
Internal Report 

DESY M-81/07  

March 1981

NEW DEVELOPMENTS AT PETRA

D. Degele, H.C. Dehne, H. Gerke, D. Heins, K. Hoffmann, R.D. Kohaupt, 

R. Kose, H. Kumpfert, M. Leneke, H. Mais, H. Nesemann, S. Pätzold,

F. Peters, A. Piwinski, J. Roßbach, R. Rossmanith, K. S te ffen ,

G . A. Voss, K. W il le ,  A. Wrulich

Paper to be presented at
the 1981 Particle Accelerator Conference

Washington, D.C., March 11-13, 1981



NEW D E V E L O P M E N T S  AT PETRA

*

PETRA S t o r a g e  Ring G r o u p  
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Su m m a r y

I n s t a l l a t i o n  of " m i n i - 8 - i n s e r t s " ,  a d d i t i o n  
of 2nd h a r m o n i c  c a v i t i e s ,  and i n c r e a s e  of 
en e r g y  are the main e f f o r t s  at PE T R A  now. By 
r e d u c i n g  the free space for the high energy 
p h y s i c s  d e t e c t o r s  to ± 4.45 m the b e t a - f u n c ­
ti o n s  at the i n t e r a c t i o n  points can be d e ­
c r e a s e d  to 6 cm v e r t i c a l l y  and 130 cm 
h o r i z o n t a l l y ,  thus d e c r e a s i n g  the beam size 
by a factor of 2.5. First r e s u l t s  of 
o p e r a t i o n  are p r e s e n t e d .  T heory and some 
e x p e r i m e n t a l  e v i d e n c e  show that with the help 
of 2nd h a r m o n i c  c a v i t i e s  (1 GHz) both a
v e r t i c a l  s i n g l e  bunch i n s t a b i l i t y  and 
s y n c h r o - b e t a t r o n  r e s o n a n c e s  can be cured. The 
1 GHz sy s t e m  under c o n s t r u c t i o n  will be able 
to reduce the l o n g i t u d i n a l  f o c u s i n g  in the 
b u c k e t  ce n t e r  to zero up to 11 GeV p a r t i c l e  
energy. In o r d e r  to i n c r e a s e  the m a x i m u m  
PE T R A  energy for l u m i n o s i t y  runs from 36.7 
GeV to 41.4 GeV and later on to 45.0 GeV., the 
500 MHz rf s y s t e m  will be ex t e n d e d .  First, 
the number of r f - t r a n s m i t t e r s  will be 
doubled, and in a sec o n d  step a d d i t i o n a l  new 
type s e v e n - c e l l  c a v i t i e s  will be i n s t a l l e d .

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

The e l e c t r o n  p o s i t r o n  s t o r a g e  ring PETRA 
in H a m b u r g  is by now an e s t a b l i s h e d  m a c h i n e ,  
h a v i n g  p r o v i d e d  during the last 2 1 / 2  years 
five high en e r g y  p h y s i c s  d e t e c t o r s  w i t h  l u m i ­
nosity. A bout 200 high energy p h y s i c s  p apers 
are b a s e d  on e x p e r i m e n t a l  r e s u l t s  from PETRA.

The PE T R A  p e r f o r m a n c e  at the end of 1980 
was as f o l l o w s :
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22 % of the year was s c h e d u l e d  for m a c h i n e  
st u d i e s  and p r e p a r a t i o n s ,  28 % for shut downs, 
4 % for h o l i d a y s ,  and 46 % for high energy
p h y s i c s  runs. The a v e r a g e  l u m i n o s i t y  per 
i n t e r a c t i o n  point d u r i n g  that time - i n c l u d i n g  
all m a c h i n e  br e a k  do w n s  and i n c l u d i n g  the time 
s pent on i n j e c t i o n  and a c c ^ e r a ^ i o j  - was 
47 n b - per day or 0 . 5 6 x 1 0 ^  cm s This
c o r r e s p o n d s  to a total of 32 000 nb p r o d u c e d  
in P E T R A  in 1980. The a v e r a g e  of 47 nb ~ i n ­
c l u d e s  many runs at the h i g h e s t  e n e r g i e s  up to 
18.36 GeV per beam, w h e r e  due to the l i m i t e d  
rf-powei; peak l u m i n o s i t i e s  drop to
0 .8 x l O ^ U crn- ~ s _ ~ and i n t e g r a t e d  over a day to 
v a l u e s  of 20 to 40 nb . The o p t i m a l  e n e r g y  
for l u m i n o s i t y  o p e r a t i o n  wa^Ql7_.^ GjV w h e r e  
peak l u m i n o s i t i e s i  of 5x10 cm “ s we r e
r e a c h e d  and i n t e g r a t e d  over a day v a l u e s  
of 150 nb

The o n g o i n g  m a c h i n e  d e v e l o p m e n t  p r o g r a m  
at P ETRA aims at an i n c r e a s e  of en e r g y  and 
i n c r e a s e  of l u m i n o s i t y .  For h i g h e r  e n e r g i e s ,  
the a c c e l e r a t i o n  v o l t a g e  has to be i n c r e a s e d .  
M o r e  l u m i n o s i t y  is made p o s s i b l e  to some 
e x t e n t  by h igher b e a m  c u r r e n t s  - at le a s t  at 
c.m. e n e r g i e s  b e t w e e n  30 and 34 GeV, w h e r e  
the l u m i n o s i t y  in r o u t i n e  o p e r a t i o n  has been 
c u r r e n t  l i m i t e d  up to now. Each s y ^ c e s s  in 
r e d u c t i o n  of beam beam i n t e r a c t i o n  rai s e s  
the i m p o r t a n c e  of this a s pect. At all e n e r ­
gies more l u m i n o s i t y  is g a i n e d  by s m a l l e r  
beta f u n c t i o n s  at the i n t e r a c t i o n  p o i n t s .

It has been d e c i d e d  at PE T R A  to t a k e  all 
th r e e  m e a s u r e s ,  and first e x p e r i m e n t a l  r e s u l t s  
of one of them, the mini beta s c h e m e ,  are 
p r e s e n t e d  in this paper.

R f - e x t e n s i o n

Table 1 s u m m a r i z e s  the p r e s e n t  s i t u a t i o n  
(March 81) and f u r t h e r  steps to e x t e n d  the 
PE T R A  a c c e l e r a t i o n  rf system.

date rf-power
number of number of total shunt y2 maximum c.m.energy
5-cell cavities 7-cell cavities impedance Rs= 2P for luminosity operation

now 4.4 MW
(4x1.1 MW)

1st step 8 . 8 MW 
(32) (8x1.1 MW)

2nd step 8 . 8 MW 
( 82/83)(8x1.1 MW)

4 x 15 0 1080 M 36.72 GeV

COX00 10 1402 M 41.4 GeV I . . Pscaled from
r existing

CD X CO 8 x 8 2752 M 45.0 GeV 36.72 GeV

Table 1: Development of PETRA 500 MHz acceleration rf-system
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Four t r a n s m i t t e r s  with two 550 kW 
k l y s t r o n s  each are i n s t a l l e d  now to power 
four g roups of 15 c a v i t i e s  in the n o r t h  and 
south s t r a i g h t  s e c t i o n s .  In a first step 
(spring 82) the n u mber of t r a n s m i t t e r s  will 
be d o u b l e d  and e x i s t i n g  c a v i t i e s  will be 
r e a r r a n g e d  to form a f o u r f o l d  s y m m e t r y .  This 
will b ring the m a x i m u m  c.m. e n e r g y  for 
l u m i n o s i t y  o p e r a t i o n  to 40 . 4  GeV. A d d i t i o n  
of 10 mo r e  c a v i t i e s  d u r i n g  19 8 2  will 
i n c r e a s e  this energy to 41.4 GeV. T h e s e  and 
all c a v i t i e s  w h i c h  are ad d e d  later will be 
new 7 -cell s t r u c t u r e s  with two p l u n g e r s ;  
their s hunt i m p e d a n c e s  (V / 2 P ) will be as high 
as 25 M&. F i g u r e  1 shows the g e o m e t r y  of 
t h e s e  new c a v i t i e s  in detail.

The s e c o n d  s t e p  (1983) br i n g s  the to t a l  
to 128 c a v i t i e s  and i n c r e a s e s  the m a x i m u m  
c.m. energy for l u m i n o s i t y  o p e r a t i o n  to 
45.0 GeV .

2 nd h a r m o n i c  sys t e m

be d e c i s i v e l y  r e d u c e d  with the h e l p  of h i g h e r  
h a r m o n i c  c a v i t i e s .  The e f f e c t  of t h e s e  c a v i ­
ties will be to r e d u c e  the l o n g i t u d i n a l  f o c u ­
sing in the b u c k e t  c e n t e r  to zero, t h e r e b y  
l e n g t h e n i n g  the b u n c h e s .  This s h o u l d  r e d u c e  
the s i n g l e  b u n c h  i n s t a b i l i t i e s .  A l s o  the 
s y n c h r o t r o n  f r e q u e n c y  b e c o m e s  ve r y  a m p l i t u d e  
d e p e n d e n t .  This s h o u l d  r e d u c e  s a t e l l i t e  r e s o ­
na n c e  e x c i t a t i o n .

In a f irst s t e p  (by mid 81) 8 1000 MHz
c a v i t i e s  will be i n s t a l l e d ,  d r i v e n  by one 
125 kW k l y s t r o n .  Up to 11 GeV it will be 
p o s s i b l e  to m a i n t a i n  a n e a r l y  z e r o  l o n g i t u d i ­
nal f o c u s i n g  f o r c e  near the b u c k e t  c e n t e r  
wi t h  q u i t e  s t r o n g  ''walls". This wi l l  r e s u l t  
in a five t i m e s  l a r g e r  bu n c h  l e n g t h .  The 
s e c o n d  s t e p  will be - of c o u r s e  d e p e n d e n t  on 
the r e s u l t s  of s t e p  one - a s e c o n d  125 kW 
t r a n s m i t t e r ,  to i n c r e a s e  the m a x i m u m  en e r g y  
with full e f f e c t  up to 12 GeV. All 1000 MHz 
c a v i t i e s  will be 7 - c e l l  s t r u c t u r e s  w i t h  120mm 
a p e r t u r e .  F i g u r e  2 sh o w s  details.

At first s i g h t  there s eems to be no need 
of h i g h e r  be a m  c u r r e n t s  in PETRA: The m a x i m u m  
c u r r e n t s ,  which have been sto r e d  up to now 
in l u m i n o s i t y  o p t i c s  (4x6 mA), are mo r e  than 
sp a c e  c h a r g e  forces will pe r m i t  in the 
c o l l i d i n g  beam mode.

On the other h a n d  t h e r e  are p r o m i s i n g  
t e c h n i q u e s  w i t h i n  reach to red u c e  beam beam 
i n t e r a c t i o n 1 , and the p l a n n e d  i n c r e a s e  of 
b e a m  ene r g y  will al l o w  i n t e r a c t i o n  of h i g h e r  
c u r r e n t s ,  too. M o r e o v e r ,  PETRA o p e r a t i o n  at 
high c u r r e n t s  is quite c r i t i c a l  now and 
c a r e f u l  a d j u s t m e n t s  are n e c e s s a r y .

There are two e f f e c t s  wh i c h  m a k e  s t o r a g e  
of hi g h e r  c u r r e n t s  in PETRA d i f f i c u l t :  a
v e r t i c a l  s i n g l e  bunch i n s t a b i l i t y "  and 
s a t e l l i t e  r e s o n a n c e s .  Since both of th e m  are 
p a r t i c u l a r l y  t r o u b l e s o m e  at the i n j e c t i o n  
e n e r g y  of 7 GeV and d uring the b e g i n n i n g  of 
the e n e r g y  r a m p i n g ,  the^ cure needs not to be 
e x t e n d e d  to e n e r g i e s  E ^  10 GeV.

There are 
e x p e r i m e n t a l

good
h i n t s

2 )
t h e o r e t i c a l  r e a s o n s  and

1 that both e f f e c t s  can Fig. 2: PE T R A  2nd h a r m o n i c  (1000 MHz) ca v i t y
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PE T R A  mini beta i n s e r t s

At the time w h e n  the g e o m e t r y  of the 
i n t e r a c t i o n  r e g i o n s  was fixed it was th o u g h t  
that there w o u l d  be no s e v e r e  b eam-
b e a m - i n t e r a c t i o n  below a l inear tune shift 
of A 5 = .06 per i n t e r a c t i o n  point. We now 
find that the b e a m - b e a m - i n t e r a c t i o n  w i d e n s  
the v e r t i c a l  , beam size c o n s i d e r a b l y  at A £ =
.015 a l r e a d y  . Not even with s o p h i s t i c a t e  
m e t h o d s  e m e r g i n g  from c o m p u t e r  s i m u l a t i o n s  
much more than .03 has been r e a c h e d .  To r e ­
cover the lost f actor in l u m i n o s i t y  we d e c i ­
ded to r e d u c e  the total drift le n g t h  from 
15 m to 8.9 m in all four i n t e r a c t i o n  regions, 
B e s i d e s  the a d d i t i o n  of the mini beta 
q u a d r u p o l e s  no other q u a d r u p o l e s  were c h a n g e d  
in p o s i t i o n .  F i g u r e  3 shows the e n v e l o p e s  
near the i n t e r a c t i o n  points for the e x t r e m e  
mini beta o ptics MI 6 and for the p r e v i o u s  
l u m i n o s i t y  optics.

The new beta v alues are 6 cm v e r t i c a l l y  
and 130 cm h o r i z o n t a l l y  as c o m p a r e d  to 17 cm 
and 280 cm in last y ear's l u m i n o s i t y  optics. 
The be a m  c r o s s - s e c t i o n  d e c r e a s e s  and s p e c i f i c  
l u m i n o s i t y  i n c r e a s e s  t h e r e f o r e  by a fa c t o r  of 
a bout 2.5. It is seen that the wh o l e  job is 
done w i t h o u t  any i n c r e a s e  of the m a x i m u m  beta 
f u n c t i o n s .  On the c o n t r a r y  the h o r i z o n t a l  
p h y s i c a l  a c c e p t a n c e  is i n c r e a s e d  from 
20iTmradmm to 30irmradmm. The l i near c h r o m a t i -  
city i n c r e a s e s  m a i n l y  due to the s h o r t e r  
focal l e n g t h s  of the mini beta q u a d r u p o l e s .
But even for the same l i near c h r o m a t i c i t y  
like b e fore, the mini beta s c heme would 
p r o v i d e  a s m a l l e r  be a m  size at the i n t e r a c t i o n  
point by a f actor of 2 .

The mini beta sc h e m e  came into o p e r a t i o n  
in Feb. 31. Two we e k s  later 4x8 mA were s t o r e d  
in two e l e c t r o n  and two p o s i t r o n  b u n c h e s  at 
7 GeV in a s p e c i a l  i n j e c t i o n  optics. 4x6 mA 
can be t r a n s f e r r e d  from i n j e c t i o n  o p tics at 
7 GeV to l u m i n o s i t y  optics at high e n e r g i e s .  
The l i f e t i m e  at 17 GeV is good, i n d i c a t i n g  
that th e r e  is s u f f i c i e n t  a c c e p t a n c e .  So far

Fig. 3: Horizontal and vertical envelopes near the 
interaction point

p r e v i o u s  r u n n i n g  c o n d i t i o n s  seem to 
be r e s t o r e d .  For l u m i n o s i t y  o p t i c s  the beta 
f u n c t i o n s  at the i n t e r a c t i o n  p o i n t s  were 
c h e c k e d  at d i f f e r e n t  e n e r g i e s  and are in good 
a g r e e m e n t  with c a l c u l a t i o n s .  The same holds 
for the h o r i z o n t a l  e m i t t a n c e .

The o b s e r v a t i o n s  of b e a m - b e a m - e f f e c t s  and 
m e a s u r e m e n t s  of the l u m i n o s i t y  have only 
st a r t e d .  E s p e c i a l l y  l u m i n o s i t y  m e a s u r e m e n t s  
at more than 16 GeV still s u f f e r  from high 
b a c k g r o u n d  rates. But first r e s u l t s  at 14 GeV 
are e n c o u r a g i n g .F i g u r e  4 shows m e a s u r e m e n t s  
of the l u m i n o s i t y  with 2x 2 b u n c h e s  at tunes 
of Q =25.2, Q =23.3, f =10 kHz. It is h a r d  to 
c o m p a r e  in such an e arfy st a g e  t h e s e  m e a s u r e ­
me n t s  with e a r l i e r  l u m i n o s i t y  runs, w h i c h  had 
been o p t i m i z e d  to a high degree. A typ i c a l  
p r e v i o u s  l u m i n o s i t y  cu r v e  (not the best one) 
is sh o w n  in c o m p a r i s o n .  It s eems, that the 
l u m i n o s i t y  mi g h t  be up by the e x p e c t e d  factor 
of 2 . 5  and that the b e a r n - b e a m - i n t e r a c t i o n  
forces as m e a s u r e d  by the l i n e a r  tune shift 
are not more d e s t r u c i t v e  wh e n  3 is r e d u c e d  to 
such small n u m b e r s .

Fig. 4: Comparison of measured luminosity and vertical
linear tune shift at 14 GeV with 2x2 bunches
as a function of bunch current I,b
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