al MgSi  0 . 5 .  These e x t r u s i o n s  have a 
f o u r - c h a n n e l  c r o s s  s e c t i o n  to  a c c e p t  r e s p e c t i v e l y  t he  beam,  the  
i n t e g r a t e d  s p u t t e r - i o n  pumps,  t he  wat er  c o o l i n g  and t he  b a k e - o u t  
e l e m e n t s  ( E i g .  1 ) .  The s t a n d a r d  chambers  are  produc ed  in l e n g t h s  
o f  7 . 2  m. About  5 . 3  m o f  t h i s  l e n g t h  l i e s  in the b e n d i n g  f i e l d  
and i t  i s  p r o v i d e d  wi t h  i n t e g r a t e d  s p u t t e r - i o n  pumps 7 ,  8 . They
have a mean l i n e a r  pumping s peed  o f  1 1 0  1 / s / m  a f t e r  b a k e - o u t , o r
60 1 / s / m  w i t h o u t  b a k e - o u t .  Over t he  l e n g t h  o f  t he  b e n d i n g  magnet s  
t he  w a l l  bet ween t he  beam and pump c h a n n e l s  i s  p e r f o r a t e d  by 
u s i n g  a s pa r k  e r o s i o n  t e c h n i q u e  7 . In t he  r e g i o n  o f  the  
q u a d r u p o l e s  and s e x t u p o l e s  the w a l l  r e ma i ns  i m p e r f o r a t e d  and the  
pump c h a n n e l  i s  c ut  o f f ,  so t h a t  t he  bo r e  o f  t h e s e  ma g ne t s  can be



F i g .  1 : C r o s s - s e c t i o n  o f  t he  
PETRA e x t r u s i o n s  c o n s i s t i n g  o f  
f o u r  c h a n n e l s  f o r  the  i n t e g r a ­
t ed  s p u t t e r - i o n  pumps,  beam,  
wa t e r  c o o l i n g  and h e a t i n g  p i p e .

F i g .  2 :  T r a n s i t i o n  bet ween
two c h a mb e r s .  F i n g e r  c o n t a c t s
bet ween t he  s l i d i n g  s u r f a c e s
g i v e  a " s m o o t h "  r f  t r a n s i t i o n .  \coi/ ia

kept  s m a l l .  A l l  t he  needed a l u m i n i u m - t o - s t a i n l e s s  s t e e l  vacuum 
t r a n s i t i o n s  in PETRA are  made by two n o v e l  t e c h n i g u e s  d e v e l o p e d  
at  DESY 7 ,  9 . Each end o f  a s t a n d a r d  vacuum chamber i s  p r o v i d e d  
wi t h  a s t a i n l e s s  s t e e l  c o l l a r  which i s  used t o  c o n n e c t  the  
c hamber s  by i n - s i t u  w e l d i n g  7 o f  a b e l l o w  bet ween t he  c o l l a r s  
( F i g . 2 ) .  The r f  " s m o o t h "  t r a n s i t i o n  bet ween two c hambers  i s  
a c h i e v e d  by u s i n g  f i n g e r  c o n t a c t s  bet ween t he  s l i d i n g  s u r f a c e s  o f  
t he  chamber ends ( F i g .  2 ) .  The s t a n d a r d  chambers  are  c l e a n e d  by 
normal  c h e m i c a l  t r e a t m e n t .  The f i n a l  c l e a n i n g  i s  a c h i e v e d  in the  
l a b o r a t o r y  by an Argon gl ow d i s c h a r g e  and a b a k e - o u t  a t  1 5 0 ° C .
The vacuum chambers  o f  t he  l o n g  s t r a i g h t  s e c t i o n s  ( 4  x 90 m) are  
m a i n l y  made from s t a i n l e s s  s t e e l  and t h e y  ar e  p r o v i d e d  w i t h  wat er  
c o o l i n g  i n o r de r  t o  a v o i d  h e a t i n g  from r f  p a r a s i t i c  mode l o s s e s .  
The r e l a t i v e l y  c o m p l i c a t e d  vacuum c hambers  o f  t he  s h o r t  e x p e r i ­
me n t a l  s t r a i g h t  s e c t i o n s  (4 x 40 m) are  a l s o  ma i n l y  made from 
s t a i n l e s s  s t e e l  u s i n g  s t a n d a r d  f a b r i c a t i o n  t e c h n i g u e s .

F i g .  3 : Over vi e w o f  t he  
PETRA p r e s s u r e  d i s t r i b u t i o n

F i g .  4 :  Mass s p e c t r um o f  a 
PETRA vacuum s e c t i o n



3. The PETRA Vacuum C o n t r o l s

The vacuum c o n t r o l  s y s t e m has t o  h a n d l e  about  1000  a c t i v e  
c o mpo ne nt s  such as s p u t t e r - i o n  pumps,  v a l v e s ,  mass s p e c t r o m e t e r s  
e t c .  The e l e c t r o n i c  e qui pment  o f  t h e s e  c omponent s  i s  d i s t r i b u t e d  
in t he  8 h a l l s  around t he  r i n g .  Every a c t i v e  vacuum component  i s  
d i r e c t l y  c o n n e c t e d  wi t h  i t s  e l e c t r o n i c  e q ui pme n t  i n t he  h a l l .  The 
h a l l  s u b s t a t i o n s  are  c o n n e c t e d  t o  t he  c o mpu t e r s  in t he  c e n t r a l  
c o n t r o l  room v i a  the S e r i a l  Data A c q u i s i t i o n  and C o n t r o l  s y s t e m  
SEDAC 10 . N o r m a l l y ,  an o v e r v i e w  o f  t he  vacuum p r e s s u r e s  i s  
d i s p l a y e d ,  which i s  upda t e d  at  r e g u l a r  i n t e r v a l s  ( E i g .  3 ) .  Us i ng  
t r a c k e r  b a l l  and c u r s o r  the  o p e r a t o r  can m a n i p u l a t e  i n d i v i d u a l l y  
or c o l l e c t i v e l y  t he  vacuum c o mp o n e n t s .  Thi s  s y s t e m a l l o w s  t he  
o p e r a t i o n  o f  t he  mass s p e c t r o m e t e r s  d i r e c t l y  from t he  c o n t r o l  
room ( E i g .  4 )  .

4 .  Pe r f o r ma nc e  o f  t he  PETRA Vacuum Sys t em

The 1 1 / 2  year  o p e r a t i o n a l  e x p e r i e n c e  wi t h  PETRA has shown t h a t
t he  needed p e r f o r ma n c e  f o r  the vacuum s y s t e m can be a c h i e v e d  
w i t h o u t  b a k e - o u t  and A r g o n - g l o w - d i s c h a r g e - c l e a n i n g  in s i t u .  A 
ba s e  p r e s s u r e  w i t h o u t  beam o f  l ower  t han 10 mbar can be e s t a b ­
l i s h e d  in a t i me  o f  l e s s  than 2 weeks a f t e r  v e n t i n g  the vacuum 
s y s t e m wi t h pure N i t r o g e n  f o r  m o d i f i c a t i o n s  and r e p a i r s .  Thi s  
r e c o v e r y  t i me  can be f u r t h e r  r e duc e d  up t o  10 hour s  i n c a s e s  when 
o n l y  s m a l l  c omponent s  must  be r e p l a c e d .
In t h e  f i r s t  months  o f  o p e r a t i o n ,  the  p r e s s u r e  i n c r e a s e  wi t h  beam 
r e a c h e d  a v a l u e  o f  abo ut  1x10  mbar / mA,  which i s  f u r t h e r  r e du c e d  
t o  about  1x10 mbar/ mA d u r i n g  the  e x p e r i m e n t a l  runs  o f  PETRA.  
The l a t t e r  v a l u e  can a l s o  be r e c o v e r e d  in a s h o r t  t i me  a f t e r  
v e n t i n g  t he  vacuum s y s t e m wi t h pure N i t r o g e n .  As sumi ng a l i n e a r  
pumping s peed o f  60 1 / s / m  f o r  the  unbaked vacuum s y s t e m and a
p h o t o e l e c t r o n  c u r r e n t  o f  1 . 4 5  mA/m/mA at  18 GeV,  e q u a t i o n  ( 3 )  
r e s u l t s  in n = 8 . 3  x 10 m o l e c u l e s / p h o t o e l e c t r o n . Beam l i f e
t i m e s  o f  up t o  20 hour s  have been meas ur ed  in the  t o t a l  ene r g y  
r ange  o f  PETRA.
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