
126 

EXPERIMENTAL INVESTIGATIONS OF BEAM-BEAM INTERACTION 
IN STORAGE RINGS 

V . L . A u s l e n d e r , N . S . D i k a n s k y , Q . N . K u l i p a n o v , S . I . M i s h n e v , 
S . G . P o p o v , J u . A . P u p k o v , A . N . S k r i n s k y , G . M . T u m a i k i n , 
J u . M . S h a t u n o v 

I n s t i t u t e o f N u c l e a r P h y s i c s , S i b e r i a n D e p a r t m e n t o f t h e 
USSR Academy of S c i e n c e , N o v o s i b i r s k , USSR 

A. Beam-beam i n t e r a c t i o n e f f e c t s a t s t o r i n g 

On the VEPP-2 machine the e l e c t r o n beam i s s t o r e d 
wi th the 40-50 ma p o s i t r o n beam s t o r e d be fo rehand . A 
number of beam-beam i n t e r a c t i o n e f f e c t s i n f l u e n c i n g both 
e l e c t r o n s t o r i n g r a t e and p o s i t r o n l i f e - t i m e are t o be 
s u p p r e s s e d . 

1. As t h e e l e c t r o n s a r e s t o r e d a t a compara t ive ly 
low energy (E 200 Mev) i t i s n e c e s s a r y t o reduce t h e 
i n f l u e n c e of noncoherent e f f e c t s on beam damping. This 
i s done through o r b i t s p l i t t i n g ( o r b i t d i s t a n c e 2∆z 4 mm) 
i n i n t e r a c t i o n r e g i o n s wi th t h e h e l p of an e l e c t r i c f i e l d . 
This makes i t p o s s i b l e t o s t o r e e l e c t r o n s up t o 100 ma wi th 
no p o s i t r o n l o s s e s . 

2 . At t h e moment of i n j e c t i o n the i n f l e c t o r e x c i t e s 
o s c i l l a t i o n s of the whole s t o r e d e l e c t r o n beam, a p a r t of 
i t b e ing l o s t presumably due to noncoheren t beam-beam 
i n t e r a c t i o n . The p a r t of t h e l o s t p a r t i c l e s s t r o n g l y 
depends upon i n j e c t i o n ene rgy , p o s i t r o n c u r r e n t and, though 
l e s s , upon o r b i t s p l i t t i n g (F ig . 1 ) . 

3 . The p o s i t r o n beam o s c i l l a t i o n e x c i t a t i o n by t h e 
c o h e r e n t l y o s c i l l a t i n g e l e c t r o n beam a t the moment of 
i n j e c t i o n i s a l s o p o s s i b l e . I t i s suppres sed by the 
s h i f t i n g of b e t a t r o n f r equenc i e s by ∆vz = 0.006 wi th 
focus ing e l e c t r i c f i e l d . 

B. Noncoherent e f f e c t s i n the p r o c e s s of exper iment 

I . Beam d e n s i t y d i s t r i b u t i o n 

As the beam c ros s s e c t i o n in the VEPP-2 machine a t 
e n e r g i e s more than 200 Mev i s p r a c t i c a l l y f l a t (∆z << ∆r) 
beam-beam i n t e r a c t i o n b r i n g s about a change of d e n s i t y 
d i s t r i b u t i o n i n a x i a l d i r e c t i o n (∆z) whereas no change i n 
r a d i a l d i r e c t i o n was obse rved . The d e n s i t y d i s t r i b u t i o n 
was measured wi th a d i s s e c t o r 2 and observed on the o s c i l l o ­
scope s c r e e n , the r e s o l u t i o n of the system be ing 0.5 mm. 

Typ ica l o s c i l l o g r a m s of d e n s i t y d i s t r i b u t i o n i n the 
a x i a l d i r e c t i o n when the beams c o l l i d e a re shown in 
F i g . 2a , b . (F ig . 2c i s fo r the s i n g l e beam c a s e . ) As a 
r u l e t h e s i z e of only one beam changes ( the weak one --
u s u a l l y t h e p o s i t r o n beam). But i f t he s i z e of the s t r o n g 
beam i s i n c r e a s e d by e x t e r n a l e x c i t a t i o n i t w i l l remain 
l a r g e even a f t e r the e x c i t a t i o n i s o f f . This s t a t e i s un­

s t a b l e and may momentari ly be r e v e r s e d . The moment of 
t r a n s i t i o n depends upon the weak beam c u r r e n t . 

F i g . 2 shows the fo l lowing t y p i c a l f e a t u r e s of d e n s i t y 
d i s t r i b u t i o n when the beams c o l l i d e : 

a) The c e n t r a l r eg ion of the beam has the d e n s i t y 
d i s t r i b u t i o n c l o s e to t h e Gaussian though b roade r than in 
the case of a s i n g l e beam. 

b) When the b e t a t r o n frequency i s c l o s e t o low r e s o ­
n a n t va lues t h e r e appear "wings" c o n t a i n i n g a s i g n i f i c a n t 
p a r t of t h e p a r t i c l e s . 

F i g . 3 shows t h e dependence of d e n s i t y i n the beam 
c e n t e r of VEPP-2 machine ( in r e l a t i v e u n i t s ) and t h e 
d i s t r i b u t i o n "width" ( c o n t a i n i n g 90% of p a r t i c l e s ) upon v z . 

On the e- -e- VEP-1 machine the l i f e - t i m e of a 5 ma 
beam was measured depending upon the second beam c u r r e n t 
a t the energy 135 Mev (F ig . 4 ) . As beam l i f e - t i m e under 
t h e s e c o n d i t i o n s i s mainly de f ined by Ada-e f f ec t i t c h a r ­
a c t e r i z e s the a x i a l beam s i z e . The beam-beam i n t e r a c t i o n 
e f f e c t s b e a r an e v i d e n t l y r e s o n a n t c h a r a c t e r be ing f u l l y 
in accordance wi th t h e o r y . The i r i n f l u e n c e can be 
e s s e n t i a l l y reduced by a c o r r e c t cho ice of an o p e r a t i n g 
p o i n t . 

I I . The i n f l u e n c e upon luminos i ty 

For the exper iment on t h e VEPP-2 machine an o p e r a t i n g 
p o i n t (vz = 0.8356) was chosen wi th a l l the c o r r e c t i n g 
e lements be ing off . The "wings" a t t h i s o p e r a t i n g p o i n t i n 
energy range 290-440 Mev and a t p r a c t i c a l l y i n t e r e s t i n g 
c u r r e n t va lues were a b s e n t . The d e n s i t y d i s t r i b u t i o n i n 
weak beam was n e a r l y Gauss ian . The dependence of the a x i a l 
s i z e upon the s t r o n g beam c u r r e n t i s shown i n F i g . 5a . 

I n t e r a c t i o n e f f e c t s reduce l u m i n o s i t y . I t i s e s p e ­c i a l l y conven ien t t o c o n s i d e r s p e c i f i c l u m i n o s i t y connec ted only wi th the geometry of the i n t e r a c t i o n 4 
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η = beam utilization coefficients depending upon 
the length of the interaction region. 

The monitor for luminosity measurements is a small 
angle (α ~ 1o) elastic scattering . Fig. 6 shows the 
dependence of n = Mmaxσp upon energy at low currents when 
interaction effects may be neglected. Here σp = effective 
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c r o s s - s e c t i o n of moni tor r e a c t i o n s . As σp ~ E-2 , the s p e ­
c i f i c l uminos i t y Mmax ~ E-3.2±0.5. At h igh c u r r e n t s t h e 
i n t e r a c t i o n e f f e c t s reduce l u m i n o s i t y i n accordance wi th 
Eq. 1. This i s e v i d e n t from F i g . 7, showing the dependence 
of ( 

Mmax 

M )2 on ∆z2
1/2, where ∆z1/2, i s t he a x i a l s i z e of the 

weak beam measured by t h e d i s s e c t o r . D i f f e r e n t s l o p e s of 
l i n e s a re connected wi th a dependence of a x i a l beam s i z e a t 
low c u r r e n t upon energy and a worse r e s o l u t i o n of measur ing 
d e v i c e s . The d e v i a t i o n from Eq. 1 a t h igh c u r r e n t may be 
e x p l a i n e d by non-Gauss ian d e n s i t y d i s t r i b u t i o n . 

As i t has been mentioned above, the p rope r choice of 
the o p e r a t i n g p o i n t p rov ides for an e s s e n t i a l r e d u c t i o n of 
the a x i a l beam s i z e growth. The change of b e t a t r o n f r e ­
quency wi th a dec rease of e l e c t r o n c u r r e n t may prove to be 
u s e f u l (F ig . 8 ) . 

I I I . I n t e r a c t i o n e f f e c t s nea r low resonance (v
z = 5 

6 ) 

Typ ica l "wings" in d e n s i t y d i s t r i b u t i o n of weak beam 
appear n e a r low r e s o n a n c e . F i g . 9 shows t h a t under c e r t a i n 

F i g . 1. The dependence of a p a r t of l o s t e l e c t r o n s upon 
p o s i t r o n c u r r e n t a t t he moment of i n j e c t i o n 
(VEPP-2). 

c o n d i t i o n s a l a r g e r p a r t of p a r t i c l e s i s i n the "wings" . 
"Wings" f i l l i n g time c o i n c i d e s on the o r d e r of magnitude 
wi th the s c a t t e r i n g t ime on the r e s i d u a l gas fo r o b t a i n i n g 
a given b e t a t r o n o s c i l l a t i o n a m p l i t u d e . 
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F i g . 2 . The a x i a l d e n s i t y d i s t r i b u t i o n of p o s i t r o n beam. 
a) vz = 0.8320 (near 5/6) 
b) vz = 0.8356 I- = 15 ma 
c ) v z = 0.8356 -- s i n g l e beam 
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Fig. 3. Density in center of positron beam and "width" of 
density distribution depending on vz (VEPP-2). 

Fig. 5a. Weak beam axial size depending upon strong beam 
current. 

Fig. 5b. Dependence of n-1 = (Mσp)-1 on strong beam 
c u r r e n t . 

F i g . 4. Weak beam l i f e - t i m e depending upon s t r o n g beam 
c u r r e n t (VEPP-1). 

F i g . 6 . Dependence of nmax = Mmaxσp on energy a t low 
c u r r e n t . 
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F i g . 7. Dependence of ( 
M m a x 

M )2 on the weak beam a x i a l s i z e 
squa red (VEPP-2). 

Fig. 8. Dependence of the weak beam axial size on the 
strong beam current with v = correction (VEPP-2). 

Fig. 9. Dependence of a part of weak beam particles 
filling the "wings" on vz. 


