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SUMMARY 

The small angle e l a s t i c s c a t t e r i n g o f protons w i t h protons and a n t i -
p r o t o n s has been measured a t 52.8 and 30.4 GeV c e n t e r - o f - m a s s e n e r g y . 
Using the known t o t a l c r o s s - s e c t i o n f o r pp s c a t t e r i n g , a simultaneous f i t 
t o the pp and pp d i f f e r e n t i a l c r o s s s e c t i o n s a l l o w s t o determine the d i f 
f e r e n c e between the pp and pp t o t a l c r o s s - s e c t i o n s and the r a t i o o f the 
r e a l - t o - i m a g i n a r y p a r t o f the pp and pp f o r w a r d n u c l e a r s c a t t e r i n g a m p l i 
tudes a t both e n e r g i e s . In a d d i t i o n , the n u c l e a r s lope parameter a t low 
momentum t r a n s f e r i s obtained f o r pp and pp a t 52.8 GeV. 
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The comparison o f p r o t o n - p r o t o n and p r o t o n - a n t i p r o t o n i n t e r a c t i o n s 
a t v e r y h igh c e n t e r - o f - m a s s e n e r g i e s has been a c c e s s i b l e t o exper iment o v e r 
t h e l a s t two y e a r s owing t o the s u c c e s s f u l o p e r a t i o n o f the a n t i p r o t o n a c 
cumulator a t CERN and the p o s s i b i l i t y t o s t o r e a beam o f a n t i p r o t o n s i n one 
o f the CERN i n t e r s e c t i n g s t o r a g e r i n g s ( I S R ) . The L o u v a i n - N o r t h w e s t e r n 
c o l l a b o r a t i o n [1] has endeavoured i n t o a s e r i e s of accurate measurements o f 
pp and pp e l a s t i c s c a t t e r i n g a t small momentum t r a n s f e r , aiming a t the d e 
t e r m i n a t i o n o f the d i f f e r e n c e Aa between the pp and pp t o t a l c r o s s - s e c t i o n s , 
the r a t i o s p(pp) and p(pp) o f the r e a l t o the imaginary p a r t o f the f o r w a r d 
n u c l e a r s c a t t e r i n g a m p l i t u d e s a n d the s l o p e s b(pp) and b(pp) o f the n u c l e a r 
e l a s t i c d i f f e r e n t i a l c r o s s - s e c t i o n s . 

The experiment uses the method and p a r t o f the equipment o f the CERN-
Rome c o l l a b o r a t i o n w h i c h , t o g e t h e r w i t h the P i s a - S t o n y - B r o o k c o l l a b o r a t i o n , 
d i s c o v e r e d the r i s e o f the pp t o t a l c r o s s - s e c t i o n a t the ISR [2] and p e r f o r -

2 
med the measurement o f the p(pp) parameter [ 3 J . Four m i n i a t u r e (48 x 28 mm ) 
s c i n t i l l a t o r hodoscopes are i n s t a l l e d above and below the two beams, i n mova
b l e s e c t i o n s o f the vacuum pipes ("Roman pots") at 8.7 m downstream o f the 
i n t e r s e c t i o n r e g i o n . The pots and the hodoscopes can be a c c u r a t e l y moved 
(± 0.02 mm) under remote c o n t r o l and can approach the c i r c u l a t i n g beams t o 
e x p l o r e s c a t t e r i n g angles down t o 1 mrad. With the use o f t h e T e r w i l l i g e r 
f o c u s i n g mode o f momentum compaction, the s p a t i a l e x t e n s i o n o f the beam i n 
t e r s e c t i o n r e g i o n i s much reduced. The t r i g g e r i n g of the data a c q u i s i t i o n 
can be s imply made on the c o i n c i d e n c e between the upper hodoscope i n one arm 
and the lower one i n the o t h e r and p r o v i d e s an almost b a c k g r o u n d - f r e e sample 
o f e l a s t i c e v e n t s . The l u m i n o s i t y o f the i n t e r s e c t i o n i s monitored w i t h f o u r 

2 
p a i r s o f l a r g e (0.5 m ) s c i n t i l l a t o r counters l o c a t e d s y m m e t r i c a l l y above and 
below the beam and c a r e f u l l y c a l i b r a t e d through the van der Meer beam v e r t i 
cal displacement method [ 4 ] . Such c a l i b r a t i o n was r e p e a t e d l y performed 
dur ing the pp and pp data t a k i n g r u n s , showing r e p r o d u c i b i l i t y a t the percent 
l e v e l . D e t a i l s on the a p p a r a t u s , the i n f o r m a t i o n r e c o r d e d , the background 
s u b t r a c t i o n and the data r e d u c t i o n can be found elsewhere [ 5 , 6 ] . 

Data have been c o l l e c t e d a t t h r e e c e n t e r - o f - m a s s e n e r g i e s : /s = 3 0 . 4 , 
52.8 and 62.3 GeV i n s u c c e s s i v e pp and pp r u n s . During the pp r u n s , the 
a n t i p r o t o n beam i n t e n s i t y was o f the o r d e r o f 2 t o 4 mA whereas the proton 

26 - 2 - 1 
beam i n t e n s i t y was about 10 A , g i v i n g l u m i n o s i t i e s up t o 7.10 cm s . 
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F o r t h e p p r u n s , b o t h b e a m s w e r e k e p t a t 5 A r e s u l t i n g i n a l u m i n o s i t y o f 
29 - 2 - 1 5 

a b o u t 5 . 1 0 cm s . T h e t o t a l p p s t a t i s t i c s c o l l e c t e d w a s 1.7 10 e l a s 
t i c p p e v e n t s a t 5 2 . 8 a n d 6 2 . 3 G e V a n d 0 . 5 5 1 0 5 e v e n t s a t 3 0 . 4 G e V . T h e 
s t a t i s t i c s o f t h e p p c o m p a r i s o n r u n s w e r e o f t h e o r d e r o f 2 . 1 0 ^ e v e n t s . 
We s h o w i n f i g s . 1 a n d 2 , t y p i c a l d i f f e r e n t i a l c r o s s - s e c t i o n s o b s e r v e d f o r 
p p a n d p p c o l l i s i o n s a t /s = 3 0 . 4 G e V a n d 5 2 . 8 G e V . 

T h e d a t a w e r e f i t t e d t o t h e s t a n d a r d e x p r e s s i o n o f t h e d i f f e r e n t i a l 

c r o s s - s e c t i o n : 

& = i r | f c . f „ | 2 (1) 

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

f N a t s m a l l m o m e n t u m t r a n s f e r s q u a r e d t a r e p a r a m e t r i z e d i n t h e u s u a l w a y : 

f « - ¿ « + P ) < W e b t / 2 ( 3 ) 

I n t h e e x p r e s s i o n ( 2 ) , G = 

f o r m f a c t o r a n d a * i s 

ai> = a 

N ~ 3 ? v P J ° t o t 

1 + ^ i s t h e p r o t o n e l e c t r o m a g n e t i c 

£ n - 0 . 5 7 7 

h e C o u l o m b p h a s e t a k e n f r o m r e f e r e n c e 7 : 

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

s c a t t e r i n g r e s p e c t i v e l y . 

T h e r e s u l t s o b t a i n e d a t v̂ s = 5 2 . 8 G e V h a v e a l r e a d y b e e n p u b l i s h e d [ 6 ] . T h e y 

w e r e o b t a i n e d t h r o u g h t h e s i m u l t a n e o u s a d j u s t m e n t o f e x p r e s s i o n s ( 1 - 3 ) t o p p 

a n d pp d a t a , u s i n g t h e k n o w n p p t o t a l c r o s s s e c t i o n a t Q t ( p p ) [8] a s i n p u t t o 

t h e f i t a n d a d j u s t i n g t h e f o l l o w i n g p a r a m e t e r s : a t Q t ( p p ) , p ( p p ) » p ( p p ) » b ( p p ) , 

b ( p p ) , N , A h . N i s a n o v e r a l l n o r m a l i z a t i o n f a c t o r w h i c h a l l o w s f o r s m a l l e v e n t 

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

a s s u m e d t o b e t h e same f o r pp a n d pp m e a s u r e m e n t s ; a n d A h r e p r e s e n t s t h e mean 

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

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

a n a l y s i s o f t h e /s = 3 0 . 4 G e V d a t a i s b a s i c a l l y t h e s a m e . H o w e v e r , a t t h i s 

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

|t| s 0 . 0 1 5 G e V a n d d o e s n o t a l l o w f o r a n a c c u r a t e d e t e r m i n a t i o n o f t h e 

n u c l e a r s l o p e s . T h e a n a l y s i s o f t h e *̂ s = 6 2 . 3 G e V r u n i s s t i l l i n p r o g r e s s . 
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T h e i n p u t t o t h e f i t s a n d t h e r e s u l t s o b t a i n e d a r e s u m m a r i z e d i n 

t a b l e 1. T h e e r r o r s s h o w n a r e t h e s t a t i s t i c a l e r r o r s c o m b i n e d w i t h t h e 

c o n t r i b u t i o n o f a p o s s i b l e 2 % s y s t e m a t i c d i f f e r e n c e b e t w e e n p p a n d p p 

n o r m a l i z a t i o n s a n d a p o s i t i o n u n c e r t a i n t y o f t h e d e t e c t o r s o f 0 . 0 2 mm 

b e t w e e n pp a n d pp r u n s . I t s h o u l d b e n o t e d t h a t t h e t o t a l c r o s s -

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

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

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

I n f i g . 3 , we c o m p a r e o u r r e s u l t s f o r Aa w i t h l o w e r 

e n e r g y d a t a a n d a c o n v e n t i o n a l f i t [11] t o t h e s e l o w e n e r g y d a t a . T h e 

e x t r a p o l a t i o n o f t h e l a t t e r w h i c h p r e d i c t t h a t Aa-»-0 a s s °° , i s i n g o o d 

a g r e e m e n t w i t h o u r r e s u l t s . I t h a s b e e n o b s e r v e d [ 1 2 ] , h o w e v e r , t h a t o n e 

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

t u d e ( t h e s o - c a l l e d o d d e r o n [ 1 3 ] ) w h i c h , a t I S R e n e r g y , w o u l d b e o f t h e 

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

s u c h t h a t ¡Ao| w o u l d a s y m p t o t i c a l l y b e c o m e p r o p o r t i o n a l t o A n s . T h e Aa 

d a t a a t t h e h i g h e s t e n e r g y a c c e s s i b l e (/s = 6 2 . 3 G e V ) w i l l b e c r i t i c a l f o r 

t h i s i s s u e . We n o t e a l s o t h e a g r e e m e n t a t /s = 5 2 . 8 G e V b e t w e e n o u r v a l u e 

f o r Aa a n d t h e l a t e s t v a l u e r e p o r t e d b y t h e C E R N - N a p o l i - P i s a - S t o n y - B r o o k 

c o l l a b o r a t i o n , Aa = 1 . 4 9 ± 0 . 3 5 mb [ 1 4 ] . I n a d d i t i o n , t h e c o m p a r i s o n o f 

t h e t o t a l pp c r o s s - s e c t i o n m e a s u r e d /s = 3 0 . 4 a n d 5 2 . 6 GeV w i t h t h e h i g h e s t 

e n e r g y F e r m i l a b d a t a [ 1 0 ] , s h o w s c o n c l u s i v e l y t h a t t h i s c r o s s - s e c t i o n i s r i s i n g 

i n t h e I S R e n e r g y d o m a i n . I n d e e d , t h e r a t e o f i n c r e a s e o f a t Q t ( p p ) i s c o m p a 

t i b l e w i t h a A n ^ s b e h a v i o u r , a s f a s t a s a l l o w e d b y t h e F r o i s s a r t b o u n d . 

T h e v a l u e s o f p ( p p ) a n d p ( p p ) m e a s u r e d i n t h i s e x p e r i m e n t a r e d i s p l a y e d 

i n f i g . 4 t o g e t h e r w i t h p r e v i o u s d a t a . I t c a n b e s e e n t h a t p ( p p ) i s p o s i t i v e 

a n d i n c r e a s i n g o v e r t h e I S R e n e r g y r a n g e . T h i s b e h a v i o u r i s p r e d i c t e d b y 

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

r a t e c l o s e t o t h e F r o i s s a r t b o u n d w h i l e A a + 0 f o r s •*• ° ° . A s a n 

e x a m p l e , we s h o w i n f i g . 4 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 A m a l d i e t a l . [3] 

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

I t h a s b e e n o b s e r v e d e a r l i e r [16] t h a t t h e v a l u e s o f t h e l o w - t s l o p e s , 

b ( p p ) a n d b ( p p ) , m e a s u r e d a t /s = 5 2 . 8 GeV a r e n o t s i g n i f i c a n t l y d i f f e r e n t 

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

p e a k a p p r o a c h u n i t y a t h i g h e n e r g y ; t h i s p r e d i c t i o n o f a s y m p t o t i c t h e o r e m s [ 1 7 ] 
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s e e m s a l r e a d y f u l f i l l e d a t I S R e n e r g i e s a t t h e l e v e l o f e x p e r i m e n t a l a c c u 

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

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

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

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

t h e v a l u e s p r e v i o u s l y o b t a i n e d a t l o w e r e n e r g y ( p - j ^ £ 100 G e V / c ) , a f e a t u r e 

p r e d i c t e d b y o p t i c a l m o d e l s w i t h g o e m e t r i c a l s c a l i n g . 
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T a b l e 1 

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

d i f f e r e n t i a l e l a s t i c c r o s s - s e c t i o n d a t a . R e s u l t s a t 3 0 . 4 G e V 

a r e p r e l i m i n a r y . 

¿ s ( G e V ) 5 2 . 8 3 0 . 4 

I n p u t a t o t ^ p p ^ = 4 2 , 6 7 m b a t o t ^ p p ) = 4 0 , 1 4 m b 

b ( p p ) = 1 2 . 2 G e V " 2 

b ( p p ) = 1 2 . 6 G e V " 2 

R e s u l t A a = 0 . 9 8 ± 0 . 3 6 mb A o « 1 . 5 ± 0 . 5 mb 

a t o t ( p p ) = 4 3 . 6 5 ± 0 . 4 1 mb o t Q t ( p p ) = 4 1 . 7 ± 0 . 5 mb 

a e l ( p p ) = 7 . 3 6 ± 0 . 3 0 mb c e - , ( p p ) = 7 . H 0 . 3 mb 

p ( p p ) = 0 . 0 6 0 ± 0 . 0 0 0 6 p ( p p ) = 0 . 0 4 0 ± 0 . 0 0 5 

p ( p p ) = 0 . 1 0 H 0 . 0 1 8 p ( p p ) = 0.031+Ó.021 
b ( p p ) = 1 2 . 8 5 ± 0 . 1 2 G e V " 2 

b ( p p ) = 1 3 . 3 6 ± 0 . 5 3 G e V " 2 
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F I G U R E C A P T I O N S 

F i g . 1. T h e m e a s u r e d d i f f e r e n t i a l c r o s s - s e c t i o n d a / d t f o r e l a s t i c s c a t t e 

r i n g o f p r o t o n s o n p r o t o n s ( u p p e r ) a n d a n t i p r o t o n s ( l o w e r ) a t 

/ s = 5 2 . 8 G e V , a s a f u n c t i o n o f | t | . 

F i g . 2 . Same a s f i g . 1 f o r Ss = 3 0 . 4 G e V . 

F i g . 3 . T h e d i f f e r e n c e A a = ° t 0 t ( P P ) " a t o t ^ p p ^ v e r s u s l a b o r a t o r y m o m e n t u m 

P l a b P» 1 0 , 14J* T h e c u r v e i s t n e r e s u l t o f t n e o f B a r t e l 
a n d D i d d e n s [ 1 1 ] t o t h e l o w e r e n e r g y d a t a . 

F i g . 4 . T h e p a r a m e t e r p f o r p p a n d p p s c a t t e r i n g [ 1 5 ] a s a f u n c t i o n o f 

T/S. F o r c l a r i t y , t h e p p d a t a o f F a j a r d o e t a l . w h i c h l i e a b o v e 

t h e o t h e r p p d a t a h a v e b e e n o m i t t e d . T h e c u r v e 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 A m a l d i e t a l . [3] t o t o t a l c r o s s -

s e c t i o n a n d p d a t a . 
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• Galbraith et al- (1965) 
• Denisovetal . (1973) 

1 — i i i i 11 i l 1 i l i i i 

10 1 0 2 1 0 3 

P .c b ( G e V / c ) 

F i g . 3 

F i g . 4 


