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1. I N T R O D U C T O R Y N O T E S 

I w o u l d l i k e t o c o n t r i b u t e j u s t t w o p o i n t s t o t h e d i s c u s s i o n o f 

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

d a t a o b s e r v e d a t t h e I S R a n d e x t r a p o l a t e d a t e x t r e m e e n e r g i e s . T h e f i r s t 

i s i n t h e f i e l d o f n e w , v e r y h e a v y f l a v o u r s ; t h e s e c o n d i s o n t h e m u l t i -

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

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

n o t ( e + e ) . 

1) A v e r y h i g h e n e r g y h a d r o n c o l l i d e r e x i s t s : t h e C E R N ( p p ) . C a n 

t h i s m a c h i n e b e u s e d t o s e a r c h f o r n e w f l a v o u r s s u c h a s " t o p " a t 25 G e V 

a n d " s u p e r b e a u t y " a t 55 G e V m a s s e s ? T h e a n s w e r i s Y e s i f t h e p r o d u c t i o n 

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

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

a n o t h e r s e s s i o n £ l ] . L e t me j u s t r e m i n d y o u o f t h e c r u c i a l p o i n t s . 

A s t u d y o f a n e w e f f e c t ( t h e e + / e a s y m m e t r y i n t h e p r o t o n a n d a n t i -

p r o t o n h e m i s p h e r e s ) s h o w s t h a t i t i s p o s s i b l e t o s e a r c h f o r v e r y h e a v y 
+ 

f l a v o u r s t a t e s . T h i s n e w e f f e c t d e p e n d s o n t h e e e n e r g y a n d i s t h e r e 
i f t h e v e r y h e a v y s t a t e s (A + a n d A 0 , ^ ) a r e p r o d u c e d i n a l e a d i n g 

J t s u p e r b e a u t y 
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w a y , as f o u n d a t the C E R N I S R e n e r g i e s w i t h " c h a r m " a n d " b e a u t y " [^2,3]. 

If these s t a t e s w e r e f o u n d at the C E R N pp C o l l i d e r , this w o u l d b e a v e r y 

i m p o r t a n t s t e p i n f a v o u r of h a d r o n m a c h i n e s . I n f a c t it c o u l d b e that 

the 25 G e V a n d 55 G e V m a s s e s d e c a y s e m i l e p t o n i c a l l y i n a p a t t e r n w h i c h is 

s i m p l e to d i s e n t a n g l e f r o m the " s t a n d a r d " s o f t p h y s i c s p r o d u c e d in a v e r y 

h i g h e n e r g y i n t e r a c t i o n . 

O n the b a s i s of this d e t a i l e d s t u d y w e t h i n k t h a t the o b s e r v a t i o n of 

n e w f l a v o u r s in h a d r o n c o l l i d e r s is by n o m e a n s o u t of r e a c h . 

O f c o u r s e the g r e a t a d v a n t a g e of e e c o l l i d e r s is t h a t they are 

" c l e a n " . H o w e v e r t h e i r e n e r g y is m u c h b e l o w t h a t of the h a d r o n c o l l i d e r s . 

If the h a d r o n c o l l i d e r s w i l l show t h a t , a f t e r a l l , they are n o t so 

d i f f i c u l t to w o r k w i t h , a n d the c o m p l e x i t y of the final states is n o t s u c h 

as to f o r b i d d o i n g n e w p h y s i c s — for e x a m p l e , to d i s c o v e r n e w f l a v o u r s — 

in few y e a r s our v i e w c o u l d d r a s t i c a l l y c h a n g e in f a v o u r of them. 

So the f i r s t c o n c l u s i o n is to w a i t u n t i l a c l e a r m e s s a g e comes f r o m 

the C E R N pp C o l l i d e r . 

2) T h e s e c o n d p o i n t refers to a n e w w a y of s t u d y i n g (pp) i n t e r a c t i o n s . 

I w i l l d i s c u s s this s e c o n d p o i n t in d e t a i l . I n f a c t , this n e w w a y of 

s t u d y i n g (pp) i n t e r a c t i o n s a l l o w s a c o m p a r i s o n of the m u l t i p a r t i c l e s y s t e m s 

p r o d u c e d in a h a d r o n c o l l i d e r ( s u c h as the ISR) w i t h the m u l t i p a r t i c l e 

s y s t e m s p r o d u c e d in a l e p t o n c o l l i d e r ( s u c h as P E T R A ) . 

In o t h e r w o r d s , in so far as the m u l t i p a r t i c l e h a d r o n i c s t a t e s are 

c o n c e r n e d , the I S R looks like an e + e c o l l i d e r , w h o s e e n e r g y g o e s b e y o n d 

the h i g h e s t P E T R A v a l u e s . T h e r e is a d i f f e r e n c e b e t w e e n ( e + e ) and h a d r o n 

m a c h i n e s : the p r o d u c t i o n of o p e n a n d h i d d e n h e a v y - f l a v o u r s t a t e s . This 

d i f f e r e n c e can e a s i l y b e a c c o u n t e d for in terms of the c o u p l i n g s w h i c h 

are j u s t g i v e n b y the u p - l i k e or d o w n - l i k e e l e c t r i c c h a r g e s in the e e 

c o l l i d e r s , w h i l s t in the h a d r o n case the m a s s of the h e a v y f l a v o u r s c o m e s 

in w i t h a n inverse p o w e r law. B u t the s t r u c t u r e of the m u l t i b o d y final 

states l o o k s v e r y s i m i l a r at the I S R a n d at P E T R A . M o r e o v e r , if a l e p t o n -

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

of the m u l t i b o d y f i n a l states w o u l d b e i d e n t i c a l , as s h o w n b y the c o m p a r i 

s o n of the l o w e s t - e n e r g y I S R d a t a w i t h the h i g h e s t - e n e r g y ( V p ) , ( V p ) , a n d 

(yp) s c a t t e r i n g d a t a . 
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A d i r e c t c o n s e q u e n c e o f t h e s e f i n d i n g s i s t h a t a n o l d m y t h h a s b e e n 

s h a t t e r e d . 

2. T H E E N D O F A M Y T H : T H E H I G H - p ^ , P H Y S I C S 

2 . 1 G e n e r a l r e m a r k s 

S o f a r , t h e h i g h - p ^ p h y s i c s h a s h a d a h i g h l y p r i v i l e g e d r o l e i n 

h a d r o n p h e n o m e n a . F o r e x a m p l e , h i g h - p ^ h a d r o n p h y s i c s w a s t h e o n l y c a n d i 

d a t e t o a t t e m p t a c o m p a r i s o n w i t h ( e + e ) p h y s i c s a n d d e e p - i n e l a s t i c s c a t 

t e r i n g ( D I S ) [ 4 ] . T h i s t r e n d h a s b e e n c o n t i n u i n g f o r a l o n g t i m e . 

R e c e n t l y , t h e a d v e n t o f Q C D h a s e m p h a s i z e d t h i s p r i v i l e g e d r o l e o f 

t h e h i g h - p ^ p h y s i c s [[5-7]. T h e r e a s o n i s v e r y s i m p l e : a t h i g h p ^ , t h a n k s 

t o a s y m p t o t i c f r e e d o m , Q C D c a l c u l a t i o n s c a n b e a t t e m p t e d v i a p e r t u r b a t i v e 

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

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

t h i s t r e n d [ 8 - 1 0 ] . 

O n t h e c o n t r a r y , l o w - p ^ , p h e n o m e n a a r e " t h e o r e t i c a l l y o f f l i m i t s " , 

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

d a t a . 

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

o f m u l t i p a r t i c l e h a d r o n i c s y s t e m s p r o d u c e d i n l o w - p ^ ( p p ) i n t e r a c t i o n s , 

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

o f t h e m u l t i p a r t i c l e s y s t e m p r o d u c e d i n l o w - p T ( p p ) i n t e r a c t i o n s , ( e e ) 

a n n i h i l a t i o n , a n d i n D I S p r o c e s s e s | [ l l -273 . 

T h e k e y p o i n t i n t h e s e s t u d i e s i s t h e n e w m e t h o d i n t r o d u c e d i n o r d e r 

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

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

i n t e r a c t i o n . O n c e t h e " l e a d i n g " p r o t o n s a r e s u b t r a c t e d , i t i s p o s s i b l e 

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

d u c e d . M o r e o v e r , i t i s p o s s i b l e t o c a l c u l a t e t h e " e f f e c t i v e " e n e r g y 

a v a i l a b l e f o r p a r t i c l e p r o d u c t i o n , d e f i n e d a s 

I , h a d , . 2 L i n c ' i n c l e a d i n g l e a d i n g s 2 

y ( q t o t ) = y(qi + q2 - qi B - qz s ) , ( D 
w h e r e q i n c a n d q l e a d i n g a r e t h e f o u r - v e c t o r s o f t h e i n c i d e n t a n d " l e a d i n g " 1.2 ^1,2 
p r o t o n s , r e s p e c t i v e l y . 
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T h i s " e f f e c t i v e " e n e r g y c a n b e v e r y d i f f e r e n t f r o m t h e " n o m i n a l " t o t a l 

e n e r g y o f t h e I S R p r o t o n b e a m s . 

L e t u s p o i n t o u t t h a t t h e " l e a d i n g " p r o t o n e f f e c t ( s e e F i g . 1 ) i s n o t 

a p h e n o m e n o n l i m i t e d t o t h e I S R c a s e — n o r t o t h e p r o t o n - p r o t o n c o l l i 

s i o n s ^ 2 8 , 2 9 ] . We h a v e i n v e s t i g a t e d t h i s p h e n o m e n o n a n d h a v e d i s c o v e r e d 

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

i s i n i t i a t e d b y a h a d r o n s i g n a l , o r b y a p h o t o n , o r b y a w e a k b o s o n ( s e e 

F i g . 2 ) . M o r e o v e r , w e h a v e f o u n d t h a t t h e " l e a d i n g " e f f e c t i s m o r e p r o 

n o u n c e d w h e n m o r e " q u a r k s " a r e a l l o w e d t o g o f r o m t h e i n i t i a l t o t h e f i n a l 

s t a t e ( s e e F i g . 1 ) . T h e s e f i n d i n g s i m p l y t h a t o u r n e w m e t h o d o f i n v e s t i 

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

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

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

I t i s m a n i f e s t l y i n c o r r e c t t o c o m p a r e p r o c e s s e s w h e r e t h e " e f f e c t i v e " 

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

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

h a d r o n i c s y s t e m s p r o d u c e d i n a ( p p ) c o l l i s i o n a t ( / s ) = 30 G e V w i t h t h e 
+ _ p p 

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

( / s ) . _ = 30 G e V . I n f a c t ( / s ) i s n o t t h e " e f f e c t i v e " e n e r g y a v a i l a b l e 
e + e p p 

f o r p a r t i c l e p r o d u c t i o n , w h i l s t ( / s ) e + e _ i s ( s e e F i g . 3 ) . I n a ( p p ) i n t e r 

a c t i o n t h e e f f e c t i v e e n e r g y a v a i l a b l e f o r p a r t i c l e p r o d u c t i o n i s / ( q h a d ) 2
j 

V t o t 
a s s h o w n i n f o r m u l a ( 1 ) . 

A n a n a l o g o u s p r o b l e m e x i s t s i n t h e D I S c a s e . H e r e t h e q u a n t i t y W , 

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

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

m u l t i p l i c i t i e s m e a s u r e d i n D I S a n d i n ( e + e ) c o u l d n o t a g r e e ( s e e F i g . 4 ) . 

T h e m u l t i p a r t i c l e h a d r o n i c s y s t e m , p r o d u c e d i n ( e + e ) a n d ( D I S ) c a n b e 

c o m p a r e d , o n a s o u n d b a s i s , o n l y i f ( / s ) + _ i s c o m p a r e d n o t w i t h W b u t 

W i t h / q J £ > 2 . 

2 . 2 T h e i d e n t i f i c a t i o n o f t h e c o r r e c t v a r i a b l e s 

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

p r o d u c t i o n i n ( p p ) i n t e r a c t i o n s , ( e + e ) a n n i h i l a t i o n , a n d D I S p r o c e s s e s , 

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

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

L e t me s h o w h o w t h i s i s d o n e . 
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2.2.1 e e a n n i h i l a t i o n is i l l u s t r a t e d in the f o l l o w i n g d i a g r a m : 

w h e r e q i n ° a n d q | n C are the f o u r - m o m e n t a of the i n c i d e n t e l e c t r o n e a n d 

+ h 

p o s i t r o n e ; q is the f o u r - m o m e n t u m of a h a d r o n p r o d u c e d in the f i n a l 

s t a t e , w h o s e total e n e r g y is 

e + e » 
m c 

qi 
inc 

q 2 ) = 2E. 
b e a m 

(2) 

( w h e n the c o l l i d i n g b e a m s h a v e the same e n e r g y ) 

A s w e w i l l see l a t e r , 

inc 
qi 

h a d 
qi 

inc 
q 2 

h a d 
q 2 

h a d 
w h e r e q i , 2 are the f o u r - m o m e n t a a v a i l a b l e in a (pp) c o l l i s i o n f o r the 

p r o d u c t i o n of a final s t a t e w i t h t o t a l h a d r o n i c e n e r g y 

TA3 had hadx 2 , F, 
+ q 2 ) = y ( 

h a d . 2 

« t o t * 
(3) 

It is this q u a n t i t y ^ q ^ * ^ ) w h i c h s h o u l d b e u s e d in the c o m p a r i s o n w i t h 

( e + e ) a n n i h i l a t i o n , a n d t h e r e f o r e w i t h 

<»£) + -e^e 
(4) 
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This means that 

(/i) + _ =J(¿aáy . (5) 
e +e V ntot 

Moreover, the fractional energy of a hadron produced in the final state 
+ -of an (e e ) annihilation is given by 

h had 
q ' qtot „ E h 

e e had . had r r\ 
^tot ^tot e^e 

where the dots indicate the scalar product and E is the energy of the 
hadron "h" measured in the (e +e ) c m . system. Notice that the four-
momentum q^ a f has no space-like part: 

^tot * * 

^tot (_ e Te J 

2.2.2 PIS processes are illustrated in the diagram below: 

where qi and qi are the four-momenta of the initial- and final-sta 
inc 

leptons, respectively; qz is the four-momentum of the target nucleón; 
had 

qi is the four-momentum transferred from the leptonic to the hadronic 
vertex whose time-like component is usually indicated as V : 
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had - , .-'•had , _ „had N qi = d p i ; V = Ei ) 

Notice that in order to easily identify the equivalent variables 
in (pp) interactions, we have introduced a notation in terms of E^ a <* and 
-*had 
Pi • 

A basic quantity in DIS is the total hadronic mass 

/ „ 2 \ _ / had inc. 
( ) D I S

 = (qi + qz ) 

and the fractional energy 

h . inc 
( Z ) = -3. 12 

DIS had . inc ' 
qi q2 

where again the dots between the four-momenta indicate their scalar 
product. 

2.2.3 (pp) interactions are illustrated in the following graph: 
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i.e. 

, h a d . , h a d h a d . 
(q ) = (qi + q 2 ) 

t O t p p p p 

in f a c t 

V ^ t o t p p e + e 

M o r e o v e r , 

h . h a d 

.had „ q q t o t 
( x ) " a u = 2 

p p h a d h a d ' 
q • q 
H t o t H t o t 

to b e c o m p a r e d w i t h 

h . ( h a d . 
, , h a d _ q ( q t o t > e + e -
(x) . _ = 2 

o — a e + e f h a d . , h a d . 
(q_ J • (q_ 

n t o t + _ n t o t + _ 
e T e e e 

w h e r e the s u b s c r i p t s ( e + e ) i n q ^ ^ a r e t h e r e to m a k e it c l e a r t h a t t h e s e 

q u a n t i t i e s are m e a s u r e d in ( e + e ~ ) c o l l i s i o n s a n d are the q u a n t i t i e s e q u i 

v a l e n t to qî* 3^ m e a s u r e d in (pp) i n t e r a c t i o n s . 
n t o t 

T h e same (pp) d i a g r a m s h o w n a b o v e c a n b e u s e d in o r d e r to w o r k o u t 

the k e y q u a n t i t i e s n e e d e d w h e n w e w a n t to c o m p a r e (pp) p h y s i c s w i t h D I S . 

I n this case w e h a v e 

* ) N o t i c e t h a t : r^-t _ h a d h a d _ * 
y ( q t o t ) - 2E , a n d ( x ) p p « x R 

w h e r e q î n 2 are the f o u r - m o m e n t a of the t w o i n c i d e n t p r o t o n s ; q i ^ 2 ^ i n ^ 

a r e t h e f o u r - m o m e n t a of the two l e a d i n g p r o t o n s ; q ^ f are the s p a c e 

l i k e f o u r - m o m e n t a e m i t t e d b y the two p r o t o n v e r t i c e s ; is t h e f o u r -

m o m e n t u m of a h a d r o n p r o d u c e d in the f i n a l s t a t e . 

N o w , a t t e n t i o n ! A ( p p ) c o l l i s i o n c a n b e a n a l y s e d i n s u c h a w a y as 

to p r o d u c e the k e y q u a n t i t i e s p r o p e r to ( e + e ) a n n i h i l a t i o n a n d D I S p r o 

c e s s e s . 

I n f a c t , f r o m the a b o v e d i a g r a m w e c a n w o r k out the f o l l o w i n g q u a n t i -
*) + — 

ties , w h i c h are n e e d e d if w e w a n t to c o m p a r e (pp) p h y s i c s w i t h (e e ), 
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a n d 

/ T I2Nhad _ , h a d i n c x
2 

PP 

( Z ) h a d = <j • R 2 , 
P P q ^ a d - q | n c 

N o t i c e t h a t i n W t h e l e a d i n g p r o t o n N o . 2 i s n o t s u b t r a c t e d . T h i s i s t h e 

r e a s o n f o r t h e d i f f e r e n c e s f o u n d i n t h e c o m p a r i s o n b e t w e e n D I S d a t a a n d 

e e ( s e e F i g . 4 ) . I n f a c t ( W 2 ) i s n o t t h e e f f e c t i v e t o t a l e n e r g y a v a i l 

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

p r o t o n . 

2 . 3 E x p e r i m e n t a l r e s u l t s 

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

a n a l y s e d à la e + e a n d à la D I S , h a v e g i v e n i m p r e s s i v e a n a l o g i e s i n t h e 

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

d i f f e r e n t p r o c e s s e s : ( p p ) , ( e + e ) , D I S . 

T h e e x p e r i m e n t a l d a t a w h e r e ( p p ) i n t e r a c t i o n s a r e c o m p a r e d w i t h ( e e ) 

a r e s h o w n i n F i g s . 5 - 1 2 . 

T h e e x p e r i m e n t a l d a t a w h e r e ( p p ) i n t e r a c t i o n s a r e c o m p a r e d w i t h D I S 

a r e s h o w n i n F i g s . 1 3 - 1 5 . 

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

q u a n t i t i e s : 

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

t i c l e s [ 1 1 , 1 2 , 1 9 , 2 1 ] ( s e e F i g s . 5 , 6 , 1 5 ) ; 

i i ) t h e a v e r a g e c h a r g e d - p a r t i c l e m u l t i p l i c i t i e s [ 1 3 , 1 8 , 2 2 , 2 6 , 2 7 ] ( s e e 

F i g s . 7 , 1 3 , 1 4 ) ; 

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

o v e r t h e t o t a l e n e r g y a v a i l a b l e f o r p a r t i c l e p r o d u c t i o n [ 1 5 ] ( s e e 

F i g . 8 ) ; 

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

t i c l e s [ l 7 , 2 0 ] ( s e e F i g s . 9 - 1 1 ) ; 

v ) t h e c o r r e l a t i o n f u n c t i o n s i n r a p i d i t y [ 2 5 ] ( s e e F i g . 1 2 ) ; 
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N o t i c e the p o w e r of the (pp) i n t e r a c t i o n . O n c e this is a n a l y s e d in 

the c o r r e c t w a y it p r o d u c e s r e s u l t s e q u i v a l e n t to ( e + e ) a n d D I S . 

T h i s m e a n s t h a t t h e r e is a n i m p o r t a n t u n i v e r s a l i t y g o v e r n i n g these — 

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

2.4 C o n c l u s i o n s 

F r o m the a b o v e a n a l y s i s w e c a n c o n c l u d e t h a t 

1) the l e a d i n g e f f e c t m u s t b e s u b t r a c t e d if w e w a n t to c o m p a r e p u r e l y 

h a d r o n i c i n t e r a c t i o n s w i t h ( e + e ) and D I S ; 

2) the o l d m y t h , b a s e d o n the b e l i e f that i n o r d e r to c o m p a r e (pp) w i t h 

(e e ) a n d DIS y o u n e e d high-p^, (pp) i n t e r a c t i o n s , is d e a d . I n f a c t 

w e h a v e p r o v e d t h a t low-p^, (pp) i n t e r a c t i o n s p r o d u c e r e s u l t s i n e x c e l 

lent a n a l o g y w i t h ( e + e ) a n n i h i l a t i o n a n d P I S p r o c e s s e s , the b a s i c 

V' h a ( J 2 
( q t o t ) for a c o m p a r i s o n w i t h 

( e r e ), a n d - ^ W ^ p p ^ for a c o m p a r i s o n w i t h D I S . 

T h e e x i s t e n c e of h i g h - p ^ e v e n t s m e a n s that p o i n t - l i k e c o n s t i t u e n t s 

e x i s t i n s i d e the n u c l é o n . B u t l o w - p ^ e v e n t s c o n t a i n the s a m e a m o u n t 

of b a s i c i n f o r m a t i o n as high-p^, e v e n t s . N o s p e c i a l f e a t u r e s — a p a r t 

f r o m (p,j,) [[see p o i n t (3) below]] — s h o u l d e m e r g e i n the h i g h - p ^ e v e n t s 

b e c a u s e l o w - p ^ e v e n t s f o l l o w ( e + e ~ ) a n d D I S . 

3) N o w _ t w o _ e x t r a p o l a t i o n s : 

Vf 2 

( q t o t _ ) : 

i) one is at low p^, a n d w e h a v e s e e n w h a t h a p p e n s ; 

ii) the o t h e r is at h i g h p^: w e h a v e n o t b e e n a b l e to c o m p a r e , at 

c o n s t a n t v a l u e s of , / ( q h a d ) 2 , the m u l t i p a r t i c l e s y s t e m s p r o d u c e d 
V t o t # 

in (pp) i n t e r a c t i o n s at h i g h p^ a n d at low p^,. 

O u r a n a l y s i s of the i n c l u s i v e t r a n s v e r s e m o m e n t u m d i s t r i b u t i o n , 

in terms of the r e n o r m a l i z e d v a r i a b l e p^,/(p^) [[notice t h a t h e r e 

p^ i n d i c a t e s the t r a n s v e r s e m o m e n t u m of the p a r t i c l e s p r o d u c e d 

w i t h r e s p e c t to the jet a x i s , n o t to the c o l l i d i n g (pp) or (pp) 

axisjj is s u g g e s t i v e of a v e r y i n t e r e s t i n g p o s s i b i l i t y : i.e. 

m u l t i p a r t i c l e s y s t e m s p r o d u c e d at h i g h p^, c o u l d s h o w , at e q u i v a l e n t 

( q h a d ) 2 s h i g h e r v a l u e s of ( p T ) . T h i s w o u l d m e a n t h a t h i g h - p _ 
tot 1 1 

m u l t i p a r t i c l e s y s t e m s are p r o d u c e d b y h e a v y q u a r k s . 
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A n e x t r a p o l a t i o n o f o u r m e t h o d t o t h e C E R N p p C o l l i d e r w o u l d a l l o w 

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

q u a r k p r o d u c t i o n . 

L e t u s g i v e a n e x a m p l e . I f t w o j e t s a t t h e p p C o l l i d e r a r e p r o 

d u c e d b a c k - t o - b a c k w i t h t h e s a m e t r a n s v e r s e e n e r g y E^,, t h e n w e 

h a v e 

S u p p o s e t h a t w e a r e a t 

2 E T = 1 0 0 G e V . 

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

m u l t i p a r t i c l e s t a t e p r o d u c e d b y ( ^ s ) e + e _ = 1 0 0 G e V . 

T h e k e y p o i n t i s t o s e e i f , a t t h e C E R N p p C o l l i d e r , a m u l t i 

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

yo2 = 100 Gev 

l o o k s l i k e t h e o n e p r o d u c e d a t h i g h E^,. T h e m a i n d i f f e r e n c e w e 

c a n e x p e c t i s t h e v a l u e o f ( p ^ , ) . 

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

t o u n d e r s t a n d h o w h a d r o n c o l l i d e r s c o m p a r e w i t h e + e c o l l i d e r s . 
3 . C O N C L U S I O N S 

1 ) T h e n e w w a y o f e x p l o i t i n g t h e C E R N p p C o l l i d e r c o u l d b r i n g a b o u t a 

s e r i o u s c o m p e t i t i o n w i t h t h e ( e + e ) c o l l i d e r s i n a v e r y i m p o r t a n t 

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

2 ) T h e n e w m e t h o d o f s t u d y i n g ( p p ) a n d ( p p ) c o l l i s i o n s — b a s e d o n t h e 

s u b t r a c t i o n o f t h e " l e a d i n g " e f f e c t s — a l l o w s u s t o p u t o n e q u a l 

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

i n t e r a c t i o n s , i n ( e + e ) a n n i h i l a t i o n , a n d i n D I S p r o c e s s e s . 

Purely hadronic interactions m e a n s u s i n g m a c h i n e s s u c h a s t h e I S R , 

t h e C E R N p p C o l l i d e r , t h e B N L - C B A C o l l i d e r , a n d t h e F e r m i l a b ( p p ) 

C o l l i d e r . 
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(e e ) annihilation m e a n s u s i n g m a c h i n e s s u c h a s L E P a n d i t s p o s s i b l e 

d e v e l o p m e n t s . 

D J S processes m e a n s u s i n g m a c h i n e s s u c h a s H E R A . 

T h e " l e a d i n g 1 1 s u b t r a c t i o n a l l o w s u s t o s h o w t h a t a u n i v e r s a l f e a t u r e 

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

i n ( p p ) , ( e + e ) , a n d D I S . 

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

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

T h e c r u c i a l m a c h i n e i s t h e C E R N p p C o l l i d e r . 
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p-p /s = 25+62 GeV 

ln° of 
propagating 3 
quarks) 

/V n 

/ 
i 

p 

• 1 i i i i 

0 1 2 3 4 5 
U.2,.4,.8) 

F i g . 1 T h e l e a d i n g q u a n t i t y 1 . ( 0 . 2 , 0 . 4 , 0 . 8 ) , f o r v a r i o u s f i n a l - s t a t e 
h a d r o n s i n ( p p ) c o l l i s i o n s a t I S R e n e r g i e s ( 2 5 t o 6 2 G e V ) , i s p l o t t e d 
v e r s u s t h e n u m b e r o f p r o p a g a t i n g q u a r k s f r o m t h e i n c o m i n g i n t o t h e f i n a l -
s t a t e h a d r o n s . L ( x o , x i , X 2 ) i s d e f i n e d a s L ( x 0 , x i , x 2 ) = / x ? F ( x ) d x / / x l F ( x ) d x , 
w h e r e F ( x ) = ( l / " i ï ) / [ ( 2 E / / ô ( d 2 a / d x d p £ ) ] d p | . T h e d a s h e d 1 i n e i s o b t a i n e d 
b y u s i n g a p a r a m e t r i z a t i o n o f t h e s i n g l e - p a r t i c l e i n c l u s i v e c r o s s - s e c t i o n , 
a s d e s c r i b e d i n R e f s . 2 8 a n d 2 9 . 

N P 
(n° of 

propagating 
quarks) 

• v - p 
o e - p 

W = 4.5 GeV 
W = 3 G e V 

A" 

1 - / 

o •/ 

I 1 I I I I 

0 1 2 * 3 4 5 
U.2,.4,.8) 

F i g . 2 L ( 0 . 2 , 0 . 4 , 0 . 8 ) f o r A 0 p r o d u c t i o n i n ( v p ) a n d ( e p ) r e a c t i o n s . 
T h e d a s h e d l i n e i s t h e s a m e a s f o r F i g . 1. 
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100 

F i g . 3 T h e i n c l u s i v e f r a c t i o n a l 
m o m e n t u m d i s t r i b u t i o n s o f n e g a t i v e 
p a r t i c l e s f o r ( p p ) i n t e r a c t i o n s 
u s i n g t h e s t a n d a r d a n a l y s i s a t 
( v / s ) p p = 3 0 G e V ( o p e n p o i n t s ) ; 
u s i n g t h e m e t h o d o f r e m o v i n g t h e 
l e a d i n g p r o t o n s a t ( / s ) p p = 6 2 G e V 
a n d 2 E h a d = 2 8 t o 32 G e V ( b l a c k 
c i r c l e s ) ; t h e ( e + e ~ ) d a t a a t 
( v / s ) e + e - = 2 7 . 4 t o 3 1 . 6 G e V ( b l a c k 
t r i a n g l e s ) . 

to 

0.1 

1 0 -

' 1 , rfW('-) 1 1 r 
O (pp)-L 2 I L (vÇ) p p=30GeV 

* l p p } N e v dxg ( 2 E H A D = 28. r 32. GeV 

A ( e V ) - ( V S " )J . . -=274T3 I .6G * / 
2a d x R

 e e " 

( -^Ipp' 62 GeV 

O • 
o 

o 

0.1 
X R > X R 

0.2 0.3 0.4 0.5 0.6 0.7 0.8 

14 

12 

10 

n r n i i i i i r 

j IVe") 

l (pp)deading p r o t o n s removed) 

4 6 
W (/s), 

J i i i 

e*e-, 

8 10 

< 2 EHAD>. 

20 40 

PP 
(GeV) 

J L 
60 

F i g . 4 T h e d a s h e d l i n e i s t h e b e s t f i t t o ( n c n ) m e a s u r e d i n ( e + e ~ ) v e r s u s 
( v / s ) e + e - » a n d i n ( p p ) r e m o v i n g l e a d i n g p r o t o n s v e r s u s 2 E n a a . T h e p o i n t s 
a r e t h e m e a s u r e m e n t s o f ( n c h ) v e r s u s W i n ( v p ) D I S , a n d t h e c o n t i n u o u s 
l i n e i s t h e b e s t f i t t o t h e s e d a t a . 



100 

1.0 

0.1 

• p-p (ISR) 3í 2E H A D S 4 GeV 
o e*»-(SLAC) VS.3 GeV 
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F i g . 7 Mean charged-particle multiplicity [averaged over different (»//s)pp3 
versus 2 E n a d , compared with (e +e~) data. The continuous line is the best 
fit to our data according to the formula (n ch)= a + b exp [c/ln (s/A 2)]. 
The dotted line is the best fit using PLUTO data. The dashed-dotted line 
is the standard (pp) total charged-particle multiplicity with, super
imposed, our data as open triangular points. 
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F i g . 12 T w o - p a r t i c l e c o r r e l a t i o n i n r a p i d i t y s p a c e : 
R ( y > y ' ) > f ° r d i f f e r e n t y ' i n t e r v a l s , a s m e a s u r e d i n 

F i g . 11 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 ( l/a ) [ [ d 0 / d ( p ^ / ( p ^ ) )J t h e p r e s e n t e x p e r i m e n t a f t e r t h e l e a d i n g p r o t o n s u b -
v e r s u s t h e " r e d u c e d " v a r i a b l e p T / ( p ^ , ) . T h e s e d i s t r i b u t i o n s t r a c t i o n i n t h e ^ ( q ^ ^ ) 2 r a n g e 25 t o 36 G e V ( b l a c k 
a l l o w a c o m p a r i s o n o f t h e m u l t i p a r t i c l e s y s t e m s p r o d u c e d i n p o i n t s ) , c o m p a r e d w i t h t h e r e s u l t s b y t h e T A S S O 
( e + e ~ ) a n n i h i l a t i o n a n d i n ( p p ) i n t e r a c t i o n s i n t e r m s o f t h e C o l l a b o r a t i o n a t ( / s ) e + e _ b e t w e e n 27 a n d 35 G e V 
r e n o r m a l i z e d t r a n s v e r s e m o m e n t u m p r o p e r t i e s . ( o p e n s q u a r e s ) . 
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F i g . 13 The average charged-particle multiplicities ( n c n ) measured in 
(pp) at (i/s)pp = 30 GeV, using a DIS-like analysis, are plotted versus 
W 2 (black points). The open points are the (Vp) data and the continuous 
line is their best fit. 
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F i g . 14 The mean charged-particle multiplicities ( n c n ) p g ^ n t* i e forward 
and backward hemispheres versus W 2 , in (Vp), (Vp) , and (pp) interactions. 
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