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A B S T R A C T 

I n t h e 1 9 8 1 C o l l i d e r r u n , p r o t o n - a n t i p r o t o n e l a s t i c s c a t t e r i n g w a s 

m e a s u r e d i n t h e r a n g e 0 . 0 5 < - t < 0 . 1 9 G e V 2 . T h e t - d i s t r i b u t i o n c o u l d 

b e f i t t e d b y t h e e x p o n e n t i a l e x p ( b t ) w i t h s l o p e p a r a m e t e r b = 1 7 . 2 ± 

1 . 0 G e V 2 . C o m b i n i n g t h i s d a t a w i t h t h e m e a s u r e m e n t o f t h e i n e l a s t i c 

i n t e r a c t i o n r a t e t h e t o t a l c r o s s - s e c t i o n w a s f o u n d t o b e 0 = 66 ± 7 m b . 
T h e r a t i o o / a i s 0 . 2 0 ± 0 . 0 2 . I n t h e 1 9 8 2 r u n e l a s t i c s c a t t e r i n g 

e l t 

w a s m e a s u r e d i n t h e r a n g e 0 . 2 1 < - t < 0 . 5 G e V 2 . T h e t - d i s t r i b u t i o n i s 

w e l l d e s c r i b e d b y t h e s l o p e p a r a m e t e r b = 1 3 . 6 ± 0 . 5 G e V 2 . A m a r k e d 

v a r i a t i o n o f t h e s l o p e p a r a m e t e r w i t h t t a k e s p l a c e a r o u n d - t = 0 . 1 5 G e V ' 

a n e f f e c t s i m i l a r t o t h a t p r e v i o u s l y o b s e r v e d a t t h e I S R . M e a s u r e m e n t 

o f i n e l a s t i c s c a t t e r i n g a r e a l s o d i s c u s s e d . 
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A I M O F T H E E X P E R I M E N T 

E x p e r i m e n t U A 4 a t t h e C E R N C o l l i d e r i s d e v o t e d t o t h e m e a s u r e m e n t o f 

e l a s t i c s c a t t e r i n g a n d o f t h e t o t a l c r o s s - s e c t i o n . 

E l a s t i c s c a t t e r i n g e v e n t s a r e o b s e r v e d b y m e a n s o f d e t e c t o r s p l a c e d 

i n s i d e m o v a b l e s e c t i o n s o f t h e S P S v a c u u m c h a m b e r ( " R o m a n p o t s " ) . E a c h 

d e t e c t o r c o n s i s t s o f a c o u n t e r h o d o s c o p e a n d a w i r e c h a m b e r h a v i n g r e s o ­

l u t i o n o f 0 . 1 3 mm i n t h e v e r t i c a l a n d 0 . 4 mm i n t h e h o r i z o n t a l c o o r d i ­

n a t e ^ . T h e " R o m a n p o t s " a r e a r r a n g e d i n t e l e s c o p e s p l a c e d s y m m e t r i c a l l y 

w i t h r e s p e c t t o t h e c r o s s i n g p o i n t a b o v e a n d b e l o w t h e m a c h i n e p l a n e . 

P a r t i c l e s l e a v i n g t h e i n t e r a c t i o n r e g i o n t r a v e r s e t h e q u a d r u p o l e o f t h e 

m a c h i n e a n d t h e n r e a c h t h e s e t e l e s c o p e s . I d e n t i f i c a t i o n o f e l a s t i c e v e n t s 

i s b a s e d o n t h e r e q u i r e m e n t o f c o l l i n e a r i t y . 

T h e t o t a l c r o s s - s e c t i o n i s o b t a i n e d b y m e a n s o f a m e t h o d f i r s t u s e d 
2 ) 

a t t h e I S R . I t i s b a s e d o n t h e s i m u l t a n e o u s m e a s u r e m e n t o f l o w - t 

e l a s t i c s c a t t e r i n g a n d o f t h e t o t a l i n e l a s t i c r a t e . B y u s i n g t h e o p t i c a l 

t h e o r e m t h e t o t a l c r o s s - s e c t i o n i s o b t a i n e d f r o m t h e f o l l o w i n g e x p r e s s i o n 

0 . 1 6 » » c ) » K / d t ] t - o ( 1 ) 

fc 1 + p 2 N , + N . 
e l i n 

w h e r e p i s t h e r a t i o o f t h e r e a l t o t h e i m a g i n a r y p a r t o f t h e f o r w a r d 

e l a s t i c a m p l i t u d e , w h i l e N , a n d N . a r e t h e o b s e r v e d r a t e s o f t h e e l a s t i c 
e l m 

a n d i n e l a s t i c i n t e r a c t i o n s , r e s p e c t i v e l y . T h e e l a s t i c d i f f e r e n t i a l r a t e 

a t t = 0 , ( d N / d t ) t _ Q » i s o b t a i n e d b y e x t r a p o l a t i o n . T h i s m e t h o d 

d o e s n o t r e q u i r e a n i n d e p e n d e n t d e t e r m i n a t i o n o f t h e m a c h i n e l u m i n o s i t y . 

I n o u r e x p e r i m e n t i n e l a s t i c i n t e r a c t i o n s a r e d e t e c t e d b y t e l e s c o p e s o f 

w i r e c h a m b e r s a n d c o u n t e r h o d o s c o p e s p l a c e d s y m m e t r i c a l l y o n t h e l e f t a n d 

r i g h t s i d e o f t h e c r o s s i n g r e g i o n , a n d c o v e r i n g t h e p s e u d o r a p i d i t y r a n g e 

f r o m 2 . 5 t o 5 . 6 . 

I n e l a s t i c i n t e r a c t i o n s o f d i f f r a c t i v e k i n d c o r r e s p o n d i n g t o t h e 

p r o c e s s p p -> p X w h e r e t h e a n t i p r o t o n l o s e s a v e r y s m a l l f r a c t i o n o f i t s 
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initial momentum, are also observed in our system. Taking advantage of 

the deflection in the magnetic field of the machine quadrupoles, the 

momentum spectrum of the antiproton is measured. 

RESULTS FROM THE FIRST COLLIDER RUN IN 1981 

During the first physics run of the Collider elastic scattering at 

low-t and the total cross-section were measured at a centre-of-mass 

energy /^s = 540 GeV . Data were taken in a short run ('v- 15 hours) with 

luminosity of about 1 0 2 6 c m - 2 s - 1 when the machine optics in the inter­

section region was the same as for normal SPS operation (normal-ß optics). 
3) . 

Elastic scattering was measured in the four-momentum transfer range 

0.05 <-t <0.19 GeV 2 . The collinearity plot in the vertical plane shows 

a peak with standard deviation 5 8 - 0.05 mrad corresponding to a trans­

verse momentum unbalance less than 15 MeV/c. Background of inelastic 

events was negligible. The observed t-distribution of about 1500 elastic 

events could be fitted by the exponential shape exp (bt) with slope 

parameter b = 17.2 ± 1.0 G e V - 2 . 

Inelastic interactions were measured in the same run. It was ensured 

that the elastic and inelastic rates were obtained at the same luminosity 

by alternatively enabling the two triggers. The number of bunch crossing 

between the enabling and the occurrence of a trigger was recorded. The 

average rates of elastic and inelastic events were obtained from the total 

live times of the elastic and inelastic triggers respectively. The in­

elastic trigger was made as inclusive as possible by using a single-arm 

trigger in the pseudorapidity range 3.0 < n< 5.6 in addition to a left-

right trigger covering the same n-range in both hemispheres. The single-

arm trigger allows detection of events that escape the left-right trigger, 

in particular single diftractive interactions. Beam-beam events are 

recognized by reconstructing a vertex from the observed tracks. The 

fraction of events escaping detection due to the limited coverage in 

polar angle of the detectors was estimated by extrapolation to be less 

than 2%. 
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T h e t o t a l n u m b e r o f e l a s t i c e v e n t s w a s c a l c u l a t e d f r o m t h e o b s e r v e d 

n u m b e r o f e v e n t s u n d e r t h e a s s u m p t i o n o f a n e x p o n e n t i a l t - d i s t r i b u t i o n 

w i t h c o n s t a n t s l o p e p a r a m e t e r b = 1 7 . 2 G e V 2 e q u a l t o t h e v a l u e m e a s u r e d 

i n t h e a c c e s s e d t - r a n g e . I n t h a t c a s e , a s s u m i n g p = 0 , e q . ( 1 ) c a n b e 

r e w r i t t e n a s 

a = 16 TT ( l i e ) 2 ~ — ( 2 ) 
t , . N i n 1 + 

e l 

T h e r a t i o N . / N , w a s f o u n d t o b e 4 . 0 7 ± 0 . 2 2 . T h e m e a s u r e d v a l u e o f 
i n 6 1 . 4 ) 

t h e t o t a l c r o s s s e c t i o n i s = 66 ± 7 m b . T h e q u o t e d e r r o r i s p u r e l y 

s t a t i s t i c a l a n d i s m a i n l y d u e t o t h e u n c e r t a i n t y o n t h e s l o p e p a r a m e t e r . 

A g r a p h i c a l r e p r e s e n t a t i o n o f t h i s r e s u l t , f o l l o w i n g f r o m e q . ( 2 ) i s 

s h o w n i n F i g . 1 w h e r e t h e d a t a p o i n t c o r r e s p o n d i n g t o t h e m a x i m u m I S R 

e n e r g y i s a l s o s h o w n f o r c o m p a r i s o n . O u r r e s u l t o n a i s p l o t t e d i n 

F i g . 2 t o g e t h e r w i t h p p a n d p p d a t a a t l o w e r e n e r g i e s . T h e f u l l l i n e i n 

F i g . 2 i s t h e r e s u l t o f t h e d i s p e r s i o n r e l a t i o n f i t o f r e f . 5 ) w h i c h 

f o l l o w s a ( l o g s ) 2 d e p e n d e n c e . 

We a l s o f i n d a ,/a = 0 . 2 0 ± 0 . 0 2 a n d o,,,. rjr„/o = 0 . 1 7 ± 0 . 0 3 , w h e r e 
e l t d i f f t 

a i i j - ü : i i r e f e r s t o t h e e v e n t s h a v i n g t r a c k s i n o n e h e m s ( ï . p h e r e o n l y . T h e s e d i r t 

v a l u e s , w i t h i n e r r o r s , a r e c o n s i s t e n t w i t h t h o s e o b s e r v e d i n t h e I S R 

e n e r g y r a n g e . 

T h e r e l e v a n c e o f t h e C o l l i d e r d a t a f o r t h e u n d e r s t a n d i n g o f t h e v e r y 

h i g h - e n e r g y b e h a v i o u r o f t h e e l a s t i c a m p l i t u d e h a s b e e n d i s c u s s e d b y 

A . M a r t i n ^ . O u r r e s u l t o n t h e s l o p e p a r a m e t e r a t l o w - t i s c o m p a t i b l e 

w i t h t h e p r e d i c t i o n o f t h e R e g g e o n F i e l d T h e o r y ^ . A c c o r d i n g t o t h i s 

t h e o r y , h o w e v e r , t h e r a i s e o f t h e t o t a l c r o s s - s e c t i o n w i t h e n e r g y i s n o t 

a s f a s t a s s u g g e s t e d b y o u r m e a s u r e m e n t . T h e p r e d i c t i o n a t t h e C o l l i d e r 

i s o f a b o u t 5 5 m b . 

8 ) 

T h e g e o m e t r i c a l p i c t u r e o f h i g h - e n e r g y s c a t t e r i n g w h i c h u s e s f o r 

t h e p r o t o n o p a q u e n e s s a s h a p e d e r i v e d f r o m t h e e l e c t r o - m a g n e t i c f o r m 

f a c t o r , p r e d i c t s a t o o l o w v a l u e f o r t h e f o r w a r d s l o p e . 
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F o r a t o t a l c r o s s - s e c t i o n o f 66 m b , t h e p r e d i c t i o n i s b = 14 G e V , 

w h i c h d o e s n o t s e e m t o b e c o n s i s t e n t w i t h o u r e x p e r i m e n t a l r e s u l t . 

R e c e n t l y , f i t s o f t h e a v a i l a b l e d a t a o n t h e s l o p e p a r a m e t e r b o v e r 
9 ) 

t h e F N A L a n d I S R e n e r g y r a n g e h a v e b e e n p r e s e n t e d . E x t r a p o l a t i o n o f 

t h e s e f i t s t o t h e C o l l i d e r e n e r g y d o e s n o t l e a d , h o w e v e r , t o u n a m b i g u o u s 

c o n c l u s i o n s . 

P R E L I M I N A R Y R E S U L T S F R O M T H E 1 9 8 2 R U N 

B e f o r e t h e 1 9 8 2 r u n o u r e l a s t i c s c a t t e r i n g a p p a r a t u s w a s i m p l e m e n t e d 

a s s h o w n i n F i g . 3 . T h e s y s t e m , s y m m e t r i c w i t h r e s p e c t t o t h e c r o s s i n g 

p o i n t , c o n s i s t s o f s i x t e e n d e t e c t o r s , e a c h o n e p l a c e d i n a " R o m a n p o t " , 

w h i c h a r e a r r a n g e d i n e i g h t t e l e s c o p e s . T h e " i n n e r " t e l e s c o p e s a r e a t 

a d i s t a n c e o f a b o u t 2 3 m f r o m t h e c r o s s i n g p o i n t , w h i l e t h e " o u t e r " 

t e l e s c o p e s a r e a t a b o u t 4 0 m . T h e m i n i m u m d i s t a n c e o f t h e p o t s f r o m 

t h e b e a m a t w h i c h t h e d e t e c t o r s c o u l d s t i l l o p e r a t e s a f e l y w a s f o u n d t o 

b e r o u g h l y e q u a l t o t w e n t y t i m e s t h e r . m . s . v a l u e o f t h e b e a m s i z e , 

a l m o s t i n d e p e n d e n t l y o f t h e m a c h i n e o p t i c s . T h i s d i s t a n c e d e t e r m i n e s t h e 

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

i n t e r s e c t i o n r e g i o n . T h e r a n g e o f t w h i c h i s a c c e s s i b l e f o r e a c h o p t i c s 

a n d t h e R o m a n p o t t e l e s c o p e s u s e d i n t h e m e a s u r e m e n t a r e l i s t e d i n 

T a b l e 1. 

T a b l e 1 

M a c h i n e o p t i c s ß H X i 3 V 
(m) 

R o m a n p o t t e l e s c o p e s 
a c c e s s i b l e t - r a n g e 

( G e V 2 ) 

N o r m a l - ß 

H i g h - ß 

M e d i u m - ß 

L o w - ß 

5 0 x 5 0 

1 0 0 x l O O 

7 x 3 . 5 

2 x 1 

o u t e r 

o u t e r 

i n n e r 
j p : i n n e r a n d o u t e r 
|p : i n n e r 

0 . 0 5 - 0 . 1 9 

0 . 0 2 - 0 . 3 5 

0 . 2 - 0 . 5 

0 . 4 - 1 . 5 
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A s s e e n f r o m T a b l e 1 , o u r e l a s t i c s c a t t e r i n g a p p a r a t u s i s q u i t e f l e x i b l e 

a n d a l l o w s t o c o v e r a r a t h e r w i d e r a n g e o f t w i t h s o m e o v e r l a p b e t w e e n 

m e a s u r e m e n t s d o n e w i t h d i f f e r e n t o p t i c s . 

T h e a n g u l a r r e s o l u t i o n i s d e t e r m i n e d b y b o t h t h e s p a t i a l a c c u r a c y 

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

a s l / / ß . F o r t h e h i g h - ß o p t i c s t h e t w o e f f e c t s a r e c o m p a r a b l e i n s i z e 

g i v i n g r i s e t o a c o l l i n e a r i t y d i s t r i b u t i o n w i t h r . m . s . v a l u e 6 8 - 0 . 0 4 m r a d , 

w h i l e f o r t h e l o w - ß o p t i c s t h e b e a m d i v e r g e n c e d o m i n a t e s c o m p l e t e l y a n d 

t h e c o l l i n e a r i t y p e a k i s m u c h w i d e r (6 8 - 0 . 2 m r a d ) . 

T h e e l a s t i c t r i g g e r w a s p r o v i d e d b y t h e c o i n c i d e n c e o f t h e t r i g g e r 

c o u n t e r s o f t h e l e f t a n d r i g h t a r m . U s u a l l y , w i t h s t a b l e b e a m c o n d i t i o n s 

t h e f r a c t i o n o f g o o d e l a s t i c e v e n t s i n t h e t r i g g e r w a s o f 30 - 5 0 % . 

I n t h e f i r s t f e w d a y s o f t h e 1 9 8 2 r u n t h e C o l l i d e r w a s o p e r a t e d w i t h 

m e d i u m - ß o p t i c s . E l a s t i c s c a t t e r i n g w a s m e a s u r e d u s i n g t h e " i n n e r " 

t e l e s c o p e s i n t h e r a n g e 0 . 2 1 < - t < 0 . 5 G e V 2 . T h e t - d i s t r i b u t i o n o f a b o u t 

7 . 0 0 0 e v e n t s i s s h o w n i n F i g . 4 . T h e s e d a t a c a n b e w e l l f i t t e d b y a n 

e x p o n e n t i a l s h a p e . A s a p r e l i m i n a r y v a l u e o f t h e s l o p e w e q u o t e 

b = 1 3 . 6 ± 0 . 5 G e V " 2 . 

I n a s h o r t t e s t r u n w i t h h i g h - ß o p t i c s a t l o w l u m i n o s i t y 

( ^ 2 - 1 0 2 5 c m ~ 2 s - 1 ) , a b o u t 7 0 0 e l a s t i c e v e n t s w e r e c o l l e c t e d i n t h e r a n g e 

0 . 0 2 5 < - t < 0 . 1 9 G e V 2 . T h e o b s e r v e d t - d i s t r i b u t i o n a g r e e s w i t h t h a t 
3) 

m e a s u r e d i n t h e 1 9 8 1 r u n 

I n F i g . 5 t h e d a t a a l r e a d y p u b l i s h e d b y U A l ^ ^ a n d U A 4 " ^ o n t h e s l o p e 

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

r e s u l t . A d d i t i o n a l d a t a f r o m t h e U A 1 C o l l a b o r a t i o n ' ^ r e p o r t e d a t t h i s 

C o n f e r e n c e a r e c o n s i s t e n t w i t h t h o s e s h o w n i n F i g . 5 . I t i s c l e a r t h a t 

a f a s t v a r i a t i o n o f t h e s l o p e i s t a k i n g p l a c e a t - t ^ 0 . 1 5 G e V 2 , a n 
1 2 ) 

e f f e c t w h i c h w a s f i r s t o b s e r v e d a t t h e I S R . I n F i g . 6 a c o m p i l a t i o n 

o f t h e p r o t o n - p r o t o n r e s u l t s o n t h e s l o p e b a s a f u n c t i o n o f t a t / s = 5 3 G e V 

i s p r e s e n t e d . F o r e a c h d a t a p o i n t i n F i g . 5 a n d 6 t h e h o r i z o n t a l b a r 

i n d i c a t e s t h e r a n g e i n t w h e r e t h e e x p o n e n t i a l f i t w a s p e r f o r m e d . 



- 243 -

A t / T = 5 3 GeV, when moving from -t = 0.4 GeV 2 down to -t < 0 . 1 GeV 2, 

the slope increases by A b - 2.5 G e V - 2 . While the shrinkage of the 

elastic peak from the ISR to Collider energy is well demonstrated by 

present data, it is not clear, however, whether the increase of the slope 

with energy is larger at very low values of t. 

General arguments^ indicate that if a ^ (log s ) 2 and a Ja -*• 
t el t 

constant £ 0, as s 0 0, then b (s, t = 0) ^ (log s ) 2 but b (s, t < 0) < logs . 

The present experimental situation can be summarized as follows. 

For pp scattering at /"s = 53 GeV, by taking the averages of available data 

we get: 

for -t < 0.1 GeV 2 b = 13.0 ± 0 . 2 GeV" 2 

for -t = 0.4 GeV 2 b = 10.4 + 0.2 GeV" 2 

Then, using the U A 4 results of Fig. 5, the change of slope from /s" = 5 3 GeV 

to / s = 540 GeV is : 

for -t < 0.1 GeV 2 Ab = 4 . 2 ± 1 GeV" 2 

for -t = 0.4 GeV 2 Ab = 3.2 ± 0.5 GeV~ 2 

More accurate data at very low t are needed in order to reach a conclusion. 

The good spatial resolution of our wire chambers in the Roman pots 

allows to measure the antiproton momentum by tracking the trajectory 

through the Q and Q quadrupoles (see Fig. 3 ) . For low-ß optics, the F D 
bending of the first quadrupole pair Q in the vertical plane is roughly 

F 
twice the scattering angle while the bending of the second pair is 

about equal to the scattering angle. The typical value of the scattering 

angle in the low-8 optics is around 2.5 mrad. The p momentum is determined 

by a best fit on the particle trajectory using the quadrupole transfer 

matrices with constraint on the vertical position of the interaction point. 

The momentum resolution, as determined experimentally on elastic events 

has standard deviation of 0 . 7 ' 1 0 ~ 2 as shown in Fig. 7. The main contribution 

to the observed resolution is from measurement errors. In fact the momentum 

spread of the beam is less than 1 0 ~ 3 and for the SPS quadrupoles the relative 
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v a r i a t i o n o f t h e i n t e g r a t e d g r a d i e n t a c c r o s s t h e a p e r t u r e i s l e s s 

t h a n 3 - 1 0 " 3 . 

T h e m e a s u r e m e n t o f t h e m o m e n t u m i s r e l e v a n t f o r t h e r e j e c t i o n o f 

i n e l a s t i c b a c k g r o u n d , e s p e c i a l l y i n t h e l o w - ß o p t i c s . I n a d d i t i o n i t 

a l l o w s t o d e t e r m i n e t h e m o m e n t u m s p e c t r u m o f t h e p i n t h e i n e l a s t i c 

s c a t t e r i n g r e a c t i o n p p -*• p X . D a t a h a v e b e e n t a k e n u s i n g a t r i g g e r t h a t 

d e m a n d e d t h e f o u r - f o l d c o i n c i d e n c e o f t h e f o u r p o t s ( " i n n e r " a n d " o u t e r " ) 

o n t h e p s i d e t o g e t h e r w i t h a t l e a s t a c h a r g e d p a r t i c l e i n t h e o p p o s i t e 

h e m i s p h e r e i n t h e p s e u d o r a p i d i t y r a n g e 3 <n < 5 . 6 . T h i s t r i g g e r p e r m i t s 

t h e s t u d y o f t h e d i f f r a c t i v e d i s s o c i a t i o n p r o c e s s w i t h e x c i t a t i o n o f 

s y s t e m s h a v i n g l a r g e m a s s . A n e x a m p l e o f t h e m o m e n t u m s p e c t r u m o f t h e 

p f o r t h e d i f f r a c t i v e t r i g g e r i s s h o w n i n F i g . 7 . 
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